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Abstract: Post-Traumatic Stress Disorder (PTSD) is a complex disorder involving dysregulation of
stress-related hormones and neurotransmitter systems. Research focused on the endocannabinoid
system (eCBS) for anxiety and stress regulation, cognitive and emotional responses modulation
and aversive memories extinction, leading to the hypothesis that it could represent a possible
alternative treatment target for PTSD. In this systematic review, we summarize evidence about the
efficacy and safety of medicinal cannabidiol (CBD), A? -tetrahydrocannabinol (A°-THC), and nabilone
in PTSD treatment. The PRISMA statement guidelines were followed. A systematic literature
search was conducted in MEDLINE/PubMed, Scopus and Web of Science by two independent
researchers, who also performed data extraction and quality assessment. Among the initial 495 papers,
234 were screened for eligibility and 10 were included. Studies suggested that different medicinal
cannabinoids at distinct doses and formulations could represent promising treatment strategies
for the improvement of overall PTSD symptomatology as well as specific symptom domains (e.g.,
sleep disorders, arousal disturbances, suicidal thoughts), also influencing quality of life, pain and
social impact. Although there is a robust rationale for treatment with drugs that target the eCBS and
the results are promising, further studies are needed to investigate the safety and efficacy profile of
their prolonged use.

Keywords: endocannabinoids; CBD; cannabidiol; THC; A9—tetrahydrocannabinol; nabilone; PTSD;
PTSD treatment; systematic review

1. Introduction

Post-Traumatic Stress Disorder (PTSD) is a psychiatric disorder that may occur in
people after experiencing or witnessing a traumatic event. This nosographic entity was pre-
viously included in the Diagnostic and Statistical Manual of Mental Disorders, fourth edi-
tion (DSM-IV) as an anxiety disorder, whereas in the latest edition (DSM-5) PTSD was
classified under a category named “Trauma and stress-related disorders” [1,2]. With a
prevalence varying up to 5% in high-income countries, PTSD is often associated with
significant comorbidity rates, relevant risk of chronicization, and substantial economic
burden [3].

In the context of a maladaptive response to a traumatic stressor [4,5], individuals can
develop symptoms such as persistent intrusive thoughts associated with the traumatic
event, incessant avoidance of stimuli related to the traumatic event, negative changes in

Life 2021, 11, 214. https://doi.org/10.3390/1ife11030214

https://www.mdpi.com/journal/life



Life 2021, 11, 214

20f 15

cognition and mood linked to the event, and significant and long-lasting alterations in
arousal and reactivity attributable to the traumatic event. These symptoms can last for
more than one month or persist for several months, causing significant distress due to poor
life quality, reduced social skills, and functioning problems [1].

Although PTSD is caused by a psychologically traumatic environmental event and
consequently it is considered a psychological phenomenon, many studies have indicated bi-
ological abnormalities, not observed in controls, which have been regarded either as risk fac-
tors for the development of the disease or as potential targets for therapeutic interventions.
There have been detected changes across different stress hormones and neurotransmitter
systems in the pathophysiology of PTSD. Serotoninergic, noradrenergic, glutamatergic,
GABAergic, neuro-peptidergic systems and dysfunctions of the hypothalamus-adrenal
axis have been reported to contribute to the disease onset and progression, even if no alter-
ation of a single system taken individually can explain by itself the complex pathobiology
underlying the disorder. In this context, and mainly based on findings from preclinical
studies, a growing interest in terms of neurochemical interactions has been attracted by
the endocannabinoid system (eCBS), since it makes up an extensive interconnected net-
work of neuromodulators that controls synaptic neurotransmitter release. As it has been
involved in several physiological and pathophysiological processes including synaptic
plasticity, pain, memory processes, stress, and emotion regulation, its potential implication
in the pathophysiology of PTSD has been regarded of considerable interest [6]. Indeed,
the eCBS plays an important role in regulating anxiety and stress and is involved in the
modulation of cognitive and emotional responses [7], as well as in the extinction of aver-
sive memories [8]. This system is essential for the development of synaptic plasticity in
response to endogenous and environmental salient events [9,10], determining specific
learning and emotional responses related to traumatic experiences [11]. Endocannabinoids
regulate affective and emotional states and participate in memory consolidation, retrieval,
and extinction [12,13]. It has been demonstrated that the learning processes regarding
aversive memories are dysregulated after a traumatic event, as occurs in subjects affected
by PTSD [14]. Evidence suggests that the hypothalamic—pituitary—adrenal (HPA) system,
which is essential for stress adaption, also plays a role in the pathophysiology of the disor-
der. Indeed, the HPA axis is chronically activated in patients with PTSD [15]. There is a
bidirectional and functional interplay between eCBS and HPA systems: the eCBS can mod-
ulate the HPA axis function restraining the effects of severe stress on its activation [16-18],
whilst the release of glucocorticoids in response to a stressor contributes to eCBS signaling
deficiencies, thus facilitating PTSD symptoms [19].

Given the heterogeneity of the disorder and its economic and social burden, PTSD rep-
resents a challenge for safe and effective treatment [20]. Despite more psychological
treatment approaches for PTSD [21,22], the Food and Drug Administration (FDA) ap-
proved only two pharmacological treatments for PTSD, the Selective Serotonin Reuptake
Inhibitors (SSRIs) paroxetine and sertraline [23] that do not display certain effectiveness
in producing a clinical remission and may be responsible for several side effects [24,25],
which can sometimes reduce treatment compliance [26].

Recent research has focused on the eCBS as a possible alternative target to treat
PTSD [27,28]. Evidence highlighted a reduction of endocannabinoid levels [29] and cannabi-
noid receptor type 1 (CB1) receptors up-regulation in the brain of PTSD patients [30].
Thus, the use of components derived from Cannabis sativa as cannabidiol (CBD) and A°-
tetrahydrocannabinol (A%-THC) has drawn increasing interest as a possible alternative
approach to treat PTSD. To reinforce this assumption several studies support cannabis use
as self-medication to cope with PTSD symptoms [4,31].

While CBD is known to bind the G-protein-coupled receptor GPR55, the transient
receptor potential of vanilloid type-1 channel (TRPV1), the 5-HT1a receptor, and the «3 and
ol adrenergic receptors, we will focus on the CB1 and CB2 receptors, since they are relevant
to the Central Nervous System (CNS) [32]. Preclinical and clinical studies suggested that
CBD, acting also as a negative allosteric modulator of endogenous ligands of CB1 and
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CB2, may present a beneficial effect in PTSD treatment, enhancing the consolidation of
explicit fear extinction and attenuating aversive memories of the traumatic event [33-36].
Moreover, A°-THC, a CB1 and CB2 partial agonist, showed a safe and well-tolerated profile
in chronic PTSD with a significant improvement in global symptom severity, sleep quality,
frequency of nightmares, and hyperarousal symptoms [37]. More recently, nabilone, a syn-
thetic cannabinoid that activates CB1, was reported to reduce the frequency and intensity
of nightmares in PTSD patients [38—41].

Despite promising preliminary evidence, no reviews to our best knowledge have
systematically summarized the effectiveness of cannabinoids or cannabino-mimetic in the
treatment of PTSD. Previous literature reviewed the evidence about the eCBS as a potential
target for PTSD treatment and prevention, but without following a systematic approach
and focusing also on pathophysiological correlates of the disorder [28,42,43]. In considera-
tion of what is stated above, the present systematic review is aimed at summarizing the
existent evidence on medicinal cannabinoids (e.g., THC, CBD, nabilone) in the treatment of
PTSD in humans, critically analyzing and discussing both the efficacy and safety of these
treatment approaches.

2. Materials and Methods

The present review was conducted following the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) statement [44].

2.1. Literature Search

A systematic search of the electronic databases MEDLINE /PubMed, Scopus, and Web
of Science was performed from inception to 23 November 2020 by entering the follow-
ing search string: (((((((cannabidiol) OR cannabinoid) OR cannabinol) OR endocannabi-
noid) OR tetrahydrocannabinol) OR nabilone) OR palmitoyl-ethanolamide) AND ((post-
traumatic stress disorder) OR PTSD) AND treatment.

Two investigators (EAC and GM) independently conducted the literature search,
title/abstract screening, and full-text review. The reference list of selected articles was
hand-screened to search for additional literature. Discrepancies were resolved through
consensus and, whenever a final decision could not be achieved, a third investigator was
consulted (LS jr).

2.2. Study Selection

Original studies investigating the effectiveness of medicinal cannabinoids in the treat-
ment of PTSD diagnosed according to the DSM criteria were deemed eligible for inclusion,
according to the PICO methodology. Literature considering specific symptoms of PTSD
as treatment outcomes was also evaluated for the present review, with no language limits.
Grey literature was included whenever sufficient information was provided. Articles pre-
senting only an opinion or hypothesis without empirical investigation, reviews, letters to
the editor, and commentaries were excluded. Case series were included if sufficient in-
formation was given. Studies reporting data on genetic and molecular aspects in animal
models were not deemed eligible for the present review. As for studies with overlapping
samples, more than one article was considered for inclusion if reporting on different aspects
of the considered outcomes.

2.3. Quality Assessment

Considering the heterogeneity of included studies, the Grading of Recommendations,
Assessment, Development and Evaluation (GRADE) approach was used to rate the quality
of the evidence [45]. This was done by two reviewers (EAC and GM) and disagreements
were resolved via discussion with one further reviewer (LS jr). The quality of evidence
was rated as “high”, “moderate,” “low,” or “very low” based on GRADE rating standards.
A “high-quality” rating indicates that future research is very unlikely to change existing
evidence and that the true effect is similar to the estimated effect; a “moderate-quality”
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and a “low-quality” rating indicates that future research may change/is likely to change
the evaluation results, respectively; a “very low-quality” rating indicates that it is highly
uncertain about the existing evidence and that the true effect is likely to be substantially
different from the estimated effect.

2.4. Data Extraction

Two blind researchers (EAC and GM) performed data extraction. In order to address
the objectives of the review, the following information was extracted from the included
papers: first author name, year and country of publication, analyzed period, study design,
study sample (number, age, and gender), treatment provided, comparator group (e.g.,
placebo, active), study measure and outcomes. Reviewers extracted data independently
from each relevant study and data was checked by all reviewers in case of discrepancies.

2.5. Risk of Bias Assessment

The quality of the evidence provided by the eligible studies was assessed by the two
independent researchers (GM and EAC). The risk of bias for randomized controlled trials
(RCTs) was evaluated with the Revised Cochrane Risk of Bias Tool (RoB 2.0) [46].

3. Results
3.1. Search Results

The initial search returned 495 records (MEDLINE/PubMed = 182, Scopus = 182,
Web of Science = 131). Among these, 261 were identified as duplicates and were subse-
quently excluded. Title and abstract screening were performed for the remaining 234 papers,
14 of which were included in the further evaluation. The full-text examination led to the
selection of 8 papers. The hand-screening of references led to the inclusion of two addi-
tional records. Subsequently, 10 papers were deemed eligible for the present review (see
flowchart in Figure 1).

495 records returned by database search

MEDLINE/PubMed/Iindex Medicus: 182
Scopus: 182
Web of Science: 131

" IDENTIFICATION

L

234 records after duplicates remaoval

220 records excluded an the basis of title
or abstract

Case reports, letters to editor, reviews, research of no
direct interest

L

14 full-text articles screened and assessed
for inclusion

6 full-text articles excluded
» | Mot specified how PTSD was diagnosed:3
No relevant clinical data.

m&mluw } Fs%ﬁésmue ]

» | 2 papersincluded after hand-screening
of relevant references

10 studies included in the present review

Figure 1. The PRISMA flow chart.



Life 2021, 11, 214

50f15

3.2. Content Results

All studies were published over a period from 2009 to 2019 and mainly conducted in
the US or Canada. Diagnosis of PTSD was made using DSM-IV or DSM-5 criteria. We in-
cluded four retrospective studies [40,47—49], two observational studies [50,51], two open-
label studies [37,38], and two randomized, double-blind, placebo-controlled studies [39,52].
Most of the studies included male subjects and two studies evaluated veterans or military
personnel [39,48]. The mean age of participants ranged between 32 and 52 years [37,40,52].
Treatment with CBD only [47], THC only [37,52], medical cannabis (THC and CBD at
variable percentages) [48-51], and nabilone [38—40] was evaluated in included studies con-
sidering different formulations (e.g., liquid oil spray, capsule), gradual titration and mean
dose. The mean dose of CBD was 9 mg/d (range 1-16) for liquid oil spray formulation and
25 mg/d (range 25-100) for capsule [47]; THC was used at 7.5 mg in capsule formulation
or 0il 0.1 cc bid raising to 0.2 cc bid (0.1 cc = 2.5 mg) [37] while medical cannabis (THC and
CBD at variable percentages) was started at 1 g/d and titrated based on clinical response
to a maximum dose of 10 g/d [48,49] and a mean dose of 1.2-3 g/d [50,51]. The start
dose of nabilone was 0.5-2 mg and titrated weekly to a maximum of 3-4 mg/d (range
0.5-6 mg) [38—40]. Only two studies used a placebo comparator group [39,52]. The treat-
ment had variable duration with a minimum of three weeks [37] and a maximum of
43 weeks [40] of drug administration in the acute phase [52]. Regarding psychiatric
measures, changes in PTSD Checklist for the DSM-5 (PCL-5) [47], Post-Traumatic Checklist—
Civilian Version (PCL-C) [40], Clinician-Administered PTSD Scale (CAPS) [37,39,49,51],
Clinical Global Impressions (CGI) [37,39], Pittsburgh Sleep Quality Index (PSQI), Night-
mare Effects Survey (NES), Nightmare Effects Survey (NFQ) [37], Well Being Questionnaire
(WBQ) [39], and Quality of Life Scale (QOLS) [51] scores were evident. Only one study
evaluated the modulation of the amygdala and pre-frontal activation under an acute low
dose of THC in patients with and without PTSD and healthy controls (HC) [52]. Consider-
ing outcomes, a reduction in PTSD symptoms (e.g., nightmares, intrusive thoughts, anxiety,
arousal) as measured by psychometric scores was detected, as well as a decrease of suicidal
thoughts. A decrease of PTSD social impact score from 6.6 to 2.7 as reported in clinical
charts [48] and an improvement in the quality of life in QOLS score [51] and WBQ score [39]
after treatment was also demonstrated. Therefore, results showed that cannabinoids (e.g.,
THC, CBD, nabilone) may be effective in treating PTSD symptoms as clinical response
and psychometric scores demonstrated. Furthermore, acute administration of a low dose
of cannabinoid acted on corticolimbic responses to threat-related processing. Data from
included studies are reported in Table 1.



‘swojdwiAs surrepiog-pruw
0} 9jeIOPOW WOLJ

(s>99m 9g—Aep 1 a8uer)
S9oM 7'TT Judwyear)

dSLd Y1-AI-NSA 4q

30 YiSua ueowr Pa19953E YOIYM JO %16 .
UOLONPaI & Y}IM JUSISISU0D S9I00S , . i % OPpRID , [o¥]
. SUON (9-g0 98uex) p/Sw § ‘(g6-61 syjuowr ¢y epeued 107 .
Juawuyeany 133 (1000 = 4 D-1Dd ut saduey) 250p [euy ueaw (z-G'0 58ues) /7 o%e ueow Apnys aapdadsonay Te 39 uoIawe))
"T'L ¥ 8'8€ "SA €L F £FG) S9105 a3uer) V\wE $'1 9sop ‘sarew H0T = N
D-D'1d Jo uononpar jueoyruig [P Ueot BUoTIqeN
‘Jusaurjean) 18y5e (1000°0
> d ‘7’7 ST 'uonINPAT %66)
/' 01 9°9 wioxy 2100s Joedwr T e ——
[er00s QS Ld JO d5eardp “(S'T SH S}IRY TedruT rasuodsa [eorrp asLd dn-mor[oy
uoBINPAL %8F) € 03 wc Eo.d u ﬁwﬁ\omﬁ Se 0Ll uo paseq pajeni-jos jo stsouderp G-]NS( . 0} owiy
2102s ured jo asea3p “(1000°0 par0os “peduwr [e10s suoN 'p/8 1 950p 1635 ‘ep 530 wpow rxx 1OPRID e voeIm epeues ‘410 [s%]
> d ‘T g “uonoNnpaI o,//) pue ‘ured ‘swoydwiks Ammmmy:wﬂm%mzcigw : N 261 €) Aprys aanoadsoney vEmE«.mmbv P e 39 yiTg
60 0} L'y L0 91008 mm:mswﬁ PoIEPRI-ASLd je QgD pue UI:.C suerslPA 0L = N d[qerrea ‘s1eak 7
[epoms jo aseandadp ‘(10000 ur sauey)D S1qewiEs [eoTpoly
>d ‘g7 S 'uondINPaT %66) : :
6'C 03 £ wioxy 2100s swojdwi4s
are3a133e (GG L J Jo aseara(g
(9000 = d 1818 = (§9'1)d)
SBurdnoo reuonouny erep8Lure
WSB-D Jur paseadur (11070 (£31an09UUI0d
=d’/88F = (59'7)d uondeIUL Teuonouny DH ‘62 =N‘DHL ¥¢ sxxx OPBID
dnoig x 8nip) uoreanoe Dy Jur pue uoneAndE = N ‘ASLd jo sisouderp  Apnys spalqns-usamiaq (UeSIpIN) (zel
paseanut ‘(6€0°0 = 4 ‘9% DOVH/Dddw oqooe[d o[sded Sw g/ DHL $INSA TT =N ‘pafonuod-ogdeld Apms ooy o .\MBH\N,H e 39 euIqEy
= (99’1 B Lc00 =4 TET'S “efep3Awe) ‘Sr—0c 9%e “purig-s[qnop :
X(69'1) 91 uondeISpuI dnoxd LAY e widrpered (NGEHT9E) TL=N ‘pazropuey
x 8nip) £y1anoe erep8Auwe Gurssaoord-yeary,
[eI93e[Iq PIJR[AI-}RIIL} PATOMO]
DHL dno18 asLd oy u
SUOT}R[NULIOY
‘SPOM yoq 19 = N
8 38 s12lqns 96/ Ut (F1°4€ ‘amsdes gD o maoﬁmwmm-zm q
03) %6 JO SSLIIDIP IYIN,] 21008 (001~Gg @8uei ‘asop oSt P « 9peID (opero[oD)
J ! auoN ‘6€°LT oM g ! [£¥] e 1o sug
'syjeaM F e s)0alqns o, 16 G-1Dd ut sadueyd ueaw) p/Sw 67 F = N + 1660 290 ueow Apnys aapdadsonay SN ‘6102
ur (€£°0F 03 T8'TG W) %TT JO “Aexds 1o pmbr i
! y Lo Pl WET TT=N
S9I00S URAW G-TD UT SUIPI(] agD (91—1 a8uer ‘asop ’
ueaw) p/3w ¢ ;] = N
Su0n dnoin d £ 3 £ Anpuno)
mo SINSEIN 10peredwon JuduujeaI], ardureg Apmg uSisaq Apmg poudg — oyny

*S9IPNJS PAPNIUL JO SOTSLISORIRYD UTew Y], *T d[qeL,

61309

$IC I ‘120T 11



“($00°0 > d) swoyqord

£jarxue [eOS 10 SIqeuued

a1eds yy1-jurod-g e £q

(3ro0m /3

asid
Aq pardagre (%6'8T) 0F

0 9511 24 5© oM Se (10°0 > d paINsEaW Se SIqeuued suoN 21-6 ‘P/sow) ¢ :asn !(s1eak §/-g1 aSurer) vy SOPRID poyads 10N (eruzojIre)D) [og] Te 30
, Mm.o Ewﬁw mmm%: drot stqeues | [E2IPOUW WOL PIARIDI ueaur) 3SOp-3[qIxafy 6F1 F T1¥ 2Se ueawr Apnys euonoas-ssor) L SN ‘€102 ID[[IA-UUOg
ey stq doy aanoalqng ‘SIqeUURD [RIIPIIA ‘(N
Ppa1orpard suorsnajur dnewned], U : ; . '
%EELT %L 9T) LIT =N
OHL
ITM JUSUIIeaI) I9)Jk SAI0DS
(S00>d'8yF F 6°€1 'SA G9°T
F0T'L1) T0Sd (2000 > 42’8 g sisouderp opeisy
F 67T SA6TTL F TTE) SAN S9100s ‘DAN ‘IO (Burg=) 2 :0 01 pastel [ 7 \m“*wzm ‘S350 [2€]
(500> d“TH0 F P50 "SA S50 F SAN ‘O4AN TOSd auoN] o= 0 03 past dSLd AIFINSA P P SPIM € [PRIS “F10T LE
19D ‘SIVvD ut saduey) sKep g 1933 ‘piq (Sw ‘68 F ¢ o8e ueowr passnipe ‘[aqer-uado “Te 39 ueunioy
18°0) sarewnySru jo Louanbaiy ; : , ’ P ;
OIN (200 > 4660 F 6% “SA §'7=) ™ 10110 HOL ‘N LT€)0T=N POZIUOPURI-UON
LF0F9)SIDD (200 >4 116
F €VC SAELT F €T€) [esnore
SIVD Ul aseanap juedyrudig
‘auoIqeu
UM JUWean) 193je 91008 ($0°0
=d'TLLT €T SAIIT T €6F) Arerq dearg mmw w@wwww@m% M@
OY9M jo aseamnur juedyudis ‘891008 G M ‘91828 T X ' ey .
21008 (600=d‘TTF e sATT  Suneyweanq gSLd g . MNP PU rer OPBID SpaM
) , , w ¢ Jo wnwixew e o} ‘sareunydru Surssansip Apnys 194085010
F 67) OO Fomo] Juedgrudis 10D ‘swayt dodlsy oqooe 1enn APjeam (9so U1Imd o S[[o13u0d-0qaderd gjoporad e 4q epeue)) “ [6€] T 30 A139(
‘8071038 (90°0 = 4 'T'T T Surke)g 10 Sureq qaoe[d pa3 wa _v.ﬁ P 1 5 dslLd ¥ p \: 3 qo9¢]; poreredas ssoom peued $10¢ 6¢] Te 0 AR
90— SACT F £1—) Aysuapu]  Aynogyiq pue swesi( 1e)S) SW G0 SUOTIqeN  SISOUBerp YL-AT-INSA pu1q-9[qnop £ 30 sporrad om],
: 2 ‘Go—g1 o93e ‘pazruopuey :
pue (c0'0=d ¥ F F0— 'sa 3urssansi(] JUSLINIY ;m%:mmmmum d :
€1 F 6'1—) Lousnbar wrearq SIVD ur saduey) ' _
Burssanysi(] pue Surrmoay orewr ATy 01 = N
SdVD JO uononpar JuedyrudIg
(10000
;o o P/ 01 9sop wnwiIxewr
>d’/8'6€ = (8ST0)d H1ASN[D .
X SIqeuue))) S9I00S I23SN|D GOQMMMMWMMMMHN% asLa
wojdwids ur suorONpar $91008 il :aper eruIojIe -
« ES%MM% .ﬂ.%::.wu F SdvD ur saduey) JHON o p/8 1 asop s Jo ssouSerp AFNSA %Emw\,_m&wﬁvbwm SOt oe A sn \m.momu v Te %M&U
Sursn $399(qns U1 (1000°0 (se8eyusniad srqerrea ‘sympe 08 = N
571 7 586 5 691 1 20 12> pue OHD
91008 GV [10} UL 9SLAIId(| ; ;
dnoxn Anpuno)
awodmnQ S3INSEIA! 10pexedwon judumeaI], adureg Apmg ugrsag Apmg poudg pue Teax oyny

Ju03 T dqEL

G130 L

$IC I ‘120T 11



.LmﬁL *RKK .\maﬁhmﬁuoa FREK w\so— *% wgo~ \Ahm\r * “mD<MU

-arreuuonsang) Surag [9M OIM ‘[o1u0)-pasodxg-ewmel] 1Dy [ {OUIqeuuedoIpAYeI}a}-6-23[9p (L)L X23100) dyen3ur)) jusde(py [ensoy ;DY 2[eds 9§17 Jo A[eng) :§10O0) “I9PIOoSI(] SSAI)G D PWNRI] -}SOJ
:AS1d “xapur Aren) desjg y3mqasnid 10OSd ‘S-INSA 43 107 ISTYD ASLd ‘S-1Dd “UOISISA URI[TAID)—ISIP[aYD) djewnel[-1so :D-1D  ‘@ireuuonsang) Aousnbaij areuny3iN 0N ‘AoAIng s30a5q arewny3iN
'GAN {X9310D) [eIUOII-31J [RIPIN :DJJW ‘Joruo)) Ayiresr] :DH ‘Surew] soueuossy doBauSeN [euonduny YIAJ ZIS 199JJ :SH UONIPH YiG ‘SI9PIOSI(] [EIUSIA JO [eNUEA [ed1IsIe)g pue dnsouSer(] :G-INS
UOTSIAY X3, “UOTITPH I ‘SIOPIOSI(] [BIUSIA] JO [ENURIA [edsHeIS pue dnsouder(] 2 1-AT-INSA ‘UOLIPH [if ‘SI9PIOSI(] [RIUSA JO [eNUERA] [ed1SIeIg pue dnsouder(] ‘AT-INS{ ‘A11oaag—suorssarduy [eqoro resrur)
:G-19D “uswaroxdw—suorssardwy [eqoro) [esrur))) :[-19)D) 8ueyd—suorssarduy [eqoro) [esrur))) -9 ‘suorssarduy [eqoro) [edrur))) (9D {oIpIqeuur)) (gD [edS (S.Ld PIRISIUTWPY-URIUI) :S[VD) 910N

*SOIPWIYSTU JO SOUDLINDD, (dsuodsat
3 mun m.zwm _mc%m % m.t S " 3 sareunyBiu [ESTUHD oud
r\v IOLIOAXS SIOUIO OU} ISTIM sareunyydu p/ow JUE)SISaI-JUD U} edT) . uo Surpuadap)
s300lqns (9,8) § Ut [Nyssadons N 9 mofaq 3do a1om : o ox 2OPRID SUOTIRU UM
SEM UOTENUIFUODSIP SUO[IqeN P} m dsld JuoN S9SOPp ‘pajenyn usy) 3 dsldj Apnys [pqef-uado [qeu Wt epeue) ‘6002 [8¢] 1osexy
. 3o Ayrsueyur , stsouderp YI-AT-NSA . JusLIyeal} JO
sarewjySiu jo uoyonpax oth 11 so8UE dwirypaq 21053q (ISOp ) 5 ueow pazZIwopueI-UoN LOBBIND S1as
JUEDYTUSIS IO UOTJESSAD [€30) Bt 1O 1e3s) Swr G°() dUOTIqeN , %AMMNH 12) b= N \MOzm_MLM&o {t
paoustiadxa spoalgns (24,z/) € ?uamo Josteak 7
'sdnosg
Ayprgrowod 03 paduoaq ured oruorny + ASLd 88
s303(qns paaoxduur jo Lyrrofew ca100s I- ‘100 p/S¢—¢ ‘uorssardap vy SOPRID
Ay, "Sa100S G VD) Ut sadueyd 90 510 JuoN a8uer “(OHL %S7-07) [eoturp + (qS.Ld €% Apnys [euonearasqo s1eak ¢ [9®IS[ ‘2102 [16] Sruzay
: ‘ ur saduey)D) ° e : :
aansod swos ym ‘sased Sdvou SIqeULED [BUIDIPIJA] ‘aSLd @md 6z onsifeImeN
jsour ut sax0ds ured pue 5100 L91=N
ut yuauraaoxdur yuedyrudig
awodmQ SaINSEI dnoxo judurealry, aidureg Apmg ugisaq Apms pouag Anunod oyny
103eredwo) : : pue reax

Juo) "1 d[qeL

G1jos

¥IC I ‘120T 11



Life 2021, 11, 214

90f15

3.3. Quality and Risk of Bias Assessment

According to the GRADE approach, only two studies presented high quality, whilst most
of the included research showed low-to-moderate quality. Detailed information concerning
quality assessment is included in Table 1. According to the RoB 2.0 tool, there were some
concerns about the possible risk of bias for included RCTs, mainly affecting the randomization
process and data reporting (Table 2). Indeed, in the study with randomized, double-blind,
placebo-controlled cross-over design [39] information about the sequence allocation was
not available, whilst in the randomized, double-blind, placebo-controlled, between-subjects
study [52] outcome data was not available for all randomized subjects.

Table 2. Evaluation of the risk of bias for Randomized Studies using the RoB 2.0 Tool.

References Overall Risk? Randomization  Intervention Missing Data Outcome Reported
Measurement Results
Rabinak et al. v/ B _ v/ B _
(2019) [52]
Jetly et al. v/ v/ _ _ _ B

(2014) [39]

2 Risk of bias: low (—), some concerns (+/—), high (+).

4. Discussion

Studies included in the present review suggested that different medicinal cannabi-
noids at distinct doses and formulations could represent promising treatment strategies for
PTSD-related symptoms, also presenting an impact on the quality of life in this population.
Particularly, not only did treatment with cannabinoids determine an overall improvement
of PTSD symptomatology [37,39,40,47-49,51], but it also influenced specific symptom do-
mains, namely sleep disorders [37-39], arousal disturbances [37], and suicidal thoughts [48].
Noteworthy, a significant reduction of pain [48,51] and social impact [48], as well as an
improvement in quality of life and well-being [39,51], were demonstrated.

A better understanding of the possible mechanisms through which such treatments
could influence the clinical expression of PTSD is of particular interest since most medica-
tions used in clinical practice have the main aim of relieving symptom severity without
specifically targeting underlying biological pathways [53].

To note, CB receptors are differently expressed in brain areas and nervous cells: CB1 re-
ceptors are highly expressed in the cortex, basal ganglia, hippocampus, hypothalamus,
and cerebellum while CB2 receptors are mostly expressed in the immune and gastroin-
testinal cells and they may modulate central and peripheral regions [9]. CBD acts on both
CB1 and CB2 receptors with lower affinity for A°~THC, producing less adverse effects
(e.g., tachycardia, sedation, hunger) but significantly decreasing fear-memory consolida-
tion and anxiety symptoms of PTSD, possibly due to its action on limbic and paralimbic
areas [54,55]. CBD can also exert an agonistic action on the 5-HT1a receptor that may
explain its antiemetic and anxiolytic-like properties, on the GPR55 enhancing neuronal
excitability, and on the TRPV1, highly localized in the hippocampus, reducing anxiety
and aversive memories [32]. The inverse agonist action on CB2 may also explain the
anti-inflammatory effects [56]. A’-THC acts through neuronal presynaptic CB1 receptors as
a partial agonist and inhibits directly or indirectly ongoing neurotransmitter release such as
dopamine, glutamate, and acetylcholine [55] in the nucleus accumbens, prefrontal cortex,
hippocampus, and amygdala with a consequential reduction in hypervigilance, anxiety,
insomnia, nightmares, and extinction deficits related to PTSD [57,58]. Nabilone, a synthetic
THC analog, is a CB1 receptor agonist and has been demonstrated to reduce recurrent
nightmares, flashbacks, and improve sleep time even if the exact mechanism is not yet
understood [38-41,59].

The efficacy of medicinal cannabinoids in reducing overall PTSD symptomatology
might indeed find a possible explanation in their mechanism of action, given their modu-
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latory influence on different neurotransmitter systems, as demonstrated by the presence
of CB receptors in pre-synaptic GABAergic and glutamatergic terminations, but also in
noradrenergic, serotoninergic, and dopaminergic axon terminals [27,60].

Noteworthy, PTSD pathophysiology relies on abnormalities that cut across different
neural circuits, involving distinct neurotransmitters at the same time [61]. Given the
heterogeneity of PTSD symptomatology, belonging to several domains as stated in the
diagnostic criteria, molecules that could target more than one system could represent
adequate candidates for acting on different clinical features [28], thus reducing overall
illness severity.

Besides, the eCBS plays a key role in the process of extinguishing aversive memories,
which is mainly mediated by CB1 and could be thus facilitated by CBD administration,
as already suggested by animal models, with further confirmation in human studies [34,62].
Similar mechanisms could also explain the improvement in arousal symptom clusters,
that appear to be activated by emotional processing of fear-elicited stimuli and altered
responses to trauma-related cues [63]. Interestingly, only one among the included studies
considered the administration of CBD at variable doses [47], whilst in the remaining studies
subjects were treated with different formulations of medicinal cannabis containing THC
and CBD at different percentages, or synthetic compounds. Consequently, aversive memo-
ries extinction is not expected to be the only mechanism possibly explaining the efficacy of
medicinal cannabis in reducing PTSD symptoms. The effect on global PTSD symptoma-
tology might be mediated by the reduction of HPA axis hyperactivation following eCBS
signaling enhancement. This could be related to the expression of CB receptors in brain
areas that modulate stress, as well as emotional responses to fear and reward, such as the
amygdala, pre-frontal cortex, and hippocampus [64]. Particularly, CB1 in the pre-frontal
cortex plays a significant role in threat-related responses by modulating the amygdala
region [65]. Noteworthy, one of the selected studies showed how the administration of
medicinal THC in PTSD subjects could influence cortico-limbic circuitry, also reducing
amygdala reactivity in response to potentially threatening stimuli [52]. This result should
hopefully be replicated for CBD and synthetic Cannabis-derived compounds, to evaluate
whether slightly different actions on eCBS receptors may underpin different effects on brain
circuitry. Moreover, future studies should better clarify functional correlates of treatment
with medications acting on the eCBS to provide further explanations about their mecha-
nism of action in reducing PTSD symptoms. Furthermore, specific symptom clusters were
targeted by treatment with medicinal cannabis in some of the included studies. Particularly,
sleep problems such as PTSD-related nightmares were significantly improved by THC oil
and nabilone at a maximum dose of 3-6 mg. This result may be of clinical relevance since
nightmares are not typically targeted by medications that appear to be efficient in treating
other PTSD symptoms [66]. The efficacy of Cannabis derivates in ameliorating sleep disor-
ders was already elucidated by animal studies, with specific effects on sleep duration and
depth varying based on means and site of administration (e.g., intraperitoneal, amygdala,
brain ventriculus, etc.) [67,68]. Diverse effects of CBD were over time detected depending
on medication doses, with higher doses up to 160 mg/day increasing sedative-hypnotic
effects [69,70]. Such effects were hypothesized to be mediated by the monoaminergic
system since CBD appeared to increase the expression of c-Fos in the dorsal raphe nu-
clei [71]. Furthermore, CBD can increase Anandamide (AEA) concentration by blocking the
AEA membrane transporter (AMT) or the Fatty Acid Amide Hydrolase (FAAH) enzyme,
which catalyzes AEA hydrolysis, increasing time of sleep and of slow-wave phase that
is physiologically fostered by this endogenous CB1 ligand [72]. Nevertheless, most pre-
clinical research focused mainly on the administration of CBD, which acts as a negative
allosteric modulator of CB1 [73], while the included studies considered effects of TCH and
its derivates, possibly operating as a partial agonist of the receptor [74]. In consideration
of their different actions on endogenous receptors, further studies on PTSD populations
should better clarify different actions of THC and CBD on sleep disorders. This could
be of particular interest also due to the frequent association that specific arousal distur-
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bances may present with nightmares and sleep abnormalities, with evidence for nabilone
improving such disturbances in non-PTSD populations [75].

Notably, pain indexes were significantly reduced after treatment with nabilone at
a maximum dose of 6 mg/d and medicinal cannabis with 20-25% THC component at
2-3 g/d. The use of medicinal cannabis for chronic pain symptoms finds wide support
in the medical literature given the modulatory effects of the eCBS on inflammation and
pain-processing pathways in the central and peripheric nervous systems, mainly relying
on CB2 expression in peripheral tissues and immune cells [76-79]. Pain is frequently
associated with PTSD clinical features, with evidence about mutual influences that such
symptoms may exert. Future research focused on this specific comorbidity may elucidate
whether treatment with cannabinoids could represent a favorable treatment strategy for
selected PTSD subjects with specific comorbidities.

Despite promising results on the improvement of quality of life, as well as reduction
of the social impact of PTSD, the use of medicinal cannabinoids in this population could
also present negative consequences on general well-being due to their abuse and depen-
dence potential [59,80]. Indeed, subjects affected by PTSD demonstrated the tendency
to use cannabis as a form of self-medication due to its anxiolytic and sedative proper-
ties [57,81,82], also displaying high rates of comorbid substance-related disorders [83].
Except for cannabidiol which is a phyto-derivative of cannabis devoid of any psychotropic
effect, the recreational use of cannabis, particularly synthetic compounds with high THC
content, may elicit the emergence of psychotic and anxiety symptoms, as well as cognitive
dysfunctions [84-86]. Conversely, side effects of medicinal cannabinoids (e.g., dizziness,
headache, fatigue, gastrointestinal problems) presented mild-to-moderate severity and
were relatively well-tolerated, supporting the assumption that subjects with PTSD may
consider them less burdensome than approved medications [87]. Future research should
hopefully clarify the long-term effects of such treatments to provide further data concerning
their safety profile.

Evidence reported by the included studies presents several limitations. First, most of
the considered research is based on small sample sizes, with restricted generalizabil-
ity of findings. Moreover, heterogeneous samples determine major limitations in the
among-study comparability of results. Included studies show low-to-moderate quality
and moderate-to-high risk of bias in most cases, which suggests that further studies are
expected to address methodological issues to provide solid bases for the use of medicinal
cannabinoids in clinical practice. In addition, the retrospective or observational design
of most of the included studies precludes conclusions about causality. Only a few RCTs
were conducted and comparators were used only in two cases, despite repeated calls
for controlled studies that may elucidate the effectiveness of new medications in PTSD
treatment [61,88]. Finally, medications were assumed for short periods in most cases and
no follow-up data were thus provided. Other randomized, placebo-controlled studies
designed or head-to-head comparator studies are therefore needed.

5. Conclusions

Post-Traumatic Stress Disorder is a particularly heterogeneous clinical entity since it
does not invariably exhibit in all subjects the same variety of symptoms and neither do they
have similar severity. Moreover, it frequently occurs in comorbidity with other physical or
mental disorders. Although there is a robust rationale for the treatment with drugs active,
directly or indirectly, on the cannabinoid system and the results to date are promising,
further studies are needed to investigate the safety and efficacy profile of their prolonged
use. Hopefully, continued research could provide clinicians with novel therapeutic options
for a disease that currently is treated with drugs of limited efficacy.
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