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Abstract

Background: Posttraumatic stress disorder (PTSD) may stem from the formation of aberrant and enduring aversive
memories. Some PTSD patients have recreationally used Cannabis, probably aiming at relieving their
symptomatology. However, it is still largely unknown whether and how Cannabis or its psychotomimetic
compound Δ9-tetrahydrocannabinol (THC) attenuates the aversive/traumatic memory outcomes. Here, we seek to
review and discuss the effects of THC on aversive memory extinction and anxiety in healthy humans and PTSD
patients.

Methods: Medline, PubMed, Cochrane Library, and Central Register for Controlled Trials databases were searched to
identify peer-reviewed published studies and randomized controlled trials in humans published in English between
1974 and July 2020, including those using only THC and THC combined with cannabidiol (CBD). The effect size of
the experimental intervention under investigation was calculated.

Results: At low doses, THC can enhance the extinction rate and reduce anxiety responses. Both effects involve the
activation of cannabinoid type-1 receptors in discrete components of the corticolimbic circuitry, which could
couterbalance the low “endocannabinoid tonus” reported in PTSD patients. The advantage of associating CBD with
THC to attenuate anxiety while minimizing the potential psychotic or anxiogenic effect produced by high doses of
THC has been reported. The effects of THC either alone or combined with CBD on aversive memory
reconsolidation, however, are still unknown.

Conclusions: Current evidence from healthy humans and PTSD patients supports the THC value to suppress
anxiety and aversive memory expression without producing significant adverse effects if used in low doses or when
associated with CBD. Future studies are guaranteed to address open questions related to their dose ratios,
administration routes, pharmacokinetic interactions, sex-dependent differences, and prolonged efficacy.
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Background
Posttraumatic stress disorder
The formation of intense and long-lasting aversive mem-
ories after threatening or stressful events affects the indi-
vidual’s quality of life when it triggers the development
of posttraumatic stress disorder (PTSD [1, 2];), which is
categorized on the DSM-5 as a trauma- or stressor-
related disorder [3]. After a traumatic event exposure,
PTSD patients gradually present characteristic symp-
toms, such as increased anxiety, hyperarousal, and
avoidance of cues associated with the trauma. The in-
appropriate expression of fear-related responses in non-
risky situations is also frequent. Moreover, intrusive
thoughts, nightmares, and resistance to extinguish the
aversive/traumatic memory have been reported [4–6].

Fear memory extinction and reconsolidation
Fear extinction is a form of inhibitory learning that sup-
presses the expression of the original aversive/traumatic
memory. As a consequence, individuals express less fear
responses. In both laboratory animals and healthy
humans, prolonged and repeated exposures to condi-
tioned cues without presenting the aversive stimulus can
induce it [7, 8]. Preclinical studies have shown that the
extinction process requires activity and plasticity in sev-
eral interconnected brain regions, including the infralim-
bic and prelimbic subregions of the medial prefrontal
cortex [homologous to the human ventromedial pre-
frontal (vmPFC) and dorsal anterior cingulate (dACC)
cortices, respectively], and some amygdala nuclei [9–11].
Specific PTSD psychotherapies (e.g., prolonged exposure
therapy) are based on extinction learning [12]. Patients
suffering from this psychiatric condition, however, often
present extinction impairments [10, 13] accompanied by
a hypoactive vmPFC [14, 15], hyperactive dACC and
amygdala [14, 16–18], and a smaller and hypofunctional
hippocampus [14, 18, 19]. The abnormal functioning of
these brain regions could explain not only the hyper-
arousal and extinction deficits but also the increased re-
sponsiveness to trauma-unrelated stimuli leading to fear
overgeneralization [20–22]. Noteworthy, over time, the
original aversive/traumatic memory can spontaneously
reemerge, which also limits the efficacy of the extinction
approach [23].
Upon recall, a consolidated memory can become labile

again and, thus, its content is destabilized and gradually
reconsolidated after that, being susceptible to
intervention-induced changes during this period. In both
laboratory animals and healthy humans, short exposure
to conditioned cues can induce memory destabilization
and reconsolidation [24]. The neural substrate regulating
this process and that underlying extinction is thought to
be overlapping, yet distinct [24, 25]. Besides, the relative
contribution of a given brain region in each case may

vary. For instance, the rodent prelimbic cortex (dACC in
humans) is more involved in aversive memory reconsoli-
dation than extinction [11, 25–27]. The age and intensity
of the memory are factors that influence the chance of
destabilization upon retrieval in both laboratory and
clinical settings [28–31]. Unlike extinction, however,
changes in the original aversive/traumatic memory-
related outcomes are permanent; therefore, impairing
fear memory reconsolidation could have value for treat-
ing PTSD [32–35].
In preclinical studies, fear conditioning is a standard

procedure for investigating the process of fear memory
extinction and reconsolidation. It has a translational
value from laboratory animals to healthy humans, and
onwards to anxious/PTSD patients. However, the stim-
uli, the primary outcome measures, and the populations
typically used differ between animal and human studies
[36]. Besides, whereas in humans it is possible to assess
the explicit and implicit aversive memory components,
in laboratory animals, only implicit memory-related be-
havioral, autonomic, and hormonal measures can be
assessed [37]. It should also be acknowledged that a
strong aversive memory is not necessarily maladaptive.
It is indispensable to evaluate not only qualitative but
also quantitative aspects to infer whether the selected
experimental protocol has indeed simulated one or more
PTSD symptoms or features [37]. Similar considerations
presumably apply while testing and modeling anxiety in
rodents and humans [38, 39] and, thus, the interpret-
ation and extrapolation of basic and clinical findings are
not straightforward (Fig. 1).

Evidence for the role of the endocannabinoid system in
PTSD and its treatment
A low “endocannabinoid tone” has been reported in
PTSD patients. Relative to healthy controls, they present
reduced circulating concentrations of anandamide and
2-arachidonoylglycerol (2-AG), and lower hair concen-
tration of palmitoylethanolamide (PEA), oleoylethanola-
mide (OEA) and stearoylethanolamide (SEA) [40–42].
They also have up-regulated cannabinoid type 1 (CB1)
receptor expression in the hippocampus, dACC, and
amygdala, an alteration more pronounced in women
than men [40]. The genetics research focusing on vari-
ants in the genes of the CB1 receptor and the fatty acid
amide hydrolase (FAAH) enzyme, which metabolizes
anandamide, has shown corresponding findings. A spe-
cific variant resulting in high expression of CB1 recep-
tors can increase the risk of developing PTSD or
anxiety-related disorders [43, 44]. However, studies in
healthy volunteers have shown that a genetic variant
resulting in a lower FAAH activity can influence stress
reactivity and fear extinction, being protective against
PTSD or anxiety-related disorders [45–47]. Despite the
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advance in understanding PTSD neurobiology, the se-
lective serotonin reuptake inhibitors (SSRIs) are mostly
used to manage PTSD symptoms, with some benefit at
best. Accordingly, most reviews have concluded that the
benefit and effect sizes of these drugs are small [48–50].
Besides, PTSD comorbidities include anxiety and sub-
stance use disorders, making an effective treatment with
SSRIs and psychotherapies even more challenging [51].
There is evidence relating Cannabis use in PTSD pa-

tients to relaxation, sleep improvement, attenuation of
hyperarousal and anxiety [52–54], and reduced values in
the Clinician Administered Posttraumatic Scale (CAPS
[55];). Similarly, the results of open-label [56], popula-
tional [57], and double-blind placebo-controlled [56]
studies have shown the benefits of using Δ9-tetrahydro-
cannabinol (THC), its synthetic version dronabinol or its
analog nabilone to manage insomnia and nightmares in
PTSD patients. However, contradictory results have also
been reported, leading some authors to question the
value of this Cannabis-based approach [58–61]. Differ-
ences in dose, route of administration, treatment regi-
men, level of THC tolerance, and current and past stress
may account for the mixed findings above-mentioned
[62]. Of note, the potential effects of THC/dronabinol or
nabilone on aversive memory extinction and reconsoli-
dation are under investigation. In contrast, it is still un-
known whether cannabidiol (CBD), the main compound
of Cannabis devoid of psychotomimetic effects, can im-
pair the reconsolidation of aversive memories and facili-
tate their extinction in humans [63, 64], although its
anxiolytic action has already been reported [65–68].
Similarly, associating THC with CBD could be thera-
peutically advantageous, but studies focusing on extinc-
tion or reconsolidation of aversive/traumatic memories
are still incipient.
Based on the above, the present review aims to discuss

the effects of THC, its synthetic version dronabinol, or
its analog nabilone when administered alone and com-
bined with CBD, on the extinction of aversive memories
and anxiety, a common PTSD symptom, in healthy
humans and PTSD patients.

Methods
Design
A qualitative systematic review of the research literature
was carried out to identify relevant studies addressing
the topics of our review.

Study eligibility
Types of studies
Studies presenting primary data from controlled trials in
healthy adults, anxious or PTSD patients that evaluated
the effects of THC or its association with CBD on fear-
related memories or anxiety responses, and published in

English were included. The focus was on memory ex-
tinction/reconsolidation and anxiety-related responses.

Search strategy
Medline, PubMed, Cochrane Library and Central Regis-
ter for Controlled Trials databases were searched using
the keywords and MeSH terms [Δ9-tetrahydrocanna-
binol/THC or THC and cannabidiol/THC and CBD]
and [Fear extinction/memory extinction/fear memory/
memory reconsolidation or anxiety] for human studies
and controlled trials published between 1974 and July
2020 in the English language. The reference lists of arti-
cles included and previous systematic reviews were
checked for relevant publications. Primary studies pre-
senting data from oral or smoked THC or THC plus
CBD effects on fear-related memory or anxiety were
identified.

Data abstraction
Abstracts were identified and independently analyzed by
two reviewers. Three reviewers independently conducted
data extraction and coding disagreements arising were
discussed, and consensus coding applied. The following
information was extracted for each study: age, gender,
the health status of subjects, drug(s) used, doses and its
management, protocols adopted, and the main results
found. Figure 2 depicts the summary of the search
process and the study exclusion criteria.

Effect size calculation
Means, standard errors, and the number of subjects per
group (“n”) were collected to calculate the effect size of
treatment in the selected studies (raw data are summa-
rized in Table S1 and S2). When the study presented
only the standard deviation as the dispersion measure,
the standard error was calculated using the following
formula: standard deviation divided by the square root
of “n”. When the means and the dispersion measure
were depicted in the figure only, the measure tool from
the Adobe Acrobat Reader® software was used to calcu-
late them.
The effect size of behavioral results was calculated

using the formula for Cohen’s d to reflect the mean-
difference (± 95% confidence interval) between two
groups. A d ≥ 0.5 and ≤ 0.8 was considered a medium
effect size while a large one happened when d > 0.8 [69].
When the study did not present the dispersion measure
or mention the “n” per group, the effect size was not cal-
culated. The d values were all presented as positive
values, and when the study presented repeated time
points of the evaluated parameter, the d expressed in the
text was the highest achieved.
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Fig. 2 Flowchart of the study selection procedure

Fig. 1 The process of aversive memory formation, extinction, and reconsolidation. Immediately after an emotionally relevant experience, the
acquired memory undergoes the gradual process of consolidation. Upon retrieval, a brief but sufficient conditioned stimulus exposure event
induces memory reactivation or destabilization. In other words, the stable memory trace becomes labile again and, thus, its emotional content is
modifiable until the reconsolidation stage is ended. Based on this, drugs aiming at interfering with reconsolidation can be administered after
memory reactivation. After a prolonged or repeated period of memory retrieval, the extinction process is triggered, leading to the formation of a
new memory trace that competes and inhibits the original aversive memory, reducing fear responses. Drugs that potentiate/facilitate memory
extinction are usually administered before extinction learning. Other phases (e.g., consolidation) of memory extinction can also be targeted,
although it has scarcely been explored. As reviewed here, low doses of THC attenuate aversive memory expression through anxiety reduction,
extinction facilitation, and reconsolidation impairment (currently shown in laboratory animals only)
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Results
Effects of THC/dronabinol on aversive memory extinction
or reconsolidation
Table 1 summarizes the main findings from the five
double-blind studies investigating the effects of an acute
administration of dronabinol on aversive memory ex-
tinction in healthy men and women. Neither studies nor
clinical trials investigating the THC/dronabinol effects
on aversive/traumatic memory reconsolidation were
identified.
Oral administration of 7.5 mg of dronabinol before

fear extinction potentiated (d = 0.81) the extinction
process in subjects submitted to a cued fear condition-
ing, as inferred by a reduced skin conductance response
(SCR) during extinction recall 24 h later [70]. In a simi-
lar study [71], there were no dronabinol-induced SCR
changes during extinction recall, even though it in-
creased the activation of the vmPFC and hippocampus.
In a subsequent study, dronabinol (7.5 mg/kg) attenu-
ated the recovery of fear 24 h after extinction, and dur-
ing a post-extinction resting period, the drug-treated
subjects presented altered state brain dynamics (lowered
amygdala-hippocampus static functional connectivity
and increased amygdala-vmPFC dynamic functional con-
nectivity) that were associated with a better extinction
recall (d not calculated [72];).
Dronabinol effects on extinction have already been

evaluated at a more remote time point. In the study by
Hammoud et al., 2019 [73], subjects received 7.5 mg of
this drug before extinction learning, and the retention
test was performed both one and 7 days later. Dronabi-
nol reduced the SCR during the extinction session (d =
0.55) and the retention test on day 1 (d = 0.55), but not
on day 7. In the last case, however, the drug-treated
group presented a significant increase in the functional
coupling among the vmPFC, hippocampus, and dACC,
which was associated with lower spontaneous recovery
of fear. Moreover, healthy volunteers submitted to a
neutral face presentation associated with an aversive
sound and treated with 10mg of dronabinol before
extinguishing that association presented a transient re-
duction in SCR (d = 0.58), but unaltered fear-potentiated
startle response [74].
In summary, in four of five studies, dronabinol induced

significant changes in extinction-related autonomic or be-
havioral responses, with medium to large effect sizes (i.e.,
from 0.55 to 0.81). Therefore, this acute pharmacological
intervention is associated with clinically relevant effects.
There were no sex-dependent differences in dronabinol-
induced facilitating effects on aversive memory extinction.
However, such action will possibly require periodic associ-
ations of drug administration with extinction to be
preserved. Noteworthy, the effects of repeated THC/dro-
nabinol administration on aversive/traumatic memory

extinction are still unknown. Despite the current know-
ledge about aversive memory reconsolidation and the
well-documented role of the endocannabinoid system in
this process in laboratory animals [75, 76], no human
studies have addressed this question yet.

Effects of THC/dronabinol plus CBD on aversive memory
extinction or reconsolidation
No human studies or clinical trials investigating the
effects of associating THC with CBD on aversive/trau-
matic memory extinction or reconsolidation were identi-
fied. However, they are foreseen since the combination
of THC and CBD presents advantages in comparison
with THC/dronabinol alone, such as fewer and less in-
tense adverse effects and greater safety [77, 78]. Accord-
ingly, in the studies evaluated, whereas 10–15 mg of
THC often induce psychosis in either healthy or suscep-
tible individuals, measured by Positive and Negative
Psychotic Syndrome Scale (PANSS) general scores (d =
from 0.84 to 2.52 [79–83];), 50 mg of THC associated
with CBD in a dose ratio of ~ 1:1 (nabiximols, Sativex®)
no longer produced that psychotomimetic effect [78,
84]. The antipsychotic effect of CBD, which can also
counteract some other undesired effects related to CB1
receptor activation by THC, probably explains this pat-
tern of results [85, 86]. However, some studies have indi-
cated that CBD might not counteract the THC
psychotic effect (for a review, please see [87, 88]).

Effects of THC/dronabinol or its analog nabilone on
anxiety-related responses
Table 2 summarizes the main findings from the 17 stud-
ies investigating the effects of THC/dronabinol or nabi-
lone on anxiety in healthy humans and patients with
PTSD or anxiety disorders.
Oral administration of 2.0 mg of nabilone to healthy

subjects with no history of Cannabis consumption pro-
duced no changes in the anxiety state measured by the
Hopkins Symptom Checklist Scores [89]. In contrast,
7.5 mg of THC decreased both stress reactivity, mea-
sured by the Visual Analog Scales (VAS) in the Trier So-
cial Stress Test (d = 0.82), and amygdala activation when
viewing fearful faces [90, 91]. THC (7.5 mg) also in-
creased subjective reports of “high”, but neither impair-
ments in task performance nor changes in anxiety,
sedation, and arousal, as measured by the State-Trait
Anxiety Inventory (STAI) and the Profile of Mood State
(POMS), were reported [90, 91]. When administered or-
ally at doses ≥10mg, THC was reported to increase the
anxiety state, as measured by STAI (d = from 0.93 to
2.52 [79–83, 92];), Visual Analogue Mood Scale (VAMS;
d = 0.63 [79];), POMS (d = 1.32 [91];), subjective reports
[91] or SCR during presentation of neutral and fearful
faces (d = from 0.92 to 1.42 [81, 83];). This anxiogenic
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THC action has been associated with increased activa-
tion of CB1 receptors in the right amygdala [80, 81]. It
was also accompanied by increased activation in frontal
and parietal areas [83].
In healthy subjects with a history of Cannabis consump-

tion, smoking a cigarette containing 1.8% (~ 15mg) of
THC produced no changes in the anxiety state [94, 95]. In
contrast, either smoking 3.6% of THC or its oral intake of
5.0 to 15mg increased the anxiety state measured by STAI
and VAS (d not calculated [82, 95, 96];). Similarly, 10mg
of THC given orally increased the anxiety state measured
by STAI in both Cannabis users and non-users (d not cal-
culated), but the induction of psychotic symptoms was
less intense in the former group [82]. Of note, the brain
areas influenced by THC in users and non-users of Can-
nabis differed significantly [82, 83]. The explanation for
the varying pattern of results is still under debate.
In anxious patients, oral administration of 1.0 or 2.0

mg of nabilone attenuated (d not calculated) the anxiety
response measured using POMS, an effect accompanied
by increased heart rate. At doses of 4.0 and 5.0 mg, nabi-
lone produced orthostatic hypotension without further
anxiety reduction (d not calculated [97];). Reduced anx-
iety was also reported in a study (d not calculated; 100)
divided into two phases: the first being open-label with
five patients receiving nabilone on an escalating dose
regimen starting with 1.0 mg and not exceeding 10 mg,
for 28 days; and the second being double-blind, placebo-
controlled with 20 patients receiving nabilone 1.0 mg
twice a day for 28 days. The adverse effects reported
were drowsiness and dry mouth and eyes [98].
In an open-label study using PTSD patients [99], orally

administering 5.0 mg of THC twice a day for 21 days im-
proved their anxiety (d = 1.16) and global state. A recent
double-blind study [100] investigated PTSD patients,
trauma-exposed individuals, and healthy controls acutely
treated with THC (7.5 mg). No significant changes were
found in the anxiety state, but THC lowered threat-
related amygdala reactivity, increased mPFC activation
during the threat, and increased mPFC-amygdala func-
tional coupling in PTSD patients [100].
In summary, in most of the studies above described,

THC/dronabinol or nabilone induced statistically signifi-
cant effects on anxiety-related responses, with medium
to large effect sizes (i.e., from 0.63 to 2.52). However, the
outcome (anxiolytic or anxiogenic effect) depends on the
dose, regimen of treatment, and psychiatric status. When
considered, there were no sex-related differences in
drug-induced effects on anxiety.

Effects of THC/dronabinol plus CBD on anxiety-related
responses
As detailed in Table 2, four double-blind studies evalu-
ated the effects of associating THC with CBD on anxiety

in healthy users and non-users of Cannabis [92, 93, 95,
96]. CBD was able to attenuate the anxiogenic effect of
THC when given in a THC:CBD dose ratio of 1:1 or 1:2
(d = from 4.33 to 4.59), but not 1:0.5 or 1:0.33 [92, 93,
95]. Of note, the THC-induced increase in heart rate fre-
quency was reduced in the presence of CBD (d = 3.41;
THC:CBD dose ratio of 1:2 and d = 1.90 THC:CBD dose
ratio of 1:1 [91];). Furthermore, the use of a THC:CBD
dose ratio of ~ 1:1 high Sativex® (THC 16.2 mg + CBD
15mg), but not low Sativex® (THC 5.4 mg + CBD 5mg)
induced an increase in anxiety state (d not calculated
[96];). Besides, High Sativex induced higher “feeling anx-
ious” parameters (measured by VAS) than Low Sativex
(d = 0.58 [96];). Smoking a cigarette containing THC
3.6% (~ 30 mg) and CBD 1.0% (~ 8.5 mg) was associated
with less anxiety (d not calculated) than the one contain-
ing only THC 3.6%. In contrast, smoking a cigarette with
THC 1.8% (~ 15mg) alone produced no changes in anx-
iety, but it was increased when the same THC dose was
associated with CBD 1.0% [95].
In summary, CBD attenuates or even prevents the

anxiogenic action produced by higher THC doses when
given in a dose similar to or higher than that of THC.
This outcome, however, depends on their absolute quan-
tity and route of administration. Importantly, no study
has already evaluated the effect of chronic use of CBD
and THC on anxiety. When considered, there were no
sex-related differences in THC-induced effects on anx-
iety, as well as in the potential counteracting CBD
action.

Discussion
The facilitating effects of dronabinol (7.5–10 mg) in
humans undergoing aversive memory extinction agree
with laboratory animal data showing that the activation
of CB1 receptors plays a crucial role in fear memory ex-
tinction [101–104]. For instance, THC and CBD treat-
ment facilitates extinction acquisition and recall,
respectively [101, 105]. The action of dronabinol above
mentioned is also in line with human studies investigat-
ing the THC effects on procedures involving threat
perception recognition, such as the emotional face-
matching task, the facial emotion recognition, and the
recognition of emotional pictures. At a dose range from
7.5 to 15mg, it reduced the threat perception, the recog-
nition of emotional pictures, and fear and anger faces
[106–109]. THC also enhanced the functional connectiv-
ity of specific brain areas, such as the amygdala with
both rostral anterior cingulate and medial prefrontal
cortices, during the emotional face-matching task and
extinction recall [106]. This pattern of results suggests
that THC/dronabinol interferes with aversive memory
processing and its extinction. Of note, impairments in
recognition of non-emotional pictures were found after
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administering 15 mg of THC [110], indicating that high
THC doses can affect neutral memory processing.
The studies focusing on aversive memory extinction in

healthy humans and laboratory animals are compelling.
However, future studies are guaranteed to examine the ef-
fects of acute and chronic THC/dronabinol administration
on the extinction of traumatic memories. Currently, there
are two double-blind and placebo-controlled study investi-
gating THC effects on extinction learning in PTSD pa-
tients (ClinicalTrials.gov Identifier: NCT03008005;
ClinicalTrials.gov Identifier: NCT04080427). The prelim-
inary results indicate that PTSD patients treated with
THC (7.5mg) exhibited better recall of the extinction of a
cued aversive memory, an effect accompanied by in-
creased hippocampal activation [111]. Although this result
agrees with that reported in healthy subjects, the trau-
matic memory was not evaluated and, thus, whether and
how THC can attenuate its expression is still unknown.
Moreover, as early mentioned, the extinction’s ability to
suppress the original aversive/traumatic memory is
thought to be temporary. Based on this, it would be inter-
esting to investigate whether THC/dronabinol can hinder
or even prevent extinction-related features that limit its
clinical usefulness, such as renewal, reinstatement, and
spontaneous recovery over time. Furthermore, some stud-
ies report that the long-term use of Cannabis by individ-
uals with PTSD is associated with worse clinical outcomes
[61, 112], however, investigating the effects of THC either
alone or combined with CBD on PTSD symptoms at clin-
ical settings cannot be directly compared with smoking
cannabis in an uncontrolled environment, and possibly in
a recreational manner. For more details, see 113.
No sex-dependent differences in THC-induced effects

on extinction were identified. Women who have PTSD
present more CB1 receptor expression and lower hair
concentrations of PEA, OEA, and SEA, than men [40,
42]. The CB1 receptor density has been inversely corre-
lated with anandamide and other endocannabinoid
levels, implying that men had a high concentration of
endogenous ligands, which might be a factor contribut-
ing not only to the increased risk of developing stress-
related disorders but also to symptom severity in women
[40]. In blood samples, the availability of CB1 receptors
is also higher in women than men [113]. In rodents, go-
nadal hormones (e.g., estradiol) regulate the CB1
receptor density [114], transcription [115], and signal
transduction [116], which ultimately influences the con-
tent of endocannabinoids [117] and their CB1 receptor
affinity [118]. Estradiol can facilitate the fear extinction
process [119, 120]. Moreover, 4 out of 5 of the studies
[70–73] have reported that women that were not taking
hormonal contraceptives were tested during their follicu-
lar phase only to avoid between-group effects of sex hor-
mones. When female participants were included in the

studies, they were performed about 1 week before men-
ses onset (based on self-reports of last period and cycle
length), when the estrogen level is low. This is likely a
factor contributing to the lack of significant sex-
dependent differences in THC effects on extinction. Of
potential relevance to the present discussion are results
showing that a deficient conversion of progesterone to
its neuroactive metabolite allopregnanolone, which facil-
itates GABA action on GABAA receptors, in women
with PTSD was associated with resistance to extinguish
the fear memory [121, 122]. Moreover, pregnanolone, a
precursor of progesterone, is a negative allosteric modu-
lator of CB1 receptors [123]. How the interplay between
steroid hormones and the endocannabinoid system
contributes to fear extinction is currently under investi-
gation. Altogether, studies support sex-dependent fluctu-
ations in some endocannabinoid system constituents
involved in extinction processing. However, animal stud-
ies have been traditionally performed almost exclusively
in males. Similarly, human studies do not frequently
compare THC effects on men and women. In any case,
complementary analyses are guaranteed.
No human studies investigating THC effects on aver-

sive memory reconsolidation were identified. The num-
ber of animal studies focusing on this question is still
scarce, although their findings are promising. In a dose
range from 0.3 to 10mg/kg, the acute and systemic
treatment with THC impaired the reconsolidation of
specific and recent contextual fear memories in adult
male rats, an effect dependent on prelimbic cortex CB1
receptor activation [124]. The acute treatment with 5.0
(but not 50) mg/kg of THC similarly impaired the re-
consolidation of a recent cued fear memory in male rats
[125]. Future studies should address whether THC can
impair the reconsolidation of more remote and general-
ized aversive memories in both male and female animals.
Noteworthy, mixed results have been reported with
other drugs (e.g., propranolol) targeting aversive memory
reconsolidation in rodents versus healthy humans [30,
33, 126–130], which suggests the existence of some
boundary conditions, such as the strength, age, and spe-
cificity of the memory to be pharmacologically “fine-
tuned”. Fortunately, animal findings indicate that the use
of behavioral and pharmacological strategies can sur-
mount these constraining factors [29, 131].
THC has been pointed out as a therapeutic canna-

binoid for several brain diseases [132]. However, it is
also the main responsible for the recreational use of
Cannabis and its psychotomimetic effect, restricting
Cannabis therapeutic use. Besides, some THC effects
are commonly biphasic and dose-dependent [133]:
low doses have potential therapeutic value in cogni-
tive and anxiety disorders while high doses cause
harmful effects, and are related to the reported side
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effects resulting from direct activation of CB1 recep-
tors [51, 131]. This supraphysiological action can lead
to a rapid down-regulation of these receptors [134,
135], potentially resulting in tolerance and addiction
[136, 137]. CBD, on the other hand, has a safer pro-
file because it is not a psychotic-precipitating sub-
stance, and its effects are mediated via indirect CB1
receptor activation and non-cannabinoid mechanisms
as well [138, 139].
No human studies have yet investigated the effects of

combining THC with CBD on aversive/traumatic mem-
ory extinction or reconsolidation. As early mentioned,
however, this association could be advantageous. Ac-
cordingly, administering both THC and CBD in a sub-
effective dose impaired either contextual or cued fear
memory reconsolidation in adult male rats [124, 125]. In
both cases, the THC:CBD dose ratio was 1:10, and com-
bining THC with CBD allowed the use of 3-fold lower
doses of them in the study by Stern et al. [124].
Regarding the effects of THC, dronabinol or nabilone

on anxiety in subjects with no history of Cannabis use,
orally taken doses ≥10 mg increased the anxiety level
(and often produced a psychotic effect) while lower
doses produced either no changes or anxiety reduction.
Although the anxiogenic and psychotic effects of THC
could have clinic impact (their effect sizes are as large as
the ones calculated here for extinction facilitation and
anxiety reduction), the dose range in which the benefi-
cial and detrimental THC effects predominates is not
necessarily the same. Therefore, its therapeutic value de-
pends on the dose. Another aspect to keep in mind is
the treatment regimen. Repeated administration of 1.0
or 5.0 mg of THC reduced anxious symptoms in anxious
or PTSD patients, but acute treatment produced minor
or no effects. In Cannabis users, the effects on anxiety
are more variable because of the influence of the previ-
ous emotional state of individuals, how long have they
used Cannabis, and when in life they started its use. Of
note, inhalation is an alternative route to deliver THC.
THC bioavailability after oral administration is around
10% [140], and after smoking, 25% of it reaches systemic
circulation [141]. Based on that, a given smoked dose of
THC will produce higher blood concentration than or-
ally and, thus, the anxiogenic effect would be more fre-
quent. However, in both studies in which this question
was addressed indirectly, the subjects were previous
Cannabis users, possibly having some degree of toler-
ance to the anxiogenic effect of THC. Besides, chronic
users of Cannabis present altered anxiety levels relative
to non-users [142]. Thus, the downregulation of CB1 re-
ceptors and differences in anxiety’s baseline could also
have influenced THC effects in Cannabis users.
The biphasic effects of THC on anxiety have also been

shown in laboratory animals. Low doses of THC (e.g.,

0.3 mg/kg) did not alter the anxiety response in rodents
tested in the elevated plus-maze, but doses between 1.0
and 10 mg/kg produced an anxiogenic-like effect [143].
In another study, THC doses ranging from 0.075 to 1.5
mg/kg produced an anxiolytic-like effect [144]. Interest-
ingly, the anxiolytic and anxiogenic effects of THC can
arise from different brain areas: infusing low doses into
the ventral hippocampus or medial prefrontal cortex in-
duced an anxiolytic-like response while higher doses had
no effect or even produced an anxiogenic-like effect. In
contrast, the same low THC dose infused into the baso-
lateral amygdala increased the anxiety response, but
higher doses were ineffective. Both effects relied on the
activation of CB1 receptors [145], which are located on
glutamatergic and GABAergic neurons. It is hypothe-
sized that THC reduces glutamate levels in low doses
and raises glutamate levels in high doses (the latter ac-
tion is associated with inhibition of GABA-releasing
neurons [146];). Furthermore, Bedse et al. [147] demon-
strated in mice that the 2-AG depletion-induced
anxiety-like behavior after stress exposure was counter-
acted by the administration of 0.25 mg/kg THC. Overall,
these findings confirm the bidirectional effects of THC
on anxiety, despite the varying dose range associated
with anxiolytic and anxiogenic effects [148]. Of note, at
doses ranging from 3.0 to 10 mg/kg in rats, and from 10
to 20mg/kg in mice, THC also produced sedative-like
effects [143]. The neural basis underlying THC effects
on anxiety and sedation are under investigation.
Associating CBD with THC could be advantageous as

CBD can minimize or even counteract some adverse ef-
fects of THC, such as the anxiogenic and psychotic ef-
fects. Oral administration of THC plus CBD in a dose
ratio 1:2 attenuated the THC-associated anxiogenic ef-
fect. When using a similar THC:CBD ratio, the THC-
associated anxiogenic effect was no longer observed with
the use of low, but not high, doses of these drugs, a re-
sult that also depended on the previous Cannabis use
history of participants. In humans, oral pretreatment
with CBD 600mg attenuated the psychotic symptoms
induced by THC 10mg [80]. Similarly, 400 mg, but not
4.0 mg, of CBD vaporized attenuated the intoxication
produced by THC 8.0 mg [149]. Preclinical studies with
animals also demonstrate that co-administration of
THC:CBD in 1:5 and 1:10, but not 1:1, dose ratio can
counteract the THC-induced anxiogenic-like effects and
impairments in social interaction [150, 151]. Based on
the above, the combined strategy seems to be as com-
plex as using THC alone.
There is evidence suggesting that CBD interferes with

the pharmacokinetics of THC. Indeed, CBD can inhibit
the hepatic metabolism of THC [152, 153]. As a result,
co-administering an equal dose of CBD doubled the
brain THC amount, 30 min later, in adolescent male rats
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and, thus, this association produced an anxiogenic-like
effect [154]. Similarly, female mice receiving a THC:CBD
dose ratio of 1:2 presented an anxiogenic-like effect
[155]. However, studies using proportionally more CBD
than THC and performed in adult rodents and monkeys
found a reduction in THC anxiogenic action [156–158],
indicating that the hepatic biotransformation of THC
may vary according to the animal’s age. In men, inde-
pendent of dose ratio, the oral co-administration of CBD
with THC did not alter the plasmatic THC concentra-
tion [80, 96, 159]; in women, the intake of a THC:CBD
dose ratio of 1:0.5 induced a tendency of increasing both
THC and its active metabolite (11-OH-THC) in the
plasma, suggesting potential sex-dependent differences
in THC and CBD metabolism [159]. Altogether, CBD
can interfere with the pharmacokinetics of THC, but the
dose, animal species, sex, and proportion of these drugs
influence if CBD will potentiate or antagonize THC
effects.

Conclusions
THC, dronabinol or nabilone could help with hyper-
arousal symptoms, insomnia, anxiety, and extinction def-
icits related to PTSD [51]. Indeed, despite the limited
number of published studies, available data suggest that
low doses of THC potentiate fear memory extinction in
healthy volunteers and reduce anxiety responses in anx-
ious and PTSD patients without inducing a psychotic ef-
fect. High doses of THC, however, do not facilitate fear
memory extinction and are related to clinically relevant
anxiogenic and psychotic effects in healthy volunteers.
Overall, laboratory animal data corroborate human
findings.
There is a lack of studies with PTSD patients using

THC alone and associated with CBD focusing on aver-
sive memory extinction and reconsolidation. Further,
most studies evaluated the acute effects of THC or THC
plus CBD. Therefore, it is unknown whether chronic
treatment is still advantageous. Besides, some studies do
not address potential sex-dependent differences in THC-
induced effects, which would provide further informa-
tion on whether or not it is a potential issue in humans.
Animal data have shown the detrimental effects of THC
following high doses. Based on that, human studies have
selected an appropriate dose range of THC and, thus,
neither worsening of PTSD symptoms nor strengthening
of aversive memories after the use of THC has been re-
ported. Few studies have investigated the effects of asso-
ciating THC with CBD in varying dose ratios yet.
Altogether, the findings encourage future controlled
studies evaluating the effects of low doses of THC to at-
tenuate aversive/traumatic memory expression in PTSD
patients.
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