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Context: Cannabis use can both increase and reduce anxi-
ety in humans. The neurophysiological substrates of these

effects are unknown.

Objective: To investigate the effects of 2 main psycho-
active constituents of Cannabis sativa (A9-tetrahydrocan-
nabinol [A9-THC] and cannabidiol [CBD]) on regional

brain function during emotional processing.

Design: Subjects were studied on 3 separate occasions
using an event-related functional magnetic resonance
imaging paradigm while viewing faces that implicitly elic-
ited different levels of anxiety. Each scanning session was
preceded by the ingestion of either 10 mg of A9-THC,
600 mg of CBD, or a placebo in a double-blind, random-

ized, placebo-controlled design.

Participants: Fifteen healthy, English-native, right-
handed men who had used cannabis 15 times or less in

their life.

Main Ovutcome Measvures: Regional brain activation
(blood oxygenation level-dependent response), electro-
dermal activity (skin conductance response [SCR]), and

objective and subjective ratings of anxiety.

Resvlis: A9-Tetrahydrocannabinol increased anxiety, as
well as levels of intoxication, sedation, and psychotic
symptoms, whereas there was a trend for a reduction in
anxiety following administration of CBD. The number
of SCR fluctuations during the processing of intensely
fearful faces increased following administration of A9-
THC but decreased following administration of CBD. Can-
nabidiol attenuated the blood oxygenation level-
dependent signal in the amygdala and the anterior and
posterior cingulate cortex while subjects were process-
ing intensely fearful faces, and its suppression of the amyg-
dalar and anterior cingulate responses was correlated with
the concurrent reduction in SCR fluctuations. A9-
Tetrahydrocannabinol mainly modulated activation in
frontal and parietal areas.

Conclusions: A9-Tetrahydrocannabinol and CBD had
clearly distinct effects on the neural, electrodermal, and
symptomatic response to fearful faces. The effects of CBD
on activation in limbic and paralimbic regions may con-
tribute to its ability to reduce autonomic arousal and sub-
jective anxiety, whereas the anxiogenic effects of A9-
THC may be related to effects in other brain regions.
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NGESTION OF CANMNAEIS CAN MODU-

late anxiety levels, although the di-

rection of this effect is variable.

Long-term cannabis use has been

associated with anxiety symp-
toms,"* panic attacks,” and an increased risk
of anxiety disorders,*® although the latter
remains controversial.>!° Acute increases in
anxiety can also occur following cannabis
use.'""? However, cannabis use can also lead
to sedation and relaxation, with users of-
ten reporting that they take the drug to al-
leviate psychosocial stress, anxiety, and ago-
raphobia,*"*" increasing the likelihood of
subsequent cannabis abuse.'"'* Also, pa-
tients with psychotic disorders report that
they use cannabis to reduce the anxiety as-
sociated with psychotic symptoms'”'® and
increased anxiety is a feature of with-
drawal from regular cannabis use." There

is thus evidence that cannabis can have both
anxiogenic and anxiolytic effects. These ap-
parently conflicting observations may partly
reflect the fact that Cannabis sativa con-
tains multiple compounds that may have dif-
ferent psychoactive properties.?” In particu-
lar, A9-tetrahydrocannabinol (A9-THC) and
cannabidiol (CBD) are the most abundant
and both can modulate anxiety. Immedi-
ate administration of A9-THC can in-
crease anxiety?' but has also been reported
to reduce anxiety and improve sleep.”>**
This may parallel evidence from studies in
experimental animals reporting that low
doses of A9-THC have anxiolytic effects
whereas high doses are anxiogenic.***° In
contrast, CBD has anxiolytic effects in both
animals and humans,”"*' and when coad-
ministered with A9-THC, it can reduce the
anxiety and psychotic symptoms induced
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by the latter cannabinoid.* These differences in the be-
havioral effects of A9-THC and CBD are paralleled by dif-
ferences in their mechanism of action at the molecular level.
A9-Tetrahydrocannabinol binds to neuronal CB1 recep-
tors,” which are found on GABAergic and glutamatergic
neurons throughout the brain and are thought to be re-
ceptors for endogenous anandamide.*° Since CBD has a
very low affinity for the cannabinoid CB1 receptor*’-** and
does not bind to benzodiazepine receptors,” the molecu-
lar mechanisms underlying its anxiolyticlike activity are still
unclear. It may activate vanilloid receptors and inhibit the
cellular uptake and enzymatic hydrolysis of anan-
damide,** activate serotonin 5HT,, receptors,* and in-
hibit uptake of adenosine.*

Functional neuroimaging provides a sensitive means of
examining how cannabis acts on the brain. Although pre-
vious neuroimaging studies that have compared long-
term cannabis users with healthy controls have demon-
strated altered brain activity in prefrontal and cerebellar
regions during cognitive tasks,* no study has investi-
gated the effect of cannabis on emotional processing. More-
over, comparisons of long-term cannabis users and healthy
controls are confounded by demographic, psychiatric, and
cognitive differences between these groups, and because
cannabis comprises several different psychoactive ingre-
dients, it is unclear which of its constituents are respon-
sible for the findings. The aim of the present study was to
use functional magnetic resonance imaging (fMRI) to in-
vestigate the neurophysiological basis of the effects of can-
nabis on anxiety, focusing on A9-THC and CBD. We mea-
sured the effects of controlled doses of each compound on
regional brain activity in healthy volunteers while they were
viewing faces with fearful expressions that implicitly pro-
voked anxiety. Subjects were scanned on 3 separate occa-
sions, with each session preceded by ingestion of either A9-
THC, CBD, or placebo, in a double-blind, randomized,
placebo-controlled design. We recorded electrodermal skin
conductance responses (SCRs) as a measure of auto-
nomic arousal and assessed the severity of anxiety before,
during, and after scanning using subjective and objective
instruments. We expected that viewing fearful relative to
neutral faces would be associated with activation in a dis-
tributed network of areas including extrastriate, prefron-
tal, cingulated, and medial temporal cortex and the amyg-
dala*** and an altered electrodermal response.*** We tested
the hypothesis that CBD would be associated with an at-
tenuation of blood oxygenation level-dependent (BOLD)
signal in response to fearful faces in the limbic and paralim-
bic components of this network (the amygdala and the para-
hippocampal and cingulate cortex) and an attenuation of
the electrodermal response.* A further prediction was that
these effects would not be evident with A9-THC, which if
anything, would have effects in the opposite direction.*

B METHODS ey

SUBJECTS

Fifteen healthy, English-native, right-handed men (mean [SD] age,
26.67 [5.7] years; age range, 18-35 years) who had a lifetime ex-
posure Lo cannabis of 15 times or less, with no cannabis use in the
last month, no personal or family history of psychiatricillness, and

no alcohol or other drug abuse (see later) or dependence were re-
cruited through advertisement in the local media.

Mean (SD) IQ measured using the National Adult Reading
Test*® was 98.67 (7.0). Cannabis and other illicit substance use
was assessed using the Addiction Severity Index and drug abuse
was deflined as “moderate use of small quantities regularly or
large amounts occasionally.”* Participants were requested Lo
abstain [rom any recreational drug use and medicines for the
duration of the study, alcohol intake for 24 hours, and cal-
feine for 12 hours before each study day. Prior to each session,
subjects had urine drug screen analyses [or amphetamines, ben-
zodiazepines, cocaine, methamphetamine, opiates, and A9-
THC using immunometric assay kits. No participants had posi-
tive results. The study was approved by the local ethical
commiltee and all participants gave their informed consent.

EXPERIMENTAL DESIGN

Each participant was scanned 3 times with a 1-month interval
between scans. After at least 8 hours of [asting, subjects were
instructed to have a light standardized breakfast 2 hours be-
fore the experiment. Prior to each scanning session, partici-
pants were given gelatin capsules of either 10 mg of A9-THC
or 600 mg of CBD (both approximately 99.6% and 99.9% pure,
respectively, and supplied by THC-Pharm, Franklurt, Ger-
many) or a capsule of placebo (flour).

These were identical in appearance and taste and neither
the experimenters nor the participants knew what tablets were
being administered in a double-blind procedure. Magnetic reso-
nance imaging (MRI) scans and electrodermal activity (SCRs)
were laken between 1 and 2 hours alter administration of the
drug. Periodic (at baseline and 1, 2, and 3 hours postadminis-
tration) psychopathological ratings (mood, Visual Analogue
Mood Scale® [VAMS]; anxiety, Spielberger State-Trait Anxi-
ety Inventory?! [STAI]; intoxication, Analogue Intoxication
Scale®® [AIS]; psychotic symptoms, Positive and Negative Syn-
drome Scale™ [PANSS]) were collected in all participants. Prior
Lo the experiment each volunteer had perlormed a training ses-
sion completing all the scales. Blood samples were taken at the
same points [rom an indwelling intravenous catheter in the non-
dominant arm ol each participant to monitor the levels of drugs
(CBD and A9-THC as measured in the whole blood by Tricho-
Tech, Cardill, Wales). Heart rate and blood pressure were moni-
tored continuously throughout the procedure. All these pro-
cedures were conducted by psychiatrists (P.F.P. and S.B)
experienced in the clinical eflects of A9-THC and CBD who
monitored participant well-being during the entire session. No
serious adverse events (death, hospitalization, emergency de-
partment visit) occurred during the study. Three subjects from
the original samples (n=18) had a psychotic reaction (as as-
sessed by the PANSS and clinical manifestation) to A9-THC
administration and were excluded since they were unable to
perform the tests (final sample, n=15). These subjects were fol-
lowed up for 24 hours until the psychotic symptoms relieved.
They were [urther monitored monthly and remained well, with
no psychiatric or clinical symptoms.

fMRI PARADIGM

Study subjects participated in one 6-minute experiment using
event-related IMRI, where they were presented with 10 dilfer-
ent [acial identities, each expressing 50% (mildly fearful) or 100%
(intensely [earful) intensities of fear or a neutral expression (Fa-
cial Expressions of Emotion: Stimuli and Tests).” There were
thus 30 different facial stimuli in total; each stimulus was pre-
sented twice for 2 seconds. Individuals therefore viewed 60
stimuli in total. The order of [acial identities and expression
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