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Abstract

Background—The widespread use of cannabis, the increasing legalization of “medical”
cannabis, the increasing potency of cannabis and the growing recreational use of synthetic
cannabinoid 1 receptor (CB1R) full agonists underscores the importance of elucidating the effects
of cannabinoids on the CB1R system. Exposure to cannabinoids is known to result in CB1R
downregulation. However, the precise time course of changes in CB1R availability in cannabis
dependent subjects (CDs) following short and intermediate term abstinence has not been
determined.
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Methods—Using High Resolution Research Tomography (HRRT) and [11CJOMAR, CB1R
availability as indexed by the volume of distribution (V1) [11CJOMAR was measured in male CDs
(n=11) and matched healthy controls (HCs) (n=19). CDs were scanned at baseline (while they
were neither intoxicated nor in withdrawal), and after 2 days and 28 days of monitored abstinence.
HCs were scanned at baseline and a subset (n=4) was rescanned 28 days later.

Results—Compared to HCs, [11CJOMAR Vy was 15% lower in CDs (effect size Cohen’s d=
-1.11) at baseline in almost all brain regions. However, these group differences in CB1R
availability were no longer evident after just 2 days of monitored abstinence from cannabis. There
was a robust negative correlation between CB1R availability and withdrawal symptoms after 2
days of abstinence. Finally, there were no significant group differences in CB1R availability in
CDs after 28 days of abstinence.

Conclusions—Cannabis dependence is associated with CB1R downregulation, which begins to
reverse surprisingly rapidly upon termination of cannabis use and may continue to increase over
time.

Keywords

Cannabis; cannabinoids; CB1R; tolerance; dependence; withdrawal; downregulation;
upregulation; recovery

INTRODUCTION

Cannabis is the most commonly used illicit drug by adults in the U.S. (1). “Medical”
marijuana is being legalized increasingly across the US and some states have legalized
recreational cannabis use too. The average A%-tetrahydrocannabinol (THC) content of
cannabis has increased (2), and highly potent, synthetic full cannabinoid 1 receptor (CB1R)
agonists (e.g., Spice and K-2) are being used recreationally (3). Collectively, this
underscores the importance of elucidating the effects of cannabinoids on the CB1R system.

Cannabinoids (CBs) including both synthetic CB1R agonists and those present in cannabis
produce their psychoactive effects via activation of brain CB1Rs (4). Repeated exposure to
CBs is associated with the development of tolerance and dependence (5, 6) which likely
reflect adaptive changes in the CB1R system. In animals, chronic CB exposure is associated
with a reduction in the number and function of CB1Rs (7-11). These changes have a distinct
regional and temporal course and are related to the duration and magnitude of exposure;
with greater downregulation in cortical versus subcortical regions (12, 13). Discontinuation
of chronic, heavy CB exposure and the administration of CB1R antagonists to CB-
dependent animals are associated with a withdrawal syndrome (14-16). Finally, prolonged
abstinence in CB-dependent animals results in normalization of both the number and
function of CB1Rs over 2 weeks, with faster recovery in subcortical versus cortical regions
(10).

Hirvonen et al. (2012), using positron emission tomography (PET) imaging and the CB1R
agonist ligand [18F]FMPEP-d,, demonstrated that chronic, heavy cannabis users showed
20% lower CB1R availability relative to controls (17). Consistent with animal studies, this
reduction occurred in cortical but not in subcortical regions. A subset of cannabis users

Biol Psychiatry Cogn Neurosci Neuroimaging. Author manuscript; available in PMC 2017 January 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

D’Souza et al.

Page 3

(n=14) who were scanned again after 13-32 days of monitored inpatient abstinence (17)
showed an increase in CB1R availability in the same regions that had shown decreased
CBI1R availability at baseline. Collectively these findings were interpreted as evidence of
CB1R downregulation with cannabis dependence that reversed with abstinence. This
important first in vivo study also raises several questions. First, it remains unclear how
quickly reversal of downregulation occurs. Second, since the sample consisted of subjects
with very heavy cannabis use (10 + 6 joints/day) for 12 (+7) years, whether modest cannabis
use is associated with a similar magnitude of downregulation is not clear. Third, given the
known interplay between CB1R and nicotinic receptor systems (18, 19), since the majority
(>80%) of subjects were tobacco smokers, the extent to which tobacco use influenced the
results could not be conclusively determined. Fourth, since healthy controls were not
scanned twice, there was no control for interscan variability. Finally, the variability in the
duration between the first and second scans (13-32 days) did not afford precision in
characterizing the temporal profile of CB1R upregulation. A second study using
[18F]MK-9470, a different PET tracer, found reduced global CB1R receptor availability (by
11.7%) in cannabis dependence (n=10) relative to controls (20). However, the characteristics
of [18F]MK-9470, which shows primarily irreversible receptor binding, poses challenges.
Furthermore, the validity of the simplified data analysis technique (mSUV) used has been
challenged by several groups (21, 22).

This study aimed to first compare CB1R availability between cannabis dependent subjects
(CDs) and healthy controls (HCs) and then to characterize the temporal course of changes in
CBI1R availability in CDs following short-(2 days) and intermediate-(28 days) term
abstinence. To increase generalizability and also to address gaps in the literature, another
aim was to measure CB1R availability in subjects with modest cannabis exposure. In order
to address the potential confound in previous studies, this study aimed to measure CB1R
availability in subjects who did not use tobacco. Finally, to rule out interscan variability as
an explanation for any changes in CB1R availability in CDs, a small subset of HCs were
scanned 4 weeks apart. CB1R availability was measured using the reversible ligand
[L1ICJOMAR (23) based on absolute quantification using arterial sampling with metabolite
analysis and tracer kinetic modeling (22), a method that does not have the limitations
associated with the mSUV outcome measure. CB1R availability was hypothesized to 1) be
lower in CDs at baseline, 2) increase after 2 days of abstinence due to compensatory
upregulation, and 3) recover to normal levels after 28 days of abstinence.

METHODS

Subjects

Cannabis dependent males aged 18-35 years were studied. Cannabis dependence was
operationalized as: 1) use of = 30 joints or equivalents in the past 30 days, = 21 days of
cannabis use in the past 30 days, and = 120 days of cannabis use in the past 6 months as
estimated by a Timeline Follow Back (TLFB) approach, 2) = 2 year history of regular
cannabis use, 3) positive urine screen for cannabinoids but not any other drugs on at least 2
separate screening visits, 4) DSM-IV cannabis dependence, and 5) no self-reported
problematic illicit substance use during the past three months as assessed by six-month
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TLFB. Age-matched (x 3 years) HCs without any DSM-1V Axis | or 11 disorders served as
the comparison group. Common exclusion criteria to both groups were: 1) major DSM-IV
diagnosis of Axis | disorder, 2) nicotine dependent tobacco users, 3) weekly alcohol
consumption exceeding National Institute on Alcohol Abuse and Alcoholism (NIAAA)
guidelines (4 or more drinks on any single day and 14 or more drinks per week), and 4)
significant medical or neurological disease. Regulatory approvals, screening process,
contingency management and study procedures are detailed in the supplementary materials.
Furthermore, subjects were screened for both current and lifetime substance abuse and
psychiatric problems using the Structured Clinical Interview for DSM-1V conducted by a
research assistant and psychiatric evaluations by psychiatrists.

Magnetic resonance imaging (MRI) scans (3T) were collected during screening. Eligible
CDs were instructed not to use cannabis after 6pm on Day-1 and then admitted to a closed
inpatient research unit to ensure abstinence from cannabis. Both CDs and HCs underwent a
PET scan on Day 0, the first full day of abstinence. CDs remained hospitalized and were
scanned again after 2 days of abstinence. They were then discharged and required to attend
the outpatient research clinic twice per week for 1) motivational enhancement, 2) escalating
contingency management (Text S3), 3) to assess cannabis withdrawal and 4) confirmation of
abstinence. The latter was confirmed at every visit by immediate spot urine drug testing and
later offsite quantification of THC-COOH by GCMS (threshold of detection 5 ng/mL) (24,
25). To account for deliberate dilution of urine, urine collection was observed on a random
basis and urinary THC-COOH:creatinine (T:Cr) ratio was calculated. Subjects were
determined to be abstinent if their urinary T:Cr ratio decreased over time and did not
increase by more than 50% relative to the prior test (26-28). CDs who demonstrated
maintained abstinence (based on progressive decrease in urinary T:Cr ratio and self-reported
abstinence) throughout the outpatient phase underwent a third PET scan on Day #28 of
abstinence.

CDs were scanned with PET and [21CJOMAR 1) no less than 8 hours but no more than 24
hours following last use i.e., while still dependent but neither intoxicated nor in withdrawal,
2) after 2 days of confirmed acute inpatient abstinence, to coincide with the time when
cannabis withdrawal was expected to peak and 3) after 28 days of confirmed outpatient
abstinence when the CB1R system is expected to recover completely (Table S2 and Text
S4). HCs were scanned once and a subsample (n=4) was scanned again within 28 days to
confirm long-term test-retest reliability.

PET scans were acquired as subjects rested in the HRRT scanner (207 slices, resolution
better than 3 mm FWHM in 3D acquisition mode) (Siemens Medical Systems, Knoxville,
TN). A transmission scan was obtained before the emission scan. Motion correction was
performed dynamically with measurements from the Vicra (NDI Systems, Waterloo,
Ontario) used by a dedicated list-mode reconstruction algorithm (29). A dynamic PET scan
of up to 120 min duration was acquired after intravenous (1) administration of up to 20
mCi of high-specific activity [F1CJOMAR. In the first 7 min of the study, the arterial input
functions were measured continuously (PBS-101, Veenstra Instruments, Joure, The
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Netherlands) using a continuous withdrawal system where the radioactivity in whole blood
was measured with a calibrated radioactivity monitor. Subsequently, individual blood
samples were taken at various time points and counted in a gamma counter (Wizard 1480;
Perkin-Elmer, Waltham, MA), and selected samples were assayed for the presence of the
parent radiotracer compound that had not been metabolized. These measurements were
performed by high pressure liquid chromatography. In addition, the fraction of plasma
radioactivity unbound to protein (f;) was determined by ultrafiltration (22).

Image Analysis

Summed PET images were registered to the subject’s T1-weighted MR images, which, in
turn, were registered to an MR template. Gray matter regions of interest were predefined on
a template (Anatomical Automatic Labeling (AAL) for SPM2). This process permitted
direct, automatic determination of volume of distribution (V) values using the multilinear
analysis-1 (MA1) method with t*= 30 min (30). Predetermined regions-of-interest (ROIs)
included the amygdala, caudate, cerebellum, anterior and posterior cingulate cortex, frontal
cortex, hippocampus, hypothalamus, insula, occipital cortex, pallidum, putamen, temporal
cortex, and thalamus.

Other Assessments

The Cannabis Withdrawal Assessment Scale (CWAS) (31), weight and vital signs were
recorded in CDS periodically.

Statistical analyses

Since [11C]JOMAR V7 values, heretofore referred to as VT, across brain regions were highly
correlated in CDs (r=0.80 to 0.98) and HCs (r=0.81 to 0.98), mean composite V1 values
were computed by averaging VT values across all brain regions for each individual. Mean
composite VT levels at 1) baseline (no more than 24 hours from last exposure to cannabis),
2) early abstinence (2 days from last exposure to cannabis), and 3) prolonged abstinence
scans (28 days from last exposure to cannabis) in CDs were compared to the baseline scan in
HCs, using separate analysis of variance (ANOVA) models with group (CDs or HCs) as a
between-subjects factor. Changes in composite V1 levels from baseline to 28-day scan
between CDs and HCs were compared using linear mixed models with group as a between-
subjects factor and time as a within-subjects factor. Separate linear mixed models were fitted
within group to assess changes in VT across the three scans among CDs and the two scans
among HCs. Exploratory analyses were conducted for regional V1 values by including
region as an additional within-subjects factor in the models specified above. For each model
described, all main and interaction effects were modeled and the best-fitting variance-
covariance structure (e.g., unstructured, compound symmetry (CS), heterogeneous CS, first-
order autoregressive (AR[1]) or heterogeneous AR[1]) was selected based on Bayesian
Information Criteria (BIC). Age and BMI were in tested as covariates in all models but were
not significant, did not change parameter estimates, and thus were dropped for parsimony.
Given the exploratory nature of the regional analysis, results were not corrected for multiple
comparisons. All comparisons were tested at an alpha=0.05 threshold. Creatinine-corrected
urinary THC-COOH levels were analyzed in CDs with time as a within subject factor.
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Similarly, weight, vital signs and cannabis withdrawal symptoms were analyzed in CDs with
time as a within subject factor. For weight and vital signs post hoc comparisons were
conducted between the epochs before and after the initiation of abstinence. Spearman
correlations were performed between baseline VT and both measures of cannabis exposure
in CDs. Similarly, Spearman correlations were performed between V1 and cannabis
withdrawal both collected after 48 hours of abstinence.

RESULTS

Eleven, 10 and 8 CDs completed the first, second and third scans, respectively (Table 1).
Twenty one matched HCs were scanned once a subset (n=4) of whom were rescanned 28
days after their first scan.

Abstinence from cannabis

Urinary creatinine-adjusted THC-COOH levels decreased significantly (F16 99=1.92,
p<0.027) over time to undetectable levels on day 28 (Figure S1).

Comparison of baseline [11C]JOMAR V7 between CDs and HCs

Composite brain V1 in CDs who had last been exposed to cannabis no more than 24 hours
earlier was significantly lower (group effect: t3p=—2.91, p=0.007) compared to HCs (Figure
1). CDs had a mean 15% lower Vt compared to HC (effect size Cohen’s d=-1.11) (Figures
1 and S2).

The exploratory group by region analysis revealed a significant main effect of group
(F1,30=8.07, p=0.008), region (F14,420=65.04, p<0.0001) and group by region interaction
(F14,420=3.83, p<0.0001). The effects of group, region and the interaction between group
and region survived Bonferroni adjustment for multiple comparisons. Post hoc analyses
revealed significant (all p values<0.01) group differences in the amygdala, caudate, anterior
and posterior cingulate cortex, frontal cortex, hippocampus, insula, occipital cortex, parietal
cortex, putamen, and temporal cortex with trend level differences in the hypothalamus and
pallidum (p=0.06). The only regions where there were no significant group differences were
the cerebellum and thalamus. Adjusting for multiple comparisons, group differences in the
anterior cingulate cortex, frontal cortex, hippocampus, insula, parietal cortexand temporal
cortex remained significant with trend level differences in the amygdala and putamen.

Comparison of [11CJOMAR V7t between CDs and HCs over time

While still lower, there were no statistically significant differences between composite brain
or regional V1 measured after both 2 days (n=10) and 28 days (n=8) of monitored abstinence
from cannabis in CDs compared to the baseline scan in HCs (Figure 2A).

In the subset of HCs (n=4), there were no significant differences in composite brain or
regional V measured at baseline and 28 days (F1 g7=0.01, p=0.91)(Table S3)). In contrast,
there was a trend towards an increase in composite brain or regional VT measured at baseline
and 28 days in CDs (Figure 2B).
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Change in [11CJOMAR V7t within CDs over time

While composite V increased with abstinence (Figure 3), the increase from baseline (1.172
+0.137) to after 2 days of abstinence (1.257 + 0.189) trended to significance (F1 ¢=3.57,
p=0.09). There was an increase in regional V from baseline to 2 days of abstinence (scan:
F1 245=3.64, p=0.056), but no significant scan by region interaction (scan*region:
F14,245=0.5, p<0.93).

The increase in composite VT from baseline (1.172 + 0.137) to after 28 days of monitored
inpatient abstinence (1.287 + 0.148) trended towards significance (F1 g=3.46, p<0.1). There
was a trend towards an increase in regional V1 from baseline to 28 days of abstinence (scan:
F1 245=3.14, p=0.078) with a significant scan by region interaction effects (scan*region:
F14245=6.29, p<0.0001). None of the comparisons across regions survived Bonferroni
correction.

Cannabis Withdrawal and Relationship to [11CJOMAR Vy

There were significant changes in withdrawal symptoms over time (time: F14 113=1.86,
p=0.037) (Figure S3). Interestingly, cannabis withdrawal and composite V1 were highly
correlated on day 2, when withdrawal symptoms are predicted to peak (o =0.665, p=0.036)
(Figure 4).

Relationship between [11CJOMAR V7 and patterns of cannabis use

There were no significant correlations between baseline composite Vi and either 1) cannabis
use in the past 30 days, or 2) baseline THC/Creatinine ratio.

Weight in CDs over time

There was a significant reduction in weight over time (time: F15 121=1.88, p=0.029) (Figure
S4). Post hoc contrasts revealed a trend towards weight loss during the post abstinence
period (Pre- vs. Post abstinence: F1 121=3.48, p=0.065).

DISCUSSION

This is the first study to our knowledge examining the temporal course of changes in CB1R
availability in cannabis dependence following both short and intermediate-term abstinence
from cannabis. CB1R availability as indexed by [11CJOMAR V7 was 14.85% lower in CDs
(effect size Cohen’s d=-1.11) at baseline, (while they were neither intoxicated nor in
withdrawal) compared to HCs. These differences were significant in all brain regions except
the thalamus and cerebellum. These findings cannot be attributed to group differences in
peripheral distribution and metabolism of [L1CJOMAR. The significant group differences in
CBI1R availability at baseline were no longer statistically significant after just 2 days of
monitored abstinence from cannabis. Similarly, relative to HCs scanned at baseline there
were no significant differences in CB1R availability in CDs after 28 days of abstinence.
Also, while CB1R availability within CDs increased over time with increasing duration of
abstinence, these changes were only trend-level changes. Finally, there was a robust
negative correlation between CB1R availability and withdrawal symptoms. Taken together,
these data suggest that cannabis dependence and withdrawal are associated with CB1R
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downregulation, which begins to reverse surprisingly rapidly upon termination of cannabis
use and may continue to increase over time.

These findings are consistent with and extend those of Hirvonen et al. (32) and Ceccarini et
al., (20). However, while we observed reductions in the same regions of a similar magnitude
as Hirvonen et al., we also observed decreases in subcortical areas (Table S4) suggesting
more widespread decreases in brain CB1R availability.

Residual Cannabinoids

Cannabis users are known to have persistently detectable peripheral levels of cannabinoids
(THC and THC-COOH) despite confirmed abstinence (33, 34), and human postmortem
studies have detected cannabinoids in brain even though they were undetectable in blood
(35). This raises the possibility that lower CB1R availability in CDs may be due to residual
cannabinoids that interfere with the binding of CB1R PET tracers.

However, in mice chronically treated with THC, the affinity (Kd) of the CB1R antagonist
[3H]SR141716 did not differ between THC- and vehicle-treated mice at any time point
(including 1 day) after discontinuation of THC administration, suggesting that there was no
residual THC in the brain at any time point after cessation of THC administration (10).
Finally, in non-human primates we found that intravenous THC administration at a
recreationally relevant dose did not block [11CJOMAR binding (unpublished data);
furthermore, the administration of both direct and indirect CB1R agonists to rats did not
displace [11C]MePPEP binding (36). Collectively, these findings suggest that decreased
CB1R availability in CDs cannot be attributed to the presence of residual cannabinoids in
the brain.

Tobacco Use

In contrast to both Hirvonen et al. (80% smokers) and Ceccarini et al., (60% smokers), the
current study excluded tobacco smokers demonstrating that decreased CB1R availability in
CDs cannot be attributed to tobacco exposure.

Temporal Course of Changes

Group differences in CB1R availability that were present at baseline were no longer evident
after just 2 days of abstinence, suggesting that CB1R upregulation begins quickly after
abstinence. Similar to these findings Ceccarini et al., studied CDs after ~5 days of
abstinence and observed no statistically significant differences in CB1R availability in most
areas except for four (Table S5).

There were no group differences between CB1R availability measured after 28 days of
abstinence. These findings are similar to those of Hirvonen et al., who reported that after
26+5 days of monitored abstinence, CB1R upregulated specifically in those brain regions
that had shown decreases at baseline except for the hippocampus. The latter is likely related
to the heavier cannabis exposure in the sample of Hirvonen et al., compared to ours (1-2
versus 1046 joints/day).
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Relationship to cannabis exposure

Despite heavier cannabis exposure in the Hirvonen et al., study relative to ours, the
magnitude of reductions in CB1R availability were comparable ~15% versus ~20% across
studies. We failed to find any relationship between CB1R availability and cannabis use in
the last 30 days. Similarly, both Hirvonen et al. and Ceccarini et al., did not find a
correlation between CB1R availability and current cannabis use. Collectively, these findings
suggest that recent cannabis consumption may not impact the degree of CB1R
downregulation.

Relationship to cannabis withdrawal

There was a robust negative correlation between CB1R availability and cannabis withdrawal
symptoms, both measured 2 days after abstinence from cannabis. Interestingly, unlike our
study, Hirvonen et al. did not measure CB1R availability at a time coincident with the
estimated time of peak withdrawal and did not find any correlation between CB1R
availability and measures of withdrawal or craving.

Clinical Implications

The animal literature (8-11, 37), the findings of Hirvonen et al., Ceccarini et al., and the
current study, provide strong evidence of CB1R downregulation in cannabis dependence,
with even moderate daily cannabis use. Furthermore, we and others have shown that
minimal cannabis use is associated with a blunted response to an array of CB effects (38—
41). Thus, cannabis exposure, tolerance and CB1R downregulation are linked. In the context
of “medical” marijuana, the dose of cannabinoid-based medications would need to be
adjusted (increased) accordingly.

Furthermore, acute withdrawal may result from dysregulation of the eCB system (i.e., the
simultaneous clearance of THC while CB1Rs are upregulating). Given the high negative
correlation between CB1R availability and withdrawal symptoms, strategies that activate
CB1Rs by increasing levels of anandamide and 2-arachidonoylglycerol through inhibition of
their degradation enzymes fatty acid amide hydrolase (FAAH) or monoacylglycerol lipase
(MAGL), respectively, should be tested to treat withdrawal symptoms and dependence.
Finally, when individuals who were receiving cannabinoid-based medications stop taking
them for more than a few weeks, the dose may need to be adjusted to account for CB1R
upregulation during the pause.

Conclusions

CBI1R availability is decreased in most brain regions in chronic moderate daily cannabis
smokers. Significant CB1R upregulation occurs begins within merely 2 days of abstinence,
and continues over 4 weeks. Despite 4 weeks of abstinence, CB1R availability in CDs did
not reach healthy control levels. Whether, CB1R upregulation continues beyond 4 weeks is
not known as is whether decreased CB1R availability in CDs reflects a state rather than a
trait feature. Alternatively the lack of recovery of CB1R availability to healthy control levels
following 4 weeks of abstinence may be due to inadequate sample size or that there are
reductions in CB1R deficits that are present in CDs that preexist their use of cannabis.
Future studies should determine whether sporadic cannabis smokers or CD females show
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similar downregulation, and characterize the complete temporal profile of CB1R
upregulation. Longer follow-up will be necessary to determine to what extent the observed
reductions in CB1R availability reflect trait vs. state features. Finally, it will be important to
establish the relationship between changes in receptor levels with changes in indices of
neural function e.g., cognition.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Composite & Regional CB1R Availability in cannabis Dependent subjects compared to
Healthy Controls at Baseline

A: Composite [11CJOMAR V1

The figure on the left shows the mean and standard error bars of composite [LICJOMAR V7
in Cannabis Dependent subjects (n=11) (red) compared to Healthy Controls (n=21) (green).
Statistically significant group differences are indicated with *. Below the figure on the left
are grand averaged Grand Averaged [11CJOMAR V7 in CDs (left) vs. HCs (right) at
Baseline.

B: Regional [11CJOMAR V1

The figure on the right shows the mean and standard error bars of regional [L1CJOMAR V+
in Cannabis Dependent subjects (red) compared to Healthy Controls (green) across different
brain regions. Statistically significant group differences are indicated with *. Trend level
group differences are indicated with #.
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B: CDs and HCs: Baseline vs. 28 Days

HCs

CDs

Baseline Scan

Figure 2. Composite CB1R Availability in CDs vs. HCs Over Time

A: CDs over time vs. HCS at baseline

28 Day Scan

The figure on the left shows the mean and standard error bars of composite [21CJOMAR V1
in Cannabis Dependent subjects (red) at baseline (n=11), and after 2 (n=10) and 28 (n=8)
days of abstinence compared to Healthy Controls (n=21) (green).

B: CDs and HCs: baseline vs. 28 Days

The figure on the right shows the differences in composite [21CJOMAR V1 between
baseline and 28 days in Cannabis Dependent subjects (red) (n=8), and Healthy Controls

(n=4) (green).
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Figure 3. Composite and Regional CB1R Availability in CDs Over Time
The figure on the left shows the mean and standard error bars of composite [11CJOMAR V1

in Cannabis Dependent subjects at baseline (n=11), after 2 days of abstinence (n=10) and
after 28 days of abstinence (n=8). Below the figure on the left are the corresponding grand
averaged Grand Averaged [11CJOMAR V7 in CDs at baseline (n=11), after 2 days of
abstinence (n=10) and after 28 days of abstinence (n=8).

The figure on the left shows the mean and standard error bars of regional [11CJOMAR V7 in
Cannabis Dependent subjects at baseline (n=11), after 2 days of abstinence (n=10) and after

28 days of abstinence (n=8). See text for statistics.
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Figure 4. The relationship between Cannabis Withdrawal and Composite CB1R Availability in
CDs
The figure shows the relationship between cannabis withdrawal symptoms measured by the

Cannabis Withdrawal Assessment Scale and composite [Z1CJOMAR V7 in Cannabis
Dependent subjects after 2 days of abstinence when withdrawal is expected to peak.
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