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A brain imaging study of 
dopamine receptor D2 availability 
in cannabis dependent users after 
recovery from cannabis-induced 
psychosis
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Department of Psychology and Behavioral Science, Ariel University, Ariel, Israel

There is increased risk of psychosis associated with cannabis use disorder and the 
interaction of THC with dopamine neurotransmission is complex. It is important 
to investigate the recovery from cannabis-induced psychosis and its effects on 
the brain’s dopamine neurotransmission. This study was to evaluate dopamine 
receptor D2 availability in the striatum (caudate/putamen) in recently abstinent 
cannabis dependent users after recovery from psychosis in comparison with 
abstinent MDMA “ecstasy” abusers and healthy control participants. Participants 
were eight abstinent ex cannabis-dependent users who were treated for cannabis-
induced psychosis with anti-psychotic medication and psychosocial support for 
4  months in an inpatient treatment center for drug users. They were compared 
with nine abstinent ex MDMA “ecstasy” abusers who received medication and 
psycho-social treatment for 4  months at the same treatment facility and eight 
healthy control participants. All participants were scanned with bolus and constant 
infusion of [123I] Iodobenzamide (IBZM) in Single Photon Computed Tomography 
(SPECT). Cannabis abstinent users who were treated for cannabis-induced 
psychotic episodes showed no difference in dopamine D2 receptor availability 
in the caudate compared with abstinent MDMA “ecstasy” abusers and healthy 
control participants. This finding indicates minimal effects of cannabis-induced 
psychosis on dopamine reward mechanisms. There is evidence for reduced D2 
receptor availability measures in the right putamen (uncorrected) which may 
indicate a residual effect of anti-psychotic medication.
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Introduction

There is growing evidence of high rates (40–50%) of substance use disorders among 
individuals with psychotic illness especially in young adolescents where it can be  up to 
70% (1, 2).

Cannabis use is a risk factor for developing schizophrenia although the issue is controversial 
(3, 4). A prospective study of cannabis use showed that cannabis use increased the risk for 
psychotic symptoms in young people (aged 14–24 years), particularly in individuals who are 
predisposed for psychosis (5). Pre-clinical studies showed that acute administration of Δ-9 
tetrahydrocannabinol (THC) activated dopamine in the meso-limbic dopamine system and 
release of acetylcholine in the hippocampus and prefrontal cortex (6). Repeated daily 
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administration of THC for 7 or 14 days reduced dopamine turnover 
in the medial prefrontal cortex (7). Consistent with this evidence, 
brain-imaging studies showed THC-induced dopamine release in the 
Striatum and limbic regions (8, 9). This evidence supports the notion 
of psychotogenic properties of THC and the hypothesis of dopamine 
over-activity in schizophrenia (10).

Laboratory experiments studied the relationship between 
cannabis and psychosis [see reviews by Radhakrishnan et  al. (1), 
Ranganathan et al. (2), Sherif et al. (11), Volkow et al. (12), Hindley 
et al. (13)]. D’Souza et al. (14) showed that THC induced positive 
symptoms of schizophrenia. Morrison et  al. (15) reported similar 
effects of 2.5 mg i.v of THC in healthy participants. Hindley et al. (13) 
have reviewed eligible studies on the acute administration of THC and 
four studies on CBD with THC administration. They have reported 
that THC increased total psychiatric symptom severity, positive 
symptom severity and negative symptom severity with a large 
effect sizes.

There is consistent evidence that THC acutely induces psychotic 
symptoms via CB1 receptor partial agonism and that heavy long-term 
cannabis use during adolescence exacerbates the risk of psychosis 
(16). Individuals with high risk for psychosis had high 
endocannabinoid levels in peripheral blood (17). Those with 
prodromal psychotic symptoms of a pre-psychotic phase or attenuated 
psychosis syndrome showed high activity of endocannabinoids during 
the beginning of the disorder (18). There is further evidence that 
chronic cannabis use leads to CB1 receptor down-regulation similarly 
to medication naive cannabis-free patients with schizophrenia (19). 
Furthermore, peripheral endocannabinoid anandamide (endogenous 
CB1 receptor agonist) is elevated in individuals with schizophrenia (20).

Cannabis exacerbates psychotic symptoms among individuals 
with schizophrenia (21) and there is evidence showing an association 
between psychosis and dopamine, thus elevated striatal dopamine 
synthesis and release capacity has been found in people with genetic 
and/or clinical high risk for schizophrenia in some studies (22). THC 
affects dopaminergic transmission with some consistent and complex 
findings (23), which merit further investigation.

Very few brain imaging studies investigated the link between 
cannabis use and psychosis. Delta-9-THC induced psychotic 
symptoms but no significant dopamine release in healthy volunteers, 
suggesting that dopamine release in the striatum is not responsible for 
cannabis-induced psychosis (24). This evidence is contrary to the 
argument that enhanced cannabis-induced dopamine release may give 
rise to delusions and hallucinations (10).

Regular cannabis users after abstinence and recovery display 
dopamine D2 measures of availability that is not different from healthy 
control participants (25–27). These findings indicate normal levels of 
dopamine function after recovery. However, recovery as result of 
treatment cannot be  ascertained because baseline measures of 
dopamine D2 availability were not taken in these studies. Furthermore, 
it is not known whether recovery from cannabis-induced psychosis is 
associated with normal measures of dopamine D2 receptor availability. 
The increased risk of cannabis-induced psychosis and the complex 
interaction of THC with dopamine neurotransmission, merits an 
investigation on the effects of cannabis-induced psychosis on the 
brain’s dopamine neurotransmission mechanisms after recovery.

Previous studies have investigated the relationship between 
striatal dopamine function and symptoms in psychotic disorders, and 
they have measured the whole striatum (28–30). A recent study has 

measured spatial variability in dopamine synthesis capacity and 
psychotic symptoms combining 18F-DOPA in positron emission 
tomography (PET) and resting-state magnetic resonance imaging in 
patients with first-episode psychosis and healthy control participants 
(31). Although no subdivision relationships were found when using 
anatomical divisions, dopamine function in striatal areas connected 
to the default mode network correlated with negative symptoms. 
These findings suggest that individual differences in the topography 
of dopamine dysfunction within the striatum contribute to 
psychotic symptoms.

The aim of this study was to evaluate dopamine receptor D2 
availability in the striatum (caudate/putamen) in abstinent cannabis 
users after recovery from cannabis-induced psychosis. We have also 
included a control group pf recently abstinent MDMA ‘ecstasy” 
abusers after 4–6 months of recovery and healthy control participants. 
The rationale for using this group is that MDMA or “ecstasy” abuse is 
associated with chronic effects on the brains serotonin 5-HT system 
but its effects on the brain’s dopamine neurotransmission during drug 
abuse and recovery is unknown. Due to difficulty in imaging cannabis 
and psycho-stimulant dependent individuals with history of psychosis 
under medication treatment, no baseline imaging measures were 
taken. These patients underwent psychiatric assessment and brain 
imaging after treatment. We hypothesized that abstinent cannabis 
users after recovery from cannabis-induced psychosis would show 
comparable dopamine D2 availability in the striatum to abstinent 
MDMA “ecstasy” abusers after 4–6 months of recovery and healthy 
control participants.

Procedure

Participants

Seventeen in-patient and 8 control participants were recruited for 
this study. This study was approved by the Institutional Review Board 
of Tel Aviv Sourasky Medical Center in Israel and informed consent 
was obtained from all participants. Participants were excluded for 
psychiatric disorders such as attention deficit hyperactivity disorder, 
taking medications that affect the CNS, neurological damage, infection 
that might the affect CNS (HIV, syphilis, and herpes), pregnancy or 
age under 18 years. All participants fulfilled the criterion of drinking 
less than 2 standard units of alcohol a day, drinking less than 3 cups 
of coffee a day and having a body mass index between 18.5 and 25, 
based on self-reports.

Abstinent cannabis users who recovered 
from cannabis-induced psychosis

The group consisted of eight cannabis-dependent users, six males 
and two females with mean age 23 years and 4 months (S.D = 1.03) 
fulfilling DSM-IV (32) with diagnosis of substance-induced psychotic 
disorder (SIPD). They were treated with anti-psychotic medication 
and psychosocial support for 4 months in an inpatient treatment 
center. Their psychosis lasted on average for 1 month (S.D = 0.53). All 
participants used cannabis regularly before their psychosis. Five of 
them have also occasionally used psycho-stimulants such as MDMA, 
LSD and psilocybin but according to self-reports, they have not used 
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psycho-stimulants during the month before their psychosis. All 
participants were in remission from substance induced psychosis. 
Psychotic symptoms were measured by a Psychiatrist. They were 
scanned between 2012 and 2016.

Abstinent “ecstasy” abusers who recovered 
from “ecstasy” abuse

Nine abstinent ex MDMA “ecstasy” abusers, eight males and one 
female with mean age 25 years (S.D = 3.5). They fulfilled DSM-IV (32) 
diagnosis of substance abuse and dependence without substance-
induced psychotic disorder (SUD). The abstinent MDMA “ecstasy” 
abusers took part in our earlier study (33) and underwent the same 
recruitment and assessment procedure as the main group of cannabis 
users who recovered from cannabis-induced psychosis and the same 
imaging procedure in the same scanner SPECT (Hawkeye, GE 
Healthcare). All participants used MDMA “ecstasy” regularly before 
treatment. According to their self-report they also used LSD, 
psilocybin, amphetamines and inhalants but they have not regularly 
used cocaine or heroin (see Table 1). They were not taking medication 
during scanning.

Healthy control participants

The control group consisted of eight healthy drug-free (based on 
self-report) participants, seven males and one female with mean age 
35 years and 9 months (S.D = 6.5). They took part in our earlier study 
(33) and underwent the same recruitment and assessment procedure 
as the main group of cannabis users who recovered from 

cannabis-induced psychosis and the same imaging procedure in the 
same scanner SPECT (Hawkeye, GE Healthcare).

Assessment procedure-questionnaires

Demographic and substance use history 
questionnaires

The demographic questionnaire included items on education 
level, age, and gender, use of psychoactive substances like cannabis 
and MDMA “ecstasy,” LSD and psilocybin, as well as tobacco, 
and alcohol.

Structured clinical interview for DSM-IV

Beck depression inventory
The Beck Depression Inventory (BDI) is a self-reported inventory 

measuring symptoms of depression (34). The inventory includes 21 
items, each item is rated on a scale from 0 to 4 and a total score is 
computed by summing the items. The BDI demonstrates high internal 
consistency, with Cronbach internal reliability of α = 0.86 and 0.81 for 
psychiatric and non-psychiatric populations, respectively (35).

Spielberger State–Trait Anxiety Inventory
The Spielberger State–Trait Anxiety Inventory (STAI) is self-

reported 40 items questionnaire; 20 items of trait anxiety inventory 
(A- Trait) and 20 items of state anxiety inventory (A-State) (36). Scores 
on a Likert scale range from 1 “not at all” to 4 “agree very much.” Total 
score is computed by summing the items, higher scores indicate 
greater trait or state anxiety. The STAI had been validated with average 
Cronbach internal reliability of α =0.88 (36).

TABLE 1 Demographic and participants characteristics for each group.

Abstinent cannabis 
users recovered 
from psychosis

Abstinent MDMA 
“ecstasy” 
abusers

Healthy Control 
participants

Comparison 
between abstinent 
cannabis users and 
control participants

Number and frequencies (male: female) 8 (6:2) 9 (8:1) 8 (7:1) n.s.

Age- mean (S.D) 23.3 (1.03) 25 (3.5) 35.75 (6.5) t (1,7) = 5.77; p = 0.001.

Years of education (S.D) 12 (1) 12 (0.9) 13.75 (1.6) n.s

Drug use history

Alcohol consumption units a week (S.D) 2 (3.2) 2.95 (2.54) 3 (2.6) n.s

Nicotine cigarettes per day (S.D) 15.6 (7.8) 17 (6.75) 3.6 (6) F (1,18) = 18.47; p < 0.001

Cannabis grams per day (S.D) 2 (3.7) 2 (4) 0

Life time use of Hallucinogenic drugs (L.S.D) <5 75 (80) 0

MDMA “ecstasy” <5 220 0

Cocaine 0 25 (36) 0

Amphetamines 0 2.8 (4) 0

Inhalants 0 20.8 (62) 0

Opiates- number of times used 0 2.4 (3) 0

Psilocybin “Magic mushrooms” 0 9.4 (16) 0

Frequencies (percentages), age: reported in years, Tobacco consumption; cigarettes per day, alcohol consumption habits; drink defined as glass of wine or 250 mL of beer or one shot of 
alcoholic beverages; education reported in years, drug use; cannabis or synthetic cannabis, significant level of difference between drug groups within the total sample; n.s.: non-significant 
difference.
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Psychological treatment
Treatment of the main group included two sessions a week of 

individual psychotherapy, one family therapy session a week and daily 
sessions of group psychotherapy.

Pharmacological treatment
Cannabis users who were treated for cannabis-induced psychosis 

received pharmacological treatment by a Psychiatrist. They were 
treated with anti-psychotic medication- Risperidone 3–4 mg per day, 
Olanzapine 20 mg per day, 1 patient received Lithium 300–600 mg per 
day, and 2 patients received Clonazepam 0.5 mg per day. Medication 
was reduced gradually during treatment in accordance with patients’ 
recovery. A month after cessation of anti-psychotic medication the 
SPECT scan was performed. Time since last use of cannabis was 
between 4 and 6 months. Five of the abstinent MDMA “ecstasy” 
abusers were treated with antidepressant medication (Sertraline, 
Venlafaxine, Fluoxetine and Escitalopram) and six of them were 
treated with relaxants (Clonazepam and Diazepam). They were treated 
with medication and psychosocial support for 4 months in an inpatient 
treatment centers for drug users. All patients were scanned a month 
after treatment when they were not taking medication and they were 
abstinent from drugs based on urine samples. The month after 
treatment time-point was in order to ensure that there are no residual 
medication effects that may affect scanning. The patients were not 
symptomatic at the time of scanning and that was verified by 
a Psychiatrist.

Imaging procedure

All participants have filled in a consent form a week before the 
study. They have fasted for 2 h in the morning before scanning. In the 
morning of the study they have received Iodine (Lugol). Participants 
have been admitted to the hospital ward at 10 am. They were not 
allowed to eat or drink anything but water and they were allowed to 
go to the bathroom when needed. Starting at 10:30 a.m., they received 
a bolus injection of 5–6 mCi of [123I] IBZM in Single Photon Computed 
Tomography (SPECT) (Hawkeye, GE Healthcare), followed by 
constant infusion of 5–6 mCi of [123I] IBZM (1.7–2 mCi/h). for 3 hours 
while resting on a hospital bed and another 50 min during baseline 
scan following procedure described by Laruelle et al. (37).

[123I] IBZM with specific activity >5,000 Ci/mmol and 
radiochemical purity >95% supplied by Eldan Medical equipment. 
[123I] IBZM is a dopamine D2 antagonist radiotracer for imaging 
dopamine in vivo in SPECT. The protocol of administration (bolus 
plus constant infusion) induces a state of sustained binding 
equilibrium in the absence of pharmacological or behavioral challenge 
(38). After a baseline SPECT scan in which constant infusion was 
maintained they returned to their room and were released from 
the study.

Image analysis

All groups of participants underwent the same image analysis 
procedure reported by Weinstein (33). A measure of dopamine 
receptor availability binding potential (BPND) can be calculated by the 
equation BPND = (S−O)/O where S and O are activity concentrations 

in the striatum and occipital cortex, respectively, under equilibrium 
conditions (37). All images were registered and normalized to an 
IBZM template (39) using the pre-processing tools of Statistical 
Parametric Mapping (SPM),1 implemented on a Matlab platform. 
Volume of interest (VOI) analysis image comparisons were performed 
using the MarsBaR tool within SPM2 described in Tzourio-Mazoyer 
et al. (40). VOIs, including the putamen, caudate nucleus, and the 
occipital lobe of each image were defined on the decay-corrected 
[123IBZM] images. For each scan acquisition, alignment of the image 
frames was checked. Since only minimal head movements were 
observed over the acquisitions, no correction for movement was 
performed. The binding potential (BPnd) described above was then 
calculated for right and left side caudate and putamen for each 
patient scan.

A second volume of interest (VOI) analysis was performed using 
the Xeleris software of GE. SPECT data were analyzed blind to the 
diagnosis. Count projections were pre-filtered using the Wiener 0.5 
filter. The four slices with the highest striatal uptake were summed and 
were attenuation-corrected using the Chang method of attenuation 
correction. Standard region of interest templates of the striatum and 
occipital cortex were used as described by Lokkegaard et al. (41). 
Striatal specific binding was calculated as the ratio described earlier. 
Since the results using SPM were more accurate and reproducible the 
second analysis of VOI will not be presented here.

[123I] IBZM SPECT imaging using the bolus injection and a single 
scan at 90 min post injection is a reproducible method showing 
acceptable test–retest variability and reliability (42). A comparison of 
striatal D2 receptor occupancy measured by [123I] IBZM SPECT or 
[11C] raclopride binding potential in treated schizophrenic patients 
showed that although anatomical resolution was superior in PET, D2 
availability almost perfectly correlated between both methods (43).

Statistical analysis

Measures of BPnd for right and left side caudate and putamen for 
each scan were calculated using paired one-way ANOVA tests.

Results

Drug and alcohol use and questionnaire 
ratings

One female patient who recovered from psychosis was excluded 
from analysis due to abnormally low binding potential BPnd 
measures. Table 1 describes demographic data and drug use history 
in all participants.

Abstinent cannabis users scored on STAI (A- Trait) = 38.13 
(SD = 10.92), STAI (A- State) = 37.88 (S.D = 12.25) BDI = 7.88 
(S.D = 7.86). Control participants scored on STAI (A- Trait) = 37.88 
(S.D = 12.25) STAI (A- State) = 34.25 (S.D = 8.06) BDI = 3.25 
(S.D = 4.72). There was no significant difference between the abstinent 

1 http://www.fil.ion.ucl.ac.uk/spm/software/spm2/

2 http://marsbar.sourceforge.net

https://doi.org/10.3389/fpsyt.2023.1230760
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
http://www.fil.ion.ucl.ac.uk/spm/software/spm2/
http://marsbar.sourceforge.net


Weinstein 10.3389/fpsyt.2023.1230760

Frontiers in Psychiatry 05 frontiersin.org

cannabis users and the healthy control participants group in STAI t (1, 
14) = 1.61; p = n.s SSAI t (1, 14) = 0.855; p = n.s or BDI scores t (1, 
14) = 1.6; p = N.S. There was no significant difference between the 
abstinent cannabis users and abstinent “ecstasy” abusers in STAI t (1, 
14) = 0.68; p = 0.52 SSAI t (1, 14) = 0.976; p = 0.36 or BDI scores t (1, 
14) = 1.17; p = 0.28. The groups showed no significant difference in 
alcohol consumption measures but both abstinent groups smoked 
nicotine cigarettes per day more than control participants.

Measures of receptor availability (BPnd)

Table 2 shows binding potential BPnd measures in all participants.
Table 3 shows comparisons between in D2 binding potential BPND 

measures in the caudate and putamen in all participants. There were 
no differences in dopamine D2 receptor availability in the caudate 
between abstinent cannabis users compared with abstinent MDMA 
“ecstasy” abusers and healthy control participants. Using a simple 
comparison with one-way ANOVA, abstinent cannabis users had 
lower right putamen BPND measures compared with control 
participants F (1, 14) = 4.80, *p = 0.046. When comparing abstinent 
cannabis users with abstinent MDMA “ecstasy” abusers and healthy 
control participants using one-way ANOVA with Bonferroni 
corrections the difference has become non-significant F (2, 23) = 2.91 
p = 0.076. When comparing the cannabis group with abstinent MDMA 
“ecstasy” abusers and healthy control participants using one-way 
ANOVA with Bonferroni corrections none of the other areas have 
shown significant group differences: Left putamen F (2, 23) = 1.345, 
p = 0.28, Left caudate F (2, 23) = 0.86, p = 0.44, Right caudate F (2, 
23) = 0.497, p = 0.62.

Dopamine D2 availability was within normal range of 0.3–2.5 (44).
Figure  1 shows D2 binding potential BPND measures in the 

striatum (left and right caudate and putamen) in all participants.

Discussion

There is a controversy whether using cannabis regularly is posing 
a risk for psychotic disorders. Adolescent cannabis use was associated 
with psychosis in a longitudinal study (5). This association could 
be  explained by causality, interactions between genes and 
environment, shared etiology, or self-medication (45, 46). The age of 
the beginning of cannabis use correlated with the age at onset of 
psychosis (45, 47, 48). Also, individuals who used cannabis frequently 
during adolescence were at greater risk for psychosis and 
schizophrenia (47, 49–53). Cannabis use is estimated to increase the 
risk of schizophrenia particularly among those using high THC 
potency (49, 54).

There are several possible biological mechanisms that may 
underlie cannabis induced-psychosis. The dopaminergic system has 
been for a long time considered to play an important role in psychotic 
disorders, but there is increasing evidence that the cannabinoid system 
may also be  involved. High levels of anandamide, an endogenous 
cannabinoid agonist, were detected in the cerebrospinal fluid of 
persons with schizophrenia (55). Additionally, persons with 
schizophrenia had a greater density of CB1 receptors in the prefrontal 
cortex than control participants (55). Cannabis use interacts with the 
dopamine catechol-O-methyl transferase (COMT) Val158Met T
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polymorphism (56). Finally, regular cannabis use exacerbated the 
symptoms among recent onset cases of schizophrenia (57, 58). 
However, most cannabis users do not develop schizophrenia. 
Cannabis may initiate psychotic symptoms in individuals with genetic 
vulnerability and family history of mental illness, and this may cause 
concern among healthcare professionals.

We report the first study to the best of our knowledge that has 
assessed dopamine D2 receptor availability in abstinent cannabis 
dependent individuals who recovered from cannabis-induced 
psychosis. Their measures of D2 receptor availability in the caudate 
were not different between abstinent MDMA “ecstasy” abusers and 
healthy control participants. This evidence is compatible with previous 
studies measuring D2 receptor availability in recovered cannabis-
dependent users. The length of abstinence of participants was 15 weeks 

(25), 4 weeks (27) and 18 months (26). Most of the imaging evidence 
(dopamine imaging and other methods) points to normalization of 
function following abstinence and so these findings are entirely in 
keeping with that literature. However, we  have used a different 
methodology from previous studies by using a different radio ligand 
and scanner (IBZM in SPECT vs. [11C] raclopride in PET). 
Furthermore, our patients were tested after recovery from cannabis-
induced psychosis whereas previous studies included current 
cannabis users.

The lack of differences in D2 receptor availability may be due to 
abstinence and the adaptive changes that occur after a prolonged 
period of abstinence. Stokes et al. (59) argued that cannabis use history 
is not related to changes in striatal dopamine D2 receptor availability. 
Urban et al. (27) maintained that the effects of THC are mediated by 

TABLE 3 A comparison of D2 binding potential BPND measures in the Caudate and putamen (left and right) between abstinent cannabis users after 
recovery from psychosis, abstinent drug users and healthy control participants (one-way ANOVA).

Left putamen Right putamen Left caudate Right caudate

abstinent cannabis users vs. 

control participants

F (1,14) = 2.33, p = 0.15 F (1,14) = 4.80, *p = 0.046 F (1,14) = 0.19, p = 0.67 F (1,14) = 0.26, p = 0.62

abstinent MDMA “ecstasy” 

abusers vs. control 

participants

F (1,15) = 0.86, p = 0.37 F (1,15) = 1.18 p = 0.30 F (1,15) = 0.76 p = 0.40 F (1,15) = 0.12 p = 0.30

abstinent cannabis users vs. 

abstinent MDMA “ecstasy” 

abusers

F (1,15) = 0.51 p = 0.49 F (1,15) = 1.79, p = 0.21 F (1,15) = 1.46 p = 0.25 F (1,15) = 0.01 p = 0.76

*p < 0.05.

FIGURE 1

Dopamine receptor D2 binding potentials in the striatum in all participants.
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the endocannabinoid system and that striatal DA neurotransmission 
is not changed in cannabis dependence. This is supported by evidence 
for a reversal or normalization of CB1 receptor within a few weeks of 
abstinence in chronic cannabis users, using the novel CB1 receptor-
selective radio ligand [18F] FMPEP-d2  in PET (60). Alternatively, 
differences in striatal DA transmission in cannabis users compared 
with healthy control participants may have resolved during the 
abstinence phase as shown in our study.

Our findings are compatible with those reported by Bloomfield 
et  al. (61) of no association between cannabis-induced psychotic 
symptoms and dopamine synthesis capacity. Furthermore, striatal 
dopamine release was reduced after amphetamine challenge in 
cannabis users (62, 63), although these studies reported reduced 
dopamine release in active cannabis users. Likewise, Leroy et al. (64) 
reported reduced DAT availability in cannabis users and Albrecht 
et al. (65) showed that D2 receptor availability was associated with 
current cannabis use. These findings as well suggest that reduced 
dopamine activity depends on active cannabis use.

Barkus et al. (24) showed that positive and general symptoms on 
the Positive and Negative Syndrome Scale (PANSS) increased at 
30 min following THC administration THC has not induced 
dopamine release in the striatum measured with 123I-iodobenzamide 
([123I] IBZM) in SPECT. Secondly, positive psychotic symptoms and 
DA release were unrelated. They argued that their findings do not 
support a central role for striatal DA in THC-elicited psychosis. Their 
results are contrary to the results of two studies that showed significant 
dopamine release following THC ingestion in healthy volunteers. 
THC reduced [11C] raclopride binding the ventral striatum and the 
pre-commissural dorsal putamen but not in other striatal sub-regions 
in healthy participants in PET (9). THC administration also induced 
a significant reduction in [11C] raclopride binding in the limbic 
striatum in a large group of healthy volunteers (8). Although THC 
induces an increase in dopamine release in the striatum, it is not 
known precisely how cannabis induces psychotic symptoms. It is 
plausible that these symptoms are a result of cannabis-induced 
dopamine dysregulation (10) or its effects on CB1 receptors, Glutamate 
or GABA.

Previous studies showed the effects of anti-psychotic treatment on 
the putamen. Farde et al. (66) reported that clinically effective doses 
of chemically distinct neuroleptic drugs result in 85 to 90 percent 
occupancy of D2 dopamine receptors in the putamen of schizophrenic 
patients using [11C] raclopride in PET. These findings indicate that the 
effects of anti-psychotic medication during treatment of cannabis-
induced psychosis may have been evident in the putamen. It is 
plausible that these effects extended beyond the 3 months of treatment 
and hence the reduced availability of D2 in the right putamen after 
recovery in our study.

This study also showed comparable D2 availability in the caudate 
and putamen measures in abstinent MDMA “ecstasy” abusers and 
healthy control participants. MDMA (“ecstasy”) operates through its 
binding affinity to the serotonin receptors (67). MDMA also binds to 
the serotonin transporter (SERT), thus prolonging signaling at the 
synapses. Little is known about the effects of chronic MDMA ‘ecstasy” 
use on the dopamine reward mechanisms in humans.

Recent studies have shown that use of highly potent and rewarding 
novel psychoactive substances (NPS) is associated with high rates of 
psychosis and 25% of first-episode psychoses are substance-induced 
psychosis (68). Ricci et  al. (69) have reported that first-episode 

psychotic patients (FEPp) using cannabis showed higher levels of 
positive symptoms, dissociative experiences and worse function than 
their non-user counterpart, which persist after 8 months. Ricci et al. 
(70) have reported that THC-users, especially synthetic cannabinoid 
users (SCs) showed more severe positive symptoms than non-users 
and worse recovery after 9 months. Martinotti et  al. (68) have 
proposed a new diagnosis of substance-related exogenous psychosis 
(SREP) which refers to both transient and persistent psychoses 
associated with substance use which is distinct from schizophrenia. 
Finally, there is evidence that rTMS can be effective in the treatment 
of addiction, with promising results in treatment of cocaine, and 
cannabis use disorder (71). Future studies could examine the use of 
rTMS in treatment of patients with cannabis use disorder and those 
with cannabis-induced psychosis.

Limitations

First, this study is a cross-sectional study hence it is not possible 
to ascertain directly recovery from cannabis induced psychosis and 
the effects of medication on the brain’s dopamine D2 receptor 
availability. Secondly, no baseline measures of D2 receptor availability 
were taken since cannabis users were admitted in an acute psychotic 
state when it was not possible for scanning. Although all patients were 
assessed by a Psychiatrist, during treatment and recovery, no measures 
of psychotic symptoms are available. Third, both abstinent groups 
were younger than the control group and smoked more nicotine 
cigarettes per day and that may have affected the results. Furthermore, 
there is absence of a qualitative assessment of the study and image 
realignment correction was not performed. Our analysis methods 
were not able to use sub-divisions of the striatum for image analysis 
(apart from caudate-putamen). Finally, this was a relatively small 
sample of participants due to major difficulties recruiting and 
scanning patients who were treated for cannabis-induced psychosis 
and “ecstasy” abusers. According to our power calculations 15 
participants in each group would be  required in order to provide 
definite results. Unfortunately, most studies that measured dopamine 
occupancy in cannabis use disorder have used a smaller number of 
participants which is a limitation in these kind of studies due to 
recruitment issues.

Conclusion

This study showed no difference in dopamine D2 receptor 
availability in the caudate between the abstinent cannabis users 
after recovery from cannabis-induced psychosis, abstinent 
MDMA “ecstasy” abusers and healthy control participants 
indicating minimal effects of cannabis-induced psychosis and 
chronic MDMA “ecstasy” abuse on dopamine reward mechanisms. 
Due to the small number of patients there is a possibility of type 
2 error and the results should be  regarded as preliminary and 
require further replication in larger samples. The findings suggest 
that remission of cannabis-induced psychosis is not associated 
with hyper-dopaminergic activity. This could either be because it 
has resolved. The lower D2 receptor availability measures in the 
right putamen (uncorrected) may indicate residual effect of anti-
psychotic medication.
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