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SUMMARY

Western democracies continue to ‘legalize recreational cannabis use’ after its ‘medicinal approval’, while India continues to
debate whether to ‘decriminalize’ cannabis or not. One of the strongest arguments against cannabis decriminalization is cannabis
dependence and the risk of psychosis, at-least in the vulnerable groups. Endocannabinoids are involved in neuronal proliferation
and differentiation during ‘patterning of the central nervous system’. Aberrant neurostimulation caused by repeated heavy exo-
cannabinoid exposure may increase the probability of pro-psychotic experiences. Various animal and human studies have
demonstrated increased but abnormal activation of cortical and subcortical areas due to chronic cannabis use. Some of these areas
are involved in the pathogenesis of psychosis or schizophrenia. A review of the literature was done to hypothesize the possible role of
cannabis to cause (or precipitate) psychosis through repeated “aberrant neurostimulation”. The ‘aberrant neurostimulation model
of cannabis psychosis’ may explain pathogenesis, individual vulnerabilities and developing therapeutic strategies for this debated

entity. In future, well designed placebo-controlled studies may find the answer with more confidence.
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INTRODUCTION

Cannabis is the most widely used illegal drug in the
world, with an estimated 192 million users worldwide in
2016 (United Nations Office on Drugs and Crime 2018).
Recent national survey “Magnitude of Substance use in
India, 2019” summarizes as cannabis being the second most
commonly used substance in India, with 31 million indi-
viduals (2.8% of the Indian population) reported to use
cannabis within the previous year (Ambekar et al. 2019).

A9-tetrahydrocannabinol (THC) is the primary
psychoactive compound of cannabis, obtained from the
plant Cannabis sativa. It is a highly lipophilic molecule
that readily crosses the blood-brain barrier to act
through the CB1 cannabinoid receptor which mediates
its psychological and behavioural effects such as, on
memory (hippocampus), on emotional responses (amyg-
dala), on cognition (cerebral cortex), on motivation
(limbic forebrain) and on motor coordination (cere-
bellum) (Iversen 2012, Hu & Mackie 2015).

Psychosis is one of the most serious psychiatric ill-
nesses with often chronic, relapsing, deteriorating cour-
ses. Therefore any avoidable risk factor can signifi-
cantly add to the quality of life of an individual and help
to preserve many disability-adjusted life-years (DALY)
(He et al. 2020). Cannabis has long been postulated to
be one of the causes of ‘drug-induced psychosis’, with or
without complete reversibility, unlike classical substance-
induced psychiatric disorders. In recent years much
attention has been provided to understand how cannabis
could have been linked to the precipitation or causation of
psychosis. We hereby hypothesize the ‘aberrant neuro-
stimulation hypothesis for cannabis-related psychosis’
based on the review of the existing literature.
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CANNABIS USE CAN CAUSE
ABERRANT NEUROSTIMULATION

There is ample evidence that regular cannabis use
can cause “aberrant neurostimulation”. Not only the re-
ward pathway but also stimulation of several dopami-
nergic and glutamatergic neurons, including the effects on
the Default mode network (DMN) has been linked with
chronic cannabis use (Whitfield-Gabrieli et al. 2018).

Recent animal studies have established that juvenile
male rats exposed in utero to THC, manifest an imba-
lance in the ratio between excitatory and inhibitory
inputs (E/I ratio) onto dopamine neurons in the Ventral
tegmental area (VTA), which contributes to the enhan-
ced excitability of those neurons (Frau et al. 2019).
Prenatal THC exposure also alters the expression of
CB1, dopamine, and glutamate receptor genes, resulting
in impaired striatal synaptic plasticity and enhanced
drug-seeking behaviours in adult rat offspring (Spano et
al. 2007; Tortoriello et al. 2014).

In human studies, administration of THC has been
associated with subjective and cognitive alterations (via
increased striatal glutamate and dopamine concentra-
tion) and loss of functional connectivity (FC) between
Nucleus accumbens (NAc) and cortical areas. An in-
crease in glutamate concentrations and alteration in
cognitive function was dose (of THC) dependent
(Mason et al. 2019).

A recent fMRI based meta-analysis has shown that,
during the phase of reward anticipation, individuals with
cannabis dependence have decreased striatal activation as
compared to the healthy controls. While during reward out-
come, individuals with cannabis dependence have higher
activation of ventral striatum — suggesting altered reward
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processing (Luijten et al. 2017). Cannabis use group as
compared to healthy controls has also shown decreased
functional connectivity between caudal anterior cingulate
cortex (ACC) and dorsolateral prefrontal cortex/ orbito-
frontal cortex (DLPFC/ OFC) (Camchong et al. 2017).

Preclinical studies in rodents have suggested that
gamma oscillations arising from GABA receptors that
connect cortical networks are important for cognitive
function (Wang & Buzsdki 1996). CB1 receptor active-
tion by THC agonists may disrupt gamma oscillations
through inhibitory interneurons, suggesting that gamma
oscillations may be disrupted in cannabis users (Hajos et
al. 2000, Skosnik et al. 2012). A recent electrophysio-
logical study has found that individuals with cannabis use
disorder (CUD) have decreased delta and increased
theta, beta, and gamma powers compared to controls,
suggesting increased cortical activation in resting state
and disinhibition of inhibitory functions that may
interrupt cognitive processes. Increased interhemispheric
and intrahemispheric electrical activity is also found in
CUD. This increased cortical activity reflects a “noisy
brain” in individuals with CUD (Prashad et al. 2018).

In summary, various neurochemical, neuroimaging
and neurophysiological studies have demonstrated in-
creased but abnormal activation of various cortical and
subcortical areas (often these areas are also linked to
psychosis or schizophrenia; e.g. dopamine and gluta-
mate pathways) as a result of chronic cannabis use.

CANNABIS AND PSYCHOSIS:
ABERRANT NEUROSTIMULATION
AS AMODEL

Kapur’s (2003) “aberrant salience” is one of the
most accepted models explaining the genesis of abnormal
behavioural responses associated with psychosis (Apo-
pheny) (Kapur 2003). Animal models of aberrant motiva-
tional salience result because of out-of-context signalling
of dopamine in the ventral striatum, which may, in turn,
be driven by abnormal regulation of subcortical dopa-
mine transmission by the PFC and hippocampus (Roiser
et al. 2013). Similar associations of defective neuronal
signalling and (positive and/or negative) psychotic expe-
riences have also been found in recent human studies.
Even in individuals without clinical psychosis, studies
have found a strong positive correlation between aberrant
salience score (measured by Aberrant Salience Inventory)
and cannabis use (amount and frequency) (Bernardini et
al. 2018, Chun et al. 2019).

Endocannabinoids are known to be involved in
neuronal proliferation, migration, differentiation and
survival during ‘patterning of the central nervous
system’. Aberrant neurostimulation caused by repeated
heavy cannabis use (exo-cannabinoids), especially in a
developing (adolescent) brain increases the probability
of pro-psychotic experiences (Di Forti et al. 2019).

Adolescent onset (before age 15 years) CUD has
been associated with activation differences in the fronto-
parietal (increased) and visual association (decreased)

regions and has shown poorer executive planning scores
compared to non-initiators (Tervo-Clemmens et al.
2018). The endocannabinoid (eCB) system is involved
in extensive re-organisation of grey matter and white
matter during adolescent brain development. Therefore,
CUD in youth is associated with memory loss, hippo-
campal volume loss and left parietal lobe dysfunction
especially in those with early-onset schizophrenia-spect-
rum disorders (EOSS). Similarly, a higher reduction in
functional anisotropy of left inferior longitudinal fas-
ciculus (ILF) was found in youth with CUD, which is
also implicated in the pathogenesis of EOSS (James et
al. 2013, Epstein & Kumra 2015).

In a before-after (cannabis use) fMRI study, Whit-
field-Gabrieli and colleagues found that, at baseline, rela-
tive to controls, patients (psychosis with CUD) exhibited
DMN hyperconnectivity that correlated with positive
psychotic symptom severity, and reduced anticorrelation
between the DMN and the executive control network
(ECN). Cannabinoid administration (3.6% THC cannabis
cigarette smoked or a 15mg A9-THC pill ingested) re-
duced DMN hyperconnectivity and increased DMN-ECN
anticorrelation (Whitfield-Gabrieli et al. 2018).

IMPLICATIONS

The plastic nature of several functional pathways in-
cluding DMN in response to (endogenous and exoge-
nous) cannabinoids, may have both pathogenic and
therapeutic implications. Aberrant neuroplastic changes
with heavy cannabis smoking may explain the pathways
involved in complex mental illnesses like psychosis. At
the same time may provide a window of opportunity to
study the potential role of cannabinoids as pharmaco-
therapeutic agents for the treatment of psychotic illness
in the near future (Whitfield-Gabrieli et al. 2018, Davies
and Bhattacharyya 2019, Sarris et al. 2020).

Certain genetic polymorphisms (e.g. COMT-Vall 58Met
functional polymorphism in the catecholamine metabo-
lising enzyme catechol-o-methyltransferase gene) may
add to the increased risk of development of psychotic
phenomena (e.g. delusion-like experiences) associated
with adolescent-onset heavy cannabis use (Henquet et al.
2009). This may explain why certain populations are more
vulnerable to develop psychosis after aberrant stimulation
due to chronic heavy cannabis use, than others.

CONCLUSION

Current literature is inadequate to solve the never-
ending saga between cannabis and psychosis. Despite
the recent change in the legal status of cannabis, a
further search should continue to explore the plausibility
of cannabis associated (induced or precipitated) psychosis
as a clinical entity. One of the limitations of the proposed
‘aberrant neurostimulation’ model is the lack of emphasis
on psychological, social and phenomenological aspects of
cannabis psychosis, so does the available literature.
However, the literature does hint towards the abnormal
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neurostimulation associated with cannabis use and as a
plausible mechanism, explaining how early-onset heavy
cannabis use may lead to psychosis. Further studies do
require to establish or refute the proposed hypothesis.
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