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I ABSTRACT

Cannabis is a known risk factor for schizophrenia, although the exact neurobiological process through which the
effects on psychosis occur is not well-understood. In this review, we attempt to develop and discuss a possible pathway
for the development of psychosis. We examine the neurobiological changes due to cannabis to see if these changes
are similar to those seen in schizophrenic patients the findings show similarities; however, these mere similarities
cannot establish a ‘cause-effect’ relationship as a number of people with similar changes do not develop schizophrenia.
Therefore, the ‘transition-to-psychosis’ due to cannabis, despite being a strong risk factor, remains uncertain based upon
neurobiological changes. It appears that other multiple factors might be involved in these processes which are beyond
neurobiological factors. Major advances have been made in understanding the underpinning of marijuana dependence,
and the role of the cannabinoid system, which is a major area for targeting medications to treat marijuana withdrawal and
dependence, as well as other addictions is of now, it is clear that some of the similarities in the neurobiology of cannabis
and schizophrenia may indicate a mechanism for the development of psychosis, but its trajectories are undetermined.
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TRANSITION TO PSYCHOSIS AND CANNABIS

Cannabis is involved in approximately 50% of psychosis,
schizophrenia, and schizophreniform psychosis cases.!"”!
Cannabis is a known risk factor for schizophrenia, although
the exact neurobiological process through which the effects
on psychosis occur is not well understood. Cannabis is also of
particular interest in both the first-episode psychosis (FEP)®7!
and the ultra high risk (UHR) populations. This is mainly
due to their increased susceptibility to cannabis abuse.!®’!
Amongst FEP patients, cannabis equally affects those who
go on to develop schizophrenia and those who do not.l'" In
spite of significant advancements, the sequence of biological
events and a valid model of neurobiological mechanisms
are lacking.*'"'2l [n this review, we attempt to develop and
discuss a possible pathway for the development of psychosis.
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TETRAHYDROCANNABINOL

The biochemical mechanism by which cannabis exerts its
effects on physiology and behavior remained a mystery
until the components of cannabis were extracted, and
Delta-9-tetrahydrocannabinol (THC) was found to be
the main psychoactive constituent of cannabis.® The
isolation of THC resulted in the characterization of a G
protein-coupled receptor to which THC exerted specific
and saturable binding,'* indicating the presence of an
endogenous receptor to which cannabinoids could exert
their effects. “Cannabidols”, have 64 active isomers, each
having differing effects on health and behavior.'>! THC
is the only active metabolite which has few important
neurochemical properties and stimulates cannabinoid
receptors type-1 (CB1) in the brain that differentially affect
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patients with schizophrenia. It is a lipophilic compound,
which disappears from extracellular spaces by dissolving
in lipid-rich membranes, not by excretion from the body.
THC is slowly released, leading to long-lasting effects
originating from brain areas containing a large proportion
of spare receptors (reserve receptors). This compound also
induces withdrawal and tolerance as well as potentiates
alcohol and heroin dependence. In utero exposure to THC
hampers appropriate interneuron positioning during
corticogenesis. With respect to psychosis, THC has been
associated with independently causing positive symptoms
and neurocognitive changes.'® THC exposure induces
changes in the prefrontal cortex (PFC) characterized by less
synaptic density and/or efficiency.!'”l Cannabis varies greatly
in the amount of the major psychoactive constituent-THC,
thus the psychoactive effects vary according to the
nature of cannabis and its pattern of use which results
in a dose-response relationship. In addition, it has been
suggested that endogenous cannabidols may protect
against some of the propsychotic effects of THC.!'®!!

THE LINK BETWEEN CANNABIS AND PSYCHOSIS

The past few years have led to the development of a
plausible model in which schizophrenia is viewed as the
consequence of a number of component causes, such as
genes or early environmental hazards that subtly alter
subsequent neurodevelopment. A recent study shows that
the incidence of psychosis in cannabis exposed and non
exposed population is 31 and 20%, respectively.®! Cannabis
exposure may be a “component cause” which interacts with
other factors that may be a possible cause of schizophrenia
or other psychotic disorders, but is neither necessary nor
sufficient to do so alone.?! Nevertheless, in the absence of
the known causes of schizophrenia, the role of component
causes remains important. The current focus of investigation
is to find out pathways of neurobiological changes due to
cannabis, which might be involved in the development
of psychosis.?*?! The hope is that, if these changes are
reversible, possible risk of severity may be minimized and
treatment outcome in psychotic disorders may be improved.

A causal relationship has been proposed but the
pathophysiological mechanism remains to be explored. The
main possibility is the effect on the neurodevelopmental
process, such as synaptic plasticity, which is likely impaired
in schizophrenia. Despite considerable variation in how
cannabis exposure and psychosis were elicited or defined,
there is a notable consistency in the findings of different
studies.”>?!l Many of these studies suggest that cannabis is
a risk factor whereby it increases the chances of developing
schizophrenia by approximately three-fold, a finding
supported by a dose-response relationship.?! Various
possibilities have been discussed for the association
between cannabis and schizophrenia which include:
(a) Common sociodemographic factors and shared genetic

factors; (b) the hypothesis of ‘self-medication’ for symptoms
of psychiatric diseases such as the negative symptoms of
schizophrenia, anxiety, depression, or dysphoria;?® (c) the
vulnerability hypothesis, and; (d) acute intoxication leading
to ‘psychotic-like’ experiences. The most consistent data
suggests that cannabis causes exacerbation of psychosis and
worsens it?”?l which raises the possibility of a vulnerable
group. It has been found that acute effects of cannabis
were modified by the subject’s level of vulnerability for
psychosis.” A study by Mechoulam and Gaoni in 1965,
used intravenous THC in antipsychotic-treated patients with
schizophrenia and controls found that THC exacerbated
positive symptoms in patients as well as induced positive
symptoms in controls; however, there was an exacerbated
effect in patients. Similarly, the subjects with high
vulnerability experienced more bizarre symptoms, primarily
hostility, unusual perception, and strange impression.
Recent attempts have also utilized vulnerability theory to
explain this association,?? placing it within the framework
of current ideas regarding the neurobiology of psychosis.=!
This has strengthened the view that some individuals with
schizophrenia might be biologically vulnerable to the
rewarding effects of drugs of abuse.[' Interestingly, a recent
brain imaging study has found evidence that both males and
females who start using cannabis before the age of 17 years
have a lower percentage of cortical grey matter and an
increased percentage of white matter compared to those
who start later, which is unrelated to duration of cannabis
use.B¥ It may be that adolescence to early adulthood is a
period of time during which the developing brain is more
vulnerable to the adverse effects of cannabis; however, a
recent study that used mathematical modeling to explore
the possible effects of cannabis use and schizophrenia
did not find support for a direct causal hypothesis.=*>%*!
The explanation for cannabis as a risk factor is shifting
from clinical and epidemiological evidence towards a
neurobiological one.

NEUROBIOLOGY OF CANNABIS

Brain development during pregnancy

It is reported that approximately 4% of women in the
United States abuse substances, with marijuana being by
far the most common substance used during pregnancy
(75%).°7" The prevalence of prenatal cannabis exposure
is between 2 and 5% in European countries and about
13% in high-risk populations.”® One-third of the major
psychoactive component of cannabis (THC)®! undergoes
crossplacental transfer upon cannabis smoking, which
raises important concerns about the potential impact of
maternal cannabis use on the developing fetus."*!l Marijuana
impairs growth in midgestation fetuses, while adolescent
exposure to cannabinoids might tamper with the normal
development of neuronal processes possibly involving
cergic and dopaminergic dysfunction.'*? Thus, prenatal
cannabis exposure has an impact on the maturation of
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neurotransmitter systems, which play key roles in mood,
motivation, and reward.”*? Epidemiological and longitudinal
studies have shown that newborns and infants born to
cannabis users have increased tremors, exaggerated startle
response, and poor habituation to novel stimuli.** In addition
to this, recent evidence suggests that the mesocorticolimbic
neuronal circuits remain vulnerable to this dysfunction later
in life and thus could be sensitive to developmental events
and environmental stressors that themselves can influence
the onset and course of neuropsychiatric disorders.

Cannabis in adolescence

Adolescence is a critical phase for brain development,
characterized by neuronal maturation and rearrangement
processes, such as myelination, synaptic pruning and
dendritic plasticity. The endocannabinoid system plays
an important role in fundamental brain developmental
processes such as neuronal cell proliferation, migration
and differentiation, therefore, changes in endocannabinoid
activity during this specific developmental phase induced
by THC might lead to subtle but lasting neurobiological
changes that can affect brain functions and behavior.
A number of studies have investigated whether exposure
to cannabis during adolescence is a risk factor for psychosis
such as schizophrenia. Arkany et al.,* reported that those
subjects who used cannabis by the age of 15 and 18 years
had more schizophrenic symptoms than controls (never
used cannabis or had used cannabis ‘once or twice’) at age
26. In addition, subjects at the earlier age group (15 years)
conferred a greater risk of schizophrenia at a later age.“!

Early onset of cannabis use has been found to be related
to impairments in cognitive processes reliant on the
dorsolateral prefrontal cortex (DLPFC) circuitry.*” Cannabis
exposure during early ontogeny is not benign and potential
compensatory mechanisms that might be expected to occur
during neurodevelopment appear insufficient to eliminate
vulnerability to neuropsychiatric disorders in certain
individuals. The endocannabinoid system also plays a crucial
role in the ontogeny of the central nervous system and
its activation during brain development which can induce
subtle and long-lasting neurofunctional alterations in the
offspring, despite being previously considered as relatively
harmless.*¥! As mentioned previously, maternal cannabis
abuse is another contributing factor to psychosis. Both human
longitudinal cohort studies and animal models strongly
emphasize the long-term influence of prenatal cannabinoid
exposure on behavior and mental health.*! CB1 receptor
levels tend to increase throughout adolescent development,
although there may be regional and time-specific changes
that associate with this ontogeny. Similar to the cannabinoid
receptor, the endocannabinoid ligands are also involved.>

Endocannabinoid system and cannabis receptors
The endocannabinoid system is comprised of the CB1 and
CB2 (and possibly other CB1 receptors) which are expressed

in both the central nervous system and periphery.
Cannabinoid receptors in the brain take part in the
modulation of learning and are particularly important for
working and short-term memory endocannabinoid signaling
has been found to be present during the gestational
period®'* and several studies have revealed the importance
of this system for neural developmental processes./>85!
THC induces long-term memory deficits and is mediated by
CB1 expressed on gamma-aminobutyric acid (GABA) ergic
neurons.”® A growing body of literature has demonstrated
that this system may also play a highly specialized and
functionally distinct role during development that extends
beyond the regulation of transmitter release. The role of
the central nervous system (CNS) cannabinoid system is a
major area for targeting medications to treat marijuana
withdrawal and dependence as well as other addictions.

At the subcellular level, CB1 has been localized to
presynaptic terminals, and is found at significantly
higher levels on GABAergic rather than glutamatergic
neurons in various brain regions.'>” Endocannabinoids
are believed to be released by postsynaptic cells and
function as retrograde signals and traverse back across
the synapse, where they activate presynaptically located
CB1 receptors and limit synaptic transmitter release.
As such, this system represents a critical player in the
maintenance and determination of synaptic plasticity.®
CB1 also exhibits neuroprotective antioxidant activity. The
endocannabinoid system modulates neurotransmission
at inhibitory and excitatory synapses in brain regions
relevant to the regulation of pain, emotion, motivation,
and cognition. N-methyl-D-aspartate (NMDA)- and o-amino-
3-hydroxy-5-methyl-4-isoxyzolepropionic acid (AMPA)-type
glutamate receptor enhancers improve THC-induced
impairment of spatial memory.” CB receptors are
also known to play a role in the etiopathogenesis of
schizophrenia.® During frequent cannabis use, a series of
poorly understood neuroplastic changes occur, which lead
to the development of dependence.

Neurochemistry

There are two neurochemical aspects which are significantly
evident from research in human and experimental
subjects: How THC causes dysfunction or modulates
neurotransmission, as well as the role it plays in inhibiting
neuroplasticity and neuroprotection, particularly in the
developing brain the endocannabinoid system modulates
neurotransmission at inhibitory and excitatory synapses in
brain and exerts its pharmacological effects by activation
of G protein-coupled type-1 (CB1) and type-2 (CB2)
cannabinoid receptors. The biosynthetic pathways for the
synthesis and release of endocannabinoids are still unclear.
Unlike neurotransmitter molecules that are typically held
in vesicles before synaptic release, endocannabinoids are
synthesized on demand within the plasma membrane.
Once released, they travel in a retrograde direction and
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transiently suppress presynaptic neurotransmitter release
through activation of cannabinoid receptors.

When people abuse cannabis, a series of poorly understood
neuroplastic changes take place. Light users of cannabis
have lower basal brain-derived neurotrophic factor (BDNF)
and neuregulin levels. THC produced psychotomimetic
effects, perceptual alterations, and “high” spatial memory
impairments. The effects of cannabinoids on BDNF suggest
a possible mechanism underlying the consequences of
exposure to cannabis. This may be of particular importance
for the developing brain and also in disorders believed to
involve altered neurodevelopment such as schizophrenia.l®'!

Dopamine

The biological mechanism whereby cannabis increases
the risk for psychosis remains poorly understood. Animal
research suggests that THC increases dopamine levels
in several regions of the brain, including striatal and
prefrontal areas.’”? Since dopamine is hypothesized to
represent a crucial common final pathway between brain
biology and actual experience of psychosis, a focus on
dopamine may be initially productive in the examination
of effects of cannabis.®® Despite advancements, the
endocannabinoid system is still far from being understood
and its interactions with other neurotransmitter systems
including the dopamine system are complex.® Many studies
now show a robust and consistent association between
cannabis consumption and the development of psychosis.
Furthermore, our better understanding of cannabis biology
allows for the proposal of a plausible hypothetical model,
based notably on the possible interactions between
cannabis and dopaminergic neurotransmission.l® Animal
studies using an active cannabidol (THC) have demonstrated
enhanced dopaminergic neurotransmission in brain regions
in humans, THC induces psychotic-like states and memory
impairments in healthy volunteers. THC and cannabinoid
agonists enhance striatal and mesocorticolimbic dopamine
levels and affect the maturation of the dopamine system,
which directly regulates motor function, cognition,
motivation, and emotional processes.’”! Thus, increased
dopamine neurotransmission due to THC may be a possible
explanation for development of psychosis.

Genetics

There is ample evidence that suggests cannabis use has a
heritable component, yet the genes underlying cannabis
use disorders have yet to be completely identified.©
Existing research suggests that vulnerability to ‘cannabis
use initiation’ as well as ‘problematic use’ is influenced
significantly by both shared environment and unshared
environments. Results from current studies indicate
involvement of regions on chromosomes 1, 3, 4, 9, 14, 17,
and 18; which harbor candidates of predicted biological
relevance.® The majority of the evidence concerning high
heritability comes from twin studies which have reported

evidence for both genetic and environmental influences
on vulnerability.” A study by Yiicel et al.,”" reported
susceptibility loci for cannabis use and dependence as well
as two narrower cannabis-related phenotypes of “craving”
and “withdrawal” from family studies, on chromosomes
1, 3, 6, 7, and 9. Several common genetic influences may
be related to other illicit drugs, but a search for specific
genes underlying illicit drug use might also hold a key to
understanding biological vulnerabilities, which could aid in
the development of targeted interventions. Early cannabis
use is a risk-modifying factor for psychosis-related outcomes
in young adults. A study by Pelayo-Teran et al.,** examined
the interaction between the Val158Met polymorphism of the
catechol-O-methyltransferase (COMT) genotype (involved in
dopamine regulation) and cannabis use in early stages of
psychosis. Cannabis users had a significantly earlier age of
onset. The cannabis-COMT interaction showed a significant
effect on both duration of untreated psychosis and age of
onset. Differences between genotypes were only present
in the ‘non-users’ group. Use of cannabis could exert a
modulator effect on the genotype, suppressing the delay
effect for the age of onset in the case of the Met allele
patients.

With respect to genetic factors, it is thought that cannabis
dependence is highly heritable but with unknown
explanations. There are several endophenotypes of
cannabis dependence, for example, cannabis craving and
cannabis withdrawal types which have different mechanisms
underlying expression of genetic material. Some of the
previously mentioned chromosomes have been identified;
however, these do not work in isolation. It is likely that
cannabis suppresses the ‘delay effect’ in gene-environment
interaction in vulnerable subjects, more so at an early age
and specifically in early onset psychosis.

Imaging

Neuroimaging techniques are powerful research tools used
to investigate possible cannabis-induced pathophysiological
changes. Imaging studies have been performed in acute
administration of cannabis as well as in short- and
long-term abusers and non-abusers. Furthermore, it has
also been performed in patients consuming cannabis with
and without psychosis in order to find out any possible
anatomical or structural changes as well as changes
occurring in physiological activity."” Most of the evidence
is available from studies of first-episode schizophrenia and
preliminary neuroimaging studies (in mainly nonpsychotic
populations) show that cannabis does not affect gross brain
anatomy, but does acutely increase cerebral blood flow; and
long-term exposure causes an overall reduction of cerebral
blood flow.”

Major studies, which have reviewed available data on
neuroimaging, show a high degree of heterogeneity across
studies. Most studies report no evidence of cerebral atrophy

Indian Journal of Psychiatry 56(1), Jan-Mar 2014

11



[Downloaded free from http://www.indianjpsychiatry.org on Monday, February 12, 2018, IP: 207.237.156.1]

Shrivastava, ef al.: Psychosis and cannabis

or regional changes in tissue volumes, although some
studies did not find cannabis use-related changes in brain
morphology and others do suggest that long-term heavy
cannabis use may lead to structural brain changes.>7
Functional neuroimaging studies have reported increases
in neural activity in regions that may be related with
cannabis intoxication or mood change effects (orbital
and medial frontal lobes, insula, and anterior cingulate
cortex), and decreases in activity of regions related with
cognitive functions impaired during acute intoxication."!
These functional studies also suggest that resting global
and prefrontal blood flow is lower in cannabis users than
in controls. Only minimal evidence of the major effects of
cannabis on brain structure has been reported. Imaging
studies acquired during the performance of cognitive
tasks seem to confirm the vulnerability of still developing
frontal lobe functioning for early-onset cannabis use.
Adolescent-onset cannabis use, compared with adult-onset
use, has been associated with a higher risk for developing
symptoms of schizophrenia-like psychotic disorders.

Studies of acute administration of THC or marijuana report
increased resting activity and activation of the frontal
and anterior cingulate cortex during cognitive tasks.”!
The anterior cingulate and amygdala play key roles in the
inhibition of impulsive behavior and affective regulation,
and studies using positron emission tomography (PET)
and fMRI (functional magnetic resonance imaging) have
demonstrated changes within these regions in marijuana
smokers.” Smokers demonstrated a relative decrease
in both anterior cingulate and amygdala activity during
masked affective stimuli compared to controls, which
showed relative increases in activation within these regions
during the viewing of masked faces.”!

This suggests that the changes in frontal cortex functioning
could be responsible for the apathy that smokers feel due
to reduced functioning of the frontal lobes and reduced
activation of the amygdala.

Ventricular enlargement and reduced prefrontal volume
are consistent findings in schizophrenia. Both are present
in first-episode subjects and may be detectable before the
onset of clinical disorder.®” In a prospective cohort study;
patients with substance misuse history, imaging data,
and clinical information were collected on subjects with
high risk of schizophrenia as well as controls.®') Regions
exhibiting a significant relationship between level of use
of cannabis and structure volume were identified alcohol
and cannabis misuse were associated with an increased
subsequent risk of schizophrenia. This provides prospective
evidence that use of cannabis or alcohol by people with a
high genetic risk of schizophrenia is associated with brain
abnormalities and later risk of psychosis.®'l A family history
of schizophrenia may render the brain particularly sensitive
to the risk-modifying effects of these substances it appears

that cannabis does not cause any structural changes;
however, some brain areas involved in memory and emotion
do show some changes. It is not known if these changes are
transitory or permanent and whether they contribute to the
pathophysiology of schizophrenia.

Neurocognition

Neurocognitive changes are commonly seen in subjects
that use cannabis and have been a common determinant
of psychosis. The connection between cognition, cannabis,
and schizophrenia is complex and not clearly understood.
It has been studied in healthy volunteers, patients of
schizophrenia with and without cannabis, and previous
users. The current levels of information and understanding,
though collected over last 25-30 years of research, are far
from adequate to establish any direct relationship except a
mere association. Thus, we cannot rule out that (a) certain
cognitive and cerebral abnormalities existed in patients
before cannabis use begins and (b) that patients suffer
from subacute effects of cannabis. Though most of the
studies show diminished cognitive function, it still remains
undetermined and equivocal. Paradoxically, it is also shown
that in a subgroup of patients cognition is enhanced by
cannabis in both patients and in healthy population. There
are also reports that it does not affect cognition at all. Greater
adverse cognitive effects are associated with cannabis use
commencing in early adolescence yet some studies have not
reported any intellectual decline he evidence of cognitive
effects comes from clinical, experimental human as well
as animal studies; also in both acute administrations and
chronic consumption these changes are consistent.

The cognitive domains which have been frequently reported
to be involved are: Working memory (WM), spatial working
memory, associative memory (AM), processing speed, verbal
fluency, verbal learning and memory, attention, executive
functions, cognitive complexity, fixation durations, word
viewing times, error-proneness, prospective memory task,
and object recognition memory;®? all occurring during
the period of acute intoxication and beyond, persisting
for hours, days, or weeks after the last use of cannabis.
Much of the explanations for the cognitive effects have
been possible after CB receptors were reported. Cognitive
dysfunction associated with long-term or heavy cannabis use
is similar in many respects to the cognitive endophenotypes
that have been proposed as vulnerability markers of
schizophrenia.®® CNS cannabinoid systems, particularly
exogenous cannabinoids, play a central role in neurochemical
processes for cognitive changes pharmacological challenge
studies in humans are elucidating the nature and neural
substrates of cognitive changes associated with various
cannabinoids.

Psychosocial factors
Psychosocial factors have an important role in
gene-environment interactions. Cumulative exposure to
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environmental risks may increase the risk for psychosis in
an additive fashion. The concept of behavioral sensitization
may provide a plausible mechanism for the link between
cannabis and psychosis.® The main stress factors
studied are childhood sexual abuse (CSA) and urbanicity.
Adolescent cannabis use, childhood trauma, and increased
risk of later psychosis are intricately related. Significant
interactions between cannabis use and childhood trauma is
emerging as a potential risk factor for psychotic symptoms.
One recent study has shown increased incidence of CSA
in a population of schizophrenia patients.®! It is also
believed that measures to actively discourage or intensively
treat cannabis use in children and adolescents who have
experienced abuse may help to prevent the development
of psychosis in this vulnerable group.® Consistent results
are also seen for an increased risk for schizophrenia with
urban birth and/or upbringing, especially among males.
The mechanism of association is unclear but may relate to
biological or social/environmental factors or both, acting
considerably before psychotic symptoms manifest.

Urbanicity may have a synergistic effect with genetic
vulnerability. Several factors appear to contribute in liability
for psychosis, for example, the relationship between
urban city and neural maldevelopment, the possibility
of rural protective factors (e.g., social capital, low social
fragmentation), urbanicity in developing countries, cultural
variables and geographical location, and associations
between urbanicity and other disorders (e.g., affective
psychosis).®”! Patients suffering from psychotic disorder
report using cannabis mainly for affect regulation and
socialization.!s®!

TRAJECTORY OF TRANSITION TO
SCHIZOPHRENIA

The present paper examined the similarity between
neurobiological changes due to cannabis and schizophrenia.
Neurobiology of schizophrenia has advanced considerably,
primarily related to development in neuroimaging,
electrophysiological, and neuropathological approaches.!®!
Several neurobiological alterations in the domains of brain
structure, physiology, and neurochemistry have been
documented; that may reflect diverse pathophysiological
pathways from the “genome to the phenome” the
changes which are evident from sophisticated functional
and anatomical imaging have provided almost credible
arguments for neuronal dysfunction and such changes
are highly heritable. Research in the early phase of
psychosis has also indicated that fundamental changes in
neuronal architecture and integrity are possibly the most
fundamental changes. The neurochemicals implicated
include the dopaminergic, glutaminergic, GABAergic,
cholinergic, and serotonergic systems. Neuroanatomical
changes are evident and have emerged as a result of imaging
and neuropathological observations of brain, structural

and functional alterations have referred variously to the
postulated networks thought to underlie the symptoms.
Theories of pathogenesis have focused on the nature
and timing of pathology.” These have included early
neurodevelopmental models that posit an early disruption
in neuronal migration or proliferation.'”'! Abnormal
gene expression, or epigenetic factors and a multitude of
environmental factors are current areas of investigation in
this field.

There have been a number of reasonable neurobiological
advances in cannabis abuse in individuals who are
diagnosed with or without schizophrenia. Some of these
changes, particularly in neuroimaging and neurocognition,
are fairly close to what is observed in some of the patients
suffering from schizophrenia. There are inherent limitations
to understanding the different research outcomes and the
ability to synthesize it in order to develop a trajectory
for transition to psychosis. Lack of biological longitudinal
follow-ups and studies of pre- and post-cannabis use in
patients with schizophrenia has been one such limitation.
Neurodevelopmental views of schizophrenia have posited
that the illness may result from either an early (pre or
perinatally) static brain lesion with a long latency or a
late (adolescent) brain disturbance of limited duration
and short latency.'””'l Therefore, the alleged role played
by the endocannabinoid system in late developmental
phases such as the adolescent one, prompted speculation
that alterations in the endocannabinoid tone induced
by cannabis consumption during the adolescent
developmental window might represent a risk factor for
developing schizophrenia.”*® THC is associated with
transient exacerbation in core psychotic and cognitive
deficits in schizophrenia; however, these data do not
provide a reason to explain why schizophrenia patients use
or misuse cannabis. Furthermore, THC might differentially
affect schizophrenia patients relative to control subjects.
The enhanced sensitivity to the cognitive effects of THC
warrants further study into whether brain cannabinoid
receptor dysfunction contributes to the pathophysiology of
the cognitive deficits associated with schizophrenia.

The mechanisms by which cannabinoids produce transient
psychotic symptoms are unclear but may involve dopamine,
GABA, and glutamate neurotransmission. Dose, duration
of exposure, and the age of first exposure to cannabinoids
may be important factors as well. Genetic factors that
interact with cannabinoid exposure to moderate or
amplify the risk of a psychotic disorder are beginning
to be elucidated. Novel hypotheses including the role of
cannabinoids on neurodevelopmental processes relevant
to psychotic disorders are being studied.'” Finally,
cannabis use causes cognitive changes and dysfunction
in dopamine transmission in genetically vulnerable
subjects, which may be responsible for the psychotic-like
experience.
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CONCLUSION

We have examined the neurobiological changes due to
cannabis to see if these changes are similar to those
seen in schizophrenic patients the findings show strange
similarities; however, none of these studies have been able
to establish a possible long-term longitudinal course for
these changes. These mere similarities cannot establish a
‘cause-effect’ relationship, since a number of people with
similar changes do not develop schizophrenia. Therefore,
the ‘transition-to-psychosis’ due to cannabis, despite it
being a strong risk factor, remains uncertain based upon
neurobiological changes. It appears that multiple other
factors might be involved in these processes which are
beyond neurobiological factors. Major advances have been
made in understanding the underpinning of marijuana
dependence and the role of the CNS cannabinoid system,
which is a major area for targeting medications to treat
marijuana withdrawal and dependence, as well as other
addictions is of now, it is clear that some of the similarities
in neurobiology of cannabis and schizophrenia may
indicate a mechanism for development of psychosis but its
trajectories are undetermined.
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