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Abstract

In recent years, marihuana consumption has increased and become more 
common especially in younger patients. However, a possible association 
between psychosis and cannabis consumption has been described. In this 
paper, we present a case report of cannabis induced psychosis in a young man 
with a normal MRI but abnormalities in the connectivity between the caudate 
nucleus and frontal lobe, according to tractography imaging.

Keywords: Psychosis; Cannabis; Caudate nucleus; Frontal lobe; 
Tractography

Case Report

Changes in the Connectivity between the Caudate 
Nucleus and the Frontal Lobe in a Patient with Cannabis 
Induced Psychosis
Hernandez JF1*, Marin JH2, Naranjo L3, 
Rodriguez4 and Ramirez SF5

1Department of Neurology, Hospital Universitario Infantil 
de San José, Hospital Militar Central, Colombia
2Department of Neuroradiology, Hospital Universitario 
Infantil de San José, Colombia
3Neurology Residency Program, Fundación Universitaria 
de Ciencias de la Salud School of Medicine, Colombia
4Department of Psychiatry, Hospital Universitario Infantil 
de San José,Fundación Universitaria de Ciencias de la 
Salud School of Medicine, Colombia
5Department of Neurologist, Neurophysiologist, 
Hospital Universitario Infantil de San José, Fundación 
Universitaria de Ciencias de la SaludSchool of Medicine, 
Colombia

*Corresponding author: Hernandez JF, Hospital 
Universitario Infantil de San José, Hospital Militar 
Central, Colombia

Received: April 11, 2017; Accepted: May 20, 2017; 
Published: May 30, 2017

Introduction
Recent studies have described a strong association between 

cannabis consumption and psychosis, especially in those that begin 
substance abuse before adulthood [1]. Cannabis, being the most 
common drug consumed by young adults, has an onset rate of 
psychosis between 35-45%. Continued consumption after an episode 
is associated with negative outcomes such as remission, suicidal 
tendencies and violence [2]. 

A prospective study carried out in Australia by Wade and 
colleagues reported a 51% chance psychotic episode in cannabis users 
over a 15-month period. Patients who did not consume cannabis only 
had a 17% chance of relapse [3]. A Dutch study reported similar results 
with a 42% relapse rate among persistent cannabis users compared 
with a 17% relapse ratein non-users [4]. Studies also described rates 
of psychotic episodes in a dose dependent manner. McHugh and 
colleagues described a 1.4-fold risk of psychotic episodes in users 
versus nonusers, but when compared with chronic users this risk 
increased up to 2.1 [5]. 

Despite the fact that the association between early psychotic 
episodes and cannabis consumption in young adults has been 
thoroughly studied, the precise physiopathology is yet to be 
studied. One theory suggests that an increase in cannabinoid CB1 
receptor density in the prefrontal lobe during adolescence may be 
a predisposing factor [6]. One study reported that upon measuring 
dopamine levels during D2/D3 binding in specific radioligands, there 
was a 20% reduction at striatal levels in subjects exposed to cannabis 
[7].

Neuroimaging studies have found that prolonged use of cannabis 
could be responsible for a decrease in brain volume due to loss of 
inhibitory neurons especially in the neocortex. During the onset of 
psychotic symptoms there is abnormal gabanergic activity in the 
Anterior Cingulate Cortex (ACC), the Dorsolateral Prefrontal Cortex 
(DPC), and in the primary motor and visual cortex. It is thought that 
the absence of an inhibitory mechanism such as this could lead to the 
perceived cognitive dysfunction in schizophrenia [8,9].

This paper’s objective is to report a case of cannabis induced 
psychosis in a young man with a normal MRI but abnormalities in the 
connectivity between the caudate nucleus and frontal lobe according 
to tractography imaging.

Case Report
A 19-year-old man was referred to us and hospitalized due to 

Figure 1: T2 Coronal MRI images are normal.
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visual and auditory hallucinations associated with motor restlessness 
after consuming cannabis. His past medical history was significant for 
cannabis consumption since he was 14 years. 

Clinical examination revealed normal vital signs. Upon 
neurologic examination, a positive glabellar reflex was found along 
with a positive Hofmann´s sign; the rest of the examination was 
normal. Laboratory studies were normal. The patient was subjected to 
neuroimaging by MRI which was normal (Figures 1-3). Tractography 
revealed a loss of connectivity between the caudate nucleus and the 
frontal lobe as seen in (Figure 4).

Discussion
Studies on the endogenous cannabinoid system reveal that the 

psychoactive effects associated with the use of cannabis are due to 
the pharmacological interaction of Δ9-Tetrahydrocannabinol (THC), 
present in cannabis and its presentations, with one of the molecular 
elements in this system, the CB1 cannabinoid receptors.

The CB1 receptors, also known as central receptors, are 
distributed along the frontal region of the cerebral cortex, the basal 
ganglia, the cerebellum, the limbic system and the hypothalamus at 
the level of the central nervous system [10]. They are confined to the 
presynaptic terminals where they modulate the release of excitatory 
and inhibitory neurotransmitters. It is at these glutamatergic 
terminals that the receptors serve as an excitatory agonist with a 
neuro protective function and are responsible for the effects of THC 
on locomotion, hypothermia, analgesia and catalepsy. On the other 
hand, CB1 receptors that are located at GABAergic terminals are 
responsible for memory deficits associated with THC as well as the 
feeling of reward following consumption [11].

Patients diagnosed with schizophrenia, regardless of cannabis 
consumption, show an increase of CB1 receptor in Brodmann area 9. 
Cannabis consumers however, have an increase of CB1 receptors in 
the caudate nucleus and putamen which are part of the basal ganglia 
[12].

Furthermore, exposure to THC leads to an increase in the 
concentration of dopamine in the ventral tegmental area and in 
the Nucleus Acumbens (NAc) which is pivotal in the mesolimbic-
mesocortical pathway. This pathway is responsible for the addiction 
to psychoactive substances, most likely due to the inhibition of the 
neurotransmission of Υ-aminobutyric acid (GABA). In addition, 
repeated long-term administration may produce the phenomenon of 

hypofrontality, due to the reduction of dopamine in the prefrontal 
cortex. Hypofrontality leads to impulsive and repetitive behavior 
and non-extinction of behavior. Impulsivity in particular, relates to 
the delay of rewards which could explain the uncontrolled urges to 
consume cannabis regardless of the consequences [12]. Abnormal 
neurotransmission of dopamine, primarily in the striatal region, 
is considered to be the final pathway responsible for prominent 
psychotic symptoms.

The acute effects of cannabinoid agonists are likely modulated by 
genetic factors. Several studies have explored the influence of specific 
genes involved in schizophrenia and their relation to the acute effects 
of cannabinoid psychosis. These are as follows

COMT: Catechol-O-MetylTransferase enzyme plays an 
important role in the decomposition of dopamine, a mutation in 
the COMT V gene [108/158] leads to a significant reduction in the 
activity of this enzyme. Patients who have COMT polymorphisms 
have a moderate risk of developing psychotic symptoms.

DAT1: in the striatum, synaptic dopamine clearance is dependent 
on this dopamine transporter, a polymorphism of the DAT1 gene 
is associated with low transport and high levels of dopamine in the 
striatum. Bhattacharyya and colleagues described that in individuals 
with one allele and 9 replicates had higher risk for THC-induced 
psychotic symptoms.

Figure 2: Flair axial MRI images are normal.

Figure 3: Anitropic map of ROI  caudate nucleus.

Figure 4: Tractography shows a loss of connectivity between the caudate 
nucleus and the frontal lobe.
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AKT1: inactivates glycogen synthase kinase by phosphorylation 
and has been associated with schizophrenia. Cannabinoids stimulate 
the AKT1 pathway through CB1 receptors. Bhattacharyya and 
colleagues also found that a polymorphism in the AKT1 gene [the GG 
genotype of a single nucleotide polymorphism rs1130233] induces 
moderate sensitivity to acute psychotic episodes by THC.

BNF: studies have found that patients who have polymorphisms 
in these genes and begin cannabis consumption at an early age are 
more susceptible to having a psychotic episode [13].

Conclusion
The clinical presentation of this patient may be explained by 

the compromise of connectivity between the caudate nucleus head 
and the frontal lobe, considering that this connectivity is dopamine 
mediated and that different cannabinoid receptors may modulate 
dopamine’s receptors.
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