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Abstract

Schizophrenia is a severe mental disorder that affects how a person thinks, feels, and behaves.
Antipsychotic drugs are the treatment of choice for patients with schizophrenia. Clozapine is an
atypical antipsychotic with unique efficacy in treatment-resistant schizophrenia. However,
genetic variations in CYPIAZ can influence the differences in the activity of this enzyme, which
in turn can affect the metabolism of clozapine and the response to treatment. This review aims to
examine the impact of CYP1A2 genetic variations on clozapine metabolism in patients with
schizophrenia. This review is prepared using the narrative literature review method, literature
search was conducted through PubMed over the past ten years (2014-2024) using relevant
keywords. The findings indicate that CYPIAZ genetic variations *1F is an ultrarapid metabolizer
whose activity is strengthened by the presence of cigarettes, while *1C and *1D shows a decrease
in CYP1A2 enzyme metabolism. This review underscores the importance of considering genetic
factors, particularly CYPIAZ, in tailoring treatment plans for schizophrenia patients
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INTRODUCTION

Schizophrenia is a serious mental illness that affects the way a person thinks, feels, and
behaves Individuals with schizophrenia may appear to have lost touch with reality,
which can be distressing for them, their families, and their friends Symptoms of
schizophrenia can make it difficult for sufferers to carry out daily activities
(Hany et al., 2024). Schizophrenia symptoms are divided into three major domains in
terms of perceived symptoms First, positive symptoms such as hallucinations,
perceptual disturbances, delusional phenomena, and formal thought disorders Second,
cognitive dysfunction, which includes deficits in motivation and executive function
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And third, negative symptoms, including flat affect, impaired speech, lack of will, and
inappropriate emotional responses (Quednow et al., 2020).

Schizophrenia affects about 24 million people or 1 in 300 people (0.32%)
worldwide. This figure is 1 in 222 people (0.45 %) among adults (WHO, 2022). The
onset is most common in late adolescence and twenties, and onset tends to occur
earlier in men than women (Hollis & Rapoport, 2010; McGrath et al., 2008).
Schizophrenia is a common factor in poor diet, weight gain, smoking, and drug use.
This results in the life expectancy of people with schizophrenia of only about 13 to 15
years. As much as 5 to 10% of the risk of suicide occurs in people with schizophrenia
(Hany et al., 2024). In Indonesia, it is recorded that 6.7% of 1000 households have a
prevalence of schizophrenia, this number is significantly higher than the global data
(Kemenkes RI, 2019).

Schizophrenia is caused by various factors, including genetic, environmental,
and neurobiological factors. Research indicates that almost 80% of schizophrenia cases
are caused by genetic factors (Hilker et al., 2018), specifically the presence of a rare
mutation resulting in the deletion of chromosome 22q112. Although such genetic
mutations are generally unlikely to occur genome-wide association studies have
identified 130 genes known to increase the risk of schizophrenia nearly 30% of these
genes are involved in the function of pre-and postsynaptic elements in glutamatergic
synapses, affecting the transmission of N-methyl-D-aspartate (NMDA) receptors
environmental factors, in conjunction with genetics, can also influence the likelihood
of developing schizophrenia heavy marijuana users have a 6-fold greater risk of
receiving a schizophrenia diagnosis compared to non-users.

Schizophrenia is neurobiologically associated with dysfunction of
neurotransmitters in the dopamine, serotonin, and glutamate systems
(Britannica, 2024; Patel et al., 2014). Neurotransmitters are chemical compounds that
act as carriers of impulses from nerve cells (pre synapses) to target cells (post synapses)
through chemical synaptic transmission in the synaptic cleft, thereby regulating bodily
responses (Sheffler et al., 2024). Hyperactive dopamine transmission leads to positive
symptoms of schizophrenia, such as hallucinations and delusions, due to excessive
dopamine activity at D2 receptors Conversely, negative symptoms like anhedonia,
apathy, and cognitive impairment occur due to deficient dopamine activity in
the mesocortical prefrontal cortex pathway, particularly at D1 receptors
(Brisch et al., 2014).

Currently, the majority of schizophrenia patients worldwide do not receive
mental health services. Approximately 50 % of individuals in psychiatric hospitals
have a diagnosis of schizophrenia. Only 31.3 % of psychosis patients receive
specialized mental health care (Jaeschke et al., 2021). Out of the total schizophrenia
cases in Indonesia, 84.9 % have utilized treatment (Cipta & Saputra, 2022). One of the
treatment options for schizophrenia patients is medication. Antipsychotic drugs are a
choice for these patients. These drugs help restore neurotransmitter levels to a balanced
state. Antipsychotics are divided into two types: typical (first generation) and atypical
(second generation). First and second-generation antipsychotic medications have
comparable clinical efficacy, except for clozapine (Jibson, 2023). Clozapine is included
in atypical with a unique efficacy in treatment-resistant schizophrenia, i.e., for those
for whom at least two typical or atypical antipsychotics are ineffective
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(Silva et al., 2020; Sriretnakumar et al., 2015; Thorn et al., 2018). Clozapine is also the
most widely chosen regimen to be given to schizophrenia patients.

Clozapine has a better affinity for dopamine receptors and blocks 5-HT 2A
receptors, decreases the hyperactivity of the mesolimbic dopaminergic pathway, and
increases the activity of D1 receptors in the prefrontal cortex (Brisch et al., 2014).
Clozapine is metabolized in the liver by the cytochrome P450 (CYP450) enzyme
superfamily. CYP1A2 enzyme is the main CYP enzyme involved in clozapine
metabolism, and CYP1A2 activity is a potential determinant of clozapine dosage
requirements, CYP1A2 is mainly responsible for the formation of
N-desmethylclozapine (Silva et al., 2020). Other CYP enzymes involved in clozapine
metabolism include CYP2D6, CYP3A4, and CYP2C19 (Dean
& Kane, 2012). Clozapine undergoes extensive liver metabolism with the main
demethylation pathway to N-desmethylclozapine and oxidation to clozapine N-oxide
(Thorn et al., 2018). N-desmethylclozapine is an active metabolite capable of exerting
effects through dopamine receptors D2 and D3 (Mendoza & Lindenmayer, 2009).
Clozapine N-oxide is considered inactive and can be metabolized back into
clozapine (Thorn et al., 2018).

Numerous research has demonstrated that clozapine has a range of effects on
cognition, from positive to neutral to detrimental (Islam et al., 2021). Antipsychotic
medications only work for one-third of people with schizophrenia (Lesche et al., 2020).
Genetic differences in CYP1A2 can impact the enzyme's activity, which in turn can
impact the metabolism of clozapine and the response to treatment
(Ammar et al., 2021). For example, people with genetic polymorphisms that enhance
CYP1A2 activity might have a faster metabolism of clozapine, which could affect the
dosage needed to achieve the desired therapeutic benefits. This review looks at how
genetic differences in CYP1A2 affect the medication Clozapine in people with
schizophrenia.

METHOD

This review is prepared using the narrative literature review method. A
narrative literature review is a type of qualitative research that focuses on recounting
human life through experiences, interviews, photography, biographies, and other
methods of human experience narratives (Ford, 2020). In this method, there is no
statistics are involved, and no formal analysis is carried out on the data
(Nahdiyin, 2023). In composing this writing, a literature search method was employed
regarding discussions in the PubMed database relevan to the topic at hand using the
keywords "Clozapine," "CYP1A2," "Schizophrenia," "polymorphism,"” and "gene."
Journal articles were selected based on criteria as primary literature, published within
the last 10 years (2014-2024), reporting on the genetic variations of CYP1A2 in
schizophrenia patients undergoing Clozapine treatment. Exclusion is from the results
of publication reviews, systematic reviews, and meta-analyses of articles that are not
considered original research. The data obtained is presented as a descriptive narrative
related to the discussion being studied.
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The review was obtained from 10 articles with patient populations from
different countries with the same variable, namely schizophrenia patients taking
Clozapine. Schizophrenia is a chronic and severe psychiatric disorder that exhibits
variability in response to many antipsychotic medications. Factors such as ethnicity,
co-medicine, age, gender, diet, as well as genetic variability for cellular receptors and
drug metabolism, have been shown to influence Clozapine (Silva et al., 2020). Changes
in CYP1A2 function can affect the metabolism of Clozapine. Clozapine is mostly
metabolized by CYP1A2, which is 70% (Caetano & Piatkov, 2015).

RESULT AND DISCUSSION

It is known that there is a linear relationship between the dose (D) of Clozapine
(mg/day) and the concentration (C) (ng/mL), or it can be said that the ratio of
concentration to dose (C/D). This C/D ratio is a measure of drug elimination that is
influenced by genetics, individuals and environment. A low C/D ratio of Clozapine
indicates the presence of an ultra rapid metabolizer (UM) phenotype, while a high
C/D ratio indicates the presence of a poor metabolizer (PM) phenotype
(Ruan et al., 2019). There are about 25 CYP1A2 allele variants that have been
reported, some of which affect the activity of the CYP1A2 enzyme. For example, some
alleles whose enzyme activity has been known such as the *1C allele are associated
with reduced enzyme activity, while the *1F allele is associated with increased enzyme
activity (Dean & Kane, 2012).

Table 1. Research Results Discussing CYP1A2 Gene Variations in Clozapine-treated
Schizophrenia Patients

Researcher Country Gene Conclusion
Caetano & Piatkov Australia *1C, *1F, *1D Patients with CYP1A2*1C and
(2015) (n= not *1D polymorphisms showed
reported) higher serum Clozapine

concentrations and an increased
risk of increased serum insulin
lipids and insulin resistance.

Caetano & Piatkov Australia *1D, *1F Polymorphism homozygous
(2016) (n= not CYP1A2*1D (rs35694136) in
reported) smokers is associated with

decreased activity and higher
concentrations of Clozapine in
patients who have alleles *1C and

*1D.
Huang et al., (2016) Taiwan *1F The Clozapine levels in patients
(n=143) with the *1F (-163A>C) allele

who smoke and do not smoke
appear significant.
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Researcher Country Gene Conclusion
Vasudev et al., (2017) Canada *1F, *1C, *1D The genetic factor CYP1A2*1F
(n= 60) A/A and smoking lifestyle can

simultaneously affect the
metabolic syndrome of patients
consuming Clozapine.

Ruan et al., (2019) China, Taiwan,
Korea, India

(n=429)

*7

The Phenotype PM ranges from
2-13%, with 5 individuals being
associated with extreme obesity,
while the Phenotype UM ranges
from 0-16%, affecting one
individual in India, with
metabolism induction related to
excessive coffee consumption.

Australia
(n=66)

Lesche et al., (2020)

*1A, *IF

Other factors such as smoking
and the use of other drugs like
esomeprazole affect the activity
of the CYP1A2 enzyme on
clozapine levels in the blood.

Smith et al., (2020) Norwegian

(n= 484)

NFIB
(1528379954)

The habit of smoking is
associated with a significant
decrease in serum clozapine
concentration, specifically an
estimated 37,6% reduction in
serum clozapine concentration
adjusted for dosage, in carriers of
the heterozygous minor allele
1528379954 C compared to
homozygous wild-type carriers
(rs28379954 TT).

Ammar et al., (2021) Tunisia

(n=51)

*1C, *1F

The CYP1A2*1F rs762551 (-
163C>A) polymorphism affects

clozapine metabolism in the
body.

Islam et al., (2021) Canada

(n=30)

*1, *1F

CYP1A2 *1F/*1F has a much
higher concentration of

Clozapine compared to *1/*1
and *1/*1F.

Several
countries

(n=804)

Pfeifervan et al,,
(2022)

CYP2C19

High PRS (polygenic risk score)
and high CYP2C19 enzyme
activity are associated with
milder symptoms.

The Allele CYP1A2*1F rs762551 (-163C>A) is associated with higher mRNA
expression, leading to increased enzyme activity and a higher dose requirement for
Clozapine Conversely, the Alel CYP1A2*1C rs2069514 (-3860G>A) is linked to
limited mRNA expression, resulting in decreased enzyme activity and a lower
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Clozapine requirement (Ammar et al., 2021). The Allele CYP1A2*1F is predicted to
be an ultra-rapid metabolizer (Lesche et al., 2020).

Table 2. Enzyme Activity Based on Allele Variations of CYP1A2

Enzym activity CYP1A2 allele haplotypes
Normal Function (NF) *1, *1A
Decreased Function (DF) *1C, *1K, *3, *4, *6, *7, *8, *11, *15, *16
No Function *6
Increased Function (IF) *1F

Source: (Dean & Kane, 2012; PharmVar, 2017; SNPedia, 2018)

It is reported Lesche et al., (2020) that the CYP1A2 enzyme that metabolizes
clozapine may be affected by cigarette use. Two gene variations (polymorphism)
concern how cigarettes can affect CYP1A2. This aligns with the polymorphism *1F is
associated with increased enzyme activity in smokers (Ros et al., 2005). In
CYP1A2*1F patients who received clozapine, it was associated with unresponsiveness
to treatment requiring higher doses. Smoking CYP1A2*1F (rs762551), homozygotes
had lower plasma clozapine levels, higher metabolite concentrations, and faster
elimination than non-smoking ones. Patients with low-expression alleles of CYP1A2
are more likely to experience side effects related to increased plasma clozapine levels,
decreased metabolites, and decreased elimination (Thorn et al., 2018).

Smoking can increase the activity of the enzyme CYP1A2, thus necessitating
an increase in the dosage of Clozapine (Lesche et al., 2020). This is consistent with
findings of Vasudev et al., (2017) that show patients with a smoking lifestyle have
lower concentrations of Clozapine compared to non-smoking patients. This indicates
the induction of CYP1A2 metabolism by cigarettes.

The research conducted by Smith et al., (2020) found that smoking habits in
the CYP1A2 gene can lead to more severe symptoms and lower clozapine
concentration in the blood The reduced clozapine concentration is due to a more active
metabolic process, resulting in faster elimination of clozapine The *1D allele in the
CYP1A2 gene, especially in smoking patients, indicates decreased enzyme activity
(Caetano & Piatkov, 2016). This decreased enzyme activity means that the enzyme
does not function efficiently.

The research findings of Caetano & Piatkov (2015) revealed that the genotype
of patients with heterozygous polymorphism CYP1A2 rs35694136 is associated with
decreased enzyme activity, resulting in higher serum levels of Clozapine and
Clozapine/Norclozapine ratio than expected for the given dosage It is known that the
therapeutic range for Clozapine serum levels is 350-420 pug/L (de Leon et al., 2022).

Patients with a smoking lifestyle and a CYP1A2*1F A/A genotypes have a 46
times higher risk of metabolic syndrome compared to those with a CYP1A2 C/C
genotype. Meanwhile, non-smoking patients with the same genotype,
CYP1A2*1F A/A, have a 92 % lower chance of metabolic syndrome compared to
those with the CYP1A2 C/C genotype (Vasudev et al., 2017).
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The Asian population (from Pakistan to Japan) or Native Americans have
lower CYP1A2 activity and require a lower dose of clozapine to achieve a
concentration of 350 ng/mL (de Leon et al.,, 2022). However, the Dutch
Pharmacogenetics Working Group (D.P.W.G.) further states that there is no gene-
drug interaction between CYP1A2 and clozapine due to the limited effect of known
genetic variants on CYP1A2 function As a result, both the F.D.A. and D.P.W.G. do
not recommend dose adjustments based on CYP1A2 genotype There are no coding
sequence variants of CYP1A2 associated with clozapine metabolism, possibly due to
their shallow frequency in most populations (Thorn et al., 2018).

Table 3. Summary of PK gene variants and associated phenotypes (Thorn et al., 2018)

Gene Variants Allele/ Genotype Association
CYP1A2 rs762551 AA Decreased likelihood of Metabolic
(*1F) Syndrome in non-smokers
CYP1A2 rs762551 AA Increased  likelthood of  Metabolic
(*1F) Syndrome in smokers
CYP1A2 15762551 AA Not responsive
(*1F)
CYP1A2 rs35694136 / DEL/A increased likelihood of insulin levels
rs2069514 (*1C)
CYP1A2 *1F *1F/*1F increased risk of seizures
CYP1A2 *1C *1C increased severity of Confusion, Drug

Toxicity, Headache, Muscle Stiffness,
sedation, and Tachycardia

CYP2C19 *17/*17 higher serum N-desmethyl clozapine
levels, lower prevalence of diabetes,
improvement of Schizophrenia symptoms

CYP2C19 *2/%2 higher serum clozapine levels
CYP2C19 *2 Increased likelihood of metabolic
syndrome
CONCLUSION

Knowing the polymorphism of the CYP1A2 gene, which is considered to affect
clozapine metabolism, that essential information for the personalization of treatment
and the adjustment of different drug doses allows it necessary to achieve optimal
therapeutic effects without causing side effects, but further studies and in-depth
knowledge regarding the impact of genetic variants on the CYP1A2 gene are needed.
In addition, the use of cigarettes also affects the activity of the CYP1A2 gene enzyme,
so the smoking status in patients needs to be known for the adjustment of the dose of
Clozapine given. Variations in the CYP1A2 gene for Clozapine metabolism are known
to be closely related to smoking lifestyles. However, the shortcomings in this review
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need to address how the mechanism of cigarettes may affect how the enzymes
produced by CYP1A2 work.
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