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ABSTRACT

Introduction: This study investigates the relationship between NQO1
and NQO2 gene polymorphisms and methamphetamine-associated
psychosis (MAP) in the Makassar population.

Methods: Case-Control Study to determine the role of the NQOT
and NQO2 genes in the onset of psychotic symptoms due to
methamphetamine abuse. The control group consists of individuals
who consume methamphetamine without psychotic characteristics
(n=139), while the case group consists of individuals who consume
methamphetamine with psychotic characteristics (n=128).

Results: The NQOT gene polymorphism demonstrates a significant
association with the duration of MAP, with the TT genotype and the

T allele occurs more frequently in prolonged cases. The CT genotype is
linked to an increased risk of spontaneous relapse, while the TT genotype
is more prevalent among patients with polysubstance abuse. Additionally,
the NQO2 (I/D) gene polymorphism indicates a trend towards differential
genotype distribution in patients with MAP, with the DD genotype
appearing more frequently in prolonged cases, and the | allele associated
with a heightened risk of spontaneous relapse.

Conclusion: These findings suggest that polymorphisms in the NQO1
and NQO2 genes may play a role in the susceptibility to and clinical
manifestations of MAP within the Makassar population.
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INTRODUCTION

The international abuse of methamphetamine, a stimulant substance
formerly known for causing addiction primarily in Japan, has now
become a severe public health threat with global repercussions.
Although substance abuse is derived from the complex interplay of
social, environmental, and psychological factors, evidence has shown that
genetics play a contributing role in increasing susceptibility to these types
of addictions (1). This perspective on genetic predisposition allows for a
clear path to better and more granular in the biological pathways that
are driving methamphetamine dependency, and mining risk assessment,
prevention, and targeted interventions in at-risk populations worldwide

(2).

The development of psychotic symptoms in methamphetamine users
is associated with specific genetic variations, particularly in dopamine-
related genes and glutamate receptor genes (3,4). Research indicates that
single nucleotide polymorphisms (SNPs) and methylation patterns in
genes such as DRD4 and COMT play significant roles in the manifestation
of these symptoms (5,6).

Emerging studies indicate that oxidative stress is significantly
involved in the neurotoxic effects of methamphetamine, particularly
through its impact on dopamine pathways. Following exposure to
methamphetamine, dopamine is displaced from its vesicular storage
to the cytoplasm, where it undergoes auto-oxidation, vyielding
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* NQO variants relate to MAP duration with significant
association.

« TT genotype and T allele of NQO1 occur more in
prolonged MAP.

* CT genotype of NQO1 increases risk of relapse in patients
with MAP.

* NQO2 I/D polymorphism shows distinct genotype
patterns in MAP.

+ lallele of NQO2 may increase spontaneous relapse risk
in MAP.

dopamine-quinones and various reactive oxygen species (7). These
toxic by-products may play a critical role in the neurodegenerative
processes associated with methamphetamine-associated psychosis
(MAP) and other cognitive impairments related to MAP. Understanding
this oxidative mechanism not only enhances our knowledge of
methamphetamin’s neurotoxic actions but also suggests potential
therapeutic targets to mitigate the significant neurological and psychiatric
effects of methamphetamine abuse (8).
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In particular, genetic polymorphisms in the NQO genes have shown
significant associations with various diseases including susceptibility
and other chronic conditions, especially in the case of NQO2. NQO2
gene promotor region insertion/deletion (I/D) polymorphism had
been associated in cases of idiopathic Parkinson’s disease (9). Increased
dopaminergic activity above baseline during cued food stimulation
has also been associated with schizophrenia (10). Importantly, such
associations have not been observed for the NQOT1 gene, or other
polymorphic loci in the NQO2 gene. This specificity suggests that the
NQO2 gene may play a distinct role in vulnerability to oxidative stress-
related conditions, potentially due to its influence on reactive oxygen
species production and cellular detoxification pathways (11).

In light of the established role of oxidative stress in the neurochemical
changes caused by methamphetamine use, the association between
NQO gene polymorphisms and methamphetamine abuse is of great
interest. Methamphetamine administration can induce the release of
DOP and DOP is known to undergo auto-oxidation generating highly
reactive dopamine-quinone and reactive oxygen species, which points
to oxidative stress being involved in methamphetamine neurotoxicity.
Thus, exploring the genetic variations occurring in NQO1 and NQO2
among methamphetamine users may indicate a genetic susceptibility to
oxidative impairment (12).

Abuse of methamphetamine is significantly associated with the risk of
psychosis in humans; in some cases, individuals subsequently present
with chronic psychotic symptoms that may persist beyond acute
intoxication. The neurotoxicity of methamphetamine, especially via the
oxidative stress routes has been well documented. However, the genetic
determinants of MAP are poorly understood. A number of earlier
studies indicated that polymorphisms of oxidative stress-related genes
comprised NQO1 and NQO2, can modulate methamphetamine user’s
susceptibility to psychosis. This study aims to fill this gap by investigating
the association between NQO1 and NQO2 polymorphisms and MAP in
the Makassar population.

METHODS

The methodology of this research has been meticulously designed to
adhere to the highest ethical and scientific standards, commencing with
the approval from the Drug Abuse Ethics Committee of the Faculty of
Nursing, Makassar Health Polytechnic. Each participant provided written
consent, underscoring their commitment to ethical conduct in genetic
research, particularly given the sensitive nature of the DNA analyses
involved. This study employs a case-control design to investigate the
genetic predisposition associated with MAP, focusing on participants
diagnosed in accordance with the Diagnostic Criteria for Research
(DCR) of the International Classification of Diseases (ICD-10) for F15.2
(dependence syndrome) and F15.5 (psychotic disorder). This approach
ensures the selection of clinically relevant samples, thereby enhancing
the specificity of the genetic findings.

The sample population comprises 128 patients diagnosed with MAP,
including both outpatient and inpatient cases at the Psychiatric Hospital
in Makassar, Indonesia. These cases were meticulously matched with
139 control subjects exhibiting comparable demographics in terms
of age, gender, and geographical background, which enhances the
internal validity of the study. The control group consisted of residents of
Makassar, predominantly medical professionals, selected to minimise
confounding factors related to substance dependence and mental
disorders, as they had no personal or family history of these conditions.
The comprehensive selection criteria for both groups facilitated a
robust comparative analysis, thereby enhancing the reliability of the
findings and their relevance in understanding genetic factors in MAP
within the target population.
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To obtain a comprehensive understanding of MAP a targeted
methodology was developed that categorises patients into specific
clinical subgroups. There are three clusters of clinical subgroups:
individuals with psychosis caused by confirmed methamphetamine use
(MAP), patients with or without a history of spontaneous relapse, and
individuals with or without a history of concurrent polysubstance abuse.
To enhance specificity, the MAP group was further categorised based
on the duration of psychosis. Those who experience persistent MAP,
characterised by symptoms lasting more than one month, are compared
to patients who experience transient MAP, where symptoms improve
within one month. This refined categorisation framework facilitates a
focused examination of the differential impact of methamphetamine
on the duration of MAP and the tendency for relapse, thereby revealing
significant genetic and clinical differences. By isolating these variables,
this study aims to enhance our understanding of the neuropsychiatric
implications of MAP, which informs targeted intervention strategies for
different patient subpopulations.

Forthel/D polymorphisminthe NQO2 promoterregion, PCRamplification
was conducted using primers 5-CTGCCTGGAAGTCAGCAGGGTC-3' and
5'-CTCTTTACGCAGCGCGCCTAC-3' at a heating temperature of 64°C.
This resulted in distinct product differences: 291 bp for the I/l genotype,
262 bp for the D/D genotype, and a unique heteroduplex of 310 bp
alongside fragments of 291 bp and 262 bp for the I/D genotype (11).
This methodological approach ensures high specificity in genotype
classification, thereby facilitating a detailed examination of genetic
variants associated with MAP susceptibility.

Statistical Analysis

Statistical analysis was conducted using SPSS (version 26, Inc., Chicago,
IL, USA). A crosstab test was performed, including the chi-square test and
Pearson correlation, along with assumption tests for normality and linearity.
Both data sets (cases and controls) were evaluated for normality, with results
indicating a normal distribution, followed by a linearity test. The outcomes
of this test determined whether the data from the two groups (controls and
cases) exhibited differences and whether there was a relationship between
them in the context of NQO1 and NQO2 polymorphisms. A significance
level was established at a p-value threshold of 0.05, enabling us to draw
meaningful conclusions regarding the genetic relationship with MAP
susceptibility. Differences in genotype distribution between patients and
controls were analysed using the corrected continuity test and Odds Ratio
(OR) based on two-sided p-values.

Ethical approval

Ethical approval for this study was obtained from the Health Research
Ethics Committee of Makassar Health Polytechnic or Komite Etik
Penelitian Kesehatan (KEPK) Politeknik Kesehatan Makassar (Approval
Number: 1070/M/KEPK-PTKMS/VI1/2024) on July 2, 2024. This study
complies with the Declaration of Helsinki and has obtained informed
consent from all participants while maintaining confidentiality and
voluntary consent.

RESULTS

Sociodemographic Characteristics of Patients with MAP in the
Makassar Population

The patient population has an average age of approximately 34.39
years, with a standard deviation of 11.86 years, indicating a wide age
range. The age group distribution reveals that the majority of cases
occur within the 20-39 years age range, with 28.1% in the 20-29 age
group and 28.5% in the 30-39 age group. This pattern suggests that
young to middle-aged adults are more likely to experience psychosis as
a result of methamphetamine use, potentially due to higher exposure
to methamphetamine within this age group. The significant p-value (p
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= 0.000) further highlights the meaningful differences in distribution
among age groups (Table 1).

Gender data indicates that the prevalence of MAP is marginally higher
among women (55.4%) than men (44.6%). These findings may reflect
distinct gender patterns in substance use or socio-cultural factors that
influence drug use behaviour within the Makassar population. A p-value
of 0.000 suggests a significant association between gender and MAP in
this population (Table T).

Education and employment data indicate that a significant proportion
of patients possess a basic education level (43.4%), followed by those
with a medium education level (40.1%), while a smaller percentage have
attained a higher education level (16.5%). Employment status reveals that
a slightly higher number of patients are engaged in jobs related to their
field (51.3%), compared to those who are not working (48.7%). This trend
may suggest a correlation between lower educational attainment, types
of employment, and increased vulnerability to substance-related mental
health issues, potentially as a result of socioeconomic stress (Table 1).

The predominance of younger individuals with lower education levels
may indicate that socioeconomic challenges and a lack of awareness
about drug risks contribute significantly to the onset of psychosis.
Additionally, the slightly higher female representation could suggest
sociocultural factors unique to the Makassar population, potentially
related to stress, stigma, or access to healthcare and rehabilitation
services. Meanwhile, the almost equal employment distribution implies
that psychosis does not significantly discriminate by employment status
but may reflect stressors or drug access associated with occupational
environments. (Figure 1).

Genotype and Allele Frequencies of MAP in the Patient
Population of Makassar

The research results indicate the frequency of genotypes and alleles
for the NQO1 gene, ranging from 0.544 to 0.767. The study found that
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Table 1. Sociodemographic characteristics of patients with
methamphetamine-induced psychosis in the Makassar population

Characteristics Total, n (%) p value

Age, mean * SD (years) 3439+11.86

<20 30(11.2)

20-29 75(28.1

30-39 76 Ezs.sg 0.000

40 - 49 62(23.2)

>50 24 (9.0)
Sex

Male 119 (44.6

Female 148 ESSA; 0.000
Education level

Basic Education 116 (43.4)

Moderate Education 107 (40.1) 0.000

High Education 44 (16.5)
Employment

Employed 137(51.3

Ungmgloyed 130 E48.7; 0.000

MAP was present in a significant proportion of patients, with an average
prevalence of 0.835 compared to a range of 0.510 to 1.367. The frequency
of MAP was also substantial, with an average of 0.049 for both positive
and negative cases. Additionally, the frequency of spontaneous relapse
was significant, with an average of 0.273 for positive cases and 0.639 for
negative cases. Furthermore, the study identified a notable number of
patients with a history of substance abuse (Table 2).

The data reveals statistically significant differences in genotype and allele
distributions across various conditions, highlighting the influence of age
and education. In MAP, both transient and prolonged cases demonstrate
notable p-values (e.g., p=0.003 and p=0.007), suggesting an association
between specific genotypes and psychosis. For spontaneous relapse, the
distribution of C and T alleles significantly varies, with a lower odds ratio
(OR=0.273) in the “positive” group, indicating a potential protective effect
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Figure 1. The updated visualizations
now include captions for better
interpretability: A) presents the age
distribution of patients, describing the
spread across age groups; B) highlights
the gender ratio of patients, showcasing
the proportion of males and females; C)
displays the education levels of patients,
illustrating the distribution among
various education categories; and
Figure 4 depicts the employment status
of patients, emphasizing the division
between employed and unemployed
groups.
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against relapse. Additionally, in polysubstance abuse, the TT genotype
shows a strong association with higher prevalence (p=0.001), and the OR
values further suggest an increased likelihood of polysubstance abuse
among TT carriers (Figure 2).

The data indicate that there is no significant difference in genotype and
allele frequencies between the patient and control groups. However, the
results vary in other patient cohorts. In the MAP group, the frequencies
of the CC and CT genotypes differed significantly, whereas no significant
difference was observed in the allele frequencies. The spontaneous
relapse group exhibited a significant difference in the frequency of the T
allele, while the genotype frequencies did not show significant variation.
In the polydrug abuse group, both genotype and allele frequencies were
significantly different.

Genotype and Allele Frequency in Patients with MAP and
Control Subjects
The frequency of genotypes and alleles of the insertion-deletion (I/D)
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polymorphism in the promoter region of the NQO2 gene and its
association with mental health conditions and behaviours are presented
in Table 3. Genotype frequencies are categorised as I, ID, and DD, while
allele frequencies are indicated as | and D (Figure 1). The study findings
reveal that the incidence of MAP is significantly higher in patients
diagnosed with MAP compared to the control group. Furthermore, the
rate of spontaneous relapses is also elevated among patients with MAP.
Additionally, the prevalence of polydrug abuse is greater in this patient
population. The research results suggest that the occurrence of MAP is
influenced by multiple factors, including the type of substance abuse and
the frequency of polydrug use.

The data suggests that the examined SNPs do not significantly influence
susceptibility to MAP in this population. The near-identical allele and
genotype distributions between case and control groups support this
conclusion. While small sample sizes may limit the study’s power,
the consistent lack of divergence indicates these SNPs are not major
determinants of MAP risk (Figure 3).

Table 2. Genotype and allele frequencies for the polymorphism NQO1 gene

Genotype (%) Allele (%)
n cc CcT T p value C T P value (OR, 95% CI)
Case 128 47 (36.7) 65 (50.8) 16 (12.5) 172 (67.2) 84 (32.8) .
Control 139 57 (41) 64 (46) 18(12.9) 0554 197 (70.9) 81(29.1) 0835(0.510-1367)
MAP 99 37(37.4) 50 (50.5) 12(12.7) 0.003 137 (69.2) 61(30.8) 1.240 (1.098-1.401)
Transient 78 36 (46.1) 35 (44.9) 7(9) 0.003 80 (74.1) 28(25.9) 1.292 (1.068-1.562)
Prolonged 40 11(27.5) 24 (60) 5(12.5) 0.007 50 (62.5) 30(37.5) 0.688 (0.494-0.957)
Spontaneus relapse
Positif 40 16 (40) 18 (45) 6(15) 0.000 55(37.4) 92 (62.6) 0.273 (0.138-0.540)
Negative 70 22(31.4) 39(55.7) 9(12.9) 0.049 25(34.2) 48 (65.8) 0.639 0(.530-0.772)
Polysubstance abuse
Yes 76 27 (35.5) 35(46.1) 14(18.4) 0.001 98 (64.5) 54 (35.5) 0.565 (0.454-0.702)
No 34 10(29.4) 20 (58.8) 4(11.8) 0.048 47 (69.1) 21(30.9) 0.750 (0.627-0.897)
MAP: Methamphetamine associated psychosis.
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Table 3. Genotype and allele frequencies for the insertion | deletion (I / D) polymorphism in the promoter region of the NQO2 gene

Genotype (%) Allele (%)
n 1] ID DD p value 1 D P value (OR, 95% CI)

Case 128 78 (60.9) 40 (313) 10 (7.8) 230(81.6) 52(18.4)
Control 139 83(597) | 50(36) 6(43) 0937 252(816) | 57(184) 1,053 (0.644-1.720)
MAP 99 62 (62.6) 27 (273) 10(10.1) 0.000 178 (89.9 20(10.1) 0.139 (0.078-0.247)
Transient 54 32(59.3) 18 (33.3) 4 (7.4) 0.000 96 (88.8) 12(11.2) 5.500 (2.267-13.345)
Prolonged 40 26 (65) 9 (22.5) 5(12.5) 0.000 73 (91.2) 7(8.8) 2.800 (1.387-5.654)
Spontaneus relapse

Positif 40 25 (62.5) 12(30) 3(7.5) 0.000 75 (93.8) 5 (6.2) 5.00 (1.817-13.757)

Negative 70 42 (60) 21 (30) 7 (10.0) 0.000 124 (88.6) 16 (11.4) 0.143 (0.072-0.284)
Polysubstance abuse

Yes 76 45(59.2) 24 (31.6) 7(9.2) 0.000 135(888) | 17(112) 00417‘(‘)3((()01'(%722_'32183;)

No 34 23(67.6) 9(26.5) 2(59) 0012 64 (94.1) 4(59) 470 (0.112-3.

MAP: Methamphetamine associated psychosis.
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analysis of genotypes and alleles in case and
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DISCUSSION

This study aimed to identify genetic susceptibility factors for
methamphetamine-associated psychosis (MAP) in the Makassar
population, focusing on polymorphisms in the NQO1 and the NQO2
genes.

The data indicates a significant prevalence of methamphetamine-
induced psychosis among individuals aged 20-39, which corresponds
with the early patterns of substance use commonly observed in young
adults. The relatively young average age (34.39 + 11.86 years) with
substantial variation highlights the necessity of exploring age-specific
genetic, environmental, and neurobiological factors that may affect
vulnerability. These demographic insights can direct biomolecular studies
on age-related gene expression and neuroadaptive responses elicited
by methamphetamine, thereby informing early intervention strategies
aimed at young adults.

For the purpose of this study, spontaneous relapse is defined as
a replenishment of methamphetamine use occurring during the study
period, without requiring an external intervention. Patients carrying the
CT genotype of the NQOT gene have a highly significantly higher risk
for spontaneous relapse. This is in accordance with previous studies
showing that genetic factors might predict whether a substance-
dependent individual relapses or not. Methamphetamine use is
common among young adults, with some studies reporting high rates
of methamphetamine use and MAP. Past-year methamphetamine use
among adults aged 18-34 is estimated to be 1.02% in the U.S. (13), while
lifetime prevalence in Iran is 7.1% (14). Psychotic manifestations are also
prevalent in methamphetamine users, where 70.9% have experienced
psychosis (15), and a half (55.7%) had relapse (16).

Biological features play an important role in both methamphetamine
addiction and the risk of MAP. Metamphetamine exposure induces
brain region molecular signatures including reward and motivation-
related areas as well as gene signatures specific to microglial cells in the
orbitofrontal cortex (17). Developmental susceptibility is heterogeneous,
as in utero exposure leads to long term behavioral deficits (18).
Genetic predisposition is also factor, for example. the BDNF Val66Met
polymorphism, which increases the risk in Met/Met female mice (19).
Single-cell RNA sequencing has helped uncover methamphetamine
induced neuroinflammatory and epigenetic modifications (20,21).
Investigating these pathways may inform new therapeutic approaches,
including neuroprotective and anti-inflammatory interventions (22,23).

The distribution of genotypes (CC, CT, TT) and allele frequencies (C, T)
is presented for both patients and controls . There was no significant
difference in the genotype distribution between the observed patients
and controls, with the p-value indicating no association. Similarly, the
allele frequencies (alleles C and T) also showed no significant differences,
with an odds ratio (OR) close to 1, suggesting that the allele distribution is
relatively balanced between the groups.

When comparing transient and prolonged MAP, the CC genotype
appears to be more prevalent in transient cases, while the TT genotype is
more frequently observed in prolonged cases. The distribution of allele
frequencies also indicates a higher prevalence of the T allele in prolonged
cases. Statistically, this comparison yields a significant p-value, supporting
the possibility of a relationship between NQO1 gene polymorphism and
the persistence of MAP.

Furthermore, substance abuse is more prevalent in certain genotypes
(CT and TT), with a significant p-value indicating a relationship between
the polymorphism and susceptibility to substance abuse. These findings
suggest an association between the NQOT gene polymorphism and
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psychiatric conditions, including MAP, spontaneous relapse, and a
propensity for substance abuse. The significant p-values and odds ratios
observed in several comparisons reinforce the role of this gene as a genetic
marker for susceptibility to specific psychiatric responses and behaviours.

The study conducted by Mcketin et al. (2017) compared transient MAP,
persistent MAP, and primary psychosis, highlighting differences in the
types of delusions and hallucinations experienced. Persistent MAP is
associated with more complex symptoms compared to transient MAP
(24). A related study by Hung et al. (2005) indicated that individuals
with the MTHFR 677 TT genotype present with lower serum and red
blood cell folate concentrations and elevated plasma homocysteine
levels when compared to those with the CC genotype. However, this is
observed in the context of folate metabolism, rather than psychosis (25).
These findings confirm the existence of various types of psychosis and
several genetic associations, thereby indirectly supporting the assertion
regarding the prevalence of CC and TT genotypes in cases of transient
versus prolonged MAP.

For the purpose of this study, spontaneous relapse is defined as
a replenishment of methamphetamine use occurring during the study
period, without requiring an external intervention. Patients carrying the
CT genotype of the NQOT gene have a highly significantly higher risk for
spontaneous relapse. This is in accordance with previous studies showing
that genetic factors might predict whether a substance-dependent
individual relapses or not. The commonality between spontaneous
relapse and polysubstance abuse indicates a potential genetic
predisposition that deserves further investigation into

Aside from environmental context, genesinfluencing spontaneous relapse
and polysubstance abuse, especially NQO2 and dopamine receptor
(DRD2) genes, also contribute. Alleles Il have been reported to present
a higher risk for relapse while allele | may share a higher susceptibility
(26). Genotype Il was primarily observed in polysubstance users while
genotype DD was somewhat more prevalent in non-users. The genetic
basis of substance use disorders is complex, and it emphasises how
certain genes related to ACE and dopamine receptors can predispose an
individual to addiction (27).

Relapse is a notorious hurdle on the road to recovery from addiction,
and engaging in polydrug use has been found to heighten the risk of
doing so (28). Risk factors are benzodiazepine use, several attempts to
detoxify and frequent visits to emergency unit. On the other hand, high
relapse rates have been associated with certain genetic polymorphisms,
such as MTHFR C677>T (29) and 1L28B rs12979860 (30), although no
association was found in a study on methamphetamine dependence
(28). Associations of the CT genotype of the MDR-1 C3435T with poor
treatment outcomes, reinforcing the genetic basis of relapse vulnerability.
Understanding these genetic influences may help in tailoring more
effective addiction interventions.

We observed that the Genotype (II, ID, DD) and allele frequencies (I, D)
exhibited minimal differences between patients with MAP and the control
group, with the p-value indicating no overall significant relationship. In
both patients and controls, allele | is dominant, demonstrating no strong
correlation with disease susceptibility when evaluated solely based on
this polymorphism.

Our findings contradict previous studies that did not identify a significant
relationship between genotype polymorphisms (ll, ID, DD) and allele
frequencies (1, D). Specifically, research conducted by Kotaka et al. (2008)
on methamphetamine dependence or psychosis reported no significant
differences in the genotype and allele frequencies of the CSNK1E gene
between methamphetamine-dependent patients and control subjects
(31). Similarly, Kobayashi et al. (2011) found no significant differences
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in the genotype or allele frequencies of the ADORAT gene between
methamphetamine-dependent/psychotic patients and control subjects
(32). While some existing studies have not provided detailed discussions
on specific genotypes (II, ID, DD) and allele frequencies (I, D), this
may be attributable to the possibility that certain genetic variants do
not significantly contribute to the risk of methamphetamine-related
disorders in particular populations.

Among individuals with transient and prolonged MAP, genotype Il is
more commonly expressed in both cases; however, there is an increased
frequency of genotype DD in the prolonged cases.

These findings were contradicted by Ezaki et al. (2008), who demonstrated
a different pattern. This study examined the role of functional
polymorphism in the serotonin transporter gene (5-HTTLPR) in the
development of MAP (33). The results indicate a significant genotype
association of the 5-HTTLPR polymorphism with MAP, particularly
in patients with prolonged psychosis (34). Contrary to the assertion
in the question, the frequency of the S allele (not the DD genotype) is
significantly higher in patients with prolonged psychosis compared
to controls, and even higher in patients with prolonged psychosis and
spontaneous relapse (33). Another study revealed that the prolonged
use of methamphetamine,, combined with a high frequency of the S
allele of 5-HTTLPR, can lead to a decrease in serotonin transporter levels
and the binding potential of 5-HT(1A) receptors in the brain. This may
result in serotonergic system dysfunction, which could contribute to the
development of prolonged MAP (33). The contradiction in the research
arises because the genetic variants studied differ in the frequency of the
Il or DD genotype in cases of transient and prolonged MAP. Meanwhile,
another study highlighted the 5-HTTLPR polymorphism, particularly the
S allele (35, 36), in the development of prolonged MAP; however, both
studies focus on MAP (33).

Our study also found that the allele distribution confirmed that the
frequency of allele D was significantly higher in cases of prolonged MAP,
with significant odds ratios and p-values, indicating the potential role of
allele D in the chronicity or persistence of prolonged MAP.

Ezaki et al. (2008) reported that the frequency of the S allele of the
5-HTTLPR polymorphism was significantly higher in patients with
prolonged MAP compared to controls. The frequency was even higher
in patients with prolonged MAP and spontaneous relapse (33). Similarly,
Costa et al. (2009) discussed the D allele in relation to the ACE gene and
swimming performance; however, this is not related to MAP. This study
found that the D allele was more frequent among elite short-distance
swimmers compared to controls. The present study corroborates the
evidence for an allelepsychosis-MAP relationship, specifically indicating
a higher frequency of allele D in prolonged MAP. In comparison, previous
findings identified a different allele, namely the S allele of 5-HTTLPR, as
being associated with prolonged MAP (33,37).

These findings indicate that polymorphisms in the NQO2 gene,
particularly the D allele, may function as genetic markers for susceptibility
to prolonged MAP and the likelihood of spontaneous relapse. The robust
statistical associations highlight the potential role of these genes in
predicting psychiatric outcomes, especially in cases involving prolonged
psychosis and substance use.

Our study found that NQO1 gene polymorphisms may be associated
with the development of MAP, spontaneous relapse, and polysubstance
abuse and NQO2 gene polymorphisms, particularly the D allele, act as
biomarkers for susceptibility to prolonged MAP. Further studies may
clarify the mechanisms by which I/D polymorphisms modulate risk, which
may provide a genetic basis for personalized therapeutic approaches in
managing this condition.
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As with any empirical study, this research has limitations. The case-control
design allows for a comparative analysis of genetic predispositions
associated with methamphetamine dependence and MAP, but it is
subject to confounding factors. While demographic variables were
matched between patients and controls, additional uncontrolled factors,
such as environmental and lifestyle influences, may impact the genetic
findings. The analysis of genetic polymorphisms is limited to specific
loci and regions examined in this study; other genetic variations may
also contribute to susceptibility to oxidative damage associated with
methamphetamine dependence. The sample population was confined
to individuals in the Makassar region of Indonesia, which may limit
the generalizability of the findings to other regions or countries. Lastly,
the targeted methodology employed in this study, while effective in
identifying differences between clinical subgroups, may obscure other
significant differences that could exist between patients and controls.
While this study offers insights into the genetic factors associated with
methamphetamine dependence and related psychotic disorders, its
limitations must be acknowledged when interpreting the results and
considering future research in this area.

As a result, this study investigates the relationship between NQO1 and
NQO2 gene polymorphisms and MAP within the Makassar population.
The NQOT gene polymorphism demonstrates a significant association
with the duration of MAP, with the TT genotype and T allele occurring
more frequently in cases of prolonged psychosis. The CT genotype is
linked to a higher risk of spontaneous relapse, while the TT genotype is
more prevalent among patients with polysubstance abuse. The NQO2
(1/D) gene polymorphism shows a trend towards differential genotype
distribution in patients with MAP, with the DD genotype appearing more
frequently in prolonged cases and the | allele associated with an increased
risk of spontaneous relapse. These findings indicate that polymorphisms
in the NQO1 and NQO2 genes may contribute to the susceptibility and
clinical manifestations of MAP in the Makassar population.

Ethics Committee Approval: The methodology of this research has been meticulously
designed to adhere to the highest ethical and scientific standards, commencing with the
approval from the Drug Abuse Ethics Committee of the Faculty of Nursing, Makassar
Health Polytechnic. Each participant provided written consent, underscoring their
commitment to ethical conduct in genetic research, particularly given the sensitive
nature of the DNA analyses involved.

Peer-review: Externally peer-reviewed.

Author Contributions: Consept- D.H.L; Design- D.H.L; Supervision- D.H.L; Resource-
T.S; Materials- T.S; Data Collection and/or Processing- T.S; Analysis and/or Interpretation-
LI; Literature Search- LI; Writing- L.I; Critical Reviews- D.H.L.

Conflict of interest: The author(s) reported no potential conflicts of interest.

Financial Disclosure: The author did not receive financial support, either from the
sponsor or from other institutions

Use of artificial intelligence: The author does not use artificial intelligence either
partially or in whole

REFERENCES

1. Bousman CA, Glatt SJ, Everall IP, Tsuang MT. Genetic association studies of
methamphetamine use disorders: a systematic review and synthesis. Am ]
Med Genet Part B Neuropsychiatr Genet. 2009;150(8):1025-1049. [Crossref]

2. Phillips TJ, Shabani S. An animal model of differential genetic risk for
methamphetamine intake. Front Neurosci. 2015;9:327. [Crossref]

3. FangT, Liu M-N, Liu M-Q, Tian X-Y, Zhang X-, Liu F, et al. A preliminary study
on the association of single nucleotide polymorphisms and methylation of
dopamine system-related genes with psychotic symptoms in patients with
methamphetamine use disorder. Eur J Neurosci. 2024;59(7):1428-1440.
[Crossref]

4. Fang T, Liu M-Q, Liu M-N, Tian X-Y, Zhang X-J, Liu F, et al. Association of
single nucleotide polymorphism and methylation of dopamine system-
related genes with psychotic symptoms in patients of methamphetamine
use disorders. Authorea Preprints, 15 Mar 2023]. [Crossref]

207



https://doi.org/10.1002/ajmg.b.30936
https://doi.org/10.3389/fnins.2015.00327
https://doi.org/10.1111/ejn.16238
https://doi.org/10.22541/au.167889611.17996771/v1

Ludong et al. NQOT, NQO2 Gene

5. Guliyev C, Aldemir E, Simsek M, Ogel K. Factors associated with psychosis
in 2098 methamphetamine users admitted to 104 outpatient counseling
centers in 80 cities in Turkey. ] Psychoactive Drugs. 2024;1-9. [Crossref]

6. lamjan Sri-Arun, Thanoi S, Watiktinkorn P, Reynolds GP, Nudmamud-
Thanoi S. Genetic variation of GRIA3 gene is associated with vulnerability
to methamphetamine dependence and its associated psychosis. |
Psychopharmacol. 2018;32(3):309-315. [Crossref]

7. Shrestha P, Katila N, Lee S, Seo JH, Jeong JH, Yook S. Methamphetamine
induced neurotoxic diseases, molecular mechanism, and current treatment
strategies. Biomed Pharmacother. 2022;154:113591. [Crossref]

8. Ramkissoon A, Wells PG. Methamphetamine oxidative stress, neurotoxicity,
and functional deficits are modulated by nuclear factor-E2-related factor 2.
Free Radic Biol Med. 2015;89:358-368. [Crossref]

9. Harada S, Tachikawa H, Kawanishi Y. A possible association between an
insertion/deletion polymorphism of the NQO2 gene and schizophrenia.
Psychiatr Genet. 2003;13(4):205-209. [Crossref]

10. Okubo, Takehito, Shoji Harada, Susumu Higuchi, and Sachio Matsushita.
2003. "Association Analyses between Polymorphisms of the Phase I
Detoxification Enzymes (GSTM1, NQO1, NQO2) and Alcohol Withdrawal
Symptoms.” Alcoholism, Clinical and Experimental Research 27(8 Suppl):68S-
71S. doi: 10.1097/01.ALC.0000078616.63296.41.

11. Sasaki S, Tozawa T, Sugamoto K, Matsushita Y ichi, Satoh T. A novel di terpene
para-hydroquinone compound derived from cryptoquinone protects
neuronal cells against oxidative stress and activates the Nrf2/ARE pathway.
Neurosci Lett. 2013;548:132-136. [Crossref]

12. Sousa ET, Lopes WA, de Andrade JB. Fontes, formacdo, reatividade e
determinagdo de quinonas na atmosfera. Quim Nova. 2016;39(4):486-495.
[Crossref]

13. Yockey RA, King KA, Vidourek RA. Past-year methamphetamine use among
US young adults: 2015-2018. J Subst Use. 2020;25(6):677-682. [Crossref]

14. Bagheri N, Mirzaee M, Jahani Y, Karamouzian M, Sharifi H. Correlates of
methamphetamine use among young Iranians: findings of a population-
based survey in 2013. Am J Addict. 2017;26(7):731-737. [Crossref]

15. Farnia V, Shakeri J, Tatari F, Ahmadijouybari T, Bajoghli H, Golshani S, et al.
Demographic and mental history-related data predicted occurrence of
psychosis in metamphetamine users. Psychiatry Res. 2016;240:431-434.
[Crossref]

16. Kittirattanapaiboon P, Mahatnirunkul S, Booncharoen H, Thummawomg
P, Dumrongchai U, Chutha W. Long-term outcomes in methamphetamine
psychosis patients after first hospitalisation. Drug Alcohol Rev.
2010;29(4):456-461. [Crossref]

17. Li Q, Yu ZP, Li YG, Tang ZH, Hu YF, Wang M), et al. Single-nucleus RNA-
sequencing of orbitofrontal cortex in rat model of methamphetamine-
induced sensitization. Neurosci Lett. 2024;841:137953. [Crossref]

18. Noailles PAH, Becker KG, Wood Il WH, Teichberg D, Cadet L.
Methamphetamine-induced gene expression profiles in the striatum of male
rat pups exposed to the drug in utero. Dev Brain Res. 2003;147(1-2):153-162.
[Crossref]

19. Jaehne EJ, Semaan H, Grosman A, Xu X, Schwarz Q, van den Buuse M.
Enhanced methamphetamine sensitisation in a rat model of the brain-
derived neurotrophic factor Val66Met variant: Sex differences and dopamine
receptor gene expression. Neuropharmacology. 2023;240:109719. [Crossref]

20. Dang J, Tiwari SK, Agrawal K, Hui H, Qin Y, Rana TM. Glial cell diversity
and methamphetamine-induced neuroinflammation in human cerebral
organoids. Mol Psychiatry. 2021;26(4):1194-1207. [Crossref]

21. Jayanthi S, McCoy MT, Cadet JL. Epigenetic regulatory dynamics in models of
methamphetamine-use disorder. Genes (Basel). 2021;12(10):1614. [Crossref]

22. Asanuma M, Miyazaki |, Higashi Y, Tsuji T, Ogawa N. Specific gene expression
and possible involvement of inflammation in methamphetamine-induced
neurotoxicity. Ann N 'Y Acad Sci. 2004;1025:69-75. [Crossref]

23.

24.

25.

26.

27.

28.

29.

30.

31

=

32.

33.

34,

35.

36.

37.

Arch Neuropsychiatry 2026;63:201-208

Krasnova |, Justinova Z, Cadet JL. Methamphetamine addiction: involvement
of CREB and neuroinflammatory signaling pathways. Psychopharmacology
(Berl). 2016;233(10):1945-1962. [Crossref]

McKetin R, Baker AL, Dawe S, Voce A, Lubman DI. Differences in the
symptom profile of methamphetamine-related psychosis and primary
psychotic disorders. Psychiatry Res. 2017;251:349-354. [Crossref]

Hung J, Yang TL, Urrutia TF, Li R, Perry CA, Hata H, et al. Additional food
folate derived exclusively from natural sources improves folate status in
young women with the MTHFR 677 CC or TT genotype. J Nutr Biochem.
2006;17(11):728-734. [Crossref]

Kirsch P, Reuter M, Mier D, Lonsdorf T, Stark R, Gallhofer B, et al. Imaging
gene-substance interactions: the effect of the DRD2 TaqlA polymorphism
and the dopamine agonist bromocriptine on the brain activation during the
anticipation of reward. Neurosci Lett. 2006;405(3):196-201. [Crossref]
Spandole-Dinu S, Radu S, Andone A, Catrina AM, Popescu DM, Haidoiu C,
etal. Investigating the Role of Dopamine Signaling Gene Polymorphisms and
Prevalence of Human Anelloviruses Infection in Substance Abuse. Rom Arch
Microbiol Immunol. 2023;82(1):7-15. [Crossref]

Ujike H, Kishimoto M, Okahisa Y, Kodama M, Takaki M, Inada T, et al.
Association between 5HT1b receptor gene and methamphetamine
dependence. Curr Neuropharmacol. 2011;9(1):163-168. [Crossref]

Lutz UC, Batra A, Kolb W, Machicao F Maurer S, Kéhnke MD.
Methylenetetrahydrofolate reductase C677T-polymorphism and its
association with alcohol withdrawal seizure. Alcohol Clin Exp Res.
2006;30(12):1966-1971. [Crossref]

Attallah AM, Omran D, Abdelrazek MA, Hassany M, Saif S, Farid A, et al.
1L28B rs12979860 polymorphism and zinc supplementation affect treatment
outcome and liver fibrosis after direct-acting antiviral hepatitis C therapy.
Genet Eng Biotechnol [Internet]. 2021;19(1):150. [Crossref]

Kotaka T, Ujike H, Morita Y, Kishimoto M, Okahisa Y, Inada T, et al. Association
study between casein kinase 1 epsilon gene and methamphetamine
dependence. Ann N'Y Acad Sci. 2008;1139(1):43-48. [Crossref]

Ujike H, Iwata N, Inada T, Yamada M, Sekine Y, Uchimura N, et al. Association
analysis of the adenosine Al receptor gene polymorphisms in patients
with methamphetamine dependence/psychosis. Curr Neuropharmacol.
2011;9(1):137-142. [Crossref]

Ezaki N, Nakamura K, Sekine Y, Thanseem |, Anitha A, Iwata Y, et al. Short
allele of 5-HTTLPR as a risk factor for the development of psychosis in
Japanese methamphetamine abusers. Ann N Y Acad Sci. 2008;1139(1):49-
56. [Crossref]

Lesch K-P, Bengel D, Heils A, Sabol SZ, Greenberg BD, Petri S, et al. Association
of anxiety-related traits with a polymorphism in the serotonin transporter
gene regulatory region. Science 1996;274(5292):1527-31. [Crossref]
Alfimova, M. V, V. E. Golimbet, G. I. Korovaitseva, T. V Lezheiko, L. I.
Abramova, V. G. Kaleda, and A. N. Barkhatova. 2007. “Serotonin Transporter
Gene Polymorphism Modulates Psychic Maladaptation in Relatives of
Patients with Endogenic Psychoses.” Zhurnal Nevrologii i Psihiatrii Imeni S.S.
Korsakova 107(1):46-51.

Talati A, Odgerel Z, Wickramaratne P J, Norcini Pala A, Skipper JL, Gingrich
JA, and Weissman MM. 2017. "Associations between Serotonin Transporter
and Behavioral Traits and Diagnoses Related to Anxiety.” Psychiatry Research
253:211-19. doi: 10.1016/j.psychres.2017.03.033.

Chen C-K, Lin S-K, Huang M-C, Su L-W, Hsiao C-C, Chiang Y-L, et al. Analysis
of association of clinical correlates and 5-HTTLPR polymorphism with
suicidal behavior among Chinese methamphetamine abusers. Psychiatry
Clin Neurosci 2007;61(5):479-486. [Crossref]


https://doi.org/10.1080/02791072.2024.2428242
https://doi.org/10.1177/0269881117750153
https://doi.org/10.1016/j.biopha.2022.113591
https://doi.org/10.1016/j.freeradbiomed.2015.07.157
https://doi.org/10.1097/00041444-200312000-00003
https://doi.org/10.1016/j.neulet.2013.04.047
https://doi.org/10.5935/0100-4042.20160034
https://doi.org/10.1080/14659891.2020.1760380
https://doi.org/10.1111/ajad.12604
https://doi.org/10.1016/j.psychres.2016.04.053
https://doi.org/10.1111/j.1465-3362.2010.00196.x
https://doi.org/10.1016/j.neulet.2024.137953
https://doi.org/10.1016/j.devbrainres.2003.11.003
https://doi.org/10.1016/j.neuropharm.2023.109719
https://doi.org/10.1038/s41380-020-0676-x
https://doi.org/10.3390/genes12101614
https://doi.org/10.1196/annals.1316.009
https://doi.org/10.1007/s00213-016-4235-8
https://doi.org/10.1016/j.psychres.2017.02.028
https://doi.org/10.1016/j.jnutbio.2005.11.009
https://doi.org/10.1016/j.neulet.2006.07.030
https://doi.org/10.54044/RAMI.2023.01.02
https://doi.org/10.2174/157015911795017137
https://doi.org/10.1111/j.1530-0277.2006.00242.x
https://doi.org/10.1186/s43141-021-00250-y
https://doi.org/10.1196/annals.1432.025
https://doi.org/10.2174/157015911795016958
https://doi.org/10.1196/annals.1432.011
https://doi.org/10.1126/science.274.5292.1527
https://doi.org/10.1111/j.1440-1819.2007.01696.x

