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ABSTRACT

Methamphetamine (METH) is a psychostimulant that is highly addictive and has been widely linked to the adverse effect
on brain. METH-induced oxidative stress can be effectively protected by glutathione S-transferases (GSTs). Genetic
polymorphism of GST gene family may affect the susceptibility of METH users to its dependence and associated
symptoms. Therefore, this study investigated the association of a functional single nucleotide polymorphism rs1695
of GSTP1 gene with METH-induced symptoms and dependence in a Malaysian population, including Malay, Chinese,
Kadazan-Dusun, and Bajau ethnic groups. Genotyping for GSTPI rs1695 polymorphism from 230 METH-dependent
male subjects and 232 healthy male controls was performed using polymerase chain reaction-restriction fragment
length polymorphism (PCR-RLFP). For statistical analyses, the y*test and Fisher’s were performed in this research.
The results showed a significant difference between GSTPI rs1695 polymorphism and METH dependence in the
Malay and Chinese populations. Our findings suggest that the GSTP/ rs1695 polymorphism may have possibility to
methamphetamine dependence in the Malay and Chinese populations but not in other ethnicities. Furthermore, the
Malay ethnic group who carried the -105G allele might have a protective role for METH-induced mania.
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ABSTRAK

Metamfetamine (METH) ialah psikoperangsang yang sangat ketagihan dan telah dikaitkan secara meluas dengan kesan
buruk kepada otak. Tekanan oksidatif aruhan METH boleh dilindungi dengan berkesan oleh glutation S-transferases
(GST). Polimorfisme genetik gen famili GST boleh menjejaskan kerentanan pengguna METH kepada pergantungan
dan gejala yang berkaitan. Oleh itu, penyelidikan ini mengkaji perkaitan polimorfisme fungsian nukleotida tunggal
rs1695 gen GSTPI dengan gejala dan pergantungan aruhan METH dalam populasi Malaysia, termasuk kumpulan etnik
Melayu, Cina, Kadazan-Dusun dan Bajau. Penjenisan gen untuk polimorfisme GS7P/ rs1695 daripada 230 subjek
lelaki pergantungan METH dan 232 lelaki sihat untuk kawalan telah dijalankan menggunakan polimorfisme panjang
serpihan tindak balas rantai polimerase (PCR-RLFP). Untuk analisis statistik, ujian x> dan Fisher telah dijalankan
dalam penyelidikan ini. Keputusan menunjukkan perbezaan yang signifikan antara polimorfisme GS7P/ rs1695 dan
pergantungan METH dalam populasi Melayu dan Cina. Penemuan kami mencadangkan bahawa polimorfisme GSTP/
rs1695 mungkin mempunyai kemungkinan pergantungan methamphetamine dalam populasi Melayu dan Cina tetapi
tidak dalam etnik lain. Tambahan pula, kumpulan etnik Melayu yang membawa alel -105G mungkin mempunyai
peranan perlindungan untuk aruhan METH mania.

Kata kunci: GSTP1; metamfetamine; perangsang; polimorfisme; psikosis
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INTRODUCTION

Methamphetamine (METH) is one of the addictive drugs
that is highly abused (Szumlinski et al. 2017). Therefore,
METH abuse and its psychiatric consequences are
uncontrollably increasing worldwide (United Nations
Office on Drugs and Crime (UNODC) 2011). The
Malaysian National Anti-Drug Agency reported that the
cases of METH use contributed 85% of the total drug
cases in the country (NADA 2021). Chronic METH use
can have negative impacts on METH users, particularly
exerting oxidative stress-induced neurotoxic effects
on the brain (Sulaiman et al. 2014). These effects may
result in METH dependence and associated symptoms as
well as increased risk of depression and other cognitive
decline related to METH misuse (Johnson et al. 2015;
Sim et al. 2013).

Furthermore, chronic use of METH may also
exhibit various symptoms, such as violent behaviour,
mood disturbances, confusion, and insomnia (Rusyniak
2013). Long-term use of METH may develop psychiatric
symptoms because of depletion of dopamine in the
striatum. According to a cross-country study involving
Thailand, Philippines, Japan, and Australia, are most
common lifetime psychotic symptoms among the
patients with METH-induced psychosis are auditory
hallucinations, persecutory delusion thought reading and
unusual beliefs (Ali et al. 2010). Studies also reported
that METH-induced psychosis is common among the
Japanese and Malaysian populations, and they found
that the risk of patients predisposed to psychosis is
increasing (Rognli & Bramness 2015; Sim et al. 2013).

While the environment around a person, along
with a person’s behaviour and personality, influences
whether the person becomes addicted to drugs, genetics
also plays an important role. Science has shown that at
least half of a person’s susceptibility to drug addiction
can be highly associated with genetic factors. Studies
reported that polymorphisms of the glutathione
S-transferase (GST) gene family, such as GSTM 1, GSPTI,
and GSTTI have been highly associated with the risk
of dependence or psychosis on METH (Nakatome et
al. 2009), cocaine (Guindalini et al. 2005) heroin, and
opium (Khalighinasab, Saify & Saadat 2015b). The GSTs
is one of the multifunctional enzymes that catalyse the
conjugation of reduced glutathione with electrophilic
groups. GSTs are important detoxification enzymes in
the body. They provide defense mechanisms against
oxidative stress caused by chronic use of illegal drugs
(Uys, Mulholland & Townsend 2014; Wahid et al.
2013). This important role in the cellular defence leads
the GSTs involved with METH use and dependence

(Guindalini et al. 2005) because an impaired antioxidant
system can cause damage to the brain cells, which
consecutively affects the response of the brain towards
METH use (Board, Webb & Coggan 1989). Furthermore,
a previous study showed the neuroprotective effects of
glutathione dopamine-induced neurotoxicity (Nakatome
et al. 2009). Thus, dopaminergic pathways in the
mesocorticolimbic systems have an important role in
drug reward (Guindalini et al. 2005).

The GSPTI gene is primarily positioned in the brain
and lungs (Wahid et al. 2013). Specifically, this gene is
located on chromosome 11q13 and consists of 7 exons
and 6 introns (Nebert & Vasiliou 2004). It is expressed
in the brain and is responsible for approximately 90%
of the activity of GST enzymes (Board, Webb & Coggan
1989). One of the functional polymorphisms, GSPT!
rs1695 is a widely studied polymorphism of GSPTI
gene in which guanine (G) replaces adenine (A) at 313
bases of exon 5 in the coding region, leading to the
substitution of valine (Val) for isoleucine (Ile) at 105
(Hayes & Strange 2000; Sim et al. 2014). The changes
of catalytic activity, thermal stability, and decreased
substrate specificity present in the encoded GSTPI
protein (Nakatome et al. 2009). Previous studies also
have reported that GSPTI has functional significance
on reduced GST enzyme activity (Khalighinasab, Saify
& Saadat 2015a). Another study has shown individuals
with GSPTI rs1695 polymorphism may be more
susceptible to METH abuse due to a deficiency in the
causative GST enzymatic activity which contributes
to the development of METH dependence and related
symptoms (Mandal & Mittal 2020). Therefore, this study
objective is to determine whether the rs1695 genetic
polymorphism in the GSPTI gene could lead to METH
dependence and its related symptoms in a multiethnic
Malaysian population.

MATERIALS AND METHODS

SUBJECT RECRUITMENT AND SAMPLE COLLECTION

This case-control study was approved by the Ethics
Committee of UMMC (MREC ID No.: 2017105-5641)
and conducted in a drug rehabilitation Centre in
Papar, Sabah, in East Malaysia, involving male METH-
dependent users. The sample size was calculated using
the Power for Association with Errors (PAWE) software
(Biometrics, USA) (power of study = 80%) (Sheehan et
al. 1998). A total of 230 cases and 232 controls consisting
of Malay, Chinese, Kadazan-Dusun, and Bajau ethnic
groups were recruited for this study, and their consent
was obtained before the study was performed.



Patients who fulfilled the criteria listed in the
Diagnostic and Statistical Manual of Mental Disorders,
4th edition (DSM-1V) for amphetamine and METH
dependence were selected for this study (Soykut et
al. 2013). Meanwhile, the experimental control group
comprised healthy volunteers who did not meet the
DSM-1V criteria for amphetamine and METH dependence
and had no history of chronic medical and psychiatric
conditions. They were recruited at the Luyang Health
Clinic, Sabah and University Malaya Medical Centre
(UMMC), Kuala Lumpur.

DNA PREPARATION AND PCR ANALYSIS

Blood samples (£ 3 mL) were collected from each
participant using the standard method. Subsequently,
the samples were subjected to DNA extraction using
QIAamp DNA Blood Mini Kit (Qiagen, Germany) as
per the manufacturer’s guidelines. Alternatively, buccal
swab tissues were obtained from participants unwilling
to provide blood samples, followed by DNA extraction
using DNA Mini Kit (Qiagen, Germany). Genotyping
of GSPTI rs1695 genetic polymorphism was performed
using polymerase chain reaction (PCR)-based methods
(forward primer: 5’-GTAGTTTGCCCAAGGTCAAG-3’;
reverse primer: 5’-AGCCACCTGAGGGGTAAG-3").
The PCR was performed using the PCR Master Mix
(Fermentas, Canada) under the following conditions:
95 °C for 5 min, 36 denaturing cycles at 95 °C for 30 s,
annealing at 65 °C for 30 s; elongation at 72 °C for 30 s,
and final extension at 72°C for 5 min.

RESTRICTION FRAGMENT LENGTH POLYMORPHISM
(RFLP)

The RFLP method was conducted with a restriction
enzyme, BsmAI (NEB, USA), following PCR. First, a
mixture of 40.5 pL of nucleus-free water, 1x NE Buffer,
restriction enzyme (1uL), Bovine serum albumin (BSA)
with 0.5 uL, and 5 pL of PCR product was prepared. The
mixture was thoroughly mixed, spun down briefly, and
incubated on a dry heating block (+ 4 h) for enzymatic
digestion of the PCR product at the targeted region to
produce specific fragments. The optimum digestion
temperature for BsmAIl was 55 °C. After incubation,
the enzymes were inactivated by incubation at 65 °C
for 20 min. Finally, the RFLP product was subjected to
gel electrophoresis on a 2.5% agarose gel and visualised
under UV light.

The resulting bands were compared to a standard
ladder (Thermo Fisher Scientific, USA), and the restriction
profiles are detailed in Figure 1. The wild-type (A/A),
heterozygous genotype (A/G), and mutant genotype (G/G)
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yielded two bands (328-bp and 105-bp), three bands
(328-bp, 222-bp, 106-bp - 105-bp), and two bands (222-
bp, 106-bp - 105-bp), respectively. The RFLP products
were then selected randomly for DNA sequencing for
validation purposes.

STATISTICAL ANALYSIS

The cases of each ethnic group were compared
with ethnically matched healthy controls for the
genotype frequencies of GSPTI rs1695 wild type
(A/A), heterozygous genotype (A/G), and mutant (G/G).
Statistical analyses were performed via SPSS software
version 27 (IBM, USA) using the Chi-square (y?) test
and the Fisher’s exact test. The level of statistical
significance was set at p < 0.05, and the results were
considered significant when p < 0.016 after the
Bonferroni correction for three subtests.

RESULTS

A total of 462 male subjects consisting of 230 METH-
dependent and 232 healthy control subjects were recruited
for this study. The demographic data is summarised
in Table 1. One of the parameters investigated in the
present study is the effect of GSPTI rs1695 single
nucleotide polymorphism (SNP) on the onset age of
METH dependence. The mean onset age of being METH
dependent in the pooled subjects was found to be 24 +
9 years. Interestingly, the mean onset age was younger
among the Kadazan-Dusun (22 + 7.4 years) and Bajau
(22 4+ 8.1 years) ethnic groups. Comparatively, Malay and
Chinese ethnic groups recorded significantly older mean
onset ages at 25 £ 9.1 and 30 £ 9.6 years, respectively.

Genotype and allelic frequencies of GSPTI rs1695
SNP in METH-dependent subjects and healthy controls
are shown in Table 2. Overall, the genotype distribution
for all subjects fulfilled the Hardy-Weinberg equilibrium.
After stratification into the four ethnic groups, the
SNP demonstrated a significant association between
genotype frequency and METH dependence in the Malay
(p = 0.043) and Chinese (p = 0.040) ethnic groups.
In contrast, only the Malay ethnic group exhibited a
significantly strong association between the SNP and
METH dependence [odds ratio (OR): 1.960; p = 0.015]
in allelic frequency. Furthermore, this study discovered
that the -105G allelic frequencies were higher in METH-
dependent subjects than in healthy controls. Conversely,
the -105A allele demonstrated a relatively higher
frequency among healthy controls than METH-dependent
subjects.

Various combinations of genotype frequencies
of different ethnic groups were also compared in this
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FIGURE 1. Gel photograph of a 2.5% (w/v) agarose gel following
electrophoresis for GSPT1 rs1695 polymorphism

study and presented in Table 5. In the pooled data, the
probability of being METH-dependent in the homozygous
-105G carriers was relatively higher (OR: 1.462) than
in the homozygous -105A carriers. Meanwhile, the
homozygous -105G plus heterozygous -105A/G carriers
were highly prone to METH dependence (OR: 1.367)
than those with homozygous -105A. Malay subjects
with homozygous -105G had a higher probability (OR:
3.97) of being METH-dependent compared to their
homozygous -105A counterpart. Moreover, homozygous
-105G and heterozygous -105A/G carriers of Malay
(OR: 2.142) and Chinese (OR: 2.968) descent were more
likely to be METH-dependent compared to those with
homozygous -105A. Other ethnic groups did not show
significant effects between the different combinations
of genotype frequencies (Table 5).

There were no significant differences in METH-
induced psychosis for genotype and allelic frequencies
among METH-dependent subjects, either in the
pooled subjects or after stratification into four ethnic
groups. Notably, no homozygous -105G genotype was
observed in Chinese METH-dependent subjects with
psychosis (Table 3). Similarly, there were no significant

differences for different combinations of genotype
frequencies for subjects with and without METH-induced
psychosis (Table 5). Among the four ethnic groups,
the homozygous -105G Malay carriers in the Malay
were more susceptible to developing METH-induced
psychosis (OR: 3.5) than their homozygous -105A
counterpart. The Bajau homozygous -105G carriers
have a higher risk of METH-induced psychosis (OR: 3.2)
than the homozygous -105A plus heterozygous -105A/G
carriers of the same ethnic group.

No significant differences were observed in METH-
induced mania among METH-dependent subjects for
genotype and allelic frequencies, either in the pooled
subjects or after stratification into the four ethnic
groups. Additionally, no homozygous -105G genotype
was detected in Malay and Chinese METH-dependent
subjects with manic episodes (Table 4). Lastly, no
significant difference was identified among different
combinations of genotype frequencies in METH-
induced mania subjects and healthy controls (Table
5). Nevertheless, the Bajau homozygous -105G allele
carriers were more likely to develop METH-induced
mania (OR: 6 & 6.875) than the homozygous -105A and
homozygous -105A plus heterozygous -105A/G carriers.
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Boldface show a significant difference, p < 0.05.
OR: Odds ratio; CI: Confidence Interval

DISCUSSION

Earlier studies have proven that METH-dependent
individuals are susceptible to cellular oxidative stress,
resulting from the imbalance between the activity of
antioxidant enzymes and the generation of free radicals
(Hayes & Strange 2000). Theoretically, individuals
carrying the -105G allele possess lower functional
GSTPI enzyme (Rezaei & Saadat 2019); thus, GSTPI
genetic polymorphism possibly results in excessive
metabolic by-products in the METH-induce oxidative
process (Sim et al. 2013).

In this study, the potential link between GSTPI
rs1695 SNP and METH dependence and associated
symptoms in four Malaysian ethnic groups (Malay,
Chinese, Kadazan-Dusun, and Bajau) were investigated.
The Kadazan-Dusun and Bajau METH-dependent
subjects had significantly lower mean onset age than
Malay and Chinese ethnic groups, suggesting early
METH exposure at a younger age in these populations
(Table 1). This finding is consistent with Sim ef
al. (2013), who reported that Kadazan-Dusun and
Bajau have younger mean age and the onset age of
METH dependence associated with functional FAAH
polymorphism. Besides, data from NADA state that
number of abusers and drug and substances addicts
for 2019 among youths aged 19 to 39 years old was
alarming, with the highest percentage of 68.1 percent
in adult and adolescents at 29.5 percent and 2.3 percent,
respectively.

This study outcome also indicated that rs1695
SNP of the GSTPI gene had no significant association
with METH dependence in the pooled Malaysian
population (Table 2). This finding aligned with a
study conducted in the Iranian population, where
the Ile105Val polymorphism of the GSTP/ gene was
not associated with the risk of heroin and opium
dependency (Mcketin et al. 2006). On the contrary, a
Brazilian study found a significant association between
this genetic polymorphism and cocaine dependence
(Sim et al. 2014).

After the ethnic stratification, this study showed
that the GSTPI rs1695 SNP significantly differed
in genotype frequency among Malay and Chinese
METH-dependent subjects. Conversely, no significant
difference was found in the Kadazan-Dusun and Bajau
ethnic groups (Table 2). This finding indicated that the
Kadazan-Dusun and Bajau ethnic groups have different
population-attributable risks compared to Chinese and

Malay, such as different lifestyles, cultures, geography,
and dietary habits attributed to their diverse gene pool
of origin. In addition, there was a significant difference
in GSTPI rs1695 SNP allelic frequency for the Malay
ethnic group (OR: 1.960), proposing that this SNP
may be associated with METH-dependence in Malay
males. Despite the lack of significant difference in
the SNP allelic frequency with METH-dependence in
other ethnic groups, the Chinese -105G allele carrier
showed a higher METH dependence (OR: 2.2) than their
-105A allele counterpart. This finding suggests that the
-105G allele is the risk factor for METH dependence
in Chinese males.

The -105A allele was more frequently observed in
healthy male controls than METH-dependent subjects
in this study (Table 2). In contrast, the -105A allele
was more common in male cocaine-dependent subjects
than healthy controls in the Brazilian population
(Guindalini et al. 2005). These discrepancies are
potentially attributed to the difference in population
and drug dependence trends. Additionally, the risk for
METH dependence in the Malay ethnic group possessing
the homozygous -105G was significantly higher (OR:
3.97) than the homozygous -105A carriers. Similarly,
the homozygous -105G plus heterozygous -105A/G
Malay carriers had a significantly higher risk of METH
dependence (OR: 2.142), suggesting the association
between the -105G allele of rs1695 polymorphism and
METH dependence in the Malay ethnic group (Table 5).

The METH-dependent subjects with psychosis in
this study also possess a lower -105G allele frequency
than those without psychosis (Table 3). This result
contradicted a previous study where a significantly
higher frequency of -105G allele was detected in METH
subjects with psychosis compared to controls (Gordon
etal. 2003). Moreover, genotype and allelic frequencies
were not significantly different when comparing METH-
dependent subjects with and without psychosis. This
outcome suggested that GSTPI rs1695 SNP may not
be associated with METH-induced psychosis in the
Malaysian population, particularly in the four studied
ethnic groups. Likewise, the studies conducted in the
Korean and Chinese Han populations also reported
similar findings in a study on the association of the
same genetic polymorphism with the risk of psychiatric
disorders, such as psychotic symptoms in schizophrenia
(Rognli & Bramness 2015). Nonetheless, this SNP was
strongly associated with a higher risk of METH-induced
psychosis in the Japanese population (Gordon et al.
2003).



A study by Kim et al. (2015) reported that METH
use is highly associated with panic episodes and
manic disorder in the Malaysian population, but no
significant difference was detected in this study for
both genotype and allelic frequencies of this SNP when
comparing METH-dependent subjects with and without
METH-induced mania. Furthermore, this study findings
demonstrated that the -105G allele might exert a strong
protective role against METH-induced manic episodes
(OR: 0.472) compared to the -105A allele carriers in
the Malay ethnic group, but no statistically significant
difference was observed for this condition (Table 4).

The Malay METH-dependent subjects who are
homozygous -105G allele carriers were also more
susceptible to developing METH-induced psychosis (OR:
3.5) than the homozygous -105A carriers. Similarly,
the Bajau homozygous -105G allele carriers were more
vulnerable to METH-induced psychosis (OR:3.2) than
the homozygous -105A plus heterozygous -105A/G
carriers. These findings indicated that Malay and Bajau
homozygous -105G carriers may be more vulnerable to
METH-induced psychosis than other ethnic groups in
Malaysia.

Apart from that, the homozygous -105G carriers
in the Bajau ethnic group were more likely to develop
METH-induced (OR: 6 & 6.9) than the homozygous -105A
and homozygous -105A plus heterozygous -105A/G
carriers. These findings suggest that the homozygous
-105G carriers in the Bajau ethnic group may be more
susceptible to METH-induced mania (Table 5). The
literature has highlighted that the Asian populations are
inherited with higher homozygous -105A genotype and
less heterozygous -105A/G and homozygous -105G
genotypes compared to the Caucasians (Peng et al. 2021).
Besides, the -105G allele frequency of GSTPI rs1695
SNP in Malaysian METH-dependent subjects was only
3.1% (Table 2), which is lower than the Chinese Han
(Gordon et al. 2003) and Korean (Rognli & Bramness
2015) populations.

There are several limitations in this study. First,
the sample size was limited to the male subjects for all
ethnic groups. Most cases of METH abuse occur among
males, thus, providing greater homogeneity of the study
population. Apart from that, this study only investigated
a single SNP of the GSTPI gene. To date, this SNP is
the only functional polymorphism found in the GSTP!
gene proven to significantly alter the GSTP/ encoded
GST enzyme’s functional activity. Nonetheless, other
GSTPI gene variants may also contribute to the METH-
dependence susceptibility and the associated symptoms.
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Finally, the sample size in this study is relatively small.
Future studies should consider investigating a series of
tagging SNPs with a larger sample size to confirm the
genetic impact of the GSTPI gene on METH dependence
and the associated symptoms.

CONCLUSION

This study findings indicated the rs1695 polymorphism
in the GSTPI gene might not be associated with METH
dependence in the pooled Malaysian population.
However, the stratification into four ethnic groups
demonstrated that this polymorphism may be significantly
associated with METH dependence in the Malay and
Chinese ethnic groups. Interestingly, the results also
suggested that the male Malay and Chinese -105G allele
carriers might be more vulnerable to METH dependence
than other populations. Meanwhile, the study also
demonstrated that this polymorphism might not be
associated with METH-induced psychosis and mania.
Nevertheless, the Malay -105G allele carriers might
have a protective advantage against METH-induced
manic episodes. Further study with a larger sample size
could provide more evidence to confirm the genetic
influence of the GSTP/ rs1695 polymorphism on METH
dependence.
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