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Abstract
Carbamazepine is one of the most prescribed anti-convulsive drugs used for the treatment of epileptic seizures. Large variability of carbamazepine daily maintenance 
doses, plasma concentrations, and treatment efficacy have been observed among patients treated with this agent. This variability may reflect functional consequences 
of genetic polymorphisms in genes encoding drug-metabolizing enzymes and/or targets. Glutathione-S-transferases enzymes are involved in the detoxification 
of several endogenous and exogenous substances. In this present study, we evaluated the effects of two glutathione-S-transferase polymorphisms, (GSTM1 and 
GSTT1) on carbamazepine plasma concentrations, carbamazepine clearance and carbamazepine response in 94 Tunisian patients with epilepsy, using a polymerase 
chain reaction. Mann-Whitney U test and Odds ratio (ORs) was used for analyzing results. The study results demonstrated that individuals with the GSTM1 null 
genotype had significantly higher CBZ concentrations and CBZ clearance (P=0.032; P=0.010 respectively). These genotyping finding revealed that the absence of 
GSTM1 activity could be contributor factor for body toxicity among patients treated with CBZ. However there were no significant associations between all genotypes 
studies, GSTT1, GSTM1 and combined GSTT1-M1 and CBZ resistance epilepsy. 

In conclusion, a lack of GSTM1 enzymes activities leads to drug plasmatic accumulation and its deficiency elimination which run to body toxicity.
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Introduction
Epilepsy is a common neurological disorder, affecting approximately 

1 to 2% of the population [1]. The majority of epileptic patients are 
successfully treated with anti-epileptic drugs. Carbamazepine (CBZ) is 
one of the most prescribed anti-convulsant drugs used for the treatment 
of epileptic seizures [2]. Large variability of CBZ daily maintenance 
doses, plasma concentrations, and treatment efficacy have been 
observed among patients treated with this agent [3]. This variability 
may reflect functional consequences of genetic polymorphisms in 
genes encoding drug-metabolizing enzymes and/or targets [4-7].

Carbamazepine is extensively metabolized in the liver, with less than 
5% of an oral dose excreted unchanged in urine [8]. Carbamazepine 
is predominantly metabolized by CYP3A4, and partially by CYP2C8, 
to carbamazepine-10,11-epoxide. Carbamazepine-10,11-epoxide is 
subsequently transformed by microsomal Epoxide- Hydrolase (mEH) 
to the inactive carbamazepine-10,11-diol, which is finally excreted 
into the urine in free and conjugated forms [9]. Carbamazepine-10, 
11-epoxide and carbamazepine-10,11-trans-diol are the primary 
(≤60%) metabolites in urine [10,11]. 

GSTs catalyze the conjugation of glutathione (GSH) with 
electrophiles, generally resulting in their detoxification and facilitated 
elimination [12,13]. The ability to conjugate electrophiles makes these 
enzymes critical in the detoxification of a wide range of epoxides and 
certain other agents, including therapeutic drugs, pesticides and dietary 
components [14,15]. Since some antiepileptic drugs are biotransformed 

to reactive oxides during their metabolism, GST is one of the key 
enzymes in the detoxification of these metabolites [16].

The present study was designed to comprehensively evaluate the 
effects of genetic polymorphisms of GSTM1, GSTT1 and combined 
GSTM1-T1 genes on CBZ plasma concentrations, CBZ clearance and 
CBZ response in 94 Tunisian patients with epilepsy. Especially, this 
is the first study to explore the effects of GSTs phase II enzymes on 
CBZ metabolism, and their relationship with CBZ drug resistance in 
Tunisian patients with epilepsy.

Material and methods
Patients

A total of 94 patients with epilepsy (41 males and 57 females) aged 
between 14 and 80 years were recruited from, the Neurology department 
of the University Hospital (CHU) Sahloul of Sousse (Tunisia), into the 
study. All patients were treated with CBZ monotherapy for a minimum 
of one year. This study was approved by the local ethnical committee. 
Informed consent was obtained from all participants. 
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HPLC analysis and Clearance, Carbamazepine plasma 
concentration measurements

Blood samples were drawn from each patient after at least 1 week 
of continuous treatment with CBZ to ensure that patients’ plasma drug 
concentrations were in steady state. Venous blood samples for CBZ 
concentration determination were collected from patients on empty 
stomach in the early morning. The therapeutic range of CBZ was 4 to 
12 μg/mL. Because of the differences in oral doses taken by the patients, 
steady-state plasma concentrations of CBZ were adjusted by dose and 
body weight of each patient.

After centrifugation at 3000 g for 20 min at 4℃, plasma was then 
separated and stored at -20℃ until analysis. Plasma samples were 
analyzed by reversed phase HPLC (HPLC Agilent 1200), and using a 
Primidone as internal standard. A volume of 5 µl of plasma samples was 
injected to the analytical Colum (C18 ODS, Agilent type) maintained at 
a temperature of 30℃.

The assays were carried out using an isocratic mode with UV 
detection at 210 nm. The mobile phase was consisting of proportions 
of acetonitrile, methanol and Potassium phosphate (pH 6.09: 
0.05;18:18:64 V/V/V) with a flow rate of 0.85 mL/min. Plasmatic CBZ 
concentrations were determinate by extrapolation to calibration curves 
previously established (R=0.997). The clearance of CBZ is calculated by 
the ratio of CBZ concentration on the daily dose of carbamazepine (D) 
serum levels of CBZ. 

Definition of drug resistance and response

Drug resistance was defined as no change or 50% reduction in 
seizure frequency for at least 1 year, up to the date of the last followup 
visit, for patients on CBZ monotherapy. Drug response was defined as 
seizure freedom or a ≥50% reduction in seizure frequency for at least 1 
year, up to the date of the last follow-up visit.

Genotyping

5 ml sample of blood was collected from each subject in a 7 ml K3 
ETDA tube for genetic analysis. Genomic DNA was isolated from whole 
blood using the Wizard Genomic DNA Purification Kit (cat. *A1120) 
(Promega, Madison, USA). The GSTM1/GSTT1 polymorphisms 
were detected using previously described Polymerase Chain Reaction 
(PCR)-based assays [17,18].

Statistical analysis
Statistical analysis was performed using SPSS software (Version18.0; 

SPSS Inc., IL, USA). The levels of CBZ and CBZ clearance of each 
genotype group were non-normally distributed variables, and thus 
compared using the nonparametric Mann-Whitney U test. The level 
of significance was 5% (P <0.05). Deviation from Hardy–Weinberg 
equilibrium (HWE) was analyzed with the χ2 test. 

Associations between response to CBZ treatment and GSTM1/
GSTT1 polymorphisms were measured as odds ratios (ORs) with 95% 
confidence intervals (CIs). A two-tailed P value 0.05 was considered 
statistically significant.

Results
Characteristics of the patients

A total of 94 patients with epilepsy were recruited for this study and 
their characteristics are summarized in Table 1. CBZ doses, CBZ plasma 
concentrations, and adjusted CBZ plasma concentrations of the patients 
showed 8.18-, 4.3-, and 7.38-fold ranges, respectively, demonstrating 

large interindividual variations in CBZ pharmacokinetics. After 1 year 
of CBZ treatment, less than the third of patients were drug resistant in 
our study.

Relationships between GSTM1/T1 polymorphisms and 
plasma carbamazepine concentrations

The relationship between, GSTM1, GSTT1 and combined 
GSTM1-T1 polymorphisms and CBZ plasma concentration are 
summarized in Table 2.

No significant associations were detected between GSTM1 null 
genotype, combined GSTM1-T1 and CBZ concentration. However, 
statistical analyses revealed significant association between adjusted 
CBZ concentrations and GSTT1 null genotype (P=0.032). Patients with 
the null GSTT1 genotype had significantly higher CBZ concentrations 
than patients with GSTT1 active enzyme.

Relationships between GSTM1/T1 polymorphisms and 
carbamazepine clearance

Table 3 illustrates the correlation between GSTM1, GSTT1 and 
combined GSTM1-T1 polymorphisms and CBZ clearance. There is 
no association between GSTT1 null genotype, combined GSTT1-M1 
polymorphisms and CBZ clearance in our study. 

A statistically significant association was found only between 
GSTM1 null genotype and CBZ clearance (P=0.010). Patients with 
GSTM1 null genotype have the higher CBZ clearance (99.28±62. 63) 
than patients with GSTM1 active genotype (92.11±29.34).

Patients with combined GSTM1-T1 positif genotype have tendency 
to eliminate CBZ rapidly than patients with combined GSTM1-T1 
null genotype, however this difference was not statistically significant 
(P=0.08).

Relationships between GSTM1/T1 polymorphisms and 
carbamazepine resistance

There were no significant differences between GSTM1/T1 
polymorphisms and CBZ resistance (Table 4). In spite of this result 
genotype frequencies of GSTM1, GSTT1 and combined GSTM1-T1 
were higher in patients CBZ-responsive than CBZ-resistant patients, 
but these differences were not statically significant.

Combined GSTM1-T1 null genotypes had a tendency to increase 
drug resistance in epilepsy (OR=2.55), although not statistically 
significantly (Table 4).

Discussion
In this study we have examined the impacts of two type of 

glutathione-S transferases gene GSTM1 and GSTT1 polymorphisms 
on CBZ pharmacokinetic parameters including the carbamazepine 
plasma concentrations and carbamazepine clearance. We have also 

Total number of patients studied 94
Seizure type (partial/generalized) 55/39
Sex (M/F) 40/54
Age (years) 38.26 ± 17
Weight (kg) 63.3 ± 7.6
CBZ daily dose (mg/kg per day) 8.18 ± 3.18
CBZ plasma concentration (μg/mL) 6.37 ± 1.97
Adjusted CBZ plasma concentration (μg/mL per mg/kg) 1.1 ± 0.4
CBZ responsiveness/resistance 76/18

Table 1. Demographic characteristics of 94 patients with epilepsy
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Gene Genotype
Number 

of patients 
(n= 94)

CBZ 
concentration P value

GSTT1
Null allele (-/-) 21 7.47 ± 2.65

0.032
Active allele (+/+) or (+/-) 73 6.096 ± 2.58

GSTM1
Null allele (-/-) 72  6.42 ± 2.41

0.74
Active allele (+/+) or (+/-) 22 6.189 ± 3 

Combined 
GSTM1-T1

GSTM1/T1(-/-) 15 7.79 ± 2.92 
0.16

GSTM1/T1(+/+) 16 6.18 ± 3.32

Table 2. Association between GSTM1/GSTT1 polymorphisms and CBZ adjusted 
concentrations

Gene Genotype
Number 

of patients 
(n= 94)

CBZ clearance P value

GSTT1
Null allele (-/-) 21 96.356 ± 35.558

0.48
Active allele (+/+) or (+/-) 73 102.5 ± 91.95

GSTM1
Null allele (-/-) 72 92.11 ± 29.34

0.01
Active allele (+/+) or (+/-) 22 99.28 ± 62.63

Combined 
GSTM1-T1

GSTM1/T1(-/-) 15 95.52 ± 33.10 
0.08

GSTM1/T1(+/+) 16 99.75 ± 66.52

Table 3. Association between GSTM1/T1 polymorphisms and CBZ clearance

Gene Genotype

Frequency

OR P 
value

CBZ-resistant 
epilepsy 

 n %

CBZ-
responsive 
epilepsy  

n %

GSTT1

Null allele (-/-)  
n=21 05 (23.81) 16 (76.19) 1.44 

(0.38-
5.26)

0.53
Active allele (+/+) or (+/-) 

 n=73 13 (17.81) 60 (82.19)

GSTM1

Null allele (-/-) 
 n=72 15 (20.83) 57 (79.16) 1.67 

(0.39-
8.16)

0.55
Active allele (+/+) or (+/-) 

n=22 3 (13.63) 19 (90.47)

Combined 
GSTM1-T1

GSTM1-T1(-/-) 
n=15 4 (26.66) 11 (73.33) 2.55 

(0.30-
25.11)

0.39
GSTM1(+/+) 

n=16 2 (12.5) 14 (87.5)

Table 4. Genotypes frequencies of GSTM1/T1 polymorphisms in CBZ-resistant and CBZ-
responsive in patients with epilepsy

studied the effect of these polymorphisms on interindividual variation 
of CBZ drug response among Tunisian population. 

Our results demonstrated that Tunisian patients with GSTT1 
null genotypes had significantly higher CBZ plasmatic concentration 
and patients with GSTM1 null genotypes were associated with lower 
clearance values. This data revealed that both GSTT1 and GSTM1 
enzymes are implicated in the metabolism of CBZ and mainly in 
the detoxification of this drug and its elimination. So a lack of GSTs 
enzymes activities leads to drug plasmatic accumulation and its 
deficiency elimination which run to body toxicity mainly kidney and 
hepatotoxicity.

Our results are in consistent with the recent association studies 
reporting that genetically determinate deficiency in GSTs might be a 
risk factor for hepatotoxicity among patients treated with CBZ [19].

There is a large inter-individual variability for GSTM1 and 
GSTT1 due to the presence of the null (zero activity) genotype, which 
is common in all populations studied [16]. The GSTM1 and GSTT1 
genotypes have also been studied across wide variety of populations. 
The GSTM1 null genotype is common, with frequencies of 40–60% in 
Caucasians and Asians, and 20–25% in African Americans [16]. The 

GSTT1 null genotypes less frequent than the GSTM1 null genotype 
in Caucasians (18%) but has a similar frequency to the GSTM1 null 
genotype in Asian groups (generally ranging from 40–60%) and in 
African Americans (22%) [16]. 

So, the lack of GSTs enzymes activities may be risk factor for body 
toxicity among patients treated with CBZ. Therefore, a preventive 
analysis should be necessary before any treatment with CBZ among 
patient with epilepsy.

Our results also suggest that combined GSTM1-T1 null genotypes 
may be associated with increased risk of CBZ resistance in Tunisian 
patients, the odds ratios was greater than 2.0, though this value was not 
statistically significant.

The lack of significant associations between the GSTT1 and GSTM1 
genotypes and CBZ resistance in our study may be attributed to several 
factors. First, the sample size of our study may be not large enough to 
render sufficient power to detect a significant association. Second, there 
are multiple genes that could theoretically affect CBZ plasma levels and 
pharmacoresistance in epilepsy, including CBZ-metabolizing enzymes, 
CYP3A4/5 and CYP2C8, and/or targets of CBZ, sodium channels 
SCN1A and SCN2A [20-22].

In fact several studies have investigated the relationships between 
polymorphisms of CBZ-metabolizing Enzymes [23,24], brain receptors 
[20,22] and interindividual variations in pharmacokinetics parameters 
and response to drug. All the results are controversial.

The Discrepancies in the results of different studies may be 
attributed to ethnic differences in the frequencies of enzymes genotypes 
more over this discrepancies maybe also attributed to the kind of 
studies directed which one or two enzymes polymorphisms. There is 
no study which takes in consideration the contributions of all enzymes 
and receptors polymorphisms of the CBZ pathway.

In summary, the present work was the first study which 
investigates the association between the polymorphisms of phases II 
enzymes GSTs and interindividual variation in CBZ treatment and its 
pharmacokinetics parameters.

Our results indicate that patients with the null GSTT1 genotype 
had significantly higher CBZ concentrations than patients with 
GSTT1 active enzyme, and Patients with GSTM1 null genotype have 
the higher CBZ clearance than patients with GSTM1 active genotype. 
However, there were no significant associations between all genotypes 
studies, gstt1, GSTM1 and combined GSTT1-M1 and CBZ resistance 
epilepsy. This may be attributed to small sample size, multiple gene 
contributions, and ethnic differences. A study with a larger cohort of 
patients and takes in consideration a combination of large range of 
genes is warranted.
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