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Abstract. The aim of the study was to analyze the effect of 
ABCB1 genetic polymorphisms on the efficacy of phenytoin 
(PHT) treatment in epilepsy patients. In total, 200 epilepsy 
patients who were administered PHT were divided into the 
responsive and pharmaco-resistance groups depending on the 
clinical data of PHT treatment in epilepsy patients. The serum 
concentration of PHT was detected by high-performance 
liquid chromatography (HPLC). ABCB1 polymorphisms were 
analyzed by the polymerase chain reaction restriction-frag-
ment length polymorphism method. The C1236T, C3435T and 
G2677T/A haplotypes were reconstructed for the ABCB1 gene 
using SHEsis programs. One-way analysis of variance was used 
for data analysis. In ABCB1 C1236T, the rate of the CC geno-
type in pharmaco-resistance (17.5%) was higher than that of 
the responsive group (2.1%), while the rate of the TT genotype 
in pharmaco-resistance (41.6%) was lower than that of the 
responsive group (55.4%) (P<0.05). In ABCB1 G2677T/A, 
the rate of the GG genotype in pharmaco-resistance (29.6%) 
was higher than that of the responsive group (9.7%), while the 
rate of the TT genotype in pharmaco-resistance (4.6%) was 
lower than that of the responsive group (30.4%) (P<0.05). The 
rate of the TTC haploid in pharmaco-resistance (24.1%) was 
higher than that of the responsive group (8.8%) (P<0.05). The 
PHT serum concentration had no statistical significance in the 
patients with different genotypes. In conclusion, there was no 
association between ABCB1 genetic polymorphism and PHT 
serum concentration, although the polymorphisms affected 
the efficacy of PHT treatment in patients with epilepsy.

Introduction

Epilepsy is a recurrent neurological disease caused by a 
variety of factors. It is characterized by its high incidence, 

long duration and low healing rate (1). The age-adjusted 
prevalence in the general population has been estimated to 
range between 2.2 and 41.0 per 1,000 individuals annually, 
while the age-adjusted incidence is between 16 and 51 per 
100,000 individuals. However, the annual incidence rate 
surpasses 0.1%, and increases with age in the elderly popula-
tion, while the cumulative incidence up to 80 years of age lies 
in the range of 1.3-4.0%. At present, the clinical treatment of 
the disease is mainly dependent on the rational use of anti-
epileptic drugs (2,3).

In 2003, Siddiqui et al (4) conducted a study on the rela-
tionship of ABCBI genetic polymorphism and drug-resistant 
epilepsy. In total, 315 epileptics were selected to receive 
phenytoin (PHT) treatment and the results showed that 
the proportion of CC genotype of ABCBl gene C1236T in 
drug-resistant epileptics was higher than that in drug-sensitive 
patients (27.5 and 15.7%, respectively). However, the proportion 
of TT genotype was significantly lower than that in drug‑sensi-
tive patients (19.5 and 29.6%, respectively). Zimprich et al (5) 
found that the haplotype that was composed of C1236T, 
C3435T and G2677T/A was associated with drug-resistant 
epilepsy. Hung et al (6) also found that the polymorphism of 
G2677T and C3435T of the ABCB1 gene was associated with 
drug-resistant epilepsy. However, other investigators reported 
opposite findings (7‑10). Therefore, whether there is a correla-
tion between the polymorphism of ABCB1 and the efficacy of 
antiepileptic drugs remains controversial.

In the present study, we investigated the effect of ABCBI 
genetic polymorphisms on the efficacy of PHT treatment in 
epileptic patients.

Materials and methods

Instruments and reagents. Taq DNA polymerase, dNTP, 
polymerase chain reaction (PCR) buffer, restriction 
enzymes SamI, BamH and KipI were all purchased from 
Bao Biotechnology (Dalian) Co., Ltd. (Dalian, China), and 
primers were produced by Shanghai YingWei Chuang Jin 
Co., Ltd. (Shanghai, China). The TDxFLx Highly effective 
blood concentration detector was purchased from Abbott 
A.G. (Baar, Switzerland), PHT sodium kits from Abbott 
Laboratories, PCR thermal cycler from Applied Biosystems 
Life Technologies (GeneAmp 9700 type; Foster City, CA, 
USA), and low temperature and high speed centrifuge from 
Beckman Coulter, Inc. (Brea, CA, USA).
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Patients. The epileptics included in the study were outpatients 
or inpatients of the Department of Neurosurgery, Xuzhou 
Central Hospital, Affiliated Hospital of Southeast University 
(Xuzhou, China). The patients were administered PHT sodium 
over one year. There were 200 cases, including 137 men and 
63 women, the youngest being 18 and the oldest 76 years of age.

Efficacy grouping. Drug-resistant epilepsy was defined as 
indicated by Shahwan et al (10). The drug-resistant group 
comprised 108 patients accepted for formal antiepileptic drug 
therapy, with blood drug concentration either at effectively 
higher concentration or having reached the commonly used 
maximum dose, albeit there was no reduction in seizure 
frequency by 50%. The control group comprised 92 patients 
accepted for formal antiepileptic drug therapy, with blood 
drug concentration either at effectively higher concentration or 
having reached the commonly used maximum dose, without 
any attack or attack within 1 year or seizure frequency <50%.

Sample collection. Peripheral venous blood samples (6 ml) 
were collected from the participants. The blood specimens 
were divided into two sections, of which 2 ml was transferred 
into the EDTA anticoagulant tube (used for DNA extraction) 
and 4 ml was transferred into an ordinary biochemical tube. 
The biochemical tubes were immediately centrifuged at 
4,000 x g for 5 min after collection, and the upper plasma was 
transferred into the clean tube. Samples were stored at ‑80˚C.

ABCB1 genotyping. The mononucleotides of C1236T, C3435T, 
and G2677T/A, which were the common sites of ABCB1 
were detected using the PCR-fragment length polymorphism 
method and verified with DNA sequencing. SHEsis software 
(http://anal-ysis.bio-x.cn) was applied to deduce the haplotype 
frequency comprising C1316T, C3435T and G2677T/A of 
ABCBI and the difference was compared.

Detection of plasma drug concentration. The PHT concen-
tration in plasma was detected using high-performance 
liquid chromatography. The chromatographic conditions 
were: Chromatographic column from Ultimate™ AQ-C18 

chromatographic column (Thermo Fisher Scientific, Waltham, 
MA, USA); column temperature at 40˚C; mobile phase 
was acetonitrile/ammonium acetate solution (containing 
0.25% formic acid) at 50:50; flow velocity was 1.0 ml/min; 
wavelength measurement was 220 nm; and AUFS was 0.2. 
For the plasma samples, 0.2 ml samples were taken and 
added into tubes, then 50 µl alprazolam solution was added 
as internal reference. Subsequently, 5 ml of ether was added 
after blending, vortexing and agitation for 3 min and then 
centrifuged at 3,000 x g for 5 min. The supernatant was then 
transferred into another clean tube at 40˚C, 100 µl mobile 
phase was used for constant volume of the residue, followed by 
an injection of 20 µl.

Statistical analysis. SPSS 17.0 (SPSS, Inc., Chicago, IL, USA) 
was used to perform statistical analysis. The Chi-square test 
and analysis of variance were used to compare between groups. 
The Hardy-Weinberg law of genetic equilibrium was used to 
detect whether the allele frequency was in accordance with the 
law of population genetics. All the tests were two-tailed. P<0.05 
was considered to indicate a statistically significant difference.

Results

Genetic equilibrium test. A total of 200 cases were included 
in the present study and were divided into the drug-resistant 
group (n=108) and control group (n=92) according to the 
patients' clinical data and definition of drug resistance. To 
prove the representativeness of alleles, we performed the 
Hardy-Weinberg genetic equilibrium test on the genotype and 
allele of the two groups of patients (Tables I and II). All three 
single-nucleotide polymorphisms (SNPs) were consistent with 
the Hardy-Weinberg ratio (P>0.05), which indicated that the 
research subjects were representative of entire group.

Effect of ABCB1 polymorphisms on the in vivo concentration 
of PHT. The patients were grouped according to the ABCB1 
C1236T, C3435T and G2677T/A genotypes, and the effect of 
ABCB1 polymorphisms was observed on the in vivo concentra-
tion of PHT in each group of patients. The results showed that 

Table I. Genetic equilibrium test on the three SNPs of patients in epileptic drug resistance group.

SNPs Genotype Observation Value Expected value χ2 P-value

C1236T CC 19 15.56481 1.97 0.16
 CT 44 50.87037  
 TT 45 41.56481  
C3435T CC 45 45.37037 0.024 0.876
 CT 50 49.25926  
 TT 13 13.37037  
G2677T/A AA 2 2.266311 5.543 0.136
 AG 15 17.39942  
 GG 32 33.39567  
 GT 40 35.92139  
 TA 14 9.271028  

SNP, single nucleotide polymorphism.
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differences among all the groups on serum concentration of 
PHT were not statistically significant (P>0.05) (Tables III-V).

Comparison of the distribution frequency of different genotypes 
in three SNPs loci of the two groups of epileptic patients. As 
shown in Table VI, differences in the distribution frequency of 
different genotypes in C1236T and G2677T/A loci were statis-
tically significant (P<0.05). In C1236T locus, the proportion of 
the CC genotype in the drug-resistant group was 17.5%, which 
was higher than that in the control group (2.1%); the proportion 
of the TT genotype in the control group was 55.4%, which was 
higher than that in the drug-resistant group 41.6% (P=0.001). 
In G2677T/A locus, the proportion of the GG genotype in the 
drug-resistant group was 29.6%, which was higher than that 
in control group (9.7%); the proportion of the TT genotype in 

the control group was 30.4%, which was higher than that in 
the drug-resistant group 4.6% (P<0.001). In C3435T locus, the 
distribution frequency between the drug-resistant group and 
the control group in the Xuzhou region was not statistically 
significant (P=0.349).

Comparison of the distribution frequency of different alleles 
in three SNPs loci of the two groups of epileptic patients. As 
shown in Table VII, in C1236T locus, the difference between the 
two groups in the distribution frequency of different alleles was 
statistically significant (P=0.02). The distribution frequency of 
C allele in the drug-resistant group was higher than that in the 
control group (37.9 and 23.3%, respectively) while the T allele in 
the control group was higher than that in the drug-resistance 
group (76.6 and 62.0%, individually). In G2677T/A locus, the 

Table II. Genetic equilibrium test on the three SNPs of patients in the epileptic control group.

SNPs Genotype Observation value Expected value χ2 P-value

C1236T CC 2 5.024457 3.1 0.078
 CT 39 32.95109  
 TT 51 54.02446  
C3435T CC 37 41.11141 3.741 0.053
 CT 49 40.77717  
 TT 6 10.11141  
G2677T/A AA 1 1.45325 1.945 0.584
 AG 11 7.708561  
 GG 9 10.22222  
 GT 32 33.18033  
 TA 11 12.44262  
 TT 28 26.92502   

SNP, single-nucleotide polymorphism.

Table III. The plasma concentration of phenytoin sodium and 
comparisons among different genotypes of C1236T.

 Genotype
 --------------------------------------------------------------------------
PHT CC CT TT 
concentration (n=21) (n=83) (n=96) P-value

PHT S, µg/ml 0.72±0.56 1.17±0.69 1.63±1.21 0.231

PHT S, phenytoin serum.

Table IV. The plasma concentration of phenytoin sodium and 
comparisons among different genotypes of C3435T.

 Genotype
 --------------------------------------------------------------------------
PHT CC CT TT 
concentration (n=82) (n=99) (n=19) P-value

PHT S, µg/ml 1.32±0.26 1.26±0.42 1.51±0.83 0.231

PHT S, phenytoin serum.

Table V. The plasma concentration of phenytoin sodium and comparisons among different genotypes of G2677T/A.

 Genotype
 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
PHT concentration AA (n=3) AG (n=28) GG (n=39) GT (n=72) TA (n=25) TT (n=33) P-value

PHT S, µg/ml 1.20±1.01 1.35±0.92 0.82±0.56 1.13±0.86 1.28±1.00 1.71±1.46 0.169

PHT S, phenytoin serum.
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distribution frequency of the G allele in the drug-resistant group 
was higher than that in the control group (55.0 and 32.0%, 
respectively) while the T allele in the control group was higher 
than that in the drug-resistant group (53.8 and 29.6%, respec-
tively). Differences were statistically significant (P<0.001). In 
C3435T locus, the difference in the distribution frequency in 
the two groups was not statistically significant (P=0.674).

Comparison of the haplotype frequency composed in the 
C1316T, C3435T and G2677T/A loci of ABCBI between the 
two groups of epileptic patients. We employed SHEsis soft-
ware to deduce the haplotype frequency comprising C1316T, 
C3435T and G2677T/A of ABCBI. As shown in Table VIII, the 
frequency of TTC haplotype in control group was significantly 
higher than that in the drug-resistant group (P=0.0000474).

Discussion

Epilepsy is a neurological disease of recurrent seizures with 
various causes, and has the characteristics of high incidence, 
long duration and low cure rate (1).

Clinical treatment of the disease includes rational and 
long‑term use of anti‑epilepsy drugs. Although PHT is a first‑line 
anti‑epileptic drug, its efficacy remains to be confirmed (11). 
Previous studies suggested that multidrug transporter theory, 
which leads to function changes of its coding protein, is an 
important factor resulting in different effectiveness of PHT in 
treating epilepsy (12,13).

ABCB1 gene codes the protein of P-gp and directly 
regulates its expression and functions. In the central nervous 
system, P-gp is mainly expressed in the endothelial cells of 
the blood brain barrier. It can be transported to the blood from 
brain tissue by itself, thus reducing the level of the drug in 
the cell. In recent years, investigations on P-gp and drug resis-
tance of epilepsy have become hot spots in this field (14‑20). In 
2003, Siddiqui et al found that, the polymorphism of C3435T 
locus of ABCB1 was correlated with the drug resistance of 
epilepsy, the CC genotype was correlated with drug resis-
tance of epilepsy and the TT genotype was correlated with 
Anderson-Fabry disease sensitivity (4). In the present study, 
we have found that the polymorphisms of C3435T, C1316T 
and G2677T/A locus were relevant to the drug resistance of 
epilepsy. The results obtained in the present study are there-
fore contradictory to those of Siddiqui et al (4). The reason 
for the discrepancy may be due to difference in region, race, 
definition of drug resistance, the number of samples, and the 
method of gene detection. Another possible reason is that SNP 

Table VI. Comparison of the distribution frequency of different genotypes in three SNPs loci of the two groups of epileptic patients.

SNPs Genotype Drug-resistant group (%), n=108 Control group (%), n=92 χ2 P-value

C1236T CC 19 (17.5) 2 (2.1) 13.242 0.001
 CT 44 (40.7) 39 (42.3)
 TT 45 (41.6) 51 (55.4)
C3435T CC 45 (41.6) 37 (40.2) 2.103 0.349
 CT 50 (46.2) 49 (53.2)
 TT 13 (12.0) 6 (6.5)
G2677T/A AA 2 (1.8) 1 (1.0) 30.23 <0.001
 AG 15 (13.8) 11 (12.0)
 GG 32 (29.6) 9 (9.7)
 GT 40 (37.0) 32 (34.7)
 TA 14 (12.9) 11 (11.9)
 TT 5 (4.6) 28 (30.4)

SNP, single-nucleotide polymorphism.

Table VII. Comparison of the distribution frequency of different 
alleles in three SNPs loci of the two groups of epileptic patients.

 Allele Drug-resistant Control 
SNPs n=108 group (%), n=92 group (%) P-value

C1236T C 82 (37.9) 43 (23.3) 0.002
 T 134 (62.0) 141 (76.6)
C3435T C 140 (64.8) 123 (66.8) 0.674
 T 76 (35.1) 61 (33.1)
G2677T/A T 64 (29.6) 99 (53.8) <0.001
 A 33 (15.2) 26 (14.1)
 G 119 (55.0) 59 (32.0)

SNP, single-nucleotide polymorphism.

Table VIII. Comparison of the common haplotype frequency 
composed in loci C1316T, C3435T and G2677T/A of ABCBI 
between the two groups of epileptic patients.

 Drug-resistant Control 
Haplotype group (%) group (%) P-value

CTC 15.30 (7.1) 18.94 (10.3) 0.335523
TGC 47.92 (22.2) 39.09 (21.2) 0.537572
TTC 19.05 (8.8) 44.35 (24.1) 0.0000474
TTT 23.23 (10.8) 25.22 (13.7) 0.496837
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in a single locus was not associated with the presence of drug 
resistance (9). Thus, a combined effect of SNPs affected the 
functions of P-gp.

The three SNPs in loci C1236T, G2677T/A and C3435T of 
ABCB1 gene are closely connected (21). In the present study, 
we performed common haplotype construction using SHEsis 
software on the three adjacent loci. Haplotype is the combi-
nation of single nucleotide polypeptides that are located and 
interconnected in a specific region of chromosome and that 
tend to pass down to the descendants via overall heredity. Most 
chromosomal regions have only a few common haplotypes 
(each with ≥5% frequency), which represent the majority of 
polymorphism between men and women in a group (22). The 
identification of haplotype is usually dependent on a group of 
SNP, i.e., a group of SNPs in a specific region of chromosome. 
At present, haplotype data are obtained by statistical calcu-
lation, which is based on the distribution frequency of the 
genotypes in the population (22). In the present study, SHEsis 
software was used based on the maximum likelihood algo-
rithm to produce the haploid inference. The results showed that 
the distribution frequency of TTC haplotype in the epilepsy 
control group was higher than that in the drug-resistant 
group. However, the findings of Zimprich et al, Vahab et al 
and Haerian et al and others did not show that haplotype of 
the ABCB1 gene was associated with drug resistance (5,7,22). 
Their findings were contrary to the results obtained in the 
present study. The discrepancies may be associated with the 
differences in gender, region and definition of drug resistance 
of epilepsy. Therefore, it is necessary to expand the sample 
size to validate the present results.

In conclusion, whether SNPs or haplotype of ABCB1 
gene is associated with the drug resistance of epilepsy or not 
remains to be elucidated. This type of controversy involves 
objective and subjective factors. Objective factors include 
gender and region differences that cannot be corrected, while 
the subjective factors include the fact that investigators do 
not have a unified definition on drug resistance of epilepsy 
and that the patients themselves have great subjectivity in 
expressing their state of illness. Thus, it is crucila to identify 
a biomarker of drug resistance of epilepsy to avoid the effect 
of subjective factors.
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