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Epilepsy is considered one of the major public health 
problems and could have serious psychological and physical 
consequences, including mental health disorders, traumatic 
injury and premature death1. Epilepsy is a chronic and 
disabling neurologic disorder and affects approximately 1% of 
the population globally, especially in developing countries1,2.   
Although good prognosis has been seen in most patients with 
epilepsy, approximately   20% to 30% of patients with epilepsy 
do not remain seizure free despite the intervention of multiple 
antiepileptic drugs (AEDs)3,4,5. 

The majority of epilepsy phenotypes result from the interaction 
between genes and environmental factors. In Saudi Arabia, 
prevalence for active epilepsy was found to be 6.54/1000 
population6. Multidrug-resistant protein 1 (MDR1), also named 
P-glycoprotein (P-gp), is an ATP-binding cassette sub-family 

MDR1 Gene Polymorphism and Phenytoin Pharmacokinetics in Epilepsy 
Adel Ali Alhazzani, MD* Murali Munisamy, PhD**

Gauthaman Karunakaran, PhD***
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Objective: To investigate the influence of MDR1 variant genotypes on Phenytoin Pharmacokinetics 
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method. Allelic and genotypic frequency were calculated. Reversed-phase High-Performance 
Liquid Chromatography (HPLC) method was used to determine the plasma levels of Phenytoin 
drug.  PK Solutions was used for non-compartmental analysis to estimate the pharmacokinetic 
parameters.

Result: The MDR1 (3435C>T) polymorphism was found to be in Hardy–Weinberg equilibrium 
and displayed significant allelic and genotypic association between non-responders and responders 
to phenytoin (P<0.01). The finding of pharmacokinetics analysis demonstrated that longer half-
life (t1/2 = 33.26 hours) and less clearance rate (CL = 0.42 L/hour) in the homozygous variant 
group compared to wild-type genotype group (t 1/2 = 19.2hrs, CL = 0.8 L/hour).

Conclusion: The finding suggests that the genetic polymorphism in the C3435T location of 
MDR1 gene might determine pharmacokinetics variability of phenytoin drug. Therefore, 
pharmacokinetics parameters along with genotyping of MDR1 (C3435T) genotype might be 
valuable in the perspective of personalized medicine in epileptic patients.
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B 1 (ABCB1) membrane transporter protein that catalyzes 
the ATP-dependent efflux of a broad range of substrates from 
cells7. MDR1 is highly expressed in the luminal membrane of 
the blood–brain barrier’s (BBB) endothelial cells; thus, MDR1 
contributes in the regulation of the BBB’s permeability to 
drugs8. MDR1 located on chromosome 7q21.1 and is composed 
of 28 exons. Among the 50 SNPs of the MDRl gene, more 
attention has been focused on C3435T mutation in exon 26 of 
the MDR1 gene, which is a silent mutation encoding the amino 
acid isoleucine, this polymorphism affects the expression and 
function of the P-gp in many ways9. 

Several studies demonstrated the relationship between 
polymorphism at C3435T location of ABCB1 gene and AEDs 
drug response; however, the results suggest inconsistent 
evidence. Ethnic differences, selection bias, differences in 
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study design and inadequate statistical power may explain the 
variability in the results. 

The aim of the study is to evaluate the possible association of 
MDR1 variant genotypes on phenytoin pharmacokinetics in 
epileptic patients. 

METHOD

Fifty patients suffering from epilepsy using 300 mg therapeutic 
dose of phenytoin monotherapy were reviewed between 1 
December 2014 to 31 November 2015. Informed consent 
was obtained from all the study participants. The diagnosis 
of epilepsy was based on the classification system for seizure 
types provided by the International League Against Epilepsy 
(ILAE). The patients were divided into two groups:

Group I: 25 non-responder epileptic patients under phenytoin 
monotherapy. 
Group II: 25 responder epileptic patients under phenytoin 
monotherapy. 

The responders were completely free of seizures for phenytoin 
monotherapy and therapeutic efficacy of plasma drug levels 
(10-20 mcg/ml). Non-responders had treatment failure for 
phenytoin, occurrence of seizures and lack of therapeutic 
efficacy. Patients who had other antiepileptic drugs, H2 
histamine receptor antagonist, diazepam, haloperidol and 
antipsychotics were excluded. Patients were excluded if 
they were diagnosed with diabetes mellitus (DM) and severe 
kidney/liver disease. Patients having phenytoin drug for <1 
month were also excluded.

Venous blood samples (8 ml) were collected from all patients. 
DNA was isolated from samples stored in EDTA tubes using 
phenol-chloroform isolation method.

MDR1 (C3435T) polymorphism, exon 26 was amplified with 
the designed primers. The PCR was performed in 25 μl reaction 
volume containing 20 pmol of forward and reverse primer, 1 
ul of 100 to 250 ng of template DNA and 0.5 mM of dNTP; 
1/10 of reaction buffer contained 2 mM of MgCl2, 1U of Taq 
polymerase. 

Fifty patients with epilepsy were recruited for pharmacokinetic 
study and blood samples were obtained from each patient 
showing poor metabolizers (PM), intermediate metabolizers 
(IM) and extensive metabolizers (EM) for polymorphism at 
(C3435T) location of MDR1 gene in the non-responders groups 
over 12 hours had reached the steady-state concentration. 

DNA was isolated by conventional phenol-chloroform method. 
MDR1 (3435C>T) gene polymorphism was assessed using 
the Polymerase Chain Reaction-Restriction Fragment Length 
Polymorphisms (PCR-RFLP) method. Allelic and genotypic 
frequency were calculated. Reversed-phase High-Performance 
Liquid Chromatography (HPLC) method was used to determine 
the plasma levels of Phenytoin drug. PK Solutions was used for 
non-compartmental analysis to estimate the pharmacokinetic 
parameters.

Chi-square test was used to calculate odds ratio (OR) and 95% 
confidence interval (CI).  Pharmacokinetic parameters were 
analyzed using one-way NOVA. P-value of less than 0.05 was 
considered significant. SPSS, version 11.5 was used for all 
analyses. 

RESULT

Personal and clinical characteristics of patients with epilepsy 
enrolled in our study are shown in table 1. PCR-RFLP method 
was used to examine MDR1 (3435C>T) genotype distributions 
in epileptic patients showing non-responders and responders to 
phenytoin, see figure 1. This polymorphism was polymorphic 
in our study population and were found to be under the 
Hardy-Weinberg equilibrium (cut off P<0.01). The allelic 
and genotypic frequency for MDR1 (3435C>T) showed a 
significant association between the phenytoin non-responders 
and responders groups, see tables 2 and 3. Allelic Chi-
square=9.76, P-value=0.0017; OR: 3.14 (1.42-7.05), genotypic 
Chi-square= 4.37, P-value= 0.036: OR: 3.69 (0.90-5.81). 

Table 1: Baseline Characteristics of Study Population

Demographic Characteristics
Phenytoin 

Responders
(N=25)

Phenytoin Non-
Responders

(N=25)
Mean Age + SD (Years) 24.2 ±8.4 26.8±11.9
Sex (male:female) 19:6 21:4

Type of 
Seizures

GTCS a 17 (68 %) 14 (56%)
SPS b 6 (24%) 8 (32%)
SPS sec genc 2 (8%) 3(12%)
Mean Weight +
SD Kgs 48.2 ±6.83 51.3±7.2

Phenytoin Therapeutic  Dose 300 mg 300mg
a Generalized tonic–clonic seizures.
b Simple partial seizures.
c Simple partial seizures with secondary generalization.

Figure 1: PCR-RFLP for MDR1 (C3435T) Gene 
Polymorphism
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Metabolizers were classified into extensive metabolizers 
(EMs) carrying both wild-type alleles (wt/wt), intermediate 
metabolizers (IMs) carrying one normal allele and one variant 
allele (wt/mt) and poor metabolizers (PMs) carrying both 
variant allele (mt/mt) according to their genotypes of MDR1 
transporter enzymes. Pharmacokinetic profile of phenytoin 
is shown in table 4.  PK Solutions was used to determine 
pharmacokinetic parameters from plasma concentration-time 
curve. The C-max was 20.4 ± 0.29 μg/mL in EM, 28 ± 0.10 
μg/mL in the IM and 32 ± 0.16 μg/mL in the PM after oral 
administration of phenytoin. Similarly, T-max was 6 ± 0.12 h in 
the EM, 6 ± 0.08 h in the IM and 6 ± 0.08 h in the PM group. The 
area under curve (AUC) at 0–12 h elimination half-life (t1/2) 
of the drug phenytoin data analysis demonstrated significant 
differences among metabolizer groups in the C-max, AUC, t1/2 
and CL are shown in table 4.

DISCUSSION

Pharmacoresistance is a well-known complication in clinical 
practice. Despite the intake of some AEDs, several patients 
develop drug resistance and toxic reactions. The frequency 
of non-responders has been reported to be 30% to 40%11,12. 
No single definition or validated method has been defined for 
AED resistance except seizure recurrence and measurement 
of drug concentration in serum; the reported prevalence varies 
according to ethnicity. It has been observed that many patients 
resistant to AED treatment are resistant to a broad range of 
AEDs with a different mechanism of actions, and resistance 
occurs across a wide range of epilepsy types13. 

The variability in AED response could be attributed to genetic 
polymorphisms in the transporters. Among all the drug 

transporters, PgP encoded by ABCB1 is the most extensively 
studied transporter as several AEDs are common substrates of 
ABCB114. 

Siddiqui et al found the association of C3435T in ABCB1 gene 
with refractory epilepsy and suggested that drug resistance 
in epilepsy might be genetically determined15. Studies have 
investigated the association of ABCB1 gene polymorphism 
C3435T and drug response in diverse ethnic populations11-13,16. 
However, there is a discrepancy in the results of these studies. 

In our study, we found a significant association of TT genotype 
with seizure recurrence and drug non-responders in epilepsy. 
Non-responders recurrence of seizure was found to be higher 
compared to responders. TT genotype of MDR1 polymorphism 
might be influencing the oral bioavailability of AEDs. In our 
study, the frequency of a variant allele (0.30) was observed 
higher in the non-responders compared to the responder’s group 
(0.12), both less than that of the Caucasian population (0.34). 
Furthermore, the allelic frequency of 3435T in the healthy 
Saudi population was found to be 0.45, which was similar to 
that in Caucasians and Asians, but higher than Africans17. 

Phenytoin (5,5-diphenylhydantoin), a widely used anticonvulsant, 
exhibits non-linear pharmacokinetics in humans. Phenytoin 
exhibits a non-linear pattern of pharmacokinetics action. It 
follows the zero-order kinetics at the concentration of <10 μg/
mL18. However, in elimination, it follows first-order kinetics 
at therapeutic levels. Half-life also differs with phenytoin 
concentration and dosage. Phenytoin exhibit a dose or 
concentration dependent CL due to non-linear pharmacokinetic 
behavior. It indicates that the restricted metabolic capacity 
causes a disproportional increase in the drug level in the 
serum after a small increase in drug concentration. Defective 
isoenzymes functioning may result in adverse clinical 
outcomes, which lead to altered efficacy of drugs or toxicity. 
It has been observed that optimal plasma half-life of phenytoin 
drug may differ from 7 to 60 hours, but in the majority of cases 
remains between 15 and 20 hours. The variation in the half-life 
of phenytoin is also supported by the information that the dose-
dependent kinetics determines the elimination of the drug. 
Studies suggest that plasma CL value ranges from 0.0081 to 
0.0551 per h kg19,20. Ethnic difference in phenytoin clearance 
rate values has been reported21. 

The study findings on the pharmacokinetic parameters 
showed that PM group exhibit a longer removal half-life of 
a therapeutic agent (t1/2=33.26 h) and relatively smaller CL 
(CL=0.42 L/h) compared to IM group (t1/2 = 30.2 h, CL = 0.53 
L/h) and EM (t1/2=19.2 h, CL=0.80L/h). The findings of our 
study demonstrated statistically significant differences among 
the metabolizers of phenytoin pharmacokinetics profile.

CONCLUSION

Polymorphism at C3435T location of MDR1 gene might 
be related to Pharmacokinetics of the Phenytoin drug. 
Therefore, MDR1 (C3435T) genotyping along with 
pharmacokinetic measurement might be valuable in 
personalized medicine for improving efficacy of phenytoin 
drug in epileptic patients. Further studies are advised with 
larger sample to validate our findings.
__________________________________________________

Pharmacokinetic 
Parameters

Extensive
Metabolizers (EM)

Mean ± S.E.M

Intermediate 
Metabolizers (IM)

Mean ± S.E.M

Poor
Metabolizers (PM)

Mean± S.E.M

P-value
One-way 
ANOVA

C max (mg/ml 20.4 ±  0.29 28 ± 0.10 32  ± 0.16 P < 0.01
T max 6 ± 0.12 6 ± 0.08 6 ± 0.08 P >0.05
AUC (0-12 hr)  
mg-hr/ml 302 ± 0.45 545  ±  0.71 631  ±  0.48 P < 0.01

Half-life (t1/2) 19.2.7 ± 0.36 30.2 ± 0.12 33.26 ± 0.14 P < 0.01
Clearance (L/hr) 0.80 ±  0.11 0.53 ± 0.04 0.42 ± 0.21 P < 0.01

Table 4: Pharmacokinetic Profile – Phenytoin 

Table 2: Allelic Frequency of MDR1 (C3435T) 
Polymorphism

Gene Polymorphism
Allelic Frequency
Phenytoin  Non-

Responders, N =25

Allelic 
Frequency
Phenytoin  

Responders, 
N=25

Allelic Chi-square 
Value,  P value,  Odds 

Ratio & 95 % CI

MDR1 3435C>T
C = 0.70
T = 0.30

C = 0.88
T = 0.12

Non-Reponders versus 
Responders:

9.76, 0.0017, 3.14 
(1.42-7.05)*

Table 3: Genotypic Frequency of MDR1 Polymorphism

Gene Polymorphism

Genotypic 
Frequency
Phenytoin  

Non-
Responders, 

N =25

Genotypic 
Frequency
Phenytoin   

Responders, 
N=25

Allelic Chi-square 
Value,  P value,  Odds 

Ratio & 95% CI

MDR1 3435C>T CC = 13
CT+TT= 12

CC = 20
CT+TT= 5

Non Responders versus 
Responders : 4.37, 0.036, 

3.69 (0.90-5.81) *

MDR1 Gene Polymorphism and Phenytoin Pharmacokinetics in Epilepsy 
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