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Abstract. The aim of the study was to evaluate the influence of MDR1 C3435T polymorphisms on the
bioavailability of valproic acid (VPA) and the correlation between the genotype and the plasma levels.

Materials and method: 60 patients with epilepsy, with a mean age of 37.15+12.76, evaluated in the
Neurology Clinic of Cluj-Napoca were included. All patients were under stable VPA treatment for at
least a month. Steady state plasma concentrations were determined using the GC/FID technique. We
considered therapeutic level between 50-100 pug/mL. Using the PCR-RFLP method for each patient we
have determined allelic variant of MDR1 C3435T polymorphism. Results. 71.7% of the patients had
therapeutic level of valproic acid, 13.3% supra-therapeutic and 15% sub-therapeutic level of VPA. 13.3
% of the patients present CC genotype, while 58.3% present CT genotype and 28.3% TT genotype. The
mean VPA plasmatic level is lower in patients with CC genotype, but with no significance, compared
with TT and CT genotypes. There was no significant correlation established between the presence of
C3435T polymorphism and sub or supra-therapeutic level of VPA. Conclusions. The polymorphism of

MDRI1 gene has no influence on the VPA serum level.
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Introduction

Epilepsy is a common neurologic disorder
affecting approximately one percent of the
population worldwide. In spite of adequate and
appropriate pharmacotherapy, as many as 30% of
epilepsy patients do not have seizure control.

Pharmaco-resistant epilepsy is a major health
problem, associated with increased morbidity and
mortality, and accounting for much of the economic
burden of epilepsy [1].

There are many possible causes involved in
uncontrolled epilepsy. The refractory disease is a
multifactorial phenomenon, depending on both
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pharmacodynamic and pharmacokinetic mecha-
nisms. Genetic factors, disease-related factors (the
etiology of the seizures, progression of epilepsy
under correct treatment with AEDs), alterations
in drug targets or alterations in drug uptake into
the brain represent some of the possible factors
involved in this type of disease [2].

Recent findings suggest that the molecular
mechanisms of clinically defined multiple drug
resistance involve drug efflux transporters such as
the ATP-binding cassette subfamily B member 1
(ABCBI1), also known as MDRI1 or P glycoprotein
(P-gp) [2-4]. P-gp is a protein encoded by a small
gene family, which includes 2 genes in human,
MDRI1 (ABCB1) and MDR2 (ABCB4), located on
chromosome 7 (7q21)[5]

Although the silent polymorphism MDR1
C3435T might not be causal, there is strong evi-
dence that it could be a valuable marker for one
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or more causal variants of the MDR1 gene, which
could influence the activity of P-gp. The ATP-de-
pendent drug transporter proteins and P-glycopro-
tein (Pgp) are known to be involved in drug efflux
that reduces drug accumulation into cells [6]. The
link between over-expression of MDR1 gene and
multidrug resistance in epilepsy is not very well
known. The localization of the pump in the blood
brain barrier (BBB) reduces the penetration of AEDs
into CNS. Until now it is not very well known if
or how the presence of MDR1 in the parenchyma
affects drug delivery and distribution. Perhaps this
gene could be involved also in different other cel-
lular functions. [7].

The polymorphisms of the MDR1 gene affect
the P-gp expression and function.. C3435T poly-
morphism is associated with a lower expression of
P-gp, so it is considered that there is an inverse
relationship between CC genotype presence and
brain protection confered by P-gp[8]. Due to their
hydrophobic structure antiepileptic drugs could
be substrates for P-gp transporter. There are in
vivo and in vitro studies regarding interindividu-
al variability of antiepileptic bioavailability, like
phenytoin, carbamazepine, lamotrigine, topiramate
and felbamate [9,10]. Some studies revealed that
MDR1 gene polymorphisms could influence drugs
plasmatic levels [11], while others did not confirm
this observations [12]

In this study we aimed to investigate the in-
fluence of MDR1 gene polymorphism on valproic
acid bioavailability and the correlation between
genotype and phenotype expressed by drug serum
concentration.

Material and method

Patients

60 epilepsy patients admitted in Neurology
Hospital Cluj Napoca, during 2008-2009 were
included in this study. The patients were under a
stable valproic acid (VPA) treatment for at least a
month. The patients were assessed according to
international diagnostic criteria to establish the type
of epilepsy (idiopathic or secondary). The study
was also approved by University of Medicine and
Pharmacy Ethic Committee and each patient was
informed and signed an Informed Consent.

VPA plasma concentrations

A simple capillary gas chromatographic assay
with liquid-liquid extraction and flame ionization
detection (GC/FID) was developed and validate
for the determination of VPA in human plasma. In
order to achieve this aim we use caprylic acid as
internal standard. The blood samples (5 ml) were

centrifuged (5000 rpm) in the first 4 hours, followed
by plasma separation and freezing at -20°C until
the determination of concentrations. To prepare
the sample 200 ul of serum were mixed with an
aliquot of caprylic acid as internal standard. The
extraction was performed by using a stepwise ad-
dition of hydrochloric acid and chloroform with
slight agitation between each step. The sample was
centrifuged and after that 1.0 pl of the bottom layer
was injected into the capillary column [13].

Determinations were performed using an Agilent
6890N GC system, with split/splitless injector, and a
7673 autosampler. We used a HP-5 capillary column
(30m, 320 pm (i.d.), 0.25 um) and a temperature
regimen. Capillary gas chromatographic conditions
yielded typical retention times of 4.4 min for VPA
and 5.5 min for the internal standard. The limit
of detection was 0,34mg/L. Calibration was linear
between 5,215 and 333,76mg/L. The simplicity of
sample preparation with no derivatization, short
run-time and high sensitivity sufficient to detect
low concentrations of the drug makes this method
suitable for research as well as routine use. The
method was used to determine therapeutic levels
of VPA for more than 100 patients [14].

MDR1 C3435T polymorphism determination

Genotyping was conducted using DNA extracted
from lymphocytes of peripheral blood. DNA ex-
traction was effected using commercial kits for
genomic DNA extraction (Wizzard Genomic DNA
Purification Kit, Promega, USA) (14). We adopted
a modified PCR-RFLP protocol, first described by
Yanhong Li et al [15] to determine MDR1 C3435T
polymorphism. We have done a DNA fragment
amplification of 207 bp from MDRI1 gene exon
26 following the protocol: initial denaturation of 5
minutes at 94°C, 40 cycles consisting in denaturation
30 sec at 94°C, 30 sec 55°C, elongation at 72°C, 60
sec and a final elongation for 5 minutes at 72°C.
The primers sequences used for amplification are:
Fw 5-TTG ATG GCAAAG AAA TAA AGC-3;
Rev 5- CTTACA TTA GGC AGT GAC TCG
-3'Genotype CC is characterized by 2 fragments
(145 bp and 62 bp), genotype CT heterozygous
by 3 fragments (207 bp, 145 bp and 62 bp), while
genotype TT mutant has only 1 fragment of 207
bp (mutant). We analyzed fragments resulted after
digestion in a 2% agarose gel. Gels were colored
with ethidium bromide, and visualized using a
photo-documentation and gel analysis system (Vil-
ber Lourmat Imaging System®).

Statistical analysis

The nominal variables are the following: the
placement in a concentration interval, respectively
the normal or polymorphic metabolizer. We used
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MDRI1 C3435T polymorphism and pharmacokinetic parameters

Female patients Male patients All patients
N=38 N=22 N=60
Age 36.10 + 12.40 38.95 + 13.45 37.15 +12.76
Plasmatic level of VPA 75.56 + 30.08 65.55 + 21.23 7247 +26.92
Enileps Idiopathic 21 (55.26%) 12 (54.54%) 33 (55%)
PUEPSY  gecondary 17 (44.34%) 10 (45.46%) 27 (45%)
Table I. Characteristics of epileptic patients
CC CT TT
n % % n %
Patients
(n=60) 8 13.3 58.3 17 28.3

Table II. The frequency of polymorphic alleles (CC, CT and TT allele) in the investigated population

120

100

60 76.07426.32

73.78£28.57
59.14+17.9

cc cT TT

Fig. 1 VPA plasmatic level and MDR1 genotypes

a ic (50-100 g/ml) O ic (<50 mcg/ml) O supratherapeutic (>100 mcg/ml) ‘

Fig.2. The distribution of VPA plasmatic level

Valproate Genotype
, cC CT TT
microg/ml n % % n %
<50 2 22.22 66.67 1 11.11
50-100 6 13.95 55.81 13 30.24

x*=1.49, dif=2, p=0.47

Table III. Contingency table regarding the association between the allelic expression MDR1 C3435T polymor-
phism, with the subtherapeutic or normal therapeutic interval of the VPA steady-state concentration

contingency tables were and the independence
was evaluated through the Chi squared test, with
a significance at p<0.05. The statistical evaluation
was performed using SPSS version 17.

Results

Characteristics of epileptic patients are presented
in table I. There are no differences between male
and female patients regarding plasmatic level of
VPA (p=0.12).

Allele frequencies. as well as genotypes distribu-
tion obtained for MDR1 C3435T polymorphism
are listed in table IL

Three genotype of MDR1 C3435T polymorphism
were identified: CC, CT and TT. The genotypes
observed for the C3435T polymorphism were
found to satisfy the Hardy-Weinberg equilibrium.
Most of the patients (35 pts, 58.3%) present CT
genotype, while the normal one, CC genotype was
found only in 8 patients (13.3%). The frequency of
MDR1 C3435T polymorphism is shown in table 2.

The mean valproic acid plasmatic level was
72.47+26.92%. When we compared the plasmatic
level of VPA and MDR1 C3435T polymorphism, the
CC genotype patients present lower value compared
with CT or TT genotypes, but with no statistical
significance (p=0.314). (fig. 1)

According to steady-state plasma concentration
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Genotype
Ve.llproate cC CT TT
microg/ml 0 % 0 % 0 %
>100 0 0 5 62.5 3 37.5
50-100 6 13.95 24 55.81 13 30.24

x*=1.28, dif=2, p=0.53

Table IV. Contingency table regarding the association between the allelic expression MDR1 C3435T poly-
morphism, with the supra- or normal therapeutic interval of the VPA steady-state concentration.

of VPA the patients were divided into three groups:
patients with subtherapeutic (<50 pg/mL), supra-
therapeutic (>100 pg/mL) or normal (50-100 pg/
mL) therapeutic levels. Most of the patients (71.7%)
present therapeutic levels of VPA. The distribution
of the patients is represented below.

None of the patients with supra-therapeutic level
of VPA presented the CC genotype. There were
no differences between patients with normal and
supra-therapeutic plasmatic concentration of VPA
groups regarding the distribution of MDR1 C3435
polymorphisms (p=0.53).

Discussion

P-gp is a substrate for several anti-epileptic
drugs, such as phenytoin or carbamazepine. There
are no enough available data regarding the involve-
ment of P-gp in valproic acid pharmacokinetics.

MDR1 C3435T influences significantly the meta-
bolic ratio of phenytoin; homozygous individuals
for the C allele are likely to achieve a low drugs
plasma level and thus a suboptimal therapeutic
effect. Such low plasma levels put the patient at
risk of encountering a treatment failure. Thus, the
C3435T polymorphism could be associated with
drug-resistant forms of epilepsy [16].

The P-gp mediated drug resistance reduces the
transport of different compounds from blood to
brain. This type of resistance was described for
vincristine, doxorubicin and cyclosporine A. Each of
these drugs are effluxed out of the CNS through BBB
P-gp [2]. Recently, other clinical studies mentioned
that the over-expression of multidrug transporters
such as P-gp could be involved as a contributing
factor in refractory epilepsy [2-5].

The role of transporters such as P-gp or MRPs
in drug resistance has been extensively studied for
different chemotherapeutic agents in tumor cells
[17]. Because of it some research groups have begun
to study the role of multidrug transporters over-
expression in normal tissues, like the blood brain
barrier (BBB) and blood-cellular-barrier (BCB). So,
the over-expression of P-gp could contribute to
pharmaco-resistance in other diseases. There is a
lot of evidence that several multidrug transporters
are over-expressed in the brain of patients with
uncontrolled epilepsy [7,10,16].

Some studies revealed that MDR1 might have
different roles depending on the location in the
brain where it is expressed [7,18]. The MDR1 gene
could be over-expressed in endothelial cells and
affects the penetration of AEDs, but it can also be
over — expressed in the parenchyma and here it
might have a protective role [18].

In our study we found no significant differences
between genotype C3435T alleles and phenotypic
expression, VPA concentration. We had expected
to find a difference between the allele frequencies
between therapeutic and sub-therapeutic ranges
of VPA especially, to enforce the hypothesis that
homozygous genotype CC is correlated significantly
with the sub-therapeutic level of VPA. There are
some differences regarding the plasmatic level in
the CC genotype group, but not sufficient to be
statistically significant. One limitation of our study
is represented by the group size, because there are
only 60 patients studied, and it is possible that the
statistical analysis was influenced by that. Another
noteworthy fact is that VPA is not known to be a
substrate for P-gp at the intestinal level, and our
study does not bring evidence that the plasmatic
concentration of VPA is influenced by the individual
genotypic differences.

Functional polymorphisms of drug transporters
may play a role in pharmaco-resistance, in addi-
tion to intrinsic or acquired over-expression of the
transporters in the BBB of patients with epilepsy
[16]. The over-expression of multidrug transport-
ers in patients with pharmaco-resistant epilepsy is
not restricted to the brain. This could also occur
in other tissues, such as the small intestine. Here
the P-gp also forms a barrier against entrance of
some compounds, including drugs, from the in-
testinal lumen into the blood, limiting their oral
bioavailability [19]. According to this observation,
Lazarowski et al. have reported persistent sub-
therapeutic levels of AEDs, even the patients with
refractory epilepsy were under an aggressive and
continuous AEDs administration, probably due to
over-expression of MDRI. [20]

In the last years, a number of clinical studies
have been conducted regarding the associations of
MDR1 genotype, especially of a C3435T polymor-
phism in exon 26 with the pharmacokinetic and
pharmacodynamic of antiepileptic drugs. However,
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the results are still inconclusive. Our results are
in accord to other authors which concluded that
MDR1 genotype are little associated with the phar-
macokinetic of drugs after oral administration [21],
since the effect of MDR1 on intestinal absorption
of substrates is expected to be minimal in the case
of commercially available oral drugs [22]. For the
validation of the results it is mandatory the conti-
nuity of the research and to have a larger sample
of patients, for statistical analysis power.
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