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Abstract

Introduction: The prescribed dose and carbamazepine plasma concentra-
tion to achieve the optimal therapeutic efficacy are highly variable from
one patient to the other. Our study aimed to determine whether biological
parameters may be used as plasma markers that can individually adjust the
carbamazepine dose necessary to optimize therapeutic efficacy.

Material and methods: Ninety-four epileptic patients under carbamazepine
monotherapy and who have never used combination therapy were recruit-
ed from the consecutive admissions at the Department of Neurology “CHU
Sahloul” of Sousse Central Hospital in Tunisia from February 2010 to April
2011. The patients were monitored for epilepsy for three years on average. Car-
bamazepine and 10,11-epoxide-carbamazepine concentrations were analyzed
through high-performance liquid chromatography. Simultaneously, therapeutic
efficacy was assessed through the annual number of seizures in each patient.
Results: Our results showed the absence of any significant correlations be-
tween specific dose (mg/kg/day), carbamazepine plasma concentrations
and therapeutic efficacy (r = 0.0025, p = 0.30; r = 0.1584, p = 0.38 respec-
tively), whereas both plasma 10,11-epoxide-carbamazepine concentration
and 10,11-epoxide-carbamazepine to plasma carbamazepine ratio were
closely correlated with therapeutic efficacy (r = 0.34, p = 0.03;r = 0.45,
p = 0.008 respectively). The optimum therapeutic response was observed
among patients who simultaneously had a plasma concentration of 0.8 ug/
ml of metabolite and 5.5 pg/ml of carbamazepine.

Conclusions: The results suggest that plasma levels of both carbamazepine
and of 10,11-epoxide-carbamazepine must be set to achieve an optimum
therapeutic response.

Key words: carbamazepine, 10,11-epoxide-carbamazepine, number of
seizures, epileptic patients.

Introduction

Carbamazepine (CBZ) is one of the most widely prescribed antiepi-
leptic drugs for the treatment of partial and generalized tonic-clonic sei-
zures [1, 2]. It can be used alone or in association with other drugs in the
treatment of epilepsy [3-6].
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The main metabolic pathway is catalyzed by
CYP3A4, which is the most important cytochrome
P450 enzyme that is intensely expressed in the liv-
er [1, 7]. Its major metabolite is an active epoxide:
carbamazepine-10,11-epoxide (CBZ-E) [8-10]. The
metabolite is fully converted by epoxide-hydrolase
(EPHX1) to carbamazepine-10,11-diol, which is ex-
creted in the urine in a free or a conjugated form
[11]. These enzymes may constitute modulating
factors of metabolic profiles of CBZ and can be im-
plicated in the control of the therapeutic efficacy
and toxicity of the CBZ [12-15].

In practice, therapeutic efficacy of CBZ is ob-
tained with varying dosages. For some patients,
“seizure free” is ensured by low doses. For others,
even high doses may be insufficient. The thera-
peutic efficacy of CBZ is not easily controlled due
to the difficulty to unify the prescribed dose and/
or necessary plasma concentration of CBZ to im-
prove therapeutic efficacy. Indeed, the prescribed
dose and the plasma concentration of CBZ that
are necessary to achieve the effective therapeutic
dose are highly variable from one patient to an-
other in epileptic patients. In this study, we pro-
posed to determine pharmacokinetic parameters
that could be used as plasma markers that may
individually adjust the dose of CBZ necessary to
optimize the efficiency of therapy.

Material and methods
Subjects

Ninety-four patients with epileptic disease (34
patients with symptomatic epilepsy disease and 60
patients with cryptogenic epilepsy disease) were
recruited for this study. These patients were com-
posed of 40 men and 54 women with a mean age of
38.26 years. The ages ranged from 14 to 80 years,
and the patients were recruited from the Neurology
Department of Central Hospital University (CHU),
Sousse, Tunisia for 14 months between February
2010 and April 2011. Most of the patients suf-
fered from focal seizures with or without secondary
generalization (50 patients, 53.19%), whereas the
rest of the patients suffered from generalized ton-
ic-clonic seizures (44 patients, 46.80%).

Table 1. Clinical characteristics of epileptic patients

Total number of patients studied 94
Seizure type (partial/generalized) 50/44
Epilepsy type N (%) 34/60
(symptomatic/cryptogenic)

Sex (M/F) 40/54
Age [years] 38.26 £17
Weight [kg] 63.3£7.6
CBZ daily dose [mg/kg/day] 8.18 +3.18
CBZ plasma concentration [ug/ml] 6.18 +2.78

This study was approved by the local ethical
committee. Informed consent was obtained from
each study participant. The physical characteris-
tics of the patients are given in Table I.

All the patients in this study were chronically
treated with CBZ, and they did not take any oth-
er associated treatment to obtain optimal autoin-
duction by CBZ and to consider the steady state
achieved in all patients. Patients were on carba-
mazepine for 8.16 months on average (range: 1-36
months). They were monitored for epilepsy for three
years on average. Periodic clinical monitoring was
performed every three months. As recommended,
we performed a complete blood count and liver
function test before initiation of treatment. These
two tests were performed once a week for the
first month of treatment and periodically thereaf-
ter [16]. No significant abnormalities were noted
in hematological analysis. There were histories of
stroke in 12 cases (receiving acetylsalicylic acid 125
to 250 mg/day or DL-lysine acetylsalicylate 100 to
250 mg/day). Intravenous alteplase was not admin-
istered in any case because of the delay in consult-
ing or the contraindications. Also, there was trau-
ma in 5 cases (without any medication). In trauma
patients and in the case of stroke, the first seizure
had occurred at least 10 months later. Patients had
not suffered from sequelar headache. Prescribing
analgesics was not justified. Cerebral magnetic
resonance imaging (MRI) showed malformations
of cortical development and tumor in 10 and 3 ca-
ses, respectively. Moreover, during our study, no
neurological adverse effects (ataxia, diplopia) were
observed. However, two major side effects were
observed: skin lesions in 2 patients and benign di-
gestive disorders in 11 cases. Ten patients suffered
from a transient increase in gamma GT.

Method

All patients systematically had one blood sam-
ple taken before inclusion for analysis of CBZ
plasma concentration. We included only patients
with two closely spaced values. The samples were
taken at 8:00 am before the morning dose. The
plasma samples were analyzed with high-perfor-
mance liquid chromatography in the Metabolic
Biophysics, Professional Toxicology, and Applied
Environmental Laboratory, Department of Bio-
physics, Medicine Faculty of Sousse, Sousse, Tuni-
sia. The determination of the plasma levels of CBZ
and CBZ-E in human plasma was conducted us-
ing previously described high-performance liquid
chromatography (HPLC)-based assays [17].

Statistical analysis

The Pearson correlation statistical test was used
to study the possible relationship between pharma-
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cokinetic parameters such as plasma concentrations
of CBZ and CBZ-E, metabolic ratio of CBZ-E/CBZ, and
the annual number of seizures in each patient. Fitted
curves were obtained through Origin 6.0.

Results

Periodic clinical monitoring allowed the moni-
toring of the treatment efficacy through the num-
ber of seizures recorded annually in each patient,
and it was also used as the criterion for assessing
the therapeutic efficacy as recommended by the
International League Against Epilepsy (ILAE) [18].

Relationship between daily dosage and
annual number of seizures

One of the parameters pertaining to the specif-
ic dosage (mg/kg/day) of CBZ was assessed. Con-
sidering only patients who developed seizures,
the specific dosage as shown in Figure 1 was not
significantly correlated with the annual number of
crises (r=0.0025, p = 0.30).

Furthermore, the mean carbamazepine specific
doses in patients who did not develop seizures and
in patients who developed seizures were evaluated
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Figure 1. Variability of annual numer of seizures
depending on the dosage

18

16 ] .
14 s .
12 L] .

10 A

8 4

Number of seizures/year

4 4
24 . - = = o=

04

CBZ [ug/ml]

Figure 3. Variability of the annual number of sei-
zures depending on the carbamazepine plasma
concentration

as 8.06 +3.03 mg/kg/day and 8.55 +3.78 mg/kg/day,
respectively. The recorded difference was not statis-
tically significant (p = 0.08) (Figure 2). It thus appears
that the specific dose of CBZ is not a parameter for
predicting therapeutic efficacy as assessed by the
number of annual seizures that occurred. Choosing
this dosage depends on variable empirical data that
vary from one patient to another.

Relationship between carbamazepine
plasma concentration and annual number
of seizure

To study the role of carbamazepine plasma con-
centration as a parameter that could potentially
predict the therapeutic efficacy of CBZ in epileptic
patients, we correlated this with the annual number
of seizures that occurred. Figure 3 shows the total
absence of such a correlation (r = 0.1584, p = 0.38).

A comparison of mean values of carbamaze-
pine plasma concentration in patients with and
without seizures (6.74 +2.52 upg/ml and 5.69
+2.94 pg/ml, respectively) showed a non-signifi-
cant difference (p = 0.07) (Figure 4). Our results
thus show that the carbamazepine plasma con-
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Figure 2. Variability in mean dose per kg of CBZ.
Group 1: patients without seizures (-seizures) and
group 2: patients with seizures (+seizures)
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Figure 4. Variability of mean carbamazepine plas-
ma concentrations in patients of group 1: without
seizures (-seizures) and in patients of group 2:
with seizures (+seizures)
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centration does not allow an individual scale to
predict therapeutic response.

Relationship between 10,11-epoxide-
carbamazepine plasma concentration
and annual number of seizures

In contrast to the carbamazepine plasma con-
centration, the plasma concentration of CBZ-E
was found to be significantly correlated with the
annual number of seizures (r = 0.34, p = 0.03) us-
ing polynomial regression (Figure 5).

According to these results, the optimal ther-
apeutic efficacy corresponding to the minimum
number of seizures was recorded when the plas-
ma concentration of CBZ-E was around 0.8 pg/ml.
It thus appears that the plasma concentration of
CBZ-E could be a marker of therapeutic response.
Taking into account that CBZ-E appears as a more
suitable marker than CBZ in predicting the thera-
peutic efficacy, it could be at least partially due to
its more polar character than CBZ, and therefore it
is less bound to plasma proteins.

Relationship between metabolic ratio
CBZ-E/CBZ and annual number of seizures

One of the parameters that could influence the
therapeutic efficacy is one related to the enzymat-
ic activity of CYP3A4 responsible for the bulk of
the metabolic pathways of CBZ. The metabolic in-
dex reflecting such activity can be represented by
the ratio of CBZ-E/CBZ. Figure 6 shows that it is
well correlated with the number of annual seizures
(r=0.45, p = 0.008) using polynomial regression.

The optimal efficiency obtained for a value of the
metabolic ratio of CBZ-E/CBZ is around 15%.

Discussion

The therapeutic efficacy in epileptic patients
chronically treated with CBZ was evaluated

through the number of annual seizures that oc-
curred in each patient. This therapeutic efficacy
may depend on several factors. The pharmacoki-
netic factor could be one of the parameters likely
to intervene in the interindividual variability.

This study aimed to examine the impact of
metabolic factors such as plasma concentrations
of CBZ and CBZ-E and the metabolic ratio CBZ-E/
CBZ on the clinical response evaluated as the
number of annual seizures occurring in each ep-
ileptic patient.

In this regard, our data failed to show a signifi-
cant correlation between CBZ dosage and measure-
ment of plasma CBZ concentration and the thera-
peutic effects evaluated by the annual number of
seizures. On the other hand, our results are in par-
tial agreement with the published data [19]. Johan-
nessen et al. confirmed that in case of long-term
treatment, important interindividual differences in
plasma protein binding may be observed [19]. It
could be an important determinant of drug efficacy.

Our results showed a significant association
between plasma 10,11-epoxide-carbamazepine
concentration and clinical response to treatment
as evaluated by the annual numbers of seizures.
This result is consistent with those obtained by
several authors, in which the importance of the
contribution of the active metabolite CBZ-E to
therapeutic efficacy was reported [20-22]. More-
over, a more significant correlation was also found
between CBZ-E to CBZ metabolic ratio and the
response to treatment as evaluated by the annu-
al numbers of seizures. This result is consistent
with the results obtained by Fagiolino et al., which
showed that to achieve a good response, the ratio
should be between 12% and 18% [8].

Thus, our results suggest that plasma 10,11-ep-
oxide-carbamazepine level and CBZ-E-to-CBZ ratio
must be simultaneously considered to predict the
therapeutic effect. The simultaneous increases of
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both plasma 10,11-epoxide-carbamazepine level
and CBZ-E-to-CBZ ratio appear as a factor that sig-
nificantly contributes to the increase of the thera-
peutic efficacy of CBZ in epileptic patients.

By simultaneously considering the two condi-
tions found necessary to achieve a better thera-
peutic efficacy, plasma carbamazepine concentra-
tion should take into account the values of plasma
concentration of CBZ-E (0.8 pg/ml) and of the
metabolic ratio CBZ-E/CBZ (0.15), and it should
thus be around 5.5 pg/ml.

A carbamazepine plasma concentration of
5.5 pg/ml, and plasma concentration of CBZ-E
of 0.8 pg/ml constitute the values that must be
achieved in epilepsy patients treated with CBZ,
regardless of the patient considered. To the best
of our knowledge, this is the first study to show
that both parameters must be simultaneously set
to achieve the optimum efficacy of CBZ.

It thus appears that the therapeutic efficacy
of CBZ evaluated through the number of seizures
that was recorded depends not only on the plas-
ma carbamazepine concentration but also on the
metabolite concentration of CBZ-E. Our results
show that the plasma carbamazepine and CBZ-E
concentrations should be simultaneously set to
the respective values of 5.5 mg/ml (r=0.1584, p =
0.38) and 0.8 mg/ml (r = 0.34, p = 0.03) to achieve
the optimal therapeutic effect in all patients.

In a previous study, a similar result was found
in a group of patients with bipolar disorder who
were treated with CBZ [17]. As evaluated by the
Brief Psychiatric Rating Scale (BPRS) score, the
optimal therapeutic efficacy was found when the
plasma concentrations of CBZ and CBZ-E were si-
multaneously set at 7 pg/ml (r = 0.28, p = 0.19)
and 1.4 pg/ml (r = 0.78, p = 0.0001), respectively
[17]. In this case, the values obtained in the pre-
vious study are more meaningful than those ob-
tained in our study. This difference between the
two diseases could be explained by the instrument
used to evaluate therapeutic efficacy. In the case
of bipolar diseases, the authors used the BPRS
score, which constitutes an objective and accurate
parameter. However, in this study, the therapeutic
efficacy was evaluated through the number of sei-
zures over a relatively long period that was report-
ed by the patient and/or his informants.

The differences found between each of the val-
ues to be set may reflect the relative difficulty in
the assessment of therapeutic efficacy in epilepsy
compared with a more accurate assessment of
therapeutic efficacy in patients with bipolar disor-
der. Based on these results, the parameter values
to be set found in the case of epilepsy are less pre-
cise, and therefore it would be better to consider
intervals of values for each parameter.

Thus, after at least one month of CBZ chron-
ic treatment, CBZ-E plasma concentration should

be maintained below 0.8 pg/ml. Considering that
CBZ-E/CBZ pre-dose plasma concentration ratios
are normally between 0.10 pg/ml and 0.40 pg/ml,
an updated therapeutic range for CBZ plasma lev-
els might be proposed as from 2 ug/ml to 8 pg/ml.
To achieve the previous pharmacokinetic condi-
tions necessary for obtaining the optimal thera-
peutic efficacy in epileptic patients treated with
CBZ, we proposed a methodology using a protocol
with several successive stages whose final objec-
tive would be to individually set the carbamaze-
pine and the metabolite CBZ-E plasma concen-
trations to the values found previously. The daily
dose of carbamazepine administered to the pa-
tient would be progressively increased until a car-
bamazepine plasma concentration that is equal to
5.5 pg/ml is obtained. The determination of the
plasma concentration of CBZ-E is then achieved
by HPLC according to the proposed method. We
can then modulate the plasma concentration of
CBZ-E found through the action of epoxide hydro-
lase, which is involved in the biotransformation
of CBZ-E into carbamazepine-10,11-diol [23]. It
comes to associate effectors of the epoxide hy-
drolase. This should be an inhibitor drug such as
valproic acid when the plasma concentration of
CBZ-E is lower than sought (0.8 pg/ml). On the
other hand, it should be an inducer drug of ep-
oxide hydrolase such as phenobarbital when the
plasma concentration of CBZ-E is higher than the
desired value.

It is important to mention that the treatment
of epilepsy with CBZ is sometimes associated with
valproic acid (VPA) or phenobarbital (PB). It has
been reported that such an association leads to
an improvement in the therapeutic efficacy of CBZ
[24]. Thus, two anti-epileptic drugs may have an-
tagonistic actions as they may expose the patient
to additive side effects [6, 25]. The ideal combina-
tion must demonstrate a pharmacological synergy
defined by an improvement in the efficiency with
similar toxicity, similar efficacy with reduced tox-
icity, or ideally improved efficiency with reduced
toxicity [26]. It is guaranteed, especially, if the
mechanism of action is different [27]. Thus, car-
bamazepine, phenobarbital, and phenytoin (PHT)
are potent enzyme inducers as they are able to
increase the level of cytochrome P450 activity.
Concomitant inducer drugs may increase metab-
olism of the co-administered drug and possibly
cause a loss of therapeutic efficacy. The extent of
enzyme induction is dose-dependent and could
be beneficial, especially if these drugs induce the
same P450 isoenzymes. When PB, PHT, and CBZ
are co-administered with either VPA, lamotrigine
(LTG), topiramate (TPM), or tiagabine (TGB), they
induce an increase in the metabolism of these
drugs and a subsequent reduction in their half-
lives. For example, the plasma concentration of
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VPA was reduced by 76% when co-administered
with PB, by 49% with PHT, and by 66% with CBZ
[28]. It may be necessary to increase the dosage
of anti-epileptic drugs (AED) assigned to maintain
clinical efficacy of the combination therapy. In
some patients with epilepsy and psychiatric dis-
orders (e.g., depression), it may be necessary to
co-administer psychotropic drugs and AED. Drug
interactions between these two classes of agents
focus on cytochrome P450 enzymes. For example,
the enzyme-inducing AED PB, PHT, and CBZ raise
metabolism of tricyclic antidepressants (TCAs)
including nortriptyline, imipramine, nomifensine,
and trazodone; and tricyclic antidepressants in-
hibit the metabolism of some anti-epileptic drugs
[29]. The result is a reduction in the plasma con-
centration of tricyclic antidepressants, with an
increase in plasma concentrations of co-adminis-
tered AED. For example, fluoxetine (Prozac) inhib-
its the enzymes CYP3A4, CYP2D6, and CYP2C19,
which may result in an increase in the plasma
concentrations of CBZ and PHT. The monitoring
of plasma concentrations of these drugs may be
useful in preventing the adverse consequences
of drug interactions [29]. Various factors must be
considered during treatment, and it is important
to try to identify people who may be sensitive to
drug interactions before treatment is initiated.
It is difficult to predict the extent of drug inter-
actions due to the large interindividual variation
between patients. This interindividual variation
could be related to genetic polymorphism of iso-
enzymes involved in drug metabolism, particular-
ly the enzyme CYP3A4, which is responsible for
the conversion of CBZ in several metabolites. The
most important one is 10,11-epoxy-carbamaze-
pine (CBZ-E) [10].

Another catabolic enzyme of CBZ is microsomal
epoxide hydrolase, which catalyzes the hydrolysis
reaction of CBZ-E into 10,11-dihydroxy-10,11-di-
hydrocarbamazepine (DiOH-CBZ) [3, 30]. The
genes encoding CBZ-metabolizing enzymes are
highly polymorphic. Over 40 single nucleotide
polymorphisms (SNPs) in the CYP3A4 gene have
been reported (http://www.imm.ki.se/CYPalleles).
There are particularly certain allelic variants of CY-
P3A4, such as CYP3A4*2, *4, *5, *6, *17, and *18,
which cause a reduction or an increase in enzyme
activity [12, 13].

The SNP CYP3A4*1G g.20230G>A (rs2242480)
is common in the Chinese population, with a high
allele frequency of about 26.9% [31-33]. Several
studies have demonstrated that the CYP3A4*1G
variant affects metabolism of CYP3A4 substrates
in vitro and in vivo [14, 34-37], indicating that the
CYP3A4*1G polymorphism may affect CYP3A4 ac-
tivity. Also, recent studies demonstrated that the
CYP3A4*1B variant can influence drug metabo-
lism [38]. The EPHX1 gene encoding the micro-

somal epoxide hydrolase (mEH) enzyme is also
highly polymorphic. The two common variants
€.337T>C (rs1051740) and c.416A>G (rs2234922)
have been demonstrated to change the catalytic
activity of mEH both in vitro and in vivo [39-42].
Patients with the variant ¢.337T>C or c.416A>G al-
lele tended to have higher CBZ doses or lower CBZ
concentration-dose ratios (CDRs) [30, 43]. More-
over, according to the literature, EPHX1 c.337T>C
polymorphisms may contribute to the risk of cuta-
neous disorders [15].

Although this study did not focus on combi-
nation therapy in epileptic patients, if the co-ad-
ministration of two drugs is necessary, the choice
of the inhibitor or inducer drug should be guided
by its action not only on CYP450 but especially
on epoxide hydrolase. These considerations will
be important if we intend to adjust the metabolic
ratio.

Pharmacokinetics can lead to screening tests
that would allow physicians to select the most ap-
propriate treatment combinations for individual
patients based on their genetic profiles. Doctors
should be able to make more rational decisions
about combination therapy with the maximum
therapeutic benefit and minimal toxicity.

In conclusion, these preliminary results show
that plasma CBZ-E and CBZ-E-to-CBZ ratio were
successfully used to predict therapeutic efficacy
among epileptic patients treated with CBZ. Our
results show an interesting proof that CBZ-E has
a risk bénéfit on chronic treatment of CBZ indicat-
ing the need to monitor plasma concentrations of
CBZ-E. Thus, a new therapeutic strategy based on
the simultaneous assessments of plasma CBZ and
CBZ-E concentrations among epileptic patients
treated with CBZ was proposed to adjust these
parameters at values leading to the optimum ef-
ficacy.

However, due to the limited number of patients
recruited in this study, these results should be
viewed with caution, and more data are needed
before any definitive conclusion can be drawn.

Acknowledgments

This study was supported by the “Higher Edu-
cation and Scientific Research Ministry” in Tunisia.
We thank all the staff of the Laboratory of Meta-
bolic Biophysics, Professional and Applied Environ-
mental Toxicology for their help and assistance.

Conflict of interest

The authors declare no conflict of interest.

References

1. Pellock JM. Treatment considerations: traditional antie-
pileptic drugs. Epilepsy Behav 2002; 3 (651): 18-23.

358

Arch Med Sci 2, March / 2017


http://www.imm.ki.se/CYPalleles
http://www.ncbi.nlm.nih.gov/pubmed?term=Pellock JM%5BAuthor%5D&cauthor=true&cauthor_uid=12609308
http://www.ncbi.nlm.nih.gov/pubmed/12609308

10.

11.

12.

13.

14.

15.

16.

17.

18.

The relationship between pharmacokinetic parameters of carbamazepine and therapeutic response in epileptic patients

. Ahmed SN, Siddiqi ZA. Antiepileptic drugs and liver dis-

ease. Seizure 2006; 15: 156-64.

. Liu H, Delgado MR. The influence of polytherapy on

the relationships between serum carbamazepine and
its metabolites in epileptic children. Epilepsy Research
1994; 17: 257-69.

. Bernus |, Dickinson RG, Hooper WD, Eadie MJ. The mech-

anism of the carbamazepine-valproate interaction in
humans. Br J Clin Pharmacol 1997; 44: 21-7.

. Patsalos PN, Froscher W, Pisani F, van Rijn CM. The im-

portance of drug interactions in epilepsy therapy. Epi-
lepsia 2002; 43: 365-85.

. Chmielewska B, Lis K, Rejdak K, Balcerzak M, Steinborn B.

Pattern of adverse events of antiepileptic drugs: results
of the a ESCAPE study in Poland. Arch Med Sci 2013;
9: 858-64.

. Yuki H, Honma T, Hata M, Hoshino T. Prediction of sites

of metabolism in a substrate molecule, instanced by
carbamazepine oxidation by CYP3A4. Bioorg Med Chem
2012; 20: 775-83.

. Fagiolino B Vazquez M, Olano L, Delfino A. Systemic and

presystemic conversion of carbamazepine to carbamaz-
epine-10,11-epoxide during long term treatment. ) Epi-
lepsy Clin Neurophysiol 2006; 12: 13-6.

. Breton H, Cociglio M, Bressolle F, Peyriere H, Blayac JR

Hillaire-Buys D. Liquid chromatography-electrospray
mass spectrometry determination of carbamazepine,
oxcarbazepine and eight of their metabolites in human
plasma. J Chromatogr B Analyt Technol Biomed Life Sci
2005; 828: 80-90.

Bu HZ, Kang B Deese AJ, Zhao R Pool WF. Human in
vitro glutathionyl and protein adducts of carbamaze-
pine-10,11-epoxide, a stable and pharmacologically ac-
tive metabolite of carbamazepine. Drug Metab Dispos
2005; 33: 1920-4.

Aldaz A, Ferriols R, Aumente D, et al. Pharmacokinetic
monitoring of antiepileptic drugs. Farm Hosp 2011; 35:
326-39.

Lee SJ, Goldstein JA. Functionally defective or altered
CYP3A4 and CYP3AS single nucleotide polymorphisms
and their detection with genotyping tests. Pharmacog-
enomics 2005; 6: 357-71.

Dally H, Edler L, Jager B, et al. The cyp3a4*1b allele
increases risk for small cell lung cancer: effect of gen-
der and smoking dose. Pharmacogenetics 2003; 13:
607-18.

Dong ZL, Li H, Chen QX, et al. Effect of CYP3A4*1G on
the fentanyl consumption for intravenous patient-con-
trolled analgesia after total abdominal hysterectomy in
Chinese Han population. J Clin Pharm Ther 2012; 37:
153-6.

He XJ, Jian LY, He XL, et al. Association of ABCB1, CY-
P3A4, EPHX1, FAS, SCN1A, MICA, and BAG6 polymor-
phisms with the risk of carbamazepine-induced Ste-
vens-Johnson syndrome/toxic epidermal necrolysis in
Chinese Han patients with epilepsy. Epilepsia 2014; 55:
1301-6.

Lévy-Chavagnat D. Stratégies de traitement des syn-
dromes épileptiques. Actualités Pharmaceutiques 2008;
475: 10-6.

Chbili C, Bannour S, Khlifi S, Ben Hadj Ali B, Saguem S. Re-
lationships between pharmacokinetic parameters of car-
bamazepine and therapeutic response in patients with
bipolar disease. Ann Biol Clin (Paris) 2014; 72: 453-9.
Kwan P Arzimanoglou A, Berg AT, et al. Definition of
drug resistant epilepsy: consensus proposal by the ad
hoc Task Force of the ILAE Commission on Therapeutic
Strategies. Epilepsia 2010; 51: 1069-77.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Johannessen Sl, Gerna M, Bakke J, Strandjord RE, Mor-
selli PL. CSF concentrations and serum protein binding
of carbamazepine and carbamazepine-10,11-epoxide in
epileptic patients. BrJ Clin Pharmacol 1976; 3: 575-82.
Potter JM, Donnelly A. Carbamazepine-10,11-epoxide
in therapeutic drug monitoring. Ther Drug Monit 1998;
20: 652-7.

So EL, Ruggles KH, Cascino GD, Ahmann PA, Weather-
ford KW. Seizure exacerbation and status epilepticus re-
lated to carbamazepine-10,11-epoxide. Ann Neurol
1994; 35: 743-6.

Bourgeois BF, Wad N. Individual and combined antie-
pileptic and neurotoxic activity of carbamazepine and
carbamazepine-10,11-epoxide in mice. ] Pharmacol Exp
Ther 1984; 231: 411-5.

Moreno J, Belmont A, Jaimes O, et al. Pharmacokinet-
ic study of carbamazepine and its carbamazepine
10,11-epoxide metabolite in a group of female epileptic
patients under chronic treatment. Arch Med Res 2004;
35:168-71.

Mervyn J, Eadie MD. Place of antiepileptic drug combi-
nations. J Clin Neurosci 1997; 4: 432-8.

Czuczwar SJ, Borowicz KK. Polytherapy in epilepsy: the
experimental evidence. Epilepsy Res 2002; 52: 15-23.
Brodie MJ, Sills GJ. Combining antiepileptic drugs: ratio-
nal polytherapy? Seizure 2011; 20: 369-75.

Stephen LJ, Forsyth M, Kelly K, Brodie MJ. Antiepileptic
drug combinations: have newer agents altered clinical
outcomes? Epilepsy Res 2012; 98: 194-8.

Perucca E, Tomson T. The pharmacological treatment of
epilepsy in adults. Lancet Neurol 2011; 10: 446-56.
Monaco F, Cicolin A. Interactions between anticonvul-
sant and psychoactive drugs. Epilepsia 1999; 40: S71-6.
Hung CC, Chang WL, Ho JL, et al. Association of poly-
morphisms in EPHX1, UGT2B7, ABCB1, ABCC2, SCN1A
and SCN2A genes with carbamazepine therapy optimi-
zation. Pharmacogenomics 2012; 13: 159-69.

Pisani F, Oteri G, Russo MF et al. The efficacy of val-
proate lamotrigine comedication in refractory complex
partial seizures: evidence for a pharmacodynamic inter-
action. Epilepsia 1999; 40: 1141-6.

Grimsley SR, Jann MW, Carter JG, et al. Increased carba-
mazepine plasma concentrations after fluoxetine coad-
ministration. Clin Pharmacol Ther 1991; 50: 10-5.

Du J, Xing Q Xu L, et al. Systematic screening for poly-
morphisms in the CYP3A4 gene in the Chinese popula-
tion. Pharmacogenomics 2006; 7: 831-41.

Du J, Zhang A, Wang L, et al. Relationship between re-
sponse to risperidone, plasma concentrations of risper-
idone and CYP3A4 polymorphisms in schizophrenia pa-
tients. J Psychopharmacol 2010; 24: 1115-20.

Zhang W, Chang YZ, Kan QC, et al. CYP3A4*1G genetic
polymorphism influences CYP3A activity and response
to fentanyl in Chinese gynecologic patients. Eur J Clin
Pharmacol 2010; 66: 61-6.

Yuan R, Zhang X, Deng Q Wu Y, Xiang G. Impact of
CYP3A4*1G polymorphism on metabolism of fentanyl in
Chinese patients undergoing lower abdominal surgery.
Clin Chim Acta 2011; 412: 755-60.

Miura M, Satoh S, Kagaya H, et al. Impact of the
CYP3A4*1G polymorphism and its combination with
CYP3A5genotypes on tacrolimus pharmacokinetics in
renal transplant patients. Pharmacogenomics 2011; 12:
977-84.

Puranik YG, Birnbaum AK, Marino SE, et al. Association
of carbamazepine major metabolism and transport
pathway gene polymorphisms and pharmacokinetics

Arch Med Sci 2, March / 2017

359


http://www.ncbi.nlm.nih.gov/pubmed?term=Liu H%5BAuthor%5D&cauthor=true&cauthor_uid=8013448
http://www.ncbi.nlm.nih.gov/pubmed?term=Delgado MR%5BAuthor%5D&cauthor=true&cauthor_uid=8013448
http://www.ncbi.nlm.nih.gov/pubmed/?term=Patsalos PN%5BAuthor%5D&cauthor=true&cauthor_uid=11952767
http://www.ncbi.nlm.nih.gov/pubmed/?term=Fr%C3%B6scher W%5BAuthor%5D&cauthor=true&cauthor_uid=11952767
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pisani F%5BAuthor%5D&cauthor=true&cauthor_uid=11952767
http://www.ncbi.nlm.nih.gov/pubmed/?term=van Rijn CM%5BAuthor%5D&cauthor=true&cauthor_uid=11952767
http://www.ncbi.nlm.nih.gov/pubmed/11952767
http://www.ncbi.nlm.nih.gov/pubmed/11952767
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chmielewska B%5BAuthor%5D&cauthor=true&cauthor_uid=24273570
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lis K%5BAuthor%5D&cauthor=true&cauthor_uid=24273570
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rejdak K%5BAuthor%5D&cauthor=true&cauthor_uid=24273570
http://www.ncbi.nlm.nih.gov/pubmed/?term=Balcerzak M%5BAuthor%5D&cauthor=true&cauthor_uid=24273570
http://www.ncbi.nlm.nih.gov/pubmed/?term=Steinborn B%5BAuthor%5D&cauthor=true&cauthor_uid=24273570
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pattern+of+adverse+events+of+antiepileptic+drugs%3A+results+of+the+aESCAPE+study+in+Poland
http://www.ncbi.nlm.nih.gov/pubmed?term=Yuki H%5BAuthor%5D&cauthor=true&cauthor_uid=22197672
http://www.ncbi.nlm.nih.gov/pubmed?term=Honma T%5BAuthor%5D&cauthor=true&cauthor_uid=22197672
http://www.ncbi.nlm.nih.gov/pubmed?term=Hata M%5BAuthor%5D&cauthor=true&cauthor_uid=22197672
http://www.ncbi.nlm.nih.gov/pubmed?term=Hoshino T%5BAuthor%5D&cauthor=true&cauthor_uid=22197672
http://www.ncbi.nlm.nih.gov/pubmed/?term=Prediction+of+sites+of+metabolism+in+asubstrate+molecule%2C+instanced+by+carbamazepine+oxidation+by+CYP3A4
http://www.ncbi.nlm.nih.gov/pubmed/?term=Prediction+of+sites+of+metabolism+in+asubstrate+molecule%2C+instanced+by+carbamazepine+oxidation+by+CYP3A4
http://www.ncbi.nlm.nih.gov/pubmed/?term=He XJ%5BAuthor%5D&cauthor=true&cauthor_uid=24861996
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jian LY%5BAuthor%5D&cauthor=true&cauthor_uid=24861996
http://www.ncbi.nlm.nih.gov/pubmed/?term=He XL%5BAuthor%5D&cauthor=true&cauthor_uid=24861996
http://www.ncbi.nlm.nih.gov/pubmed/24861996
http://www.ncbi.nlm.nih.gov/pubmed/25119803
http://www.ncbi.nlm.nih.gov/pubmed/25119803
http://www.ncbi.nlm.nih.gov/pubmed/25119803
http://www.ncbi.nlm.nih.gov/pubmed/25119803
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kwan P%5BAuthor%5D&cauthor=true&cauthor_uid=19889013
http://www.ncbi.nlm.nih.gov/pubmed/?term=Arzimanoglou A%5BAuthor%5D&cauthor=true&cauthor_uid=19889013
http://www.ncbi.nlm.nih.gov/pubmed/?term=Berg AT%5BAuthor%5D&cauthor=true&cauthor_uid=19889013
http://www.ncbi.nlm.nih.gov/pubmed/?term=Definition+of+drug+resistant+epilepsy%3A+Consensus+proposal+by+the+ad+hoc+Task+Force+of+the+ILAE+Commission+on+Therapeutic+Strategies
http://www.ncbi.nlm.nih.gov/pubmed?term=Johannessen SI%5BAuthor%5D&cauthor=true&cauthor_uid=22216497
http://www.ncbi.nlm.nih.gov/pubmed?term=Gerna M%5BAuthor%5D&cauthor=true&cauthor_uid=22216497
http://www.ncbi.nlm.nih.gov/pubmed?term=Bakke J%5BAuthor%5D&cauthor=true&cauthor_uid=22216497
http://www.ncbi.nlm.nih.gov/pubmed?term=Strandjord RE%5BAuthor%5D&cauthor=true&cauthor_uid=22216497
http://www.ncbi.nlm.nih.gov/pubmed?term=Morselli PL%5BAuthor%5D&cauthor=true&cauthor_uid=22216497
http://www.ncbi.nlm.nih.gov/pubmed?term=Morselli PL%5BAuthor%5D&cauthor=true&cauthor_uid=22216497
http://www.ncbi.nlm.nih.gov/pubmed/22216497
http://www.ncbi.nlm.nih.gov/pubmed?term=Potter JM%5BAuthor%5D&cauthor=true&cauthor_uid=9853982
http://www.ncbi.nlm.nih.gov/pubmed?term=Donnelly A%5BAuthor%5D&cauthor=true&cauthor_uid=9853982
http://www.ncbi.nlm.nih.gov/pubmed/9853982
http://www.ncbi.nlm.nih.gov/pubmed?term=So EL%5BAuthor%5D&cauthor=true&cauthor_uid=8210232
http://www.ncbi.nlm.nih.gov/pubmed?term=Ruggles KH%5BAuthor%5D&cauthor=true&cauthor_uid=8210232
http://www.ncbi.nlm.nih.gov/pubmed?term=Cascino GD%5BAuthor%5D&cauthor=true&cauthor_uid=8210232
http://www.ncbi.nlm.nih.gov/pubmed?term=Ahmann PA%5BAuthor%5D&cauthor=true&cauthor_uid=8210232
http://www.ncbi.nlm.nih.gov/pubmed?term=Weatherford KW%5BAuthor%5D&cauthor=true&cauthor_uid=8210232
http://www.ncbi.nlm.nih.gov/pubmed?term=Weatherford KW%5BAuthor%5D&cauthor=true&cauthor_uid=8210232
http://www.ncbi.nlm.nih.gov/pubmed/?term=seizures+exacerbation+and+status+epilepticus+related+to+carbamazepine-10%2C11-epoxide
http://www.ncbi.nlm.nih.gov/pubmed/?term=seizures+exacerbation+and+status+epilepticus+related+to+carbamazepine-10%2C11-epoxide
http://www.ncbi.nlm.nih.gov/pubmed?term=Hung CC%5BAuthor%5D&cauthor=true&cauthor_uid=22188362
http://www.ncbi.nlm.nih.gov/pubmed?term=Chang WL%5BAuthor%5D&cauthor=true&cauthor_uid=22188362
http://www.ncbi.nlm.nih.gov/pubmed?term=Ho JL%5BAuthor%5D&cauthor=true&cauthor_uid=22188362
http://www.ncbi.nlm.nih.gov/pubmed/?term=Association+of+polymorphisms+in+EPHX1%2C+UGT2B7%2C+ABCB1%2C+ABCC2%2C+SCN1A+and+SCN2A+genes+with+carbamazepine+therapy+optimization

Chahra Chbili, Anis Hassine, Aicha Laouani, Sana Ben Amor, Manel Nouira, Sofiéne Ben Ammou, Saad Saguem

39.

40.

41.

42.

43.

in patients with epilepsy. Pharmacogenomics 2013; 14:
35-45.

Hassett C, Robinson KB, Beck NB, Omiecinski CJ. The
human microsomal epoxide hydrolase gene (EPHX1):
complete nucleotide sequence and structural character-
ization. Genomics 1994; 23: 433-42.

Hassett C, Lin J, Carty CL, Laurenzana EM, Omiecinski CJ.
Human hepatic microsomal epoxide hydrolase: compar-
ative analysis of polymorphic expression. Arch Biochem
Biophys 1997; 337: 275-83.

Kitteringham NR, Davis C, Howard N, Pirmohamed M,
Park BK. Interindividual and interspecies variation in
hepatic microsomal epoxide hydrolase activity: studies
with cisstilbene oxide, carbamazepine 10,11-epoxide
and naphthalene. J Pharmacol Exp Ther 1996; 278:
1018-27.

Nakajima Y, Saito Y, Shiseki K, et al. Haplotype structures
of EPHX1 and their effects on the metabolism of carba-
mazepine-10,11-epoxide in Japanese epileptic patients.
Eur ) Clin Pharmacol 2005; 61: 25-34.

Makmor-Bakry M, Sills GJ, Hitiris N, Butler E, Wil-
son EA, Brodie MJ. Genetic variants in microsomal ep-
oxide hydrolase influence carbamazepine dosing. Clin
Neuropharmacol 2009; 32: 205-12.

360

Arch Med Sci 2, March / 2017



	_GoBack

