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Abstract 

Purpose: The aim of the study was to obtain pharmaco-
kinetic data for carbamazepine (CBZ) and its fractions not 
bound with proteins in bitherapy with lamotrigine (LTG), 
topiramate (TPM), vigabatrin (VGB) or valproic acid (VPA) 
in children and adolescents treated for epilepsy.

Material and methods: The participants of the presented 
investigations were fifty-five patients with epilepsy who 
were under control of The Department of Developmental 
Neurology, University of Medical Sciences in Poznań. All 
of patients were treated with CBZ in bitherapy with LTG, 
TPM, VGB or VPA. The blood samples were taken under 
steady-state conditions, before the morning dose and subse-
quently every 3 or 2 for 24 h. The plasma levels of CBZ were 
determined using TDX analyzer (Abbott Diagnostic Divi-
sion, USA). Free CBZ fraction was isolated with the use of 
ultrafiltration system (Amicon, USA). For pharmacokinetic 
calculations of total and free CBZ, one-compartment model 
was used according to standardized procedure.

Results: No significant differences in pharmacokinetic 
parameters of unbound CBZ in four groups of patients on 
bitherapy with CBZ and LTG, TPM, VGB or VPA were 
found. The changes in pharmacokinetics of total CBZ 
were related with difference in CBZ concentrations, area 
under curve (AUC), L/D/kg ratios and clearance (Cl)/kg. 
CBZ+VGB bitherapy led to higher total CBZ concen-
trations. In the group on bitherapy with CBZ+VPA, no 
increase in unbound CBZ was detected. 

Conclusions: Pharmacokinetic interactions of CBZ with 
LTG, TPM, VGB or VPA in children are associated only 
with the changes in total CBZ parameters.

Key words:  carbamazepine, interactions, lamotrigine, 
topiramate, vigabatrin, valproic acid.

Introduction

Treatment of epilepsy in most of children involves long-
term therapy with one or more of antiepileptic drugs (AEDs). 
Interactions between AEDs can results from either pharma-
codynamic or pharmacokinetic mechanisms [1]. Pharmaco-
dynamic interactions between drugs with similar or opposing 
pharmacological mechanism of actions take place at the cellular 
levels (cellular targets) and are associated with no changes in 
the plasma levels of these drugs. Pharmacokinetic interactions 
can occur when one drug interferes with another one and alters 
the level of the drug or its metabolite or both of them [1,2]. This 
kind of interactions between AEDs most commonly occurs due 
to displacement of a drug from binding with plasma proteins 
or modification of hepatic metabolism. Interactions involving 
protein binding displacement are prominent only among the 
highly protein-bound AEDs (more than 90%), i.e. phenytoin 
(PHT), tiagabine (TGB) or valproic acid (VPA) [1,2,3]. For 
drugs with low intrinsic hepatic clearance (Cl), like AEDs, 
the addition of displacing agent causes a decrease in the total 
drug concentration in plasma and no changes of free drug 
concentrations. As concentration of unbound fraction repre-
sents the pharmacologically active drug, the clinical effects of 
AED should also be unchanged. Clinically important interac-
tions involving hepatic metabolism occur when a drug reduces 
(enzyme inhibition) or enhances (enzyme induction) the activity 
of pathways responsible for the metabolism of co-administered 
drugs. The magnitude of both inhibition or induction and their 
clinical relevance depend on age of children, genetic and envi-
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ronmental influences, doses and pharmacological activity of the 
metabolites [1,4,5].

Classic AEDs are often involved in many interactions due to 
their pharmacokinetic properties. These drugs carbamazepine 
(CBZ), PHT, phenobarital (PB), primidone (PRM) are potent 
inducers of cytochrome P 450 (CYP450) and can enhance the 
metabolism of other AEDs lamotrigine (LTG), topiramate 
(TPM), and TGB [1,6]. VPA inhibits the metabolism of PB, 
LTG and CBZ and increases a risk of toxicity of these drugs. 
VPA is a protein-binding displacer. 

The new AEDs exhibit fewer potential interactions than 
the classic AEDs. They are eliminated by the renal system and 
are not protein-bound (except TGB). Oxcarbazepine (OXC), 
felbamate (FBM) and TPM have mild inducing properties and 
may cause CYP2C19 inhibition thus the metabolism of PHT 
may be altered. Gabapentin (GBP), vigabatrin (VGB), and 
leviteracetam (LEV) exhibit few or no interaction with AEDs. 
FBM, LTG, TGB, TPM and zonisamide (ZNS) may be induced 
by classic AEDs with enzyme-inducting properties. 

CBZ is widely used in the treatment of partial and general-
ized seizures. Polytherapy of CBZ with conventional AEDs 
like: PHT, PB or PRM is related with decreased plasma levels 
of CBZ [7] but some authors did not observe any changes 
in CBZ level [8]. The main effect of these interactions is an 
increase in carbamazepine-10,11-epoxide (CBZ-E) level due 
to induction of CYP3A4 [7]. PHT levels during bitherapy with 
CBZ may increase or decrease [9]. CBZ may inhibit or induce 
PHT biotransformation [10]. The decrease in PRM and increase 
its active metabolite – PB were noticed during bitherapy with 
CBZ+PRM [9]. CBZ+PB bitherapy was little clinical value 
because the increase in CBZ level is small and CBZ does not 
influence PB concentration [7,9]. 

Co-medication with CBZ+VPA leads to both pharma-
codynamic and pharmacokinetic effects. Pharmacodynamic, 
synergistic interaction results in enhanced antiepileptic efficacy 
of this combination [11,12]. Protein binding of CBZ is changed 
during bitherapy with VPA and the unbound fraction of CBZ 
can increase [13]. Some authors did not observe these changes 
[7] or found only temporary increase in free CBZ level [14]. 
VPA inhibits the metabolism of CBZ-E and toxic plasma 
concentrations of CBZ-E may be observed [7,15]. Bernus et 
al. [16] described the inhibition of glucuronidation of CBZ-10,
11-trans-diol, and probably inhibition of the conversion CBZ-E 
to trans-diol derivative, rather than simple inhibition of epoxide 
hydrolase. 

CBZ+LTG bitherapy is related with shortening in t1⁄2 of 
LTG and neurotoxic side effects [9]. The mechanism of these 
changes is unknown [9]. The ratio CBZ/CBZ-E concentration 

is lowered during co-medication with LTG [8]. The data about 
concentrations of these drugs during bitherapy are divergent 
[9]. The pharmacodynamic interaction may result in neurotoxic 
symptoms [1,17]. CBZ-E is pharmacologically active metabolite 
of CBZ but some authors do not agree with opinion about its 
role in epilepsy treatment and side effects [8,18]. Winnicka et 
al. [19] did not observe relationship between side effects and 
increase in CBZ plasma levels. 

The effect of VGB therapy on CBZ concentration is some-
how controversial. Some studies did not show any influence on 
CBZ levels [9]. However, Jędrzejczak et al. [20] reported an 
increase in CBZ concentration after VGB addition. Sanchez-
Alcaraz et al. [21] reported also an increase in CBZ clearance 
during its bitherapy with VGB. 

Sisodiya et al. [22] described some patients with neurotoxic 
side effects after combining LEV with CBZ without any changes 
in concentrations of both AEDs and CBZ-E. TPM is a weak 
inducer of isoenzymes of CYP450 and its addition to CBZ does 
not change pharmacokinetic parameters of total an unbound 
CBZ [23,24]. Pharmacokinetics of CBZ did not change during 
treatment with TGB but t1⁄2 and Cl of TGB increased when 
this combination was used due to the same metabolic pathway 
(CYP3A4) [25]. Addition of OXC to CBZ therapy can lead to 
small decrease in serum CBZ concentration [26,27].

The aim of the study was to obtain pharmacokinetic data for 
CBZ and its fractions not bound with proteins in bitherapy with 
LTG, TPM, VGB or VPA in children and adolescents treated 
for epilepsy.

Material and methods

The participants of the study were fifty-five patients with 
epilepsy who were under care of The Department of Devel-
opmental Neurology, K. Marcinkowski University of Medical 
Sciences in Poznań. All patients were treated with CBZ in 
bitherapy with LTG, TPM, VGB or VPA. The age of patients 
and AEDs doses are presented in Tab. 1 and 2. One-way analysis 
of variance showed statistically significant differences mean age 
of patients (p<0.001, F=5.038, df=7:136). Post hoc Tukey tests 
did not show any differences. 

One-way analysis of variance showed statistically significant 
difference in CBZ doses (p=0.01, F=2.272, df=7:136) but in 
post-hoc tests found no differences in CBZ doses. 

Twelve patients had primary generalized epilepsy and 43 
patients suffered from focal seizures. The blood samples were 
taken under steady-state conditions before the morning dose 
and subsequently every 3 or 2 h for 24 h. The last changes in 

Table 1. The age of patients treated with CBZ and other AEDs

Bitherapy Number of patients Age range (years) Mean age ±SD Sex M/F
CBZ+VPA 28 6.3 - 18.2 13.6 ± 2.9 14/14

CBZ+LTG 10 11.6 - 17.8 15.5 ±1.9 3/7

CBZ+TPM 11 9.9 - 17.1 13.9 ± 3.5 5/6

CBZ+VGB 6  11.4 - 17.6 15.9 ± 4.4 2/4
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dosage were done two months before the study. The plasma 
levels of CBZ were determined using TDX analyzer (Abbott 
Diagnostic Division, USA). Free CBZ fraction was isolated 
with the use of ultrafiltration system (Amicon, USA). Diurnal 
fluctuations of free and total CBZ were presented with the use 
of fluctuation index (FI), i.e. the difference between maximum 
concentration (Cmax) and minimum concentration (Cmin), which 
is the percentage of Cmin (FI = C max - Cmin / Cmin%). For pharma-
cokinetic calculations of total and free CBZ, one-compartment 
model was used according to standardized procedure. Pharma-
cokinetic parameters: area under curve (AUC), elimination rate 
constant (k), half-life (t1⁄2), volume of distribution (Vd), Cl, 
level / dose (L/D) ratio and free fraction (FF) (AUC free / AUC 
total ratio) were compared using analysis of variance and post-
-hoc test (Tukey test, p=<0.05).

Results

Pharmacokinetic parameters for unbound CBZ in bitherapy 
and results of analysis of variance were presented in Tab. 3. CBZ 
achieved after the doses used in all patients were in therapeutic 
range (1.1 do 3.2 g/ml) [28]. The unbound CBZ levels were 
below therapeutic concentrations only in some cases, but the 
Cmean values were always in therapeutic range. Pharmacokinetic 
parameters calculated for unbound CBZ in four groups of 
patients did not differ significantly.  

Pharmacokinetic parameters for total CBZ in bitherapy are 
presented in Tab. 4.

Mean values of Cmin, Cmax and Cmean of total CBZ used with 
TPM or VPA were in therapeutic range, 4-10 g/ml [28]. The 
values above 10 g/ml and below 4 g/ml were measured only 

Table 2. Doses of CBZ and other AEDs

Bitherapy CBZ dose range mg/kg Mean CBZ dose mg/kg Dose range of 
co-administered AEDs mg/kg 

Mean doses 
of co-administered AEDs mg/kg

CBZ+VPA 5.0 - 22.2 14.4 ± 7.6 4.5 - 40.0 20.7 ± 8.1

CBZ+LTG 4.8 - 17.9 10.6 ± 4.3 1.9 - 7.0 3.5 ±1.8

CBZ+TPM 5.8 - 22.0 12.7 ± 5.3 3.3 - 12.1 5.9 ± 2.7

CBZ+VGB 9.6 - 21.4 13.3 ± 4.4 17.5 - 72.0 38.4 ±18.2

Table 3. Pharmacokinetic parameters of unbound CBZ in patients on bitherapy with other AEDs

 Parameter CBZ+LTG CBZ+TPM CBZ+VGB CBZ+VPA
Analysis of variance

Df F p
AUC [ gh/ml] 18.10 ± 5.98 22.13 ± 7.82 20.98 ± 7.25 19.26 ± 7.87 3;54 0.623 0.603

t1⁄2 [h] 24.36 ± 14.87 18.85 ± 9.58 18.42 ± 4.53 22.08 ± 15.17 3;54 0.341 0.796

k [1/h] 0.05 ± 0.03 0.05 ± 0.03 0.04 ± 0.01 0.05 ± 0.03 3;54 0.415 0.743

Cl/kg [ml/h/kg] 292.94 ± 97.22 318.07 ± 148.89 323.51 ± 55.95 379.06 ± 202.89 3;54 0.834 0.481

Vd/kg [l/kg] 11.45 ± 9.75 8.35 ± 4.65 8.61 ± 2.14 12.31 ± 10.85 3;54 0.645 0.590

Cmin [ g/ml] 1.28 ± 0.37 1.60 ± 0.58 1.52 ± 0.53 1.44 ± 0.64 3;54 0.570 0.683

Cmean [ g/ml] 1.49 ± 0.49 1.82 ± 0.65 1.73 ± 0.60 1.71 ± 0.70 3;54 0.460 0.688

Cmax [ g/ml] 1.77 ± 0.70 2.14 ± 0.77 2.04 ± 0.78 1.99 ± 0.77 3;54 0.423 0.737

FI 0.38 ± 0.23 0.35 ± 0.16 0.34 ± 0.12 0.46 ± 0.43 3;54 0.484 0.695

L/D/kg [ g/ml/mg/kg] 0.15 ± 0.05 0.18 ± 0.13 0.13 ± 0.02 0.14 ± 0.07 3;54 0.683 0.567

Table 4. Pharmacokinetic parameters of total CBZ in patients on bitherapy with other AEDs

Parameter CBZ+LTG CBZ+TPM CBZ+VGB CBZ+VPA
Analysis of variance 

Df F p
AUC [ gh/ml] 117.02 ± 51.46  87.39 ± 21.76 128.30 ± 19.95  77.31 ± 23.47 3;54 7.650 0.0001*

t1⁄2 [h] 17.55 ± 8.09 25.16 ± 8.17 13.96 ± 7.50 17.39 ± 1.07 3;54 0.209 0.890

k [1/h] 0.06 ± 0.03 0.06 ± 0.04 0.06 ± 0.02 0.06 ± 0.04 3;54 0.913 0.439

Cl/kg [ml/h/kg] 47.59 ± 14.12 75.22 ± 29.91 53.21 ± 17.75 88.63 ± 41.93 3;54 4.424 0.008*

Vd/kg [l/kg] 1.13 ± 0.53 2.85 ± 3.66 1.15 ± 0.87 2.06 ± 1.28 3;54 1.821 0.155

Cmin [ g/ml] 7.81 ± 3.59 6.07 ± 1.80 8.52 ± 1.08 5.68 ± 2.12 3;54 3.842 0.015*

Cmean [ g/ml] 9.59 ± 4.24 7.20 ± 1.84 10.52 ± 1.60 6.92 ± 2.51 3,54 4.582 0.006*

Cmax [ g/ml] 11.37 ± 4.78  8.38 ± 1.98 12.70 ± 2.21  8.26 ± 3.07 3;54 4.913 0.004*

FI 0.49 ± 0.27 0.42 ± 0.23 0.48 ± 0.15 0.50 ± 0.30 3;54 0.222 0.880

L/D/kg [ g/ml/mg/kg] 0.95 ± 0.41 0.67 ± 0.35 0.86 ± 0.30 0.54 ± 0.20 3;54 5.846 0.002*

* Difference statistically significant at p  0.05
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in few cases in the groups on CBZ+VPA and CBZ+LTG 
bitherapy. In a case of bitherapy with CBZ+LTG, the Cmax 
of total CBZ was higher than therapeutic value averaging
11.37±4.78 g/ml. The Cmax values of Cmin, Cmax and Cmean were 
the highest in CBZ+VGB bitherapy group. Two of them, maxi-
mum and mean levels of CBZ, were the highest among observed 
groups of bitherapy (Tab. 4). 

Cmin was the lowest in groups on CBZ+VPA bitherapy while 
in the patients on CBZ+VGB bitherapy it was the highest. Cmin 

for CBZ+LTG and CBZ+TPM did not differ from the others 
Cmin values.

Analysis of variance for Cmean showed the difference between 
all patient groups. The lowest Cmean resulted from CBZ+VPA 
treatment and differed from the highest Cmean in CBZ+VGB 
group. However, these values did not differ from Cmean in 
CBZ+TPM or CBZ+LTG groups. Total CBZ concentration in 
the group treated with CBZ+TPM was different from that in 
CBZ+VGB bitherapy while the result of CBZ+LTG treatment 
did not differ from the co-medication with VGB and VPA. 

Cmax of CBZ varied in different treatment, it was the highest 
in CBZ+VGB group. This value differed from Cmax of CBZ dur-
ing co-medication with CBZ and VPA or TPM. CBZ Cmax was 
not changed by LTG and VGB co-medication. The lowest levels 
of CBZ were measured in CBZ+VPA – treated group and were 
different from Cmax in patients on bitherapy with VGB+CBZ. 

The value for bitherapy CBZ+LTG was the highest and dif-
fered from values those for CBZ+VPA – treated group. L/D/kg 
for bitherapy with CBZ and VGB or TPM did not differ. 

 The CBZ AUC was the highest in patients on bitherapy 
with CBZ+VGB and the smallest in those receiving bitherapy 
with CBZ+VPA. AUC of CBZ+TPM – treated group differed 
from the value in patients receiving CBZ+VGB. There was no 
difference in AUC values between VPA versus TPM co-medica-
tion with CBZ, and TPM vs LTG as well as LTG vs VGB. 

Cl of CBZ significantly differed between the groups. The 
highest values of Cl were calculated for CBZ+VPA group and 
the lowest Cl of CBZ accompanied add-on therapy with LTG. 
Vd did not differ statistically significantly in all patient groups as 
demonstrated by analysis of variance and post-hoc tests.

Analysis of variance revealed statistically significant 
(p=0.018) differences in FF between all groups of patients. 
There were no differences between the groups on bitherapies. 
The highest values of FF were calculated for CBZ+TPM 
(0.25 ± 0.07 g/ml) and CBZ+VPA (0.25 ± 0.09 g/ml) groups 
and the lowest for CBZ+VGB (0.17± 0.06 g/ml) and 
CBZ+LTG (0.17± 0.06 g/ml) treated groups (data are not 
shown). 

Discussion

Epilepsy treatment with CBZ is related with an autoin-
duction. The autoinduction of CBZ leads to a decrease in 
CBZ levels and shortening of t1⁄2 [28,29]. Metabolism of CBZ 
accelerates during treatment and the doses of this drug may be 
too low to achieve the therapeutic effect [29,30]. Cl values may 
increase two times after one month of treatment but no changes 
were observed after four months [26]. Cloyd and Remmel [31] 

reported cases with three times higher Cl in initial weeks of CBZ 
therapy. The range of autoinduction depends on CBZ dose. The 
increase in CBZ dose does not elevate plasma CBZ concentra-
tion at the beginning of treatment [28].

The fluctuations of concentration of total and unbound CBZ 
were found in therapeutic range in the patients participating in 
this study. No differences in pharmacokinetic parameters of 
unbound CBZ between all groups on bitherapies: CBZ+LTG, 
CBZ+TPM, CBZ+VGB and CBZ+VPA were found. The 
changes in pharmacokinetic parameters of total and unbound 
CBZ in each of bitherapy groups are discussed below. 

CBZ+LTG
No differences of unbound CBZ were observed between 

all groups. The lowest concentrations of CBZ were probably 
related with the smallest doses of CBZ used in add-on therapy 
with LTG, however, no differences were calculated in CBZ 
doses. In the earlier reports on interaction CBZ+LTG, the 
authors suggested an increase in CBZ-E level [32], but later 
observations did not confirm this conclusion [1,17]. Eriksson 
et al. [33] described no changes in CBZ and CBZ-E concentra-
tions after LTG addition. This study and observations of others 
authors [34] excluded any pharmacokinetic interaction between 
CBZ and LTG. CBZ+LTG bitherapy leads to pharmacody-
namic interaction with a possibility of neurotoxic side-effects 
[17,35].

The doses of CBZ used in patients receiving CBZ+LTG 
were lower than the doses in those treated with CBZ+VPA but 
without significant differences. Usually, in co-medication with 
CBZ and VPA, the lower concentrations of CBZ were estimated 
[36].

No changes in Cl were observed in comparison with 
CBZ+TPM and CBZ+VGB groups. The lower values of Cl in 
CBZ+LTG bitherapy group might be related with lower doses 
of CBZ used with LTG. 

The interactions of AEDs during absorption are very rare 
[2]. LTG does not change the absorption or elimination of CBZ. 
It was demonstrated by double-blind, randomized study in 
volunteers presented by Malminiemi et al. [37]. Protein-binding 
interactions commonly occur when two highly protein-bound 
drugs (>90%) are co-administered and compete for a limited 
number of binding sites. Bitherapy with CBZ+LTG does not 
change pharmacokinetic parameters of both CBZ and its active 
metabolite CBZ-E. LTG is a weak inducer of UGT while CBZ 
induces both CYP450 isoenzymes and UGT, so the interaction 
between these two AEDs may appear [4,38]. LTG is metabolized 
via conjugation with UGT and it neither influences nor inhibits 
CYP450 isoenzymes. CBZ is metabolized by CYP450 system 
and induces P450 isoenzymes, which do not metabolize LTG [2]. 
No change was observed in pharmacokinetics of free CBZ frac-
tion in CBZ+LTG group comparing with other groups. Finally, 
no interactions during elimination were reported [2], and LTG 
did not influence elimination of CBZ [37].

CBZ+TPM
Co-medication with both of these two drugs was used for 

the treatment of epileptic patients with simple or complex 
focal / partial seizures. However, the indications of TPM usage 



13Pharmacokinetic interactions of carbamazepine with some antiepileptic drugs during epilepsy treatment in children and adolescents

are broader, since they were applied to manage, a lot of epilep-
tic seizures and epileptic syndromes [39] and status epilepticus 
[40]. Mean doses of TPM and CBZ were in therapeutic range. 
There were no significant differences in CBZ doses between all 
bitherapy groups.

Some changes in pharmacokinetic parameters of unbound 
and total CBZ were observed in the group CBZ+TPM. No 
reports were found about parallel comparison of four groups of 
patients treated with CBZ in combination with different AEDs. 
Co-medication with CBZ and VGB, VPA, LTG or TPM did not 
lead to any changes in pharmacokinetic parameters of unbound 
CBZ. Sachdeo et al. [23] reported no influence of TPM addition 
on pharmacokinetics of total and free CBZ and CBZ-E. Neuro-
toxic side effects connected with CBZ appeared when TPM was 
used as add-on therapy with CBZ. Reduction of CBZ dosage 
resulted in a disappearance of these symptoms [41]. Maximum 
and mean CBZ concentrations and AUC did not differ from the 
respective value obtained in CBZ+VGB bitherapy group. 

CBZ+VGB
Fluctuation of pharmacokinetic parameters in CBZ+VGB 

were analyzed only in six patients. The small number of patients 
was connected with some limitation of the use of VGB to few 
epileptic syndromes. West syndrome (WS) was the special 
indication to use VGB [42]. Apart from this indication, VGB 
is often used in the treatment pharmacoresistant focal seizures 
[25]. The limitation of VGB therapy is related with some 
unwanted effects, especially with appearance of visual defects in 
30% of patients treated with VGB [43].

Combination of CBZ with VGB is very effective due to 
specific mechanism of action of these two AEDs. Combining 
a sodium channel blocker with drug enhancing GABAergic 
inhibition may be useful in patients with generalized tonic-
clonic seizures and partial seizures [11]. Bitherapy with VGB 
did not cause any differences in pharmacokinetic parameters 
of unbound CBZ. During treatment with CBZ+VGB, we can 
expect higher concentration of CBZ than during other bithera-
pies with CBZ. Similar conclusions were drawn by Jędrzejczak 
et al. [20]. The authors noticed 10% increase in CBZ concen-
tration after addition of VGB to CBZ therapy. A negative 
correlation between the increase and the initial level of CBZ 
prior to VGB addition was found. However, the trial of these 
authors comprised only adult patients, and they did not measure 
unbound CBZ levels. Neurotoxic symptoms of CBZ in bitherapy 
with VGB have been reported sometimes, but without any phar-
macokinetic consequences [9,45,46].

Searching for any pharmacokinetic interactions between 
CBZ and VGB, Sanchez-Alcaraz et al. [21] investigated phar-
macokinetics of CBZ during monotherapy and after addition 
of VGB. Co-medication with VGB and CBZ was connected 
with a decrease in L/D ratio and with an increase in Cl by about 
35%. Furthermore, the plasma levels of CBZ in some patients 
lowered to subtherapeutic values. The monitoring of CBZ 
concentration after addition VGB is important for this type of 
bitherapy. The explanation of interaction of CBZ with VGB is 
difficult. VGB is not metabolized in the liver, does not bind to 
plasma proteins and the major route for its elimination is via 
renal excretion of the unchanged compound [1]. The reports 

about VGB interaction are ambigous [20,21]. The reason of this 
discrepancy in the observations may be different time of blood 
sampling and the fact that CBZ concentrations were measured 
before autoinduction period [29]. 

CBZ+VPA
Bitherapy with CBZ and VPA is the combination of AEDs 

which was used most often in the patients participating in the 
present study. CBZ doses did not differ from other groups in 
this study.

CBZ is used in the treatment of partial epilepsy more often 
than VPA but VPA was not more effective in generalized tonic-
clonic seizures [47]. Combination of these AEDs has been used 
for treatment of epileptic seizures for many years [12]. There 
were no serious side-effects. Some authors underline not only 
pharmacokinetic but pharmacodynamic interactions that 
increase antiepileptic properties of these AEDs [48]. Deckers 
et al. [11] reported that combination of CBZ+VPA appeared 
to be associated with an improvement in effectiveness. Froscher 
[49] mentioned bitherapy CBZ with VPA as very useful in drug-
resistant seizures.

VPA is highly bound to plasma proteins. VPA can displace 
drugs from their plasma protein-binding sites and their free 
fraction may dramatically increase [7]. Despite VPA capability 
of increasing unbound CBZ levels, no changes in free CBZ 
levels were obtained. Literature data indicate that sometimes 
unbound CBZ concentrations remained unchanged [50] and 
this interaction is doubtful [51]. Kozik et al. [14] reported an 
increase in unbound CBZ level during bitherapy with VPA at the 
beginning of treatment with CBZ+VPA and, then, a  decrease 
in the concentrations to the values before bitherapy. The lack 
of high unbound CBZ levels in CBZ+VPA bitherapy, patients 
even considering mechanism of displacement of other drugs by 
VPA, may be explained by the fact that the study was conducted 
after stabilizing of concentrations all AEDs. This interaction 
has small clinical significance and it does not increase unbound 
CBZ levels. 

The changes in CBZ levels have been described as decreased 
[52], increased or cure changed by VPA [51,53]. The L/D/kg 
ratio was the lowest and differed from L/D/kg ratio calculated 
for CBZ+LTG. These values usually decrease in polytherapy 
[52,54]. The lowest L/D/kg for CBZ+VPA, despite similar CBZ 
doses, are connected with low concentrations of CBZ in bither-
apy with VPA. Liu and Delgado [52] explained this phenomenon 
as increases in CBZ Cl due to heteroinduction of CBZ while 
in patients treated with CBZ+VPA as an increase in unbound 
CBZ. CBZ Cl in the group was the highest and differed from Cl 
in patients on CBZ+LTG bitherapy. The changes in this param-
eter were observed also during treatment with other AEDs [46]. 
The interaction between CBZ and VPA was described as very 
complicated due to various values of total CBZ concentrations 
but the final effect depended on the examined population [54]. 
The lack of any influence of VPA on CBZ levels was explained 
as an effect of unchanged activity of CYP3A4 isozyme by VPA 
[2]. Because of inhibition of epoxide hydrolase, VPA can signifi-
cantly inhibit Cl of CBZ-E [51]. Although the measured CBZ 
concentrations remain stable, toxicity may still occur. CBZ-E is 
an active metabolite of CBZ and, despite its antiepileptic activ-
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ity, is responsible for side-effects [18]. Newer study does not 
confirm these results but reports that side-effects may be con-
nected with high CBZ levels [19]. Bernus et al. [16] described 
the inhibition of glucoronidation of CBZ-10, 11-trans-diol, 
and probably inhibition of the conversion CBZ-E to trans-diol 
derivative, rather than simply inhibiting epoxide hydrolase. 

Conclusions

There were no significant differences in pharmacokinetic 
parameters of unbound CBZ between four groups of patients on 
bitherapy with CBZ and LTG, TPM, VGB or VPA. The changes 
in pharmacokinetics of total CBZ were related with differences 
in CBZ concentrations, AUC, L/D/kg ratios and Cl/kg. In the 
group CBZ+VPA, no increase in unbound CBZ was detected. 
CBZ+VGB bitherapy may lead to higher total CBZ concentra-
tions than other types of bitherapy. 
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