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This study developed a simple method for the simultaneous determination of zonisamide (ZNS), carbamazepine (CBZ) and its active metabolite,
arbamazepine-10,11-epoxide (CBZE) in infant serum using reversed-phase high-performance liquid chromatograph (HPLC). The method involves
single-step protein precipitation procedure that uses no solid-phase or liquid–liquid extraction. The HPLC separation was carried out on a Cadenza
D-C18 column (3 �m, 4.6 mm × 150 mm) with potassium phosphate buffer (pH 4.6; 25 mM)–methanol–acetonitrile (65:20:15 (v/v/v)) as a mobile
hase at a 1.0 ml/min flow rate: ZNS was detectable using a UV detector at 235 nm, and both CBZ and CBZE were at 215 nm. The quantification
imits were established in accordance with each therapeutic range at 2.5 �g/ml for ZNS, 0.5 �g/ml for CBZ, and 0.25 �g/ml for CBZE. The
espective coefficients of variation were 1.3–6.0% and 2.2–7.7% for the intra- and inter-assay.
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. Introduction

Zonisamide (ZNS; 3-sulphamoylmethyl-1,2-benzisoxazol)
s used as an antiepileptic drug (AED) in the clinical treat-

ent of epileptic disorders [1,2]. The therapeutic range of the
erum concentration of ZNS is usually attained with plasma con-
entrations of 17–50 �g/ml. Some toxic symptoms might occur
ith plasma concentrations greater than 40 �g/ml [1]. Clinically,
NS is often used in combination with other AEDs, especially
arbamazepine (CBZ) [3].

In therapeutic drug monitoring for CBZ, we recommend
etermination of carbamazepine-10,11-epoxide (CBZE), as
ell as its parent drug CBZ because CBZE is found to
ave an antiepileptic activity. It is also partially responsible
or the side effects of CBZ therapy [4]. Optimal therapeu-
ic levels of CBZ in serum were 4–12 mg/l; those levels for
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CBZE, which was intoxicated with CBZ, were 0.8–3.2 mg/l
[5].

Many high-performance liquid chromatographic (HPLC)
methods have been published for determination of ZNS alone
[6–8], or for CBZ, which contains its important metabolite,
CBZE [9–12], in biological fluid. However, in spite of their gen-
eral co-administration to epileptic patients, few methods have
been proposed for simultaneous determination of ZNS and CBZ.
This paper presents a description of a simple and rapid routine
method for simultaneous monitoring of ZNS, CBZ and CBZE in
sera of infant patients with epilepsy using reversed-phase HPLC
techniques.

2. Experimental procedures

2.1. Chemicals

Dai Nippon Pharmaceutical Co. Ltd. (Osaka, Japan) kindly
supplied ZNS. CBZ was purchased from Kanto Chemical Co.
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Inc. (Tokyo, Japan). CBZE, sodium valproic acid, sodium 5,5-
diphenylhydantoin, and chlorzoxazone (as an internal standard)
of analytical grade were obtained from Sigma Chemical Co. (St.
Louis, MO, USA). Sodium phenobarbital was from Wako Pure
Chemical Industries Ltd. (Osaka, Japan). Acetonitrile, methanol
and distilled water were of HPLC grade. Other chemicals were
of analytical-regent grade. Drug-free serum was commercially
available from Bio-Rad Laboratories Inc. (Hercules, CA, USA).

2.2. Standard solutions

Stock standard solutions of ZNS and CBZ were prepared
by dissolving 100 mg in 100 ml of methanol; CBZE was also
dissolved in methanol, thereby preparing a stock solution
of 100 �g/ml. These solutions were mixed and diluted with
methanol as working standard solutions at six respective con-
centrations of 2.5, 5, 10, 20, 40, and 80 �g/ml of ZNS, 0.5, 1, 2,
4, 8, and 16 �g/ml of CBZ, and 0.25, 0.5, 1, 2, 4, and 8 �g/ml
of CBZE.

A 100-�l aliquot of each of the six different concentrations
of working standard solutions was pipetted and transferred into
a 1.5 ml centrifuge tube; the methanol was evaporated to dry-
ness using a nitrogen stream. The residue of each standard was
then dissolved in a 100-�l aliquot of drug-free serum, frozen
and stored at −20 ◦C until analyses. These standard solutions
for construction of calibration curves in sera were stable at
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Fig. 1. Typical chromatograms of a working (A) and a serum standard solution
(B) containing 10.0, 2.0 and 1.0 �g/ml of ZNS, CBZ and CBZE. (A-1 and B-1,
detection at UV215 nm; A-2 and B-2, at 235 nm). Peaks: 1, ZNS; 2, CBZE; 3,
chlorzoxazone (I.S., 20 �g/ml); and 4, CBZ.

trifuged for 10 min at 13,500 rpm. Subsequently, 20-�l of the
clear supernatant was injected into the HPLC system. Six serum
standard solutions for construction of the calibration curves were
added to 100 �l of acetonitrile containing I.S., following the
preparation method described above.

2.5. Precision and accuracy

The intra-assay precision and accuracy of the proposed
method were evaluated by performing six replicate analyses of
control samples with four different concentrations. Performing
analyses of the same control samples assessed the inter-assay
precision and accuracy. The procedures were repeated on eight
different days.

3. Results

3.1. Chromatography

Typical chromatograms resulting from analyses of various
serum samples are shown in Fig. 2. To investigate possi-
20 ◦C for at least 2 months. The chlorzoxazone solution, which
as used as an internal standard and a deproteinisation solvent,
as prepared at 20 �g/ml in acetonitrile and stored at −20 ◦C
ntil analyses. The internal standard solution was also stable at
20 ◦C for at least 2 months.

.3. Apparatus and chromatographic conditions

Analyses of standards and sample extracts were conducted
sing a liquid chromatography system (1090 series II; Agilent
echnologies Inc., Waldbronn, Germany) including a pump,
photodiode array detector, a column thermostat, and an

utomatic sample injector. The analytical column (3 �m par-
icle size, 150 mm × 4.6 mm i.d., Cadenza CD-C18; Imtakt
orp., Kyoto, Japan) was heated at 50 ◦C during the analy-

es. The mobile phase was potassium phosphate buffer (pH 4.6;
5 mM)–methanol–acetonitrile (65:20:15 (v/v/v)) at a flow rate
f 1.0 ml/min under isocratic conditions. The injection volume
as 20 �l; the UV detector wavelengths were 215 nm for deter-
ination of CBZ and CBZE, and 235 nm for ZNS. Fig. 1 shows

ypical chromatograms obtained, respectively, from the stock
tandard solution and calibration standard in serum with detec-
ion at 215 and 235 nm.

.4. Sample preparation

A 100-�l aliquot of a serum sample in a 1.5 ml centrifuge
ube was added to 100 �l of acetonitrile containing chlorzox-
zone (20 �g/ml) as the internal standard and deproteinisation
olvent. The solution was vortex-mixed for a few seconds and
ept at room temperature for 5 min. The mixture was then cen-
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Fig. 2. Typical chromatograms of a serum sample collected from an epileptic
patient with ZNS and CBZ co-medicated (C), and a serum from a patient med-
icated to Phenobarbital (PB), 5,5-diphenylhydantoin (PHT), varproic acid and
clobazam without ZNS and CBZ (D) (C-1 and D-1, detection at UV 215 nm;
C-2 and D-2, at 235 nm). Peaks: 1, ZNS (8.80 �g/ml); 2, CBZE (0.27 �g/ml);
3, I.S.; 4, CBZ (3.34 �g/ml); 5, PB; and 6, PHT.

ble chromatographic interferences by drugs co-administrated
to epileptic patients, 30 samples of patients under drug ther-
apy without ZNS and CBZ were analyzed. No chromato-
graphic interference from endogenous substances or other AEDs
such as 5,5-diphenylhydantoin, valproic acid, phenobarbital,
clobazam, primidone, diazepam, clonazepam, nitrazepam and
their metabolites, were observed.

3.2. Precision and accuracy

The intra- and inter-assay precision and accuracy of the
proposed method were evaluated. The results are shown in
Table 1. Precision is expressed as coefficients of variation
(CV) of 1.31–6.04% for the intra-assay, and 2.19–7.67% for
the inter-assay. Accuracy is defined as (found value/added
value) × 100%, which was approximately 100% for each drug
throughout examinations for the four different concentrations.

3.3. Linearity

Linearity was tested through analyses of serum calibration
standards containing known amounts of six different concen-
trations of each drug. Calibration curves were linear in the
concentration ranges of 2.5–80 �g/ml for ZNS, 0.5–16 �g/ml
for CBZ, and 0.25–8 �g/ml for CBZE. The correlation coeffi-
c
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Table 1
Intra- and inter-assay precision and accuracy results for serum samples with ZNS, CB

Drugs Added
(�g/ml)

Intra-assay (n = 6)

Found (mean ± S.D.)
(�g/ml)

Precision CV
(%)

ZNS 2.5 2.40 ± 0.09 4.11
10.0 10.08 ± 0.16 1.58
20.0 20.03 ± 0.26 1.31
40.0 40.35 ± 0.65 1.61

CBZ 0.5 0.48 ± 0.02 4.79
2.0 2.10 ± 0.07 3.20
4.0 3.95 ± 0.09 2.28
8.0 8.00 ± 0.13 1.56

CBZE 0.25 0.25 ± 0.02 6.04
1.0 1.02 ± 0.03 3.16
2.0 2.01 ± 0.04 2.05
4.0 4.09 ± 0.06 1.47
ient (r) was higher than 0.998 for all calibration curves.

.4. Limit of quantification

Concentration ranges of calibration curves in sera were
esigned in accordance with each therapeutic range. The quan-
ification limits were set as the lowest drug concentrations, below
/3 of the levels of therapeutic ranges, such as 2.5 �g/ml for
NS, 0.5 �g/ml for CBZ, and 0.25 �g/ml for CBZE, at which

he signal-to-noise ratios of the HPLC peaks were at least 5:1 and
ood intra- and inter-assay CV values (<7.67%) and recoveries
95.1–98.5%) were achieved for calibration standards (Table 1).

Z, and CBZE

Inter-assay (n = 8)

Accuracy
(%)

Found (mean ± S.D.)
(�g/ml)

Precision
CV (%)

Accuracy
(%)

96.1 2.38 ± 0.09 3.93 95.1
100.8 10.33 ± 0.24 2.34 103.3
100.2 20.58 ± 0.60 2.92 102.9
100.9 40.85 ± 0.89 2.19 102.1

96.3 0.49 ± 0.04 7.67 97.9
105.1 2.03 ± 0.09 4.49 101.3

98.7 4.07 ± 0.15 3.76 101.8
100.0 8.06 ± 0.21 2.55 100.8

98.4 0.25 ± 0.02 7.64 98.5
102.0 1.02 ± 0.08 7.45 101.9
100.4 2.04 ± 0.10 4.75 102.0
102.1 4.06 ± 0.10 2.53 101.5
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Table 2
Absolute recoveries of ZNS, CBZ, and CBZE from human serum

Drugs (n = 6) Concentration (�g/ml) Recovery (mean ± S.D.) (%) CV (%)

ZNS 10.0 102.9 ± 2.7 2.62
20.0 103.8 ± 2.6 2.53
40.0 102.8 ± 1.7 1.65

CBZ 2.0 101.7 ± 4.9 4.84
4.0 102.4 ± 2.8 2.76
8.0 100.7 ± 3.0 3.01

CBZE 1.0 100.0 ± 5.7 5.73
2.0 102.9 ± 5.3 5.19
4.0 101.5 ± 3.0 2.99

3.5. Absolute recovery

Absolute recoveries for ZNS, CBZ, and CBZE were calcu-
lated at three different concentrations by comparing the peak
area of the serum standard solution with the mean peak area
obtained from direct injection of the corresponding standard
solutions added to the I.S. solution. Table 2 lists the sufficient
results of recovery studies.

3.6. Routine analysis

Table 3 shows the results of ZNS, CBZ, and CBZE con-
centrations from out-patients during routine therapeutic drug
monitoring. There had been no change in dose (ZNS and CBZ)
for at least 1 month before serum drug analyses.

4. Discussion

Clinically, ZNS is administered alone in only a few cases;
it is used mostly in combination with other AEDs, especially
CBZ. In spite of their widespread co-administration to epileptic
patients, separate methods have been adopted [13]. Few methods
have been published for the simultaneous determination of ZNS
and CBZ relatives.

Most published methods for determination of ZNS alone or
CBZ relatives in biological fluids use solid-phase [6,8,14] or
l
o
s
r

them unavailable for routine drug monitoring. In contrast, sam-
ple preparation procedures involving a direct deproteinisation
with acetonitrile are simple and rapid. Furthermore, it avoids
loss and degradation of the target drugs. Using this pretreatment
procedure, 10 samples can be treated within 30 min: it is readily
available for routine drug monitoring.

Investigations were undertaken for optimal chromatographic
condition, choice of UV wavelengths, various mobile phase
compositions containing pH value adjustment, and analyti-
cal columns. First, a single UV monitoring at 215 nm was
adopted for analyses; however, some impurity peaks from
patient samples were observed near the ZNS peak. Therefore,
two wavelength-monitoring methods at 215 and 235 nm were
chosen considering the sensitivities of ZNS and CBZ relatives.

Chromatographic resolution of phenobarbital from ZNS was
sensitive to changes in pH value of phosphate buffer used as a
mobile phase. At pH 7.0, inadequate separation between peaks
was obtained. Adjustment to pH 4.6 enabled a good separa-
tion between the drugs, as shown in Fig. 2(C-1, D-1). Results
showed that the retention time of phenobarbital increased as the
pH value of the phosphate buffer decreased. On the other hand,
the choice of the Cadenza CD-C18 analytical column enabled
the peaks to be sharpened and heightened in comparison with
other commercially available HPLC columns using amide C16,
C8 or C18 materials as the stationary phase. Furthermore, ade-
quate separation of the peak of ZNS from that which was mostly
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iquid–liquid extraction [7,9,12,13,16]. They often use evap-
ration of the organic extract under an air [7] or a nitrogen
tream [6,12–16] in sample preparation. In fact, those prepa-
ation procedures for samples are time-consuming, rendering

able 3
NS, CBZ, and CBZE concentrations (�g/ml) from out-patients during routine

t no. ZNS CBZ

21.03 ± 0.15 8.81 ± 0.06
14.25 ± 0.12 4.33 ± 0.07

8.41 ± 0.10 5.30 ± 0.07
21.95 ± 0.14 6.94 ± 0.07
14.36 ± 0.11 5.08 ± 0.08
12.35 ± 0.09 5.35 ± 0.08
10.68 ± 0.08 5.21 ± 0.04

8.01 ± 0.04 4.09 ± 0.05

ata are given as mean ± S.D. (n = 3).
bserved from the patient serum with CBZ co-medicated was
ttained easily and completely using this column. The specific
eak was inferred to be another CBZE metabolite, CBZ trans-
iol. Under these conditions, no chromatographic interference

peutic drug monitoring

CBZE Other AEDs

1.75 ± 0.07 Clobazam
0.94 ± 0.05 Valproic acid
0.75 ± 0.04
1.00 ± 0.04 Clobazam
0.98 ± 0.06 Clonazepam
0.85 ± 0.03
1.44 ± 0.05 Phenobarbital, phenytoin
0.50 ± 0.05 Phenobarbital, clonazepam
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from endogenous substances or other AEDs and their metabo-
lites was observed throughout the analyses.

For routine monitoring of therapeutic drugs, the blood vol-
ume collected from a patient is an important consideration.
Particularly from small infants, it is not easy to obtain a large
volume of blood. In this study, ZNS and CBZ relatives were
determined from 100 �l of serum, which is half of the sample
volume proposed in a previous study [6]. Moreover, the replicate
analyses yielded a low CV. Both accuracy and precision in the
determination of ZNS and CBZ relatives were also satisfactory.

Therefore, this proposed method is useful for routine drug
monitoring or pharmacokinetic studies of ZNS and CBZ rela-
tives in infant epileptic patients.

5. Conclusion

A simple method was developed for simultaneous determi-
nation of ZNS, CBZ, and its active metabolite, CBZE, in serum.
The method uses reversed-phase liquid chromatography with a
single-step protein precipitation procedure and a smaller sam-
ple volume collected from patient. Results obtained by this study
demonstrate its usefulness for determination of ZNS and CBZ
relatives. It is particularly feasible for routine monitoring or
pharmacokinetic studies of ZNS, CBZ, and CBZE concentra-
tions in infant patients with epilepsy.
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