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ABSTRACT

A combination of levetiracetam (LEV) and carbamazepine (CBZ) may be used to
obtain synergistic effect in treatment of epilepsy. The aim of the study is to develop and
validate a simple reversed phase (RP) HPLC-UV method to determine simultaneously
LEV and CBZ in pure form and in different pharmaceutical formulations. Separation
was achieved on a C18 column (5um, 4.6mmx250mm) using a mobile phase
consisting of methanol and ultrapure water (45:55, v/v) at a flow rate of 1.0 mL/min
at 230 nm. Validation parameters (specificity, linearity, accuracy, precision, LOD and
LOQ) were studied according to the relevant ICH Guideline. The calibration curves
were linear over a concentration range of 0.5-32 pg/mL for both LEV and CBZ. The
intra- and inter-day accuracy values (as relative error; RE) were less than £2% and also
the intra- and inter-day precision values (as the percent relative standard deviation;
RSD%) were less than 2%. According to relevant guidelines, the accuracy and precision
of the developed method is suitable. LOD and LOQ values were found to be 0.036 and
0.110 pg/mL for LEV and 0.026 and 0.078 pg/mL for CBZ, respectively. The simple,
specific, accurate, precise and sensitive analytical method developed could be useful for
simultaneous determination of LEV and CBZ.
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OZET

Epilepsi tedavisinde sinerjik etki elde etmek i¢in levetirasetam (LEV) ve karbamazepin
(CBZ) birarada kullanilabilir. Bu ¢alismanin amaci, saf halde ve farkli farmasdotik
formiilasyonlarda LEV ve CBZ’yi es zamanl olarak belirlemek {izere basit ters faz
(RP) HPLC-UV yoénteminin gelistirilmesi ve gegerliliginin gosterilmesidir. Ayirim, C18
kolonunda (5 um, 4.6 mm x 250 mm), metanol ve ultra saf sudan (45:55, h/h) olusan
hareketli faz kullanilarak 1.0 mL/dk akis hizinda ve 230 nm’de gergeklestirilmistir.
Gegerlilik parametreleri (6zgiilliik, dogrusallik, dogruluk, kesinlik, LOD ve LOQ) ilgili
ICH Kilavuzuna gore ¢alisilmistir Kalibrasyon egrileri hem LEV hem de CBZ igin
0.5-32 pg/mL derisim araliginda dogrusal olarak bulunmustur. Giin i¢i ve giinler arasi
dogruluk degerlerinin [bagil hata (BH) olarak] +%2’den az ve giin i¢i ve giinler arasi
kesinlik degerlerinin de [% bagil standart sapma; %BSS) %2’den az oldugu saptanmistir.
Mlgili kalavuzlara gére, gelistirilen yontemin dogrulugu ve kesinligi uygundur. LOD ve
LOQ degerleri sirastyla, LEV i¢in 0.036 ve 0.110 pg/mL ve CBZ ig¢in sirasiyla 0.026
ve 0.078 pg/mL olarak bulunmustur. Gelistirilen basit, 6zgiil, dogru, kesin ve hassas
analitik yontem LEV ve CBZ’nin es zamanl1 olarak saptanmast i¢in faydali olabilir.

Anahtar Kelimeler: Gegerlilik, HPLC-UV y6ntemi, Karbamazepin, Levetirasetam

repeated seizure that occurs suddenly
in the cortical neurons, resulting
in excessive electrical discharge.
During seizures, epilepsy patients

1. Introduction

Epilepsy is a chronic disease charac-
terized by a defined unprovoked and

58 ISSN: 2458 - 8806



Hacettepe University Journal of the Faculty of Pharmacy

suffer from loss of consciousness, sense and movement
control, autonomic and psychic disturbances [1]. Epilepsy
affects about 40 million people worldwide and can be
seen at any age and requires long-term treatment. The
incidence of epilepsy is higher in developing countries
due to limited health services such as malnutrition, birth
and head trauma [2,3]. Epileptic seizures are controlled
by various methods such as surgical treatment, ketogenic
diet, vagal stimulation and most preferred antiepileptic
drugs (AEDs) therapy that reduces seizure frequency and
severity. The AEDs to be used in treatment (conventional/
classical, second generation) should be effective, long-
term preservative, well tolerated and increase the qual-
ity of life of the patient [2,4]. Appropriate drug therapy
should be started with a single drug called monotherapy,
considering seizure type and epilepsy syndrome. After
failure of monotherapy regimens due to the lack of effi-
cacy, polytherapy as a combination of different AEDs can
be considered for the treatment of epilepsy with minimal
side effects, synergistic/additive effect of drugs [5,6]. Flo-
rek-Luszczki et al. [7] found that a combination of LEV
and CBZ showed synergistic/additive effect in mice 6Hz
psychomotor seizure models.

LEV, (S)-a-ethyl-2-oxo-pyrrolidine acetamide (Figure
la), is chemically similar to the prototypical nootropic
agent piracetam. LEV is a new generation antiepileptic
drug that has been used in recent years and is effective
as a monotherapy for epilepsy in the case of partial onset
seizures with or without secondary generalisation, or as
an adjunctive therapy for tonic-clonic seizures, partial and
myoclonic [8, 9]. The mechanism of action of LEV is not
fully understood, but it has been reported to act by binding
to synaptic vesicle protein SV2A [10]. LEV has high
solubility and permeability is quickly and nearly entirely
absorbed after oral administration [11].

CBZ, 5-H-dibenze[b,f]lazepine-5-carboxamide (Figure
1b), is a tricyclic lipophilic compound that is a first choice
antiepileptic drug to control secondarily generalised ton-
ic-clonic seizures and partial seizures [12]. CBZ particu-
larly shows good antiepileptic activity by blocking sodium
channels [13]. It has low solubility in water and irregular
and often slow oral absorption [14].

a) CHs; b) —
T
p- NH 2 N
N
O%NH
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Figure 1. Chemical structure of LEV (a) and CBZ (b)
[15].

A number of methods have been reported for the deter-
mination of only LEV or CBZ [16-23]. But, there is a
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few studies that enables the simultaneous determination
of LEV and CBZ [21-23]. HPLC-DAD, UPLC-MS/MS
and LC-MS/MS methods were used for the simultaneous
determination of LEV and CBZ in blood/human plasma/
tissues [21-23]. The aim of the study is to develop and val-
idate a simple and rapid HPLC-UV method to determine
simultaneously of LEV and CBZ in pure form and also in
different pharmaceutical formulations.

2. Materials and Methods

2.1. Materials

LEV and CBZ were generous gifts from DEVA Holding
AS (Istanbul, Turkey) and Biofarma ila¢ San. Tic. A.S.
(Istanbul, Turkey), respectively. Methanol (HPLC grade)
was purchased from Sigma Aldrich (Germany) and ultra-
pure water was obtained from Millipore (Direct-Q® 3UV,
USA).

2.2. Methods

2.2.1. Determination of Appropriate UV Wavelength

The solutions of LEV and CBZ in methanol (10 pg/mL)
were scanned in the range of 200-600 nm using with a UV
spectrophotometer (Beckman Coulter-DU ® 730, USA).
Methanol was used as a blank and suitable wavelength
was determined.

2.2.2. Chromatographic System and Conditions

An HPLC system (Thermo Finnigan Surveyor, USA)
equipped with UV detector and autosampler was employed
in this study. Chromatographic software Chromoquest
was used for data collection and processing. Separation
was achieved on a C18 column (5 um, 4.6 mmx250 mm,
Supercosil LC-18-DB, Supelco) using a mobile phase
consisting of methanol and ultrapure water (45:55, v/v),
at the same time the temperature of the column was kept
constant at 25°C. Flow rate of the mobile phase was set as
1.0 mL/min and UV detection was performed at 230 nm
after an injection of 10 pL sample.

2.2.2.1. Preparation of Standard Solutions

The stock solution of LEV and CBZ (50 pg/mL for both
drugs) in mobile phase was diluted by using mobile phase
to prepare the standard solutions in the concentration
range of 0.5-32 pg/mL.

2.2.2.2. Method Validation

The method was validated according to the International
Conference on Harmonization (ICH) Q2 (R1) guideline
for the accompanying parameters such as specificity,
linearity, precision, accuracy, the limit of detection (LOD)
and the limit of quantitation (LOQ) [24].
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Specificity

Specificity is defined as the ability of the method to
discriminate the response of the target compound from
the responses of other sample components [25]. The spec-
ificity of the method was assessed by examination of the
chromatograms to check the absence of apparent shoul-
ders or interfering peaks. The specificity of the method
for the determination of LEV and CBZ was established by
injecting the mobile phase.

Linearity and Range

For linearity of study, the standard solutions (n=6) in the
concentration range of 0.5-32 ng/mL of both LEV and CBZ
were prepared. The calibration curves were constructed by
plotting the respective peak areas of LEV and CBZ against
their concentrations. The linearity of the method was eval-
uated by using linear regression analysis and regression
equations, the values of the slope, the intercept and the
coefficient of determination (r?) were obtained.

Accuracy

The accuracy of the method expresses the closeness of
the value found (the test results obtained by the analytical
method) to the true value [26]. Intra- and inter-day accu-
racy (as relative error, RE) was determined by the assay
of six replicate of freshly prepared standard solutions (1,
8 and 24 pg/mL) for both LEV and CBZ on same day and
three different days, respectively.

Precision

The precision of the method is defined as the closeness
of agreement between a series of measurements under the
prescribed conditions [27]. The variability from repeated
analyses over a short interval of time under the same oper-
ating conditions within a laboratory is defined as intra-day
precision (repeatability). Validation precision should also
include intermediate precision which expresses with-
in-laboratories variations (different days, different equip-
ment, different analysts, etc) [24]. Intra- and inter-day
precision was determined by the assay of six replicate of

a)

freshly prepared standard solutions (1, 8 and 24 pg/mL)
for both LEV and CBZ on same day and three sequential
days, respectively. Intra- and inter-day percentage relative
standard deviation (RSD%) values were calculated.

LOD and LOQ

LOD is defined as the lowest concentration of analyte in a
sample which could be detected but not necessarily quan-
tified. LOQ is expressed as the lowest concentration of
analyte in a sample which can be measured with suitable
precision and accuracy [24]. In this study, LOD and LOQ
were determined according to ICH Q2 (R1) recommenda-
tions and calculated using the following equations [24]:

LOD = 3.3 °
= .XS

g
LOQ = 10x ¢

o is the standard deviation of the intercept and S is the
slope of the calibration curve.

3. Results and Discussion

In this study, a simple and sensitive HPLC-UV method was
developed and validated for quantitative and simultaneous
determination of LEV and CBZ. The chromatographic
conditions were determined to provide a good perfor-
mance of the assay. LEV is a white/off-white crystalline
powder with a bitter taste and a faint odor and it is very
soluble in water and freely soluble in methanol. CBZ is a
white/off-white powder, which is practically insoluble in
water and soluble in alcohol.

Initially, the obtained UV spectra of the solutions of LEV
(10 pg/mL) and CBZ in methanol (10 pg/mL) showed
maximum absorbance at 201 nm (for LEV) and 285 nm
(for CBZ) (Figure 2). The wavelength for the simultane-
ous analysis of LEV and CBZ was selected as 230 nm
according to the previous study published by Ibrahim et
al [22].

0lA b)

Figure 2. UV spectrums of LEV (a) and CBZ (b).
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After preliminary experiments, the mixture of methanol
and ultrapure water (45:55, v/v) was selected as mobile
phase based on the solubility of LEV and CBZ, case of
preparation, run time and peak parameters. Isocratic
chromatographic separation was achieved on a CI18
column (5 um, 4.6 mmx250 mm), at a flow rate of 1.0 mL/
min and UV detection at 230 nm. A chromatogram of LEV
and CBZ under the above mentioned chromatographic
conditions was given in Figure 3. The total run time for
the assay was less than 15 min with a clear separation.
The retention time of LEV and CBZ were recorded as 3.4
min and 12.4 min, respectively and were indicated a good
base line.

Ibrahim et al. [22] developed a RP-HPLC-DAD method
for simultaneous determination of several antiepileptic
drugs including LEV and CBZ in human plasma. They
used a C18 column and the mixture of methanol, ace-
tonitrile and water (30:10:60 v/v/v) as mobile phase for
separation. The active substances are detected at 230 nm.
The retention times of LEV and CBZ in the different sam-
ples of human plasma were found as about 3.36 min and
21.89 min, respectively [22]. In our study, the developed
method is sufficiently rapid for determination of LEV and
especially CBZ.

120

100

mAu

LEV

The analytical method was validated with respect to speci-
ficity, linearity, precision, accuracy, LOD and LOQ.

The specificity describes the capacity of the assay to mea-
sure the active substances in the presence of excipients or
matrix components [24]. The parameter was determined
by comparing the chromatogram of the standard solutions
containing LEV and CBZ and only mobile phase. The
chromatogram of standard solutions containing LEV and
CBZ (Figure 3a) show two peaks in the retention time
about 3.4 min and 12.4 min, respectively. In the chromato-
gram of mobile phase, no peak is observed in the regions
of the peaks of LEV and CBZ (Figure 3b). The peaks
of LEV and CBZ are well resolved, indicating the high
specificity of the developed HPLC-UV method.

The analytical curves for LEV and CBZ were constructed
by plotting the area of the peak (mAu) versus the con-
centration of active substance (pug/mL). The regression
equations of LEV and CBZ were y=2039.1x-120.54
and y=38499x-499.58, respectively (Figure 4). A good
linear relationship for both LEV and CBZ was established
between their peak areas and their concentrations in the
concentration range (0.5-32 pg/mL) with the coefficients
of determination were 0.99996 for LEV and 0.99994 for
CBZ.

CBZ

20

1
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Figure 3. HPLC chromatograms of (a) LEV (0.5-32 pg/mL) and CBZ (0.5-32 pg/mL), (b) mobile phase.
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Figure 4. Calibration curves of LEV (a) and CBZ (b).

The accuracy and precision were evaluated in terms of
RE and RSD%, respectively. The intra-day and inter-day
accuracy of the HPLC method for LEV (1, 8 and 24 pg/
mL) and CBZ (1, 8 and 24 pg/mL) were appropriate (RE
is <t£2% for the in vitro conditions [16]). The calculated
RE (%) for both LEV and CBZ were in the range of
-0.109-1.785% and 0.015-1.774%, respectively (Table 1).
The intra-day and intra-day precisions (RSD%) for LEV
(1,8 and 24 pg/mL) and CBZ (1, 8 and 24 pg/mL) were in
the range 0.135-1.704% and 0.261-1.341%, respectively
(RSD% is < 2% for the in vitro conditions [16]), the re-

sults for precisions were given in Table 1. Also, the results

of injection repeatability given in Table 2 were shown that
the ranges of RSD% calculated for both LEV and CBZ
were 0.368-0.887% and 0.076-0.420%, respectively. The
values mean good accuracy and precision, therefore the
method is adequate for routine simultaneous quantifica-
tion of LEV and CBZ.

LOD and LOQ were determined by injecting lower
concentrations of the standard solutions of analytes using
the optimized chromatographic conditions. The LOD and
LOQ values were found to be 0.036 pg/mL and 0.110 pg/
mL for LEV and also 0.026 pg/mL and 0.078 pg/mL for
CBZ, respectively.

Table 1. The results of intra- and inter-day accuracy and precision.

Added Concentration Found Concentration Accuracy Precision
(ng/mL) (ng/mL; X£SD) (RE, %) (RSD%)
1 1.015+0.015 1.518 1.491
LEV 8 8.097 £ 0.138 1.192 1.704
24 24.100+0.198 0.415 0.822
INTRA-DAY
1 1.018 £ 0.014 1.774 1.341
CBZ 8 8.061 £ 0.021 0.757 0.261
24 24.004 +0.071 0.015 0.297
1 1.018 £ 0.001 1.785 0.135
LEV 8 7.991 +0.073 -0.109 0910
24 24.086 + 0.209 0.359 0.868
INTER-DAY
1 1.011 +£0.005 1.061 0.466
CBZ 8 8.035 + 0.083 0.436 1.032
24 24.038 £ 0.140 0.156 0.580

X: Mean; SD: Standard Deviation
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Table 2. The results of injection repeatability of both LEV and CBZ.

Added Concentration

Found Concentration

(ng/mL) (ng/mL; X+£SD) RSD%

1 1.009 £ 0.009 0.887

LEV 8 8.007 £ 0.062 0.779

24 24.107 £ 0.089 0.368

1 1.006 + 0.004 0.420

CBZ 8 7.991£0.013 0.158

24 24.018£0.018 0.076

X: Mean; SD: Standard Deviation
10. Shah JS, Vidyasagar G, Barot H: Stability indicating RP-HPLC

4. Conclusion

The RP-HPLC-UV method was developed and validated
according to the relevant ICH guideline for simultaneous
determination of LEV and CBZ. The proposed method
had a good agreement with all verification parameters
and was found to be specific, linear, accurate, precise
and sensitive for a reliable quantitative and simultaneous
determination of LEV and CBZ. The primary advantage of
the identified method is to be analyzed the amount of LEV
and CBZ on a single chromatographic system. Hence, this
method may be used for routine analysis of LEV and CBZ
in pure form and in different pharmaceutical formulations.
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