
Trade Science Inc.

ACAIJ, 1(1-2), 2005 [36-41]

FFFFFull Pull Pull Pull Pull Paperaperaperaperaper
An Indian Journal

Volume 1 Issue 1-2November-December 2005

Analytical Analytical Analytical Analytical Analytical CHEMISTRCHEMISTRCHEMISTRCHEMISTRCHEMISTRYYYYYAnalytical Analytical Analytical Analytical Analytical CCCCCHEMISTRHEMISTRHEMISTRHEMISTRHEMISTRYYYYY

Simultaneous Determination Of Carbamazepine In
Human Plasma By HPLC-DAD: Assay Development,

Validation And Application To A Clinical Study

Yucel KADIOGLU
Department of  Analytical Chemistry,
Faculty of  Pharmacy, Ataturk University,
25240, Erzurum (TURKEY)
E-mail: ykadiogli@yahoo.com

yucel@atauni.edu.tr

Fatma DEMIRKAYA1, Yilmaz CAPAN2

1Department of  Analytical Chemistry, Faculty of  Pharmacy, Ataturk
University, 25240,Erzurum (TURKEY)
2Department of  Pharmaceutical Technology, Faculty of  Pharmacy,
Hacettepe University, 06100,Ankara (TURKEY)

Received: 31st August, 2005
Accepted: 10th November, 2005

 

Web Publication Date: 17th November, 2005

KEYWORDS

Carbamazepine;
Pharmacokinetic;

HPLC.

ABSTRACT

A simple, sensitive, precise, accurate and specific HPLC method for
the determination of  CBZ in human plasma was developed and vali-
dated. The CBZ was isolated from human plasma by liquid-liquid ex-
traction, gave good results with chloroform. The method was linear in
the concentration range 0.5 to 25 µg ml-1 (r>0.998). Recovery for CBZ
was greater than 91.7 %. The limit of quantification (LOQ) and the
limit of  detection (LOD) were 0.15 µg ml-1 and 0.10 µg.ml-1, respec-
tively. Inter-batch precision, expressed as the relative standard devia-
tion (RSD), ranged from 0.79 to 6.30 % for intra day and from 1.60 to
1.95 % for inter day and accuracy was better than 90 %. Analysis of
CBZ concentrations in plasma samples from six healthy volunteers fol-
lowing oral administration of  single dose of  CBZ (Tegretol   CR 200
(200 mg)) provided the following pharmacokinetic data (mean ± SD):
Cmax, 1.550±0.468 µg ml-1; AUC0-72 , 52.190±18.942 µg h  mL-1;  AUC0-

8, 68.306±21.698 µg h  ml-1; Tmax, 6,120±6,632 h;  t½ 34.270±16.787 h;
CL, 3.2602 l min-1.               2005 Trade Science Inc. - INDIA

INTRODUCTION

Carbamazepine (CBZ), 5-H-Dibenz [b,f] azepine-
5-carboxomide (Figure 1), is widely prescribed  on

an anticonvulsant, antiepileptic and antimanic drug[1-

2]. In the body, CBZ is metabolized to an active me-
tabolite CBZ-10,11 Epoxide (CBZ-EP) which also
displays anticonvulsant properties similar to these
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grade.

Chromatographic system and conditions
The CBZ analyses were performed on a thermo

separations spectra HPLC consisted of UV 6000 LP
photodiode array detector, Series P 400 gradient
pump and a Thermoseparations As 3000 autosampler.
Chromatography was conducted using a mobile phase
of acetonitrile- Milli-Q grade water (30:70  v/v )
pumped at a flow-rate of 1 ml⋅min-1 through a
Phenomenex Bondolone  reversed-phase C18 column
(150 x 3.9 mm, 5 µm, USA). The injection was 10
µL and the peaks was detected at 220 nm. The inte-
grator attenuation was 8 and the chart speed 0.2 cm
min-1. Retention time of CBZ was 8.2 min and the
total run time for an assay was approximately 9 min.
Preparation of standard solution and controls

Standard stock solution of CBZ (So) was pre-
pared with methanol to a concentration 50 µg ml-1
and stored at 4°C.  0.5-25 µg.ml-1 working solutions
(S) were prepared by diluting with water appropriate
volumes of stock solutions at 10 ml as needed to
construct the calibration curves. Working stock so-
lutions were prepared freshly in every day analysis.
Preparation of plasma standard solutions; 0.1 ml of
fresh working solution S was used to spike 0.5 ml of
blank plasma. The concentrations of the plasma stan-
dards (STD) at respective points on the concentra-
tion graphs were 0.5, 1, 2, 2.5, 5, 7.5, 10, 15 20 and
25 µg ml-1 in human plasma. The quality control (QC)
samples at concentration 2.5, 7.5, 15 µg ml-1 of CBZ
were prepared similarly in human plasma. These
samples were used in analysis of plasma samples as
quality controls for the purpose of checking recov-
ery of  analyte in the daily analyses of  plasma samples.
Extraction from plasma

The analytical method of Mac Kichan[24] was used
to assay CBZ in plasma. 0.1 ml of calibration stan-
dard was added to 0.5 ml plasma sample in a 12 ml
capacity glass tube. Following addition of  saturated
tribasic sodium phosphate solution and 7 mL chlo-
roform were vortexed for 15 min. They were then
centrifuged at 1200 g for 10 min. The organic phase
was transferred to a clean another glass tube and
evaporated to dryness at 40°C under a stream of ni-

CO-NH2

N

Figure 1: Chemical structure of carbamazepine

of the parent compound[3,4]. The plasma level of
CBZ-EP is lower than that of the parent dug, the
relative percentage ranging from %10-15[5]. CBZ,
poorly soluble in aqueous media, has a high oral
bioavailability in humans. The gastrointestinal ab-
sorption is characterized as slow, irregular and possi-
bly incomplete[6]. The half-life of 30-35 h occurs af-
ter the first dose of CBZ. During multiple dosing,
the half-life is decreased to 10-20 h, probably due to
autoinduction of the oxidative metabolism of the
drug[7]. After single dose of  CBZ, elimination fol-
lows dose-dependent first order kinetics[6]. Plasma
levels of CBZ seem to increase with dose. After the
first dose of CBZ, the required time for maximum
plasma levels of CBZ may have to be increased un-
til 20-30 h[8].

A number of different methods have been re-
ported for the determination of  CBZ in biological
fluids, including gas chromatography or high-perfor-
mance liquid chromatography (HPLC) with UV de-
tection or Enzyme- Multiple Immunoassay[9-38]. How-
ever, some of the methods mentioned are poorly re-
producible or are expensive or lack selectively.

Therefore, the purpose of this investigation was
to develop and validate a method that could be used
for the determination of  CBZ in real human plasma
samples. In the present paper a simple, rapid, sensi-
tive, precise, accurate and specific reversed phase
HPLC-DAD assay is described that has been applied
to pharmacokinetic studies which required high sen-
sitivity and selectivity.

EXPERIMENTAL

Chemicals and reagents
CBZ was purchased from Novartis (Turkey).

Chloroform and methanol were HPLC grade (Merck,
Germany). Tribasic sodium phosphate and all other
chemicals were analytical grade. Water was Milli-Q
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trogen. The residue was dissolved in 1 ml of mobile
phase. The solutions were filtered through a phenome
nex membrane of 0.45 µm pore size (25 mm filter)
and transferred to an autosampler vial for analysis.
10µL volume was injected into the HPLC system
for quantitation.
Assay validation

Linearity of the assay was demonstrated over the
concentration range 0.5-25 µg.ml-1 by assaying plasma
standards in six replicate at ten separate concentra-
tions on three separate occasions. Peak integration,
regression and calculation of concentration were
computed using Chromquest Software. The calibra-
tion curve was constructed using a weighted (1/x)
linear regression of peak-area ratios versus concen-
trations of analyte in human plasma.

Assay precision and accuracy were determined
in conjunction with the linearity studies by assaying
on six replicate on three separate occasions using
three quality control samples at each of three con-
centrations (2.5, 7.5, 15 µg.ml-1). Concentrations of
CBZ in quality control samples were determined by
application of  the appropriate standart curve ob-
tained on that occasion.

Recovery of CBZ was assessed by direct com-
parison of peak heights from extracted versus non-
extracted samples by using six replicate plasma
samples at each of ten CBZ concentrations 0.5, 1,
2, 2.5, 5, 7.5, 10, 15 20 and 25 µg.ml-1. Individual
specificity in relation to endogenous plasma compo-
nents was demonstrated by analysis of a series of
randomly selected drug-free samples (n=6).
Pharmacokinetic study

The HPLC method developed was used to in-
vestigate the plasma profile of CBZ. Six healthy vol-
unteers (three females and three males) determined
by a physical examination and clinical laboratory test
results age: 24± 6.6 years, body mass: 59±6.6 kg,
height: 165±7.2 cm, participated in the study. Fol-
lowing written informed consent, (the study proto-
col was approved by the Ethics Committee of the
hospital of Ataturk University) each subject received
a single 200 mg oral dose of  CBZ (Tegretol   CR
200 commercially available controlled release tab-
lets) with 100 mL of  water under fasting conditions.

Blood samples (5 mL) were drawn into heparinized
test tubes immediately before (0) and at 1, 2, 4, 8,
10, 24, 48, and 72 h. following drug administration.
Blood samples were immediately placed on ice after
collection and centrifuged at 1500 g for 10 min at
4oC, and the plasma fraction was separated and
stored in polypropylene tubes at -20°C until analy-
sis. Before analysis, plasma samples were thawed at
room temperature.

RESULTS AND DISCUSSION

Specifity
Typical chromatograms obtained from extracts

of  a drug-free plasma and a plasma sample obtained
from a volunteer 4 h after a single oral dose of
Tegretol containing 200 mg CBZ are represented in
figure 2. No interfering peaks of plasma components
appeared in the chromotograms obtained from ex-
tracts of  plasma samples. The retention time was
8.2 min for CBZ.

Linearity
The linear regression analysis of CBZ was con-

structed by plotting the peak area of  CBZ (y) versus
analyte concentration (µg⋅ml-1) in spiked plasma
samples (x). The calibration curves were linear for
concentrations ranging from 0.5 to 25 µg⋅ml-1. A typi-
cal calibration curve had the regression equation of
y =2.415751e-0.06 x+0.70969 with a correlation coef-
ficient (r) of  0.998. Calibration curves were estab-
lished on each day of  analysis.

Precision and accuracy
Assay precision and accuracy were assessed by

assaying three quality control samples in six repli-
cate on three separate occasions. The following vali-
dation criteria for accuracy and precision were used
to assess the suitability of the method: accuracy
should be within 85 to 115 % except at the limit of
quantitation where it should be within 80 to 120 %;
RSD should not exceed 15 % except at the limit of
quantitation where it should not exceed 20 %[29-31].
The precision of  the analytic method was determined
by repeatability (intra-day) and intermediate preci-
sion (inter-day). Assay precision for CBZ was 6.30
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% based on RSD values 0.79, 1.41 and 6.30 % for
intra day and 1.95 % based on RSD values 1.73,
1.95 and 1.60 % for inter day for samples containing
2.5, 7.5 and 15 µg.ml-1, respectively. Assay accuracy,
assessed by calculating the estimated concentrations
as a percent of nominal concentrations, was better
than 90.0 % (TABLE 1).

Limit of quantification
The limit of quantification (LOQ), defined as

the lowest concentration on the calibration curve at
which both accuracy and precision should be within
%20, was determined to be 0.15 µg⋅ml-1, the preci-
sion and accuracy were good within the proposed
criteria  (TABLE 1). The limit of detection (LOD)
for CBZ defined as a signal-to-noise ratio 3, was 0.10
µg⋅ml-1.

Figure 3: Mean±SEM of plasma CBZ concen-
tration-time curve following a single oral dose
of  200 mg Tegretol to six volunteers.

TABLE 1: Accuracy and precision of the methods
for CBZ in quality control samples in human plasma

Nominal 
concentration 

(µg. ml-1) 

Mean 
Found 

Concentration 
(µg. ml-1) 

Precisiona 

 (RSD,%) 
Accuracyb  

(%) 

Intra day    
2.5 2.510±0.020 0.79 100 
7.5 6.998±0.093 1.41 93 
15 3.412±0.085 6.30 90 

Inter day    
2.5 2.495±0.044 1.73 100 
7.5 7.108±0.139 1.95 95 
15 13.628±0.218 1.60 90 

a RSD, Relative standard deviation
bAccuracy: found concentration expressed in % of the nominal
concentration

 

 

 

Figure 2: Chromatogram of plasma extracts ob-
tained using the assay procedure. (a) Blank plasma
(b) Plasma spiked with 10 µµµµµg⋅⋅⋅⋅⋅ml-1 CBZ  (c) Plasma
obtained from a volunteer 4 h after a single oral
dose of  Tegretol containing 200 mg CBZ.

(a)

(b)

(c)

Recovery
The recovery of  CBZ was determined by direct

comparison of absolute peak heights from plasma
samples and those found by direct injection of stan-
dards of the same concentration prepared in metha-
nol. The mean recoveries for CBZ were 94.2±2.6,
91.7±3.8 and 94±1.8 at the 2.5, 7.5 and 15 µg⋅ml-1
concentrations, respectively (n=6). No effect of the
co-extracted biological material was detected.
Aplication to pharmacokinetic study

The present method was used to determine the
plasma concentration of CBZ. Figure 3 shows the
mean ± standard error of the mean (SEM) plasma
concentration-time profile of  CBZ. Pharmacokinetic
analysis was performed using standard noncompart
mental methods[39]. Analysis of CBZ concentrations
in plasma samples from 6 healthy volunteers follow-
ing oral administration of  200 mg of  Tegretol   CR
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TABLE 2: Pharmacokinetic parameters for CBZ af-
ter a single oral administration of  200 mg  Tegretol
to 6 volunteers.

Pharmacokinetic Parameter Mean+SD 
Cmax (µg.mL-1) 1.550 ± 0.468 
AUC0-72   (µg h. mL-1) 52.190 ± 18.942 
AUC0-?   (µg h. mL-1) 68.306 ± 21.698 
Tmax (h) 6.120 ± 6.632 
t ½ (h) 34.270 ± 16.787 
CL (L.min-1) 3.2602 

(commercially available controlled release tablets)
provided the folloving pharmacokinetic parameters
(mean±SD): Cmax , 1.550 ± 0.468 µg⋅mL-1; area un-
der curve (AUC), AUC0-72, 52.190 ± 18.942 µg h⋅
ml-1;  AUC0-8, 68.306 ± 21.698 µg h⋅ ml-1; Tmax, 6.120
± 6.632 h;  elimination half-life,  t½ 34.270 ± 16.787
h; clearance, CL, 3.2602 L.min-1 (TABLE 2).  The
observed values of  the pharmacokinetic parameters
were comparable to those reported for CBZ in pre-
vious studies[28-38].

CONCLUSION

This paper describes a simple, rapid, sensitive,
specific, accurate and precise procedure for the de-
termination of  CBZ, suitable for the analysis of  hu-
man plasma samples. The assay was validated to meet
the requirements of  pharmacokinetic or bioequivale
nce studies.
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