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bstract

A simple, sensitive and reproducible method was developed for the determination of lamotrigine in whole blood with on-line solid phase
xtraction followed by HPLC separation with UV detection. Whole blood samples were diluted 1:1 with water and then injected directly on
clean-up column dry-packed with 40 �m C8 silica and separated on a C18 reversed-phase column (150 × 4.6 mm) at room temperature. The

xtraction column was activated with methanol and conditioned with phosphate buffer of pH 4.5. Mobile phases consisted of phosphate buffer of
H 4.5 for the extraction column and of phosphate buffer of pH 4.5 – acetonitrile (60:40, v/v) for the analytical column. At a flow rate of 1.0 ml/min

nd a connection time of 1.0 min, the complete cycle time was 10.0 min. Detection was carried out at 260 nm. No internal standard was necessary.
he method was linear over concentration range 0.2–20.0 �g/ml for lamotrigine. Recovery was 98%. Within-day and between-day coefficients of
ariation ranged from 1.8 to 6.7%.
 2008 Elsevier B.V. All rights reserved.
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. Introduction

Lamotrigine is an anticonvulsant drug used in the treatment
f partial and generalized epilepsy.

Although some analytical methods to estimate lamotrigine
ontent in biological fluids have been reported in the peer-
eviewed literature an HPLC method for the determination of
amotrigine in whole blood is still lacking [1–4]. Determination
f drugs in whole blood is often necessary in forensic analysis
ecause of the difficulty in obtaining serum or plasma. HPLC
nalysis of drugs in complex matrices such as whole blood
sually involves time consuming liquid–liquid extraction. Such
onventional procedure may involve tedious, time consuming,

xpensive, and complex steps, and finally even sample loss and
ontamination problems are not unusual. In the HPLC analy-
is, the preceding on-line solid phase extraction may solve these
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roblems [5,6]. The sample is diluted with water or mobile phase
o avoid clogging of the column filters and then directly injected
nto a primary column which results in a preliminary sample
lean-up by SPE. The sample dilution does not reduce the sensi-
ivity, because the sample loop volume does not affect the peak
idth in a on-line solid phase extraction. After the SPE step,
small fraction of the effluent from the extraction column is

electively transferred to the analytical column for the final sep-
ration. Because of minimal sample manipulation no internal
tandard is necessary. In this paper we describe a rapid, accu-
ate, precise, and inexpensive method to determine lamotrigine
n whole blood using an on-line solid phase extraction procedure
ollowed by analysis by HPLC.

. Materials and methods
.1. Chemicals and reagents

Lamotrigine (P.N. L3791-10MG), Acetonitrile HPLC grade
CHROMASOLV® Plus, P.N. 34998-2.5L), Sodium phosphate

mailto:s.bompadre@univpm.it
dx.doi.org/10.1016/j.jchromb.2007.12.020
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Fig. 1. The column-switching system.

onobasic dihydrate (BioChemika Ultra, P.N. 71502-1KG) and
hosphoric acid (BioChemika Ultra, P.N. 438081-500ML) were
f analytical grade and purchased from Sigma Aldrich (Sigma-
ldrich, St. Louis, MO, USA). The water was reagent grade

18.2 M� cm at 25 ◦C of resistivity) obtained from a Milli-Q
ystem (Millipore, Billerica, Massachusetts, USA).

.2. HPLC instrument

The HPLC system consisted of a Varian Vista 5500 Solvent
elivery System (Pump A) from Varian (Varian Inc., Walnut
reek, CA, USA), a Beckman System Gold 126 Programmable
PLC pump (Pump B) from Beckman (Beckman Coulter Inc.,
ullerton, CA, USA) and a Shimadzu SPD-20AV UV/vis detec-

or (Shimadzu corporation, Kyoto, Japan) set at 260 nm. The
njector was a Rheodyne Model 7125 manual injection valve
quipped with a 50 �l sample loop. The coupled-column sys-
em was operated by a six-port, automated, switching valve
Valco, Schencon, Switzerland) controlled by the Vista 5500
PLC pump (Fig. 1).
The analytical column was a C18 3.0 �m reversed-phase col-

mn (150 × 4.6 mm) from Supelco (Sigma-Aldrich, St. Louis,
O, USA). The extraction column was an empty 50 × 4 mm col-

mn, dry packed with 40 �m C8 silica obtained from Supelclean
C-8 SPE, tube bed wt. 500 mg, volume 3.0 ml (Sigma-Aldrich,
t. Louis, MO, USA). The chromatograms were integrated with
Star 5.5 software from Varian.

.3. Extraction-analysis switching procedure
The extraction was performed with an in-house made
0 × 4 mm column (column A), consisting of an emptied old
olumn, dry-packed with 40 �m C8 silica obtained from a Supel-
lean LC-8 SPE Tube. The extraction column was activated with
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ethanol at a flow rate of 1.0 ml/min for 30.0 min in order to
liminate gas bubbles and then conditioned with a mobile phase
onstituted of a phosphate buffer of pH 4.5 (mobile phase 1), at a
ow rate of 1.0 ml/min for 30.0 min. Separation was performed
n a C18 reversed-phase column (150 × 4.6 mm) (column B)
sing a mobile phase constituted of 40% acetonitrile in phos-
hate buffer of pH 4.5 (mobile phase 2), at a flow rate of
.0 ml/min.

The coupled-column system was operated by a six-port, auto-
ated, switching valve controlled by pump A (Fig. 1). Extraction
as performed on the extraction column (A) using a mobile
hase constituted of phosphate buffer of pH 4.5 (mobile phase
), at a flow rate of 0.5 ml/min. Separation was performed on the
nalytical column (B) using a mobile phase constituted of 40%
cetonitrile in phosphate buffer of pH 4.5 (mobile phase 2). at
flow rate of 1.0 ml/min. Extraction and analysis proceeded as

ollows:

. After sample dilution (1:1, with water), 50 �l of the solu-
tion were injected onto the extraction column (A) where the
analytes were retained while the matrix, passing through the
column, was directed to waste, at a flow rate of 0.5 ml/min.
At the same time, the analytical column (B) was conditioned
with mobile phase 2 (switching valve at the initial position:
Fig. 1A).

. After a period of 1.0 min, the valve was switched and mobile
phase 2 from pump B eluted the analytes trapped on the
extraction column (column A) to the analytical column (col-
umn B) (Fig. 1B).

. After a period of 1.0 min, the valve was switched to the initial
position and extraction column (column A) was conditioned
again with mobile phase 1 in order to prepare it for the
next sample. Simultaneously, pump B maintained the flow
of mobile phase 2 through the analytical column where the
analytes were separated and detected.

. The complete cycle time (extraction, elution, injection, anal-
ysis) was 10.0 min.

.4. Preparation of standards

A stock solution of lamotrigine was prepared in MeOH/water
0/10 (v/v). The stock solution was stored at −80 ◦C. Working
olutions of 20.0, 10.0, 5.0, 2.5, 1.0, 0.5, and 0.25 �g/ml of
amotrigine were prepared by dilutions of the stock solution with
hosphate buffer of pH 4.5. All working solutions were stored
t 4 ◦C. The calibration curve consisted of seven blank samples
whole blood, lamotrigine-free) spiked with lamotrigine.

.5. Method validation

The analytical procedure was validated in terms of linearity,
epeatability, accuracy, recovery and sensitivity. Linearity was
xamined at concentrations within the range 0.2–20.0 �g/ml.

even aliquotes of whole blood were spiked with a stock solution
f lamotrigine to obtain seven calibration samples containing
.2, 0.5, 1.25, 2.5, 5.0, 10.0, 20.0 �g/ml of lamotrigine. The
amples were analyzed and the peak areas of the lamotrigine
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Table 1
Within-day repeatability, accuracy and linearity for lamotrigine in whole blood

Nominal Actual value (mean ± S.D., n = 6) Repeatability (%) Accuracy (%)

0.5 0.47 ± 0.02 4.6 94.4
1.0 1.03 ± 0.03 2.8 103.4
5.0 5.17 ± 0.13 2.6 103.3

1
2

fi
c
c
i
t
o

s
(
p
o
e

s
o

n
t
0
t

3

t
o
r
a
w
d

F
b

Fig. 3. HPLC chromatogram of whole blood sample without lamotrigine (blank
sample).

F
r

5.0 �g/ml of lamotrigine was 6.7%. The optimum connection
0.0 9.82 ± 0.21 2.1 98.2
0.0 20.34 ± 0.24 1.2 101.7

tted versus the sample concentration to obtain a calibration
urve. Standard curves were linear with a correlation coeffi-
ient of R2 = 0.998 (Fig. 2). Repeatability and accuracy, shown
n Table 1, were determined by injecting the same sample six
imes, and then calculating the mean and the standard deviation
f peak areas.

The recovery was determined by comparing the peak areas of
tandard solutions extracted with the procedure just described
i.e. extraction by SPE followed by analysis by HPLC), with the
eak areas resulting from the same solutions injected directly
nto the analytical column at three different concentration lev-
ls.

The specificity of the method was tested analyzing a blank
ample without lamotrigine. No endogenous interferences were
bserved (Figs. 3–5).

The limit of detection (LOD), defined as three times the
oise (S/N = 3), was 0.05 �g/ml. The limit of quantifica-
ion (LOQ) defined as ten times the noise (S/N = 10), was
.2 �g/ml, and interassay repeatability (%RSD, n = 10) was less
han 7.0%.

. Results and discussion

The method to determine the lamotrigine has been reveled
o be rapid, accurate and precise; infact the standard curves
btained for the validation of the method were linear within the

ange 0.2–20.0 �g/ml with a correlation coefficient of R2 = 0.998
nd repeatability ranged between 1.2 and 4.5%, while accuracy
as found in the range 94.4–103.4% (Table 1). Finally, between-
ay repeatability (%RSD n = 10) for a nominal concentration of

ig. 2. Calibration curve with 95% confidence interval of lamotrigine in whole
lood.
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ig. 4. HPLC chromatogram of whole blood spiked with 7.0 �g/ml of lamot-
igine (spiked sample).
ime was estimated by multiple injections of a whole blood sam-
le spiked with 5 �g/ml of lamotrigine and measuring the peak
rea. A time of 1.5 min for extraction (step 1) and a transfer

ig. 5. HPLC chromatogram of whole blood from a subject treated with lamot-
igine (sample) (A) and the same sample spiked with 2.5 �g/ml of lamotrigine
sample spiked with lamotrigine) (B).



1 mato

t
f
t
i
c
a
l
a
f
a
r
f
t

4

r
p
a
i

a
s
e
a
d

A

d
e

R

[
[
[

80 S. Bompadre et al. / J. Chro

ime of 1.0 min (step 2) were found to be the best compromise
or a complete recovery and a clean chromatogram. It should be
aken into account that the peak width as well as the sensitivity
n a solid phase extraction depend on the optimum choice of
olumns and phases, rather than on the connection time. Usu-
lly, the retentive capacity of the extraction column should be
ower than that of the analytical column. This solution provokes

compression of analyte in a small volume during the trans-
er from the first to the second column. The connection time
ffects the recovery and the presence of interfering peaks. The
eal injection volume is the mobile phase volume transferred
rom the extraction column to the analytical column. Therefore,
he loop volume does not affect the chromatogram quality.

. Conclusion

Several HPLC methods used for the determination of lamot-

igine have previously been reported, but none for lamotrigine
resent in complex matrices like whole blood. The proposed
ssay is sufficiently easy, specific, accurate, and free from
nterferences of endogenous components. One of the main
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dvantages of this method is the easy and controlled procedure of
ample pretreatment. By using the herein presented solid phase
xtraction, other time consuming extraction procedures can be
voided. This method has been successfully applied in forensic
etermination of lamotrigine in whole blood.
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