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Determination of lamotrigine in human plasma by high-performance
liquid chromatography
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Abstract

The method involves precipitation of plasma proteins with acetonitrile and analysis of the supernatant by high-
performance liquid chromatography using a 5 mm Zorbax C8 column. Quantitation was performed by measurement of the
UV absorbance at a wavelength of 306 nm. The method was linear in the range of 1–20 mg/ml, with a mean coefficient of

2determination (r 50.998). The limit of detection was 0.6 mg/ml and the lower limit of quantitation was 1 mg/ml using 200
ml of plasma. Within- and between-day accuracy and precision were below 6% at all analysed concentrations except at the
limit of quantitation. No interfering peaks were found by commonly monitored antiepileptic drugs. Recovery was found to
be $99%. Satisfactory performance was obtained in the evaluation of epileptic patient samples, whose results of plasma
concentration measurements are briefly discussed. We conclude that this is a reliable method for the routine monitoring of
lamotrigine concentration in plasma in the clinical setting.  1999 Elsevier Science B.V. All rights reserved.
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1. Introduction lamotrigine may not be significant at physiological
concentrations [3].

Lamotrigine (LTG) is a new antiepileptic agent, Although LTG is usually well tolerated, its clinical
chemically unrelated to other anticonvulsants, which use is complicated by a large interpatient variability
is increasingly used in the management of partial and in dosage requirements [4]. This is largely related to
generalized epilepsies. Although initially developed wide differences in LTG pharmacokinetics, especial-
as a potential anti-folate drug, its mechanism of ly among patients also receiving antiepileptic drugs
action is complex. In therapeutic concentrations it is (AED) that inhibit or induce LTG metabolism.
thought to bind slowly to fast inactivated sodium Valproic acid decreases the rate of metabolism [5],
channels [1] and exhibit a use- and voltage depen- resulting in reduced LTG clearance, whilst enzyme-
dent block of these channels [2]. Although this may inducing drugs such as phenytoin (PTH), phenobar-
also be associated with preventing glutamate release, bital and carbamazepine, increase LTG clearance [6].
most recent studies suggest that this action of Phenytoin, which shares with LTG the cytochrome

P isoenzyme responsible for its metabolism, is450

particularly potent in inducing the hepatic phase of*Corresponding author. Tel.: 161-3-9288-3555; fax: 161-3-9288-
3527. LTG metabolism and withdrawal of PTH may result
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in dramatic increases in LTG plasma concentrations phenyl)-5-phenylhydantoin were kindly donated by
[7,8]. Dr. David Rutherford (Alfred Hospital, VIC, Aus-

The putative therapeutic plasma concentration of tralia). Methanol and acetonitrile (HPLC grade) were
LTG was estimated to be in the range of 1–4 mg/ml obtained from Biolab Scientific (Melbourne,Victoria,
[9], but subsequent observations indicated that some Australia). Sodium dihydrogen orthophosphate
patients may tolerate much higher therapeutic con- (NaH PO .2H O) and di-sodium hydrogen ortho-2 4 2

centrations (.10 mg/ml) without any adverse ef- phosphate dodecahydrate (Na HPO .12H O) were2 4 2

fects. Although the value of monitoring plasma LTG analytical grade and purchased from Ajax Laboratory
levels has been questioned [9] further studies are Chemicals (Sydney, NSW, Australia).
required to assess the relationship between plasma
concentration and clinical effect. Therapeutic moni- 2.2. Standard solutions
toring of lamotrigine may also be important in
detecting non-compliers, confirming toxicity, con- A standard stock solution of LTG (10 mg/ml) was
firming drug interactions and guiding withdrawal of prepared by dissolving 100 mg of pure substance in
other AED in the management of patients with 10 ml methanol in a 10 ml volumetric flask and
epilepsy. stored at 48C. The six working standard solutions

Earlier methods of LTG analysis in human plasma (200, 150, 100, 50, 25, 10 mg/ml) were produced by
utilised high-performance liquid chromatography appropriately diluting the stock solution with either
(HPLC), which requires tedious extraction and sepa- water or plasma. A range of standards for calibration
ration steps, a long assay time and complex chro- curves (LTG 20, 15, 10, 5, 2.5, and 1 mg/ml) were
matographic conditions [10–12], making it less obtained by further diluting the working standards, 1
suitable for therapeutic monitoring. in 10, in either water or plasma.

The objective of this study was to develop and A stock standard of I.S. was prepared by dissolv-
validate a specific, rapid and simple HPLC assay for ing the pure compound in methanol to obtain a
measuring LTG levels that is free of interference concentration of 1 mg/ml.
from other commonly administered anticonvulsant
drugs, requires a small specimen volume and mini- 2.3. Instrumentation and chromatographic
mal handling for sample preparation. We also suggest conditions
a novel approach in timing of blood sampling which
is more practical. This involves measuring LTG The HPLC system was equipped with a Waters
levels mid-way between morning and evening doses, model 510 pump (Waters, Millford, MA, USA), a
as the drug is usually prescribed in a b.d. regimen. Shimadzu C-R5A Chromatopac Integrator (Kyoto,
Mid-dose samples are convenient to obtain and the Japan), a Rheodyne Activon manual injector (Cali-
patient does not risk an early morning seizure by fornia, USA) and a Waters 484 Tunable Absorbance
waiting for a trough sample to be available before Detector (Waters, Millford, MA, USA) set at 306 nm
the next dose is taken. and AUFS of 0.1. The analytical column was a

Zorbax C8 column, 25034.6 mm I.D., 5 mm particle
size (Activon, Thornleigh, NSW, Australia) protected

2. Experimental with a 1533.2-mm Brownlee New Guard cartridge
(Alltech Associates, Baulkham Hills, NSW, Aus-

2.1. Chemicals and reagents tralia) of the same material. The chromatographic
separation was carried out at room temperature and

Lamotrigine and its internal standard (I.S), 3,5- at a solvent flow-rate of 1.6 ml /min.
diamino-6-(2-methoxyphenyl)-1,2,4-triazine were The mobile phase was prepared by mixing 10 ml
generous gifts from the Wellcome Foundation (Lon- of a 0.5 M phosphate buffer (pH 6.5), 790 ml of
don, UK). Ethosuximide and gabapentine were gifts water and 200 ml of acetonitrile. Before use the
of Parke Davis (NSW, Australia) while mobile phase was degassed by using a Millipore
carbamazepine-10,11-epoxide and 5-(p-hydroxy- vacuum filter system equipped with a 0.45mm filter.
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The 0.5 M phosphate buffer was prepared by dissolv- 3. Results
ing 23.4 g NaH PO .2H O and 35.8 g2 4 2

Na HPO .12H O in 500ml of water. 3.1. Chromatography and selectivity2 4 2

2.4. Sample preparation Fig. 1 shows typical chromatograms of human
drug free plasma, of human plasma spiked with LTG

Blood samples were collected in heparinized tubes and I.S. and of a plasma sample from a patient
(patient samples were collected 6 hrs after the receiving LTG and spiked with I.S. The retention
morning dose of lamotrigine) and centrifuged at times of LTG and I.S were 9.3 and 3.7 min,
2200 g for 10 min. The plasma was then removed respectively. The following drugs at the concen-
and stored at 48C until analysis (within 1 week). To trations listed did not give any chromatographic peak
200 ml of plasma were added internal standard when analyzed as unknowns in this procedure:
solution (20 ml) and acetonitrile (400 ml) and the carbamazepine (45 mmol / l), phenytoin (37 mmol / l),
mixture was vortex mixed for 5 min followed by vigabatrin, valproate (259 mmol / l), ethosuximide
centrifugation in a Beckman microfuge 12 at maxi- (708 mmol / l), phenobarbitone (172 mmol / l),
mum speed for 5 min. 25 ml of the supernatant was gabapentine (584 mmol / l), carbamazepine-epoxide
injected into the HPLC system. (40 mmol / l) and 5-(p-hydroxyphenyl)-5-

phenylhydantoin (70 mmol / l). At higher than phar-
2.5. Validation macological concentrations, ethosuximide (2124

mmol / l) and phenobarbitone(516 mmol / l) gave
The linearity was tested by calibration curves small peaks at 4.7 min and 11 min respectively.

ranging from 1 mg/ml to 20 mg/ml. Calibration data These peaks did not interfere with those of LTG or
were plotted as a graph of peak area versus drug I.S.
concentration and the plot was then subjected to
linear regression analysis. 3.2. Sensitivity

The selectivity of the analytical procedure was
determined by analysing plasma samples received for Under the experimental conditions used, the de-
therapeutic drug monitoring from patients who were tection limit (LOD) was approximately 0.6 mg/ml,
receiving carbamazapine, phenytoin, vigabatrin, and at a signal-to-noise ratio of 3:1. The lower limit of
valproate. Interference by ethosuximide, gabapen- quantitation (LOQ) is the lowest amount of analyte
tine, phenobarbital, carbamazapine-epoxide and 5-(p- which can be measured with defined precision and
hydroxyphenyl)-5-phenylhydantoin was determined accuracy. This was found to be 1 mg/ml, with the
by spiking drug free plasma samples with the coefficient of variation ,8%.
relevant drug.

The accuracy and precision of the method were 3.3. Linearity
evaluated by analyzing plasma samples spiked with
different concentrations of LTG. The within-day For linearity, regression analysis gave the follow-
reproducibility was determined by using replicates of ing equation: y520.048610.0925x (n53, r50.999,

2spiked plasma pools at three different concentrations, r 50.998, standard error of slope50.002).
i.e. 1, 5, 20 mg/ml which were analysed six times on
the same day. The between-day reproducibility was 3.4. Accuracy and precision
determined by analysing three independently spiked
plasma pools (1, 5, 20 mg/ml) in duplicate on at As shown in Table 1, the within-day coefficients
least 6 different days. of variation were below 5% at all concentrations,

Quality controls were created by adding an known except at the LOQ . The accuracy of the method,
amount of analyte to plasma and storing in small expressed by the bias, varied between26% and
aliquots (1–2 mls) under the same conditions and for 119% (LOQ). The between-day coefficients of
the same duration as the actual samples. variation (Table 1) were below 7% at all concen-
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Fig. 1. (A) Chromatograms of supernatant from blank plasma (without I.S.); (B) plasma spiked with 10mg/ml lamotrigine; (C) a plasma
sample from a patient receiving lamotrigine. The peak at 3.7 min is the I.S. and that at 9.3 min is lamotrigine.

Table 1
trations analysed. The accuracy of the method variedWithin and between day precision (C.V.) and accuracy (bias) of the
between 11% and 125% (LOQ).HPLC assay

Theoretical Measured n C.V. Bias
3.5. RecoveryLTG LTG (%)

concentration concentration
(mg/ml) (mg/ml) The recovery was determined in triplicate (n53)

mean6SD at four concentrations (1, 5, 10, 20 mg/ml) and was
Within-day found to be $99%.
1 1.1960.09 6 7.54 119
5 4.7160.15 6 3.28 26 3.6. Method application

20 20.160.34 6 1.68 0

This method is currently in use in our laboratoryBetween-day
1 1.2560.08 6 6.1 125 for monitoring mid-dose lamotrigine levels in epilep-
5 5.0760.21 6 4.2 11 tic patients receiving therapeutic doses (150–600

20 20.560.40 6 1.97 12.5 mg/day).
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Table 2
Patient demographic data

Serial Gender Age Epilepsy type Duration Other AED LTG dose LTG level
number (yrs) of disorder (mg/day) (mg/ml)

(yrs)

1 F 45 primary generalised 40 sodium valproate, phenytoin, 400 8.13
clonazepam, carbamazepine

2 F 32 Lennox–Gastaut syndrome 16 sodium valproate 600 27.2
3 F 46 primary generalised 40 sodium valproate 150 6.8
4 F 46 Lennox–Gastaut 30 sodium valproate 250 13.7

syndrome
5 F 23 primary generalised 11 ethosuximide 300 5.36
6 F 28 complex partial 15 carbamazepine, clobazam, gabapentin 200 3.02
7 F 40 primary generalized 35 – 600 7.95
8 M 27 complex partial 27 carbamazepine, gabapentin 300 4.59
9 F 40 complex partial 28 carbamazepine 300 4.28

10 M 31 primary generalised 29 sodium valproate 400 13.7

Results are presented of the first 10 patients who time consuming, whereas solid-phase extraction is
presented chronologically for utilisation of this meth- expensive, and the use of ion-pairing reagents [12]
od of measurement and in clinical practice. These often requires elevated column temperatures, longer
patients all had well documented diagnosis of epi- assay time, and problems with rapid column deterio-
lepsy and their clinical and demographic details are ration.
shown in Table 2. Procedures based on direct HPLC analysis after

Patients evaluated comprised 8 women and 2 men sample deproteinization with perchloric acid or
(mean age 35.8 yrs; range 23–46 yrs). The epilepsy acetonitrile [10,18–21] have also been reported.
syndromes comprised complex partial epilepsy (3), Some of these however also require both addition of
Lennox–Gastaut syndrome (2), and primary general- excess Na CO for the extraction and dilution of the2 3

ised epilepsy (5). The mid-dose plasma concen- acetonitrile supernatant before injection, which is
tration of LTG ranged from 4.2 to 27.2 mg/ml and time-consuming [10], give minimal explanation of
included one patient on monotherapy, four on con- the method and validation data [19], while others do
comittant valproate, four on concomittant enzyme not use an internal standard [18]. Ren et al. [20]
inducers and one on a combination of sodium report on a one-step protein precipitation procedure
valproate and enzyme inducing agents (Table 2). for sample preparation, however omit to take into

These results are examples of how useful the consideration the possible interference from other
present method can be for monitoring mid-dose LTG AEDs.
plasma concentrations, considering the effect of age, Several other groups have published procedures
dose and coadministration of other antiepileptics on for the simultaneous measurement of lamotrigine and
LTG pharmacokinetics. other anticonvulsants. Ramachandran et al. [21] used

dual-wavelength monitoring to measure other AEDs
and their metabolites. Lensmeyer et al. [22] reported

4. Discussion on an optimized method for the concomitant de-
termination of lamotrigine, phenytoin, carbamaz-

Several HPLC methods are available for the epine and carbamazepine epoxide which used solid-
analysis of lamotrigine in human plasma. However, phase extraction followed by HPLC using a stabi-
most require extensive extraction and separation lized cyanopropyl column.
steps, and complex chromatography conditions. In Our method offers a number of significant advan-
these assays, evaporation of the organic solvent and tages. Sample preparation is simple and is based on
reconstitution of the resulting residue [11,13–17] are deproteinization with 2 volumes of acetonitrile fol-
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