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Abstract

A very simple and fast method has been developed and validated for simultaneous determination of the new generation antiepileptic dr
(AEDSs) lamotrigine (LTG), oxcarbazepine’s (OXC) main active metabolite monohydroxycarbamazepine and felbamate in plasma of patients w
epilepsy using high-performance liquid chromatography (HPLC) with spectrophotometric detection. Plasma sanpble {E8@reatment was
based on simple deproteinization by acetonitrile. Liquid chromatographic analysis was carried out on a Symeattyidto-RP, 150 mnx 4 mm
I.D. column, using a mixture of potassium dihydrogen phosphate buffer (50 mM, pH 4.5) and acetonitrile/methanol (3/1) (65:35, v/v) as the mob
phase, at a flow rate of 1.0 mL/min. The UV detector was set at 210 nm. Calibration curves were linear (mean correlation coefficient >0.999 for
the three analytes) over a range of 142lmL for lamotrigine, 2—4@.g/mL for monohydroxycarbamazepine and 10—k@0mL for felbamate.

Both intra and interassay precision and accuracy were lower than 7.5% for all three analytes. Absolute recoveries ranged between 100 and 1
The present procedure describes for the first time the simultaneous determination of these three new antiepileptic drugs. The simple sat
pre-treatment, combined with the fast chromatographic run permit rapid processing of a large series of patient samples.

© 2005 Elsevier B.V. All rights reserved.
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1. Introduction thKline, Brentford, UK) shows a broad spectrum of clini-
cal efficacy[4]. LTG interindividual kinetic variability is pro-

In the last decade, several new antiepileptic drugs (AEDshounced, and is further amplified by age, comedication, preg-
have been licensed around the wddd. Although the experi- nancy and disease statfld. Oxcarbazepine (OXC), (10,11-
mental evidence does not always allow for a definite conclusiodihydro-10-oxo-5H-dibenzo[b,flazepine-5-carboxamide), (Tri-
[2], sufficient clinical and pharmacological data support the useleptal®, Toleg®, Novartis Pharma, Basel, Switzerland) is
fulness of therapeutic drug monitoring (TDM) for some of thesea 10-ketoanalogue of carbamazepine registered for partial
compoundg1]. Demands for TDM of different new AEDs in seizures and generalized tonic-clonic seizures in children and
our laboratory have increased in the last few years, partly reflecadults [4]. In humans OXC is rapidly metabolized to its
ing the increased clinical use of these agents and the attitude tiferapeutically active metabolite 10,11-dihydro-10-hydroxy-
many clinicians to use AED assay as part of patient therapeutigH-dibenzo[b,flazepine-5-carboxamide (MHD) which reaches
managemeris]. steady-state plasma concentrations about a hundred-fold higher

Among the newer AEDs, lamotrigine (LTG), [3,5-diamino- than those of the parent drd§]. MHD is the main active
6-(2,3-dichlorophenyl)-1,2,4 triazine], (Lamic®lGlaxoSmi-  compound during chronic OXC therapy and the moiety rou-

tinely determined for OXC TDM. In spite of the notion of a

low susceptibility of OXC to drug interactions, plasma con-

* Corresponding author. Tel.: +39 051 2092752; fax: +39 051 2092751. _Centratlons of MH[_D are reducedn by coadministration of AED
E-mail address: manuela.contin@unibo.it (M. Contin). inducers (phenytoin, phenobarbitf,7]. Felbamate (FBM),
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(2-phenyl-1,3-propanediol dicarbamate), (Taf®x&chering- Plasma standards for the calibration curves of 1.0, 2.0,
Plough, Kenilworth, NJ, USA) is a broad spectrum AEL). 4.0, 10.0 and 20.Qg/mL for LTG; 2.0, 4.0, 10.0, 20.0 and
Because of the risk of aplastic anemia and hepatotoxicity its pre40.0p.g/mL for MHD; 10.0, 20.0, 40.0, 80.0 and 12Qug/mL
scription is restricted to patients with partial seizures and Lennofor FBM were prepared by pipetting suitable amounts of the
Gastaut syndrome refractory to other AE[@$. Although itis  three drug standard solutions to §00aliquots of blank pooled
not commonly prescribed, measurement of FBM plasma conplasma and then treated exactly as patients’ specimens.
centrations may be helpful in optimizing dosing schedule in
these severely affected patierjid. Co-prescription of these 2.2. Chromatographic apparatus and conditions
newer AEDs, namely LTG and OXC, even in association with
older antiepileptic agents is used, especially in patients with The HPLC system consisted of a Series 200 liquid chromato-
partial-onset and generalized tonic-clonic refractory seizuregraph, a Series 200 UV-vis spectrophotometric detector, set at
[4]. To implement our long-standing AED TDM service, we off- 210 nm, and a Series 200 autosampler connected by a model 600
set out to devise simple and rapid analytical procedures, whiclink chromatography interface to the TotalChrom chromatogra-
could process a large series of patient samples in a single analythy workstation. All the equipment was purchased from Perkin
ical session by minimizing plasma specimen preparation stedslmer, Norwalk, CA, USA.
and grouping different newer AEDs in the same assay. Chromatographic separations were performed with a Synergi
Many high-performance liquid chromatography (HPLC)4pum Hydro-RP, 150 mnx 4 mm I.D. column (Phenomenex,
methods for the determination of the old and new AEDs inTorrance, CA, USA) protected by & &Securityguard precol-
human plasma have been develog8c]. Different simple umn(Phenomenex)and agraphite filter (ESA, Chelmsford, MA,
HPLC-UV procedures based on direct HPLC injection aftetJSA). The mobile phase was a mixture of potassium dihydrogen
sample deproteinization or even without sample pretreatmemhosphate buffer (50 mM, pH 4.5), filtered through a Qu22
have been reported for the individual determination of LTGmembrane filter (GS type, Millipore) and acetonitrile/methanol
[10-13] MHD [14] and FBM[15,16]in human plasma. Short- (3/1) (65:35, v/v). The mobile phase was sparged with helium
comings of these methods for TDM in patients with epilepsyand the flow rate was set at .0 mL/min.
include the need for dual-wavelength monitorj@] or a gradi-
entelutior[15] to eliminate interferences, low analyte extraction 2.3. Blood sampling and plasma processing
efficiency [14], inadequate limit of quantitation (LOQL1],
inappropriate choice of the internal standdi®] and short Venous blood samples (5 mL) were drawn from patients at
guard columr{14] or column life[12]. Only one recently pub- 8a.m., before their first morning dose of AEDs, transferred into
lished method allows for the simultaneous determination of LTGheparinized tubes (8 IU heparin/mL blood) and centrifuged at
and MHD [17], but it requires laborious and expensive sam-1500x g for 10 min at £C. Plasma was separated, transferred
ple pre-treatment. No method has been proposed so far for theto test tubes and stored a20°C until analysis. Five hun-
simultaneous monitoring of LTG, MHD and FBM in patients dred microliter plasma aliquots were spiked withid5of I.S.
with epilepsy. solution (1 mg/mL), deproteinized by addition of 1.5mL ace-
Here we describe a new fast and simple HPLC method withonitrile, vortexed for 20 s and then centrifuged at 2509 at
spectrophotometric detection for the simultaneous measureme#tC for 10 min. Five microliters of the clean upper layer were
of LTG, MHD and FBM in plasma of patients with epilepsy injected directly into the chromatographic system.
which is suitable for application in a routine AED TDM setting.
2.4. Method specificity
2. Experimental
Standard solutions of several commonly co-prescribed
2.1. Reagents and standards AEDs, their metabolites and benzodiazepines were injected to
check for possible interferencégple J). Blank plasma from 10
LTG was kindly provided by GlaxoSmithKline (Brentford, pools was tested for endogenous interferences. Furthermore, a
UK); MHD by Novartis Pharma (Basel, Switzerland); FBM by series of plasma samples from patients with epilepsy not taking
Schering-Plough (Kenilworth, NJ, USA); 4-methylprimidone LTG, MHD, FBM and treated with commonly prescribed AED
(internal standard, 1.S.) was purchased from Carlo Erba Reagergnd non-AED cotherapies (including antidepressants, hypnotics,
(Milan, Italy). Methanol, acetonitrile, both gradient grade, andantipsychotics, different types of antibiotics, antiinflammatory
potassium dihydrogen phosphate were purchased from Merand cardiac drugs) were analyzed to check for drugs which could
(Darmstadt, Germany). Ultrapure water was obtained fronpotentially interfere with the three AEDs determination.
a MilliQ Gradient A10 apparatus (Millipore, Billerica, MA,
USA). 2.5. Method validation
Stock solutions (1 mg/mL) and subsequent dilutions (500,
200, 100 and 50.g/mL) of the drugs were prepared by dissolv-  Standard curves were run on each analysis daylQ) over 4
ing LTG in acetronile and MHD, FBM and 4-methylprimidone months. The analyte to |.S. peak area ratios were plotted against
in methanol. All solutions were prepared monthly and stored atach drug-matched concentration added to the blank plasma. The
4°C. calibration curves were calculated by the least square method.
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Table 1 determined both intraday € 6) and interday (triplicate samples
List of drugs checked as potential assay interferences} over six analyses on different dayss 18).
Compound Concentration Retention time (min) The lower limit of detection (LOD) was calculated as three
(hg/mL) times the baseline noise.
AEDs
Carbamazepine 10 12.36 0.02 3. Results and discussion
Carbamazepine-diol 2 2.98 0.01
E;lrs:&?nﬁ%p;”e'epox'de 505 3.50;18:8; During the optimization phase of the assay, different mobile
Gabapentin 10 n.d. phases were evaluated. The mixture already described (potas-
Levetiracetam 20 1.76: 0.01 sium dihydrogen phosphate buffer, 50 mM, pH 4.5 and acetoni-
Oxcarbazepine 5 7.0& 0.01 trile/methanol 3/1, 65:35, v/v) provided optimal separation of
Phenobarbital 20 5.98 0.02 the three analytes and 1.S. with mea$.D. (= 6) retention
Phenyton " S e times of 3.20+0.01 min for LTG, 3.5 0.01 min for FBM,
Tiagabine 0.1 n.d. 3.93+0.02 min for MHD, and 4.44- 0.02 min for |.S. Fig. 1).
Topiramate 5 n.d. There were no endogenous interferences in the assayed ana-
Valproic acid 50 n.d. lytes’ elution region for any of the blank pools tested. None of
Vigabatrin 2 n.d. the possibly co-prescribed drugs tested interfered in the analy-
Benzodiazepines sis: elution times of the agents checked over a 20-min run are
Clobazam 1 n.d. reported inTable 1 Moreover, from plasma analyses of patients
Clonazepam ! n.d. with epilepsy not taking LTG, OXC, FBM and treated with com-
Diazepam 0.1 n.d. . . . .
Lorazepam 01 nd monly prescribed AED and non-AED cotherapies no interfering
Nitrazepam 1 n.d. peak was detected.
Norclobazam 2 n.d. Calibration curves showed a linear and reproducible correla-

tion between the three AEDs plasma concentrations and matched
analyte to I.S. peak area ratios; correlation coefficients were
>0.998 for all curvesTable 2.
Linearity was assessed by determining the coefficient of corre- The results of precision and accuracy analyses are reported
lation (r) of the points of the curves. in Table 3 The R.S.Ds. for both intra and interassay preci-

For assay precision and accuracy assessment, spiked blagign were below 7.5% for the whole concentration range for
plasma pools were prepared at three concentrations (i.e., 1.8) the compounds. Similarly, deviation of the mean of the mea-
4.0 and 20.ug/mL for LTG; 2.0, 10.0 and 40.Qg/mL for  sured concentrations from their nominal concentrations (intra
MHD; 10.0, 40.0 and 120.@g/mL for FBM) corresponding and interassay accuracy) was below 7.5% for all drugs. The
to the lower, middle and upper points of each calibration curveL 0Q was set at 0.ag/mL for LTG, 1.0pg/mL for MHD and
separated into 500L aliquots and stored frozen at20°C. 5.0png/mL for FBM (Table 3. The LOD was 0.2fg/mL for

The precision of the method was assessed by determiningrG, 0.5ug/mL for MHD and 2.5.g/mL for FBM. The abso-
the relative standard deviation (R.S.D. = 208.D./mean) atthe  |ute recovery ranged between 100 and 104% for the three AEDs
three plasma concentrations chosen for the three drugs withignd 1.S. Table 4).
the same analysis: €6, intra-day precision) and in triplicate  From the analyses of 902 plasma specimens of 622 patients
over a series of six analyses on different days {8, inter-day  with epilepsy referred to our laboratory over 6 months, treated
precision). with LTG (dosage range, 25-600 mg/day= 560), OXC

The accuracy of the method was determined by comparing300—2400 mg/day; = 290), FBM (600—3600 mg/day,= 52),
the means of the calculated concentrations at the three plasmd@mbined with different AED cotherapy, we found steady-state
concentrations chosen for each drug with the nominal concemgeDs plasma trough concentrations of 0.5-22g9mL for
trations (percentage differences) withinthe same analysi§( TG, 3.1-48.6.g/mL for MHD and 5.1-86.8.g/mL for FBM.
intra-day accuracy) and in triplicate over a series of six analysesTG was associated with OXC in 60 out of 622 patients; FBM

on different days/((= 18, inter-day accuracy). was co-prescribed with OXC in 6 patients and with LTG in 9
The absolute recovery of the three AEDs and the |.S. wapatients.

calculated for each analyte as the ratio of the drug peak
area from deproteinized blank plasma spiked with LTG, MHDTable2
and FBM, at the three abovementioned concentrations, arftfPs calibration lines parameters (meas.D.,n = 10)

n.d., not detectable.

with the I.S. (5Qug/mL) to the peak area obtained from the Drug Intercept (a) Slope (b) r

injection of LTG, QXC, FBM and_ I.S. standar(_j solut_lons, a’F TG 0.0134+ 0.0041 0.0684 0.0049 0.9994 0.0007
the same theoretical concentrations, reconstituted in mobilgyp —0.0200-+ 0.0055 0.0494- 0.0044 0.9995 0.0005
phase. FBM —0.0265+ 0.0088 0.012%0.0010 0.9996- 0.0003

The Iower. _“mlt of quantlta'Flon (LOQ) was qefmed as the Equation of the regression line=a + bx, wherex is the analyte concentration,
!OWESt quantifiable Concentrajf|0n with an associated R.S.D. angpressed inug/mL, andy is the analyte to I.S. peak area ratio, expressed in
inaccuracy <20%. The precision and accuracy at the LOQ weregrbitrary area units; = coefficient of correlation.
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Fig. 1. Chromatograms obtained by injectingI5of: (a) deproteinized blank plasma; (b) blank plasma spiked with LTGpd/tL, FBM, 40.0n.g/mL, MHD,
10.0pg/mL, I.S., 50.Qug/mL; (c) plasma specimen of a child treated with felbamate (720 mg/die) and oxcarbazepine (600 mg/die): FRig/r8D,MHD,
17.3p.g/mL and (d) plasma specimen of an adult patient treated with lamotrigine (300 mg/die) and oxcarbazepine (900 mg/die)plgl@L 3MHD, 10.8ug/mL.
LTG, lamotrigine; FBM, felbamate; MHD, monohydroxycarbamazepine; |.S., internal standard.

One of the main advantage of the present analysis is the sinassay significantly simplifies sample purification by omitting
ple and fast procedure of sample pre-treatment, allowing a largiime-consuming and expensive solid-phase extraction and dry-
series of plasma specimens to be processed in a short time. Lilg steps, with reduced risks of analytical errors. The method
detection is highly selective and the chromatographic separajuantitation range chosen for the three analytes proved to be
tion very rapid, allowing LTG, MHD and FBM determination in adequate for TDM purposes even in patients receiving low daily
plasma of patients also receiving complex AED co-medicatiordosages, especially during clinically recommended LTG slow
in about 5min. No interfering peaks were observed in any otitration regimen$l18]. The LOQs of the assay are well above the
the samples tested to date with this method (about 900 patientiwer concentration values of currently proposed tentative “opti-
samples). The injection of a very low aliquot of deproteinizedmal” ranges for LTG (3—14.g/mL) [3], MHD (12—-35u.g/mL)
specimens and the adoption of the graphite filter combined witand FBM (30-8Qug/mL) [19]. Finally, the statistical validation
the guard column provides highly effective protection of theshows a good intra and inter assay precision and accuracy within
analytical system: a change of graphite filter after about 30@he whole concentration range for all the three analytes and an
injections and the preguard column after 500 injections avoidsptimal extraction efficiency.
increased column back pressure and maintains an excellent In conclusion, the proposed method proved to possess ade-
chromatographic separation (about 1800 deproteinized samplgsiate specificity, sensitivity, accuracy and precision for areliable
injected to date). simultaneous determination of LTG, MHD and FBM in patients

Compared with the only HPLC method for the simultane-with epilepsy. By minimizing plasma preparation steps and
ous LTG and MHD plasma analysis published so[faf], this  grouping different new AEDs in the same assay the method
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Table 3
Precision and accuracy parameters of the assay
Drug  Amount added to blank Intraday@ = 6) Interday ¢=18)
plasma .g/mL)
Calculated concentration Precision Accuracy (%)  Calculated concentration Precision Accuracy (%)
(meant S.D.) (wg/mL) (R.S.D.%) (meantS.D.) (wg/mL) (R.S.D.%)
0.5 (LOQ) 0.48+ 0.02 4.2 -4.0 0.43+ 0.06 13.9 -14.0
TG 1.0 0.96+ 0.02 21 —4.0 0.96+ 0.06 6.2 —4.0
4.0 4.08+ 0.09 22 2.0 4.20+ 0.09 21 5.0
200 20.13+ 0.38 19 0.6 20.29+ 0.63 31 1.4
1.0 (LOQ) 1.16+ 0.06 5.2 16.0 1.1% 0.19 17.1 11.0
MHD 2.0 1.98+ 0.10 50 -1.0 2.14+ 0.16 7.4 7.0
10.0 9.82+ 0.30 30 -1.8 10.05+ 0.32 3.2 0.5
40.0 40.06+ 0.65 16 0.1 38.81+ 1.72 4.4 -3.0
5.0 (LOQ) 4.72+ 0.23 4.9 -5.6 4,97+ 0.58 11.7 -0.6
FBM 100 9.67+ 0.47 49 -3.3 10.53+ 0.41 3.9 5.3
400 41.56+ 0.55 13 3.9 39.85+ 0.65 1.6 -0.4
1200 120.1+ 1.96 16 0.1 118.8+ 3.39 2.8 -1.0

Precision (R.S.D.%)=10R S.D./mean; Accuracy (%)=1060 (mean concentration foundknown concentration)/ known concentration); Interday
(n=18) =triplicate samples, over a series of six analyses on different days; LOQ: limit of quantitation.

Table 4 [3] R.G. Morris, M.Y.Y. Lee, X. Cleanthous, A.B. Black, Ther. Drug. Monit.

Recovery assays € 6) 26 (2004) 626.

[4] E. Perucca, Fund. Clin. Pharmacol. 15 (2001) 405.

[5] D.F. Gonzales-Esquivel, M. Ortega-Gavilan, G. Alcantara-Lopez, H.
Jung-Cook, Arch. Med. Res. 31 (2000) 202.

Drug Amount added to Absolute recovery
blank plasmay{g/mL) (mean %+ S.D.)

1.0 103.740.02 [6] F. Albani, R. Riva, A. Baruzzi, in: R.H. Levy, R.H. Mattson, B.S.
LTG 4.0 100.2:0.03 Meldrum, E. Perucca (Eds.), Antiepileptic Drugs, 5th ed., Lippincott,
20.0 100.8+0.03 Williams & Wilkins, Philadelphia, PA, 2002, p. 466.
20 104.410.03 [7] P.N. Patsalos, W. Froescher, F. Pisani, C.M. van Rijn, Epilepsia 43
MHD 10.0 102.9+ 0.06 (2002) 365.
40'0 102'& 0'05 [8] D.F. Chollet, J. Chrqmatogr B 767 (2002) 191. .
’ ’ ' [9] H.M. Neels, A.C. Sierens, K. Naelaerts, S.L. Scharpe, G.M. Hatfield,
10.0 103.8:0.03 W.E. Lambert, Clin. Chem. Lab. Med. 42 (2004) 1228.
FBM 40.0 102.2£0.06 [10] S. Ramachandran, S. Underhill, S.R. Jones, Ther. Drug. Monit. 16 (1994)
120.0 103.5:£0.05 75.
4-Methyl-primidone (1.S.) 50.0 1048003 [11] P. Angelis-Stoforidis, D.J. Morgan, T.J. O'Brien, F.J. Vajda, J. Chro-

matogr. B 727 (1999) 113.
[12] D. Croci, A. Salmeggi, U. de Grazia, G. Bernardi, Ther. Drug. Monit.
) . . . 23(2001) 665.
allows a large series of patient samples to be processed in a s3] K.M. Patil, S.L. Bodhankar, J. Pharm. Biomed. Anal. 39 (2005)
gle analytical session, a task which can be very advantageous in 181.
aTDM setting. [14] H. Levert, P. Odou, H. Robert, Biomed. Chromatogr. 16 (2002) 19.
[15] C.E. Behnke, M.N. Reddy, Ther. Drug. Monit. 19 (1997) 301.
[16] B. Paw, G. Misztal, R. Skibinski, Acta. Pol. Pharm. 60 (2003) 339.
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