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A  simple,  accurate,  and  sensitive  liquid  chromatography  (LC)–tandem  mass  spectrometry  (MS/MS)
method  has  been  developed  for the  simultaneous  quantification  of  10 antiepileptic  drugs  (AEDs;
gabapentin  (GBP),  levetiracetam  (LEV),  valproic  acid  (VPA),  lamotrigine  (LTG),  carbamazepine-10,11-
epoxide  (CBZ-epoxide),  zonisamide  (ZNS),  oxcarbazepine  (OXC),  topiramate  (TPM),  carbamazepine  (CBZ),
phenytoin  (PHT))  in human  plasma  as  a tool  for drug  monitoring.  d10-Phenytoin  (d10-PHT)  and  d6-valproic
acid  (d6-VPA)  were  used  as  internal  standards  for  the  positive-  and  negative-ionization  modes,  respec-
tively.  Plasma  samples  were  precipitated  by the addition  of acetonitrile,  and  supernatants  were  analyzed
iquid chromatography (LC)–tandem mass
pectrometry (MS/MS)
uman plasma

on a  C18  reverse-phase  column  using  an  isocratic  elution.  Detection  was  carried  out  in  selected  reac-
tion  monitoring  (SRM)  mode.  The  calibration  curves  were  linear  over  a 50-fold  concentration  range,
with  correlation  coefficients  (r2) greater  than  0.997  for all AEDs.  The  intra-  and  inter-day  precision
was  less  than  12%,  and  the  accuracy  was  between  85.9  and  114.5%.  This  method  was successfully
used in  the  identification  and quantitation  of  AEDs  in  patients  undergoing  mono-  or  polytherapy  for
epilepsy.

© 2011 Elsevier B.V. All rights reserved.
. Introduction

Carbamazepine (CBZ), phenytoin (PHT) and valproic acid (VPA)
re well-known antiepileptic drugs (AEDs). Since the 1993s,
ew AEDs, including gabapentin (GBP), lamotrigine (LTG), lev-
tiracetam (LEV), oxcarbazepine (OXC), topiramate (TPM), and
onisamide (ZNS), have been approved and introduced to the
arket [1]. These AEDs have differing mechanisms of action

hat indirectly affect voltage-dependent calcium channels, sodium
hannel blockage, and GABAergic inhibition of drug interactions
2].  Patients use monotherapy or polytherapy to control seizures.
owever, polytherapy often causes undesirable side effects, due
o drug–drug interactions among co-administered AEDs. Admin-
stration of GBP with CBZ increased plasma concentrations of
arbamazepine 10,11-epoxide (CBZ-epoxide), which also possesses

∗ Corresponding author at: Department of Clinical Pharmacology and Clinical Trial
enter, Inje University Busan Paik Hospital, 633-165, Gaegum-Dong, Jin-Gu, Busan
14-735, South Korea. Tel.: +82 51 890 8969; fax: +82 51 892 1232.

E-mail address: phshinjg@inje.ac.kr (J.-G. Shin).
1 Present address: College of Pharmacy, Catholic University, Bucheon, Kyunggi-
o,  South Korea.

731-7085/$ – see front matter ©  2011 Elsevier B.V. All rights reserved.
oi:10.1016/j.jpba.2011.07.019
antiepileptic activity [3,4]. Thus, it is necessary to simultane-
ously monitor AEDs, including their active metabolites, to develop
therapies without side effects. Various analytical tools have been
developed for therapeutic drug monitoring of AEDs, including
high-performance liquid chromatography (HPLC) coupled with
ultraviolet detection [5–9], an evaporative light-scattering detec-
tor [10], fluorescence polarization immunoassay [11,12], and an
enzyme-multiplied immunoassay technique [13,14]. However,
these methods require time-consuming and laborious extraction
procedures or relatively large sample volumes (∼1 mL)  as well
as lengthy chromatographic run times, limiting their through-
put capacity and sensitivity. Recently, Subramanian et al. [15]
reported a liquid chromatography atmospheric pressure chemical
ionization mass spectrometry (LC–APCI-MS) method with solid-
phase extraction (SPE) to simultaneously detect six AEDs and
three metabolites in human plasma. However, this method can-
not be applied to routinely prescribed drugs, such as GBP, LEV, and
VPA.

In the present study, we established a fully validated, rapid, and

accurate LC–MS/MS method for the simultaneous quantification of
nine frequently prescribed AEDs in human plasma. CBZ-epoxide,
an active metabolite of CBZ, was  included in this assay because
it is pharmacologically active. Felbamate was not included in this

dx.doi.org/10.1016/j.jpba.2011.07.019
http://www.sciencedirect.com/science/journal/07317085
http://www.elsevier.com/locate/jpba
mailto:phshinjg@inje.ac.kr
dx.doi.org/10.1016/j.jpba.2011.07.019
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Table 1
Multiple reaction monitoring parameters for the antiepileptic drugs used in this study.

Antiepileptic drugs Ion mode Precursor ion (m/z) Product ion (m/z) DPa (V) CEb (V)

PHT Positive 253 182 70 47
GBP Positive 172 154 70 18
LTG Positive 256 211 70 39
CBZ  Positive 237 194 70 23
CBZ-epoxide Positive 253 210 70 19
OXC  Positive 253 208 70 28
LEV  Positive 171 126 70 20
VPA  Negative 143 143 −54 −15
TPM Negative 338 78 −90 −60
ZNS  Negative 211 119 −61 −21
d10-PHT (IS) Positive 263 192 70 25
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d6-VPA (IS) Negative 149 

a Declustering potential.
b Collision energy.

ssay because it is not considered a first-line medication, due to
plastic anemia and hepatic failure [16]. This method includes

 simple, one-step sample preparation and reversed-phase HPLC
hromatographic separation with multiple reaction monitoring
MRM)  detection.

. Experimental

.1. Chemicals

CBZ, CBZ-epoxide, OXC, PHT, TPM, VPA, and ZNS were purchased
rom Sigma–Aldrich (St. Louis, MO,  USA). GBP, LTG, LEV, d10-PHT,
nd d6-VPA were purchased from Toronto Research Chemicals
North York, ON, Canada). HPLC-grade acetonitrile and methanol
ere purchased from Merck (Darmstadt, Germany). All other

hemicals and solvents were of the highest analytical grade avail-
ble.

.2. Preparation of standards and quality control samples
Stock solutions of GBP, LEV, VPA, LTG, CBZ-epoxide, ZNS, OXC,
PM, CBZ, and PHT, were prepared by dissolving the compounds in
ethanol at 10, 20, 10, 25, 10, 5, 10, 100, 10, and 10 mg/mL, respec-

ively. The stock solutions were further diluted with methanol to

Fig. 1. Product-ion mass spectra of PHT 
149 −66 −15

obtain working standard solutions at several concentrations. The
calibration curves were obtained using 6 calibration standards, i.e.,
blank plasma samples prepared by the addition of the working
solutions to drug-free blank plasma, giving final concentrations of
0.8, 2, 4, 8, 20, and 40 �g/mL for GBP and TPM, 1.2, 3, 6, 12, 30,
and 60 �g/mL for LEV and OXC, 10, 25, 50, 100, 250, and 500 for
VPA, 0.4, 1, 2, 4, 10, and 20 �g/mL for LTG and CBZ, 0.2, 0.5, 1, 2,
5, and 10 �g/mL for CBZ-epoxide, 1.6, 4, 8, 16, 40, and 80 �g/mL
for ZNS, and 4, 10, 20, 40, 100, and 200 �g/mL for PHT. Calibra-
tion curves for AEDs in human plasma were derived from their
peak area ratios relative to that of the IS using linear regression
with 1/x  as a weighting factor. Quality control (QC) samples were
prepared at four concentration levels (LLOQ, low, medium and
high) for final concentrations of 0.8, 1, 6, and 30 �g/mL for GBP
and TPM, 1.2, 1.5, 9, and 45 �g/mL for LEV and OXC, 10, 12.5,
75, and 375 for VPA, 0.4, 0.5, 3, and 15 �g/mL for LTG and CBZ,
0.2, 0.25, 1.5, and 7.5 �g/mL for CBZ-epoxide, and 1.6, 2, 12, and
60 �g/mL for ZNS, and 4, 5, 30, and 150 �g/mL for PHT. A mixed
stock solution of d10-PHT and d6-VPA was  diluted to 1 �g/mL of
each compound in methanol for routine use as an internal standard

(IS). All prepared plasma samples and stock solutions were stored
at −80 ◦C (Revco ULT 1490 D-N-S; Western Mednics, Asheville, NC,
USA).

(A), CBZ-epoxide (B), and OXC (C).
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Table 2
HPLC retention time, calibration range, and correlation coefficient for the antiepilep-
tic  drugs used in this study.

Antiepileptic drugs Retention time
(min)

Calibration
range (�g/mL)

Correlation
coefficient (r)

GBP 1.96 0.8–40 0.9982
LEV 2.21 1.2–60 0.9987
VPA  2.70 10–500 0.9994
LTG  4.14 0.4–20 0.9972
CBZ-epoxide 5.02 0.2–10 0.9981
ZNS 5.32 1.6–80 0.9991
OXC 5.88 1.2–60 0.9984
TPM 8.43 0.8–40 0.9992
CBZ  8.63 0.4–20 0.9978
PHT  9.92 4.0–200 0.9967
K.-B. Kim et al. / Journal of Pharmaceutic

.3. Characterization of product ions using tandem mass
pectrometry

To characterize the product ions of GBP, LEV, VPA, LTG, CBZ-
poxide, ZNS, OXC, TPM, CBZ, PHT, d10-PHT, and d6-VPA, 1 �M
olutions of each compound were infused separately into the mass
pectrometer at a flow rate of 10 �L/min. The precursor ions and the
attern of fragmentation were monitored in positive- and negative-

on modes. The most abundant fragment ion observed in the MS/MS
can was selected for the quantitation of each drug.

.4. Sample preparation

Sample preparation was performed by protein precipitation
ith acetonitrile. A 490-�L aliquot of acetonitrile containing d10-

HT and d6-VPA (1 �g/mL each) was added to 10-�L aliquots
f plasma samples and vortexed. After centrifugation (9000 × g,
0 min, 4 ◦C), a 5-�L  aliquot of the supernatant was injected into the
C–MS/MS system. All prepared samples were kept in an autosam-
ler at 4 ◦C until injection.

.5. Liquid chromatography/mass spectrometry

Agilent 1100 series (Agilent, Wilmington, DE, USA) LC sys-
em consisting of an autosampler, binary pump, and column oven
as used for chromatography. The separation was performed

n a Luna C18 column (100 × 2.0 mm,  3 �m;  Phenomenex, Tor-
ance, USA) with an isocratic elution. The mobile phase consisted
f 5 mM ammonium formate buffer (pH 7.8) and 90% acetoni-
rile containing 5 mM  ammonium formate (60:40, v/v). The flow
ate was 0.2 mL/min. The HPLC system was coupled to a Qtrap
000 triple–quadrupole mass spectrometer (AB Sciex, Foster City,
A, USA) equipped with an electrospray ionization (ESI) source.
he turbo ion-spray interface was operated in both positive- and
egative-ion modes with nitrogen as the nebulizing, turbo spray,
nd curtain gas, with the optimum values set at 40, 50, and 20 psi,
espectively. The turbo-gas temperature was set at 600 ◦C, and
he ESI needle voltages in positive- and negative-ion modes were
djusted to 5500 V and −4500 V, respectively. Quadrupoles Q1 and
3 were set to unit resolution. The mass spectrometric parameters

or SRM and product-ion mode are shown in Table 1. Data process-
ng was performed using the Analyst software (ver. 1.4.1; Applied
iosystems).

.6. Method validation

Method validation was carried out according to the currently
ccepted United States Food and Drug Administration’s bioanalyt-
cal method validation procedures [17].

.6.1. Selectivity
Selectivity was evaluated by comparing chromatograms of six

ifferent batches of drug-free plasma to ensure that no interfering
eaks were present at the respective retention times of the analytes
t the lower limit of quantification (LLOQ). The visible interferences
ere tested with blank plasma samples and plasma samples spiked
ith AEDs at the lower limit of quantification (LLOQ).

.6.2. Linearity

Linearity was investigated over the designated concentration

ange for all analytes (Table 2). Calibration curves were obtained
sing 6 calibration standards for six different days and processed
y weighed (1/x) least-squares linear regression analysis.
d10-PHT (IS) 9.94 NA NA
d6-VPA (IS) 2.75 NA NA

2.6.3. Accuracy and precision
The accuracy and precision (presented as the coefficient of vari-

ation; CV) of the assay were assessed by analyzing QC samples at
four different concentrations. Accuracy (%) was determined from
the percentage ratio of the measured nominal concentration (mean
of measured/nominal × 100). The intra-day CV and accuracy of the
method were evaluated based on the analysis of six samples. The
CV and accuracy for inter-day assays were assessed at the same
concentration and repeated on six different days.

2.6.4. Recovery and matrix effects
Recovery and matrix effects were assessed at two  concentra-

tions for each drug by comparing the peak areas of triplicates at each
concentration for analyte standards in methanol and standards
spiked before and after protein precipitation in human plasma.
Absolute recovery was  calculated as the ratio of the mean peak area
of an analyte spiked before extraction to the mean peak area of the
same analyte spiked in methanol at the same concentration mul-
tiplied by 100. Relative recovery was  calculated as the ratio of the
mean peak area of an analyte spiked before extraction to the mean
peak area of the same analyte spiked post-extraction in the same
matrix multiplied by 100. The matrix effect was evaluated by com-
paring the mean peak area of an analyte spiked post-extraction to
the mean peak area of an equivalent concentration of the same ana-
lyte standard in methanol. To further test whether cellular matrix
can cause any ion suppression, each drug solution (10 �g/mL) was
infused post-column at a flow of 10 �L/min, resulting in constant
product ion intensity. Then, plasma extracts was injected onto the
column and the changes in ion intensities were monitored to eval-
uated ion suppression [18].

2.6.5. Stability
To study the stability of the drugs in human plasma, plasma sam-

ples were spiked with two  different concentrations of each analyte.
Stability was  assessed by analyzing three replicate samples after
three different manipulations: (1) short-term storage (6 h at room
temperature); (2) three freeze–thaw cycles; and (3) post-treatment
storage (24 h at room temperature). The concentrations obtained
were compared with the nominal values of the QC samples. The
stabilities of the stock solutions of 10 analytes after 3 weeks at 4 ◦C
and after 4 months at 80 ◦C were evaluated by comparison with
freshly prepared solutions of the same concentrations. Stability was
defined as <10% loss of the initial drug concentration.
2.7. Clinical application

The clinical applicability of the present method was evaluated
by analyzing plasma taken from 25 patients undergoing mono- or
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piked  with LLOQ levels of antiepileptic drugs and the IS (1 �g/mL) (II), and plasma

oly-therapy for the treatment of epilepsy. Different drug types and
heir plasma concentrations were evaluated.

. Results and discussion

.1. Chromatography optimization

All the analytes investigated in this study generated the promi-
ent protonated molecular ion [M+H]+ in positive-ion mode and the
eprotonated molecular ion [M−H]− in negative-ion mode. Based
n signal intensity and fragmentation pattern, the analytes were
ivided into two ionization groups: positive-ion mode for GBP, LEV,
TG, CBZ-epoxide, OXC, CBZ, and PHT and negative-ion mode for

PA, ZNS, and TPM. Thus, two different ISs were included in the
resent method: d10-PHT for positive-ion-mode drugs and d6-VPA
or negative-ion-mode drugs. The MRM  transition and optimized
ollision-induced dissociation conditions are given in Table 1.
 (E), ZNS (F), OXC (G), TPM (H), CBZ (I), and PHT (A): blank plasma (I), blank plasma
les obtained from patients undergoing treatment (III).

Sample preparation and chromatographic conditions were opti-
mized for simple, rapid, and practical quantitative analysis. Simple
protein precipitation (50× acetonitrile added to 10 �L of plasma
sample) was  sufficient to detect all AEDs within the target con-
centration ranges. The large dilution of plasma with acetonitrile
minimized matrix effects. When organic modifiers and acid modi-
fiers were investigated, the combination of acetonitrile with 5 mM
ammonium formate (pH 7.8) as a modifier resulted in higher ion-
ization efficiency and better chromatographic separation than the
combinations of methanol and acetic acid, acetonitrile and acetic
acid, and acetonitrile and formic acid. Among the drugs tested in
this study, PHT, OXC, and CBZ-epoxide had the same precursor
ion at m/z 253 and showed a common fragment ion at m/z  182
in their product-ion spectra, although the relative intensities of

this product ion varied depending on the drug. Thus, those three
drugs should be chromatographically separated to avoid inter-
ference. CBZ-epoxide, OXC and PHT were successfully separated
using our analytical system with retention times of 5.02, 5.88, and
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Table 3
Accuracy and precision of the LC–MS/MS method for each analyte.

Compounds Added (�g/mL) Intra-day (n = 6) Inter-day (n = 6)

Precision Accuracy (%) Precision Accuracy (%)

Measured (�g/mL) RSD (%) Measured (�g/mL) RSD (%)

PHT 4 4.44 ± 0.265 6.0 111 4.39 ± 0.247 5.6 109
5  5.56 ± 0.249 4.5 111 5.49 ± 0.225 4.1 110

30  26.6 ± 1.25 4.7 86.5 26.6 ± 1.23 4.6 87.7
150 158 ±  10.8 6.8 98.7 148 ± 14.9 10 99.1

GBP 0.8  0.699 ± 0.0362 5.2 87.3 0.753 ± 0.0857 11 93.1
1 0.997 ± 0.0804 8.1 99.7 1.03 ± 0.0593 5.8 106
6  6.43 ± 0.278 4.3 107 5.85 ± 0.564 9.6 96.6

30  33.2 ± 1.74 5.2 105 29.9 ± 2.72 9.1 103
LTG  0.4 0.389 ± 0.0151 3.9 97.3 0.391 ± 0.0367 9.4 94.0

0.5  0.530 ± 0.0357 6.7 106 0.512 ± 0.0526 10 104
3 3.15 ± 0.225 7.2 105 2.88 ± 0.212 7.3 96.1

15 16.7 ± 0.817 4.9 105 15.7 ± 1.04 6.6 105
CBZ  0.4 0.341 ± 0.0143 4.2 85.2 0.387 ± 0.0458 12 90.6

0.5  0.496 ± 0.0412 8.3 99.2 0.505 ± 0.0465 9.2 106
3 3.24 ± 0.129 4.0 108 3.06 ± 0.204 6.7 102

15  16.6 ± 1.08 6.5 105 15.7 ± 1.18 7.5 107
CBZ-epoxide 0.2 0.178 ± 0.0164 9.2 87.3 0.190 ± 0.0232 12 89.5

0.2  0.257 ± 0.0193 7.5 103 0.261 ± 0.0186 7.1 108
1.5  1.60 ± 0.0644 4.0 106 1.56 ± 0.105 6.7 104
7.5  8.16 ± 0.630 7.7 103 7.77 ± 0.621 8.0 105

OXC  1.2 1.16 ± 0.125 11 96.8 1.15 ± 0.133 12 93.7
1.5  1.47 ± 0.136 9.3 98.2 1.48 ± 0.120 8.1 104
9  8.82 ± 0.722 8.2 98.0 8.87 ± 0.815 9.2 98.7

45  48.9 ± 2.70 5.5 103 47.5 ± 4.46 9.4 108
LEV  1.2 1.17 ± 0.108 9.3 97.1 1.14 ± 0.128 11 92.9

1.5  1.52 ± 0.0896 5.9 101 1.55 ± 0.129 8.3 103
9 9.32 ± 0.702 7.5 103 8.68 ± 0.730 8.4 95.0

45  49.1 ± 2.43 4.9 104 44.3 ± 4.09 9.2 101
VPA 10.  10.9 ± 0.351 3.2 109 10.8 ± 0.807 7.5 108

12.5  13.5 ± 0.723 5.3 108 13.5 ± 0.584 4.3 111
75  70.0 ± 2.27 3.2 93.3 69.4 ± 2.61 3.8 90.9

375  389 ± 31.6 8.1 99.0 377 ± 25.0 6.6 97.4
TPM  0.8 0.90 ± 0.0188 2.1 112 0.843 ± 0.096 11 105

1 1.09 ± 0.0253 2.3 109 1.08 ± 0.0628 5.8 108
6  5.66 ± 0.190 3.4 94.3 5.63 ± 0.398 7.1 92.4

30 30.8 ± 2.97 9.6 97.7 29.4 ± 2.29 7.8 96.4
ZNS  1.6 1.66 ± 0.0896 5.4 103 1.66 ± 0.164 9.9 104

2  2.14 ± 0.0795 3.7 107 2.19 ± 0.0498 2.3 112
12 10.6 ± 0.339 3.2 88.0 11.2 ± 0.710 6.3 91.7
60  59.4 ± 5.78 9.7 94.6 59.9 ± 4.88 8.2 98.0

Table 4
Stability, matrix effects, and recovery for each analyte.

Compounds Added (�g/mL) Stability (%) Matrix effects and recovery (%)

Short-term (room
temp.) 6 h

Post-preparative
stability (15 ◦C) 24 h

Three freeze–thaw
cycles (−80 ◦C ↔ RT)

Matrix effect
(%)

Relative
recovery (%)

Absolute
recovery (%)

PHT 5 97.4 112 89.9 100 90.9 91.0
150  95.6 93.0 94.5 102 88.0 89.8

GBP  1 94.8 98.4 88.9 69.7 94.6 66.0
30  95.6 99.7 101 70.5 92.6 65.3

LTG  0.5 96.3 108 91.9 105 89.3 93.9
15  102 107 99.5 107 87.9 93.7

CBZ  0.5 102 108 91.9 111 95.1 105
1.5  98 101 95.0 105 90.1 94.6

CBZ-epoxide 0.25 99.4 107 87.3 113 90.7 103
7.5  97.4 101 94.4 104 90.2 93.7

OXC  1.5 89.0 106 85.8 112 95.3 107
45 87.2  99.3 91.4 110 90.0 98.9

LEV  1.5 91.9 106 95.6 98.1 94.8 93.0
45  97.4 93.3 86.5 89.2 97.8 87.2

VPA  12.5 101 102 98.3 104 90.3 94.1
375  102 101 101 105 89.4 93.5

TPM 1  107 110 98.2 106 91.5 97.1
30  99.1 98.3 95.5 105 91.0 95.7

ZNS  2 102 100 94.7 112 95.5 107
60 98.4  99.9 94.3 107 90.6 96.5
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Table 5
Concentration of antiepileptic drugs in plasma from patients treated using combi-
nation therapy with ten drugs.

Compounds Drugs detected

Concentration (�g/mL) Number

PHT 3.0–15.7 4
GBP 5.9 1
LTG  0.8–13.0 20
CBZ 7.5–14.4 6
CBZ-epoxide 1.3–3.0 6
OXC  3.0–33.1 2
LEV  NA 0
VPA 42.1–113.9 11
76 K.-B. Kim et al. / Journal of Pharmaceutic

.92 min, respectively (Fig. 1). We  also checked the possible inter-
erence due to ion source fragmentation of trans-diol-carbazepine,

 metabolite of OXC as reported by Corso et al. [19]. Trans-diol-
arbazepine was eluted much earlier (retention time of 2.0 min)
nd no interference was expected (data not shown). Several com-
ercially available C18 columns were examined to optimize the

hromatographic peak shape, peak width, and separation. The Luna
18 column generated better peak shape, narrow peak width, and
ptimal peak separation under isocratic conditions. Under these
ptimized chromatographic conditions, all target drugs were sep-
rated and analyzed within a 12-min run time (Table 2).

.2. Method validation

The specificity and selectivity of the method were investigated
y preparing and analyzing human plasma blanks from six differ-
nt batches of human plasma. No interference was observed in
rug-free plasma samples at the retention times of the target drugs.
dditionally, no carry-over effect was observed in our system. Typ-

cal chromatograms for blank plasma (Fig. 2(I)), plasma spiked with
LOQ levels of the AEDs (Fig. 2(II)), and plasma collected from
atients being treated for epilepsy (Fig. 2(III)) are presented. The
alibration curve was constructed using six different concentra-
ions and processed by weighed (1/x) least squares linear regression
nalysis. The calibration ranges for each drug were from 2–5-fold
ower to 2-fold higher than the concentration of serum reference
anges of each drug for therapeutic drug monitoring proposed by
atsalos et al. [20]. The calibration curves for the drugs were lin-
ar over the concentration ranges, with correlation coefficients (r)
igher than 0.993. Signal-to-noise ratios at LLOQ were higher than
0 for all drugs included in the assay (Table 2).

The intra- and inter-day variations of target drug determina-
ions in human plasma over the entire concentration ranges are
ummarized in Table 3. The intra-day coefficients of variation were
etween 2.1 and 11.0%, and accuracies ranged from 85.2 to 112%.
he inter-day coefficients of variation were between 2.3 and 12.0%,
nd the accuracy was between 87.7 and 112%.

To determine whether matrix interference affected the analy-
is of AEDs, blank plasma sample was injected into the LC–MS/MS
ystem while individual drug was introduced continuously post-
olumn. No significant matrix interference was  observed near
etention time of AEDs (data not shown). The absolute recovery
f AEDs was between 89.2 and 107%. The absolute recovery of GBP
as relatively low (∼70%) although significant matrix effect was
ot observed in post-column infusion. Based on the high recovery,
elatively low intra- and inter-day CVs, and good linearity of GBP,
he present method is suitable for stable detection and quantitation
f GBP.

Stock solutions of GBP, LEV, VPA, LTG, CBZ-epoxide, ZNS, OXC,
PM, CBZ, and PHT in methanol were stable for at least 3 weeks
t 4 ◦C and for 4 months at −80 ◦C. No significant degradation of
ny of the analytes in human plasma occurred after short-term
torage for 6 h at room temperature, three freeze–thaw cycles, or
ost-treatment storage for 24 h at room temperature, within ±15%
eviation from the nominal concentrations (Table 4).

.3. Clinical application

The validated method was applied to drug monitoring of AEDs
n plasma collected from patients, and the detection frequency and
stimated concentrations of the drugs are given in Table 5. Among

5 patients, LTG was detected in 20 patients, with concentrations
anging from 0.8 to 13.0 �g/mL. More than two drugs were mon-
tored in 19 of the 25 patients, and a maximum of six drugs (LEV,
TG, ZNS, TPM, CBZ, and PHT) were detected in one patient.

[

TPM 0.9–9.7 7
ZNS  7.1–35.2 2

4. Conclusions

An LC–MS/MS method for simultaneous quantification of nine
AEDs (GBP, LEV, VPA, LTG, ZNS, OXC, TPM, CBZ, and PHT) and one
active metabolite (CBZ-epoxide) in human plasma was developed
with acceptable accuracy and precision. To the best of our knowl-
edge, this method is most rapid (12 min  per sample) and simple
(protein precipitation) compared to previously reported simulta-
neous quantitation methods for monitoring AEDs. The quantitation
can be performed using small volumes of human plasma (10 �L),
allowing efficient use of limited blood samples. The developed
method was  successfully applied to the identification and quan-
titation of plasma samples from patients who were undergoing
treatment. Thus, this method may  be useful for therapeutic drug
screening of co-administered epileptic drugs in plasma as well as
pharmacokinetic studies of these drugs.
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