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a  b  s  t  r  a  c  t

Methods  based  on  HPLC  technology  are  the  most  frequently  adopted  for monitoring  blood  levels of novel
antiepileptics.  Here  a rapid  method  based  on  HPTLC  was  developed  for quantitative  determination  of
lamotrigine  (LTG),  zonisamide  (ZNS)  and  levetiracetam  (LVT)  in  human  plasma  and  compared  with  HPLC
and LC–MS/MS  methods.  Chromatographic  separation  was  achieved  on silical  gel  60F254 plates  using
ethylacetate:methanol:ammonia  (91:10:15  v/v/v)  as  mobile  phase.  Quantitative  analysis  was  carried  out
by  densitometry  at a wavelength  of  312, 240  and  210  nm for  LTG,  ZNS  and  LVT,  respectively.  Calibra-
tion  curves  were  linear  over  range  of 0–200  ng for LTG  and  ZNS  and  0–400  ng for  and  LVT.  The limit
of  quantification  of LTG,  ZNS  and  LTV  was  found  to  be 3.69,  3.7 and  6.85  �g/ml,  respectively.  Intra  and
C–MS/MS
PLC
lasma concentrations

inter-assay  precision  provided  relative  standard  deviations  lower  than  10%  for  all  three  analytes.  Corre-
lation and  Bland–Altman  plot  showed  general  agreement  between  HPTLC  and LC–MS/MS  quantification,
with  a mean  bias  of −0.25,  −0.46 and  0.5  �g/ml for LTG ZNS  and  LVT,  respectively.  Likewise,  comparison
between  HPLC–UV  and  LC–MS/MS  showed  good  agreement  for all  the three compounds  analyzed.  In
conclusion,  the  proposed  HPTLC  method  is  simple,  rapid, precise  and  accurate.  It  therefore  is  appropriate
for  the routine  quantification  of  therapeutic  levels  of  LTG,  ZNS  and  LVT  in  human  plasma.
. Introduction

Prevention of recurrent, unprovoked seizures is the goal of the
harmacological therapy of epilepsy. In fact, this apparently simple
oal is not easily reached, since 30–40% of patients continue to have
eizure in spite the use of antiepileptic drugs, either alone or in
ombination [1].

Moreover, prevention of seizures depends on the continuous
aintenance of effective blood concentrations of the drug, but,

t these concentrations, traditional antiepileptics drugs such as
arbamazepine, valproate, phenytoin, and phenobarbital, are bur-
en by an array of often intolerable side-effects [2].  Hence, it has
een welcome the introduction, in the last two  decades, of new
ntiepileptics with a much better therapeutic profile in terms of

oth spectrum of activity and safety. Lamotrigine, zonisamide, and

evetiracetam are among the most used of these new antiepileptic
rugs [3].
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Yet, these new antiepileptics also show a narrow therapeu-
tic index and consequently they require a careful monitoring of
adherence to therapy [4–6] Moreover, since the 70 s it has been
realized that pharmacokinetic variability is a major determinant
of differences in the clinical response to antiepileptic drugs [7].
Dissimilarity of age or gender, co-administration of other drugs,
genetic polymorphism for biotransforming enzymes are major
determinants of this pharmacokintetic variability [8,9]. Accord-
ingly, it is believed that plasma drug concentrations better than
drug daily doses correlate with clinical response [10]. Hence the
interest to develop simple but reliable analytical methods to mon-
itoring blood concentrations of antiepileptic drugs. In the case of
the traditional compounds, such as carbamazepine, phenobarbi-
tal, phenytoin, and valproic acid, immunoassays are commercially
available for quantitation of their blood concentrations. In con-
trast, therapeutic monitoring of newer antiepileptic drugs mainly
relies on chromatographic assays. The attention has been addressed
in particular to high performance liquid chromatography (HPLC)
either associated with mass spectrometry or not. However, these

methods are technically complex, rather expensive and time con-
suming. High performance thin layer chromatography (HPTLC)
with direct ultraviolet measure provides a potentially alternative
method for its capability to handle multiple samples per plate and

dx.doi.org/10.1016/j.jpba.2011.07.018
http://www.sciencedirect.com/science/journal/07317085
http://www.elsevier.com/locate/jpba
mailto:paolo.nencini@uniroma1.it
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hen to quantitate blood concentrations of many drugs simultane-
usly, cutting considerably analysis time and cost. For these reasons
PTLC is gaining substantial interest as an important tool in the
ssay of drugs in biological fluids. Nevertheless, few studies have
een addressed to the use of HPTLC for quantitation of antiepileptic
rugs in blood [10–14].

In the present study, we compared the assay performance of
PTLC and HPLC with uv detector, with that obtained with HPLC
ssociated with tandem mass spectrometry (LC–MS/MS), in dos-
ng blood concentrations of lamotrigine (LTG), zonisamide (ZNS),
evetiracetam (LVT), in patients daily treated with one of these
rugs.

. Experimental

.1. Chemicals and materials

Lamotrigine, zonisamide and levetiracetam were kindly pro-
ided by GlaxoSmithKline Great West Road, Brentford, Middlesex
UK), Dainippon Sumitomo Pharma Co., Ltd. Suzuka (Japan) and
CB Pharma Sector, S.A. (Belgium), respectively. Acetonitrile,
ethanol, both gradient grades were purchased from Merck

Darmstadt, Germany) and ammonium formate from Sigma Aldrich
Milan, Italy). Ultrapure water was prepared using a Millu-Q sys-
em (Millipore, MA  USA). Human blank serum samples used for
evelopment and validation of the procedure were obtained from
olunteers of laboratory staff.

.2. Instrumentation and chromatographic conditions

.2.1. HPTLC
High performance thin layer chromatography (HPTLC) was

erformed on glass plates silica gel 60F254 (10 × 10 cm)  250 �m
hicknesses (Merck, Darmstadt, Germany). The plates were first
ashed with methanol and then activated at100 ◦C for 15 min

efore use.
Sample application was done by means of a Linomat IV appli-

ator (Camag, Muttenz, Switzerland) in the narrow band of 4 mm
ength at a constant flow rate of 7 s �l−1 by using a nitrogen aspi-
ator. Plates were left to equilibrate for 10 min  in a 10 × 10 cm
orizontal chamber (Camag) and then developed at a distance of
0 mm using ethylacetate:methanol:ammonia (90:10:1.5 v/v/v) as
obile phase. Separation was obtained within 15 min  and hence

lates were dried in hot air for 1 min.
Densitometric scanning was carried out using a TLC Scanner

I (Camag) in the absorbance/reflectance mode at 312, 240 and
10 nm for lamotrigine, zonisamide and levetiracetam respectively.
alculation of retention factor (Rf), integration of chromatogram
nd acquisition of UV absorption spectra were performed by Camag
ATS 3 software (version 3.12). This part of the procedure took no
ore than 10 min.

.2.2. HPLC diode array
Chromatographic analyses were carried out using a HPLC system

quipped with automatic sampler (model L-7250), pump (model
-7100), diode array detector (model L-7455), all purchased from
erck Hitachi. Data were stored and processed using appropriate

oftware (D-7000 HPLC System Manager Ver.3.1, Hitachi).
Separation of compounds was achieved using a reversed

hase LiChroCART-Purospher 100 RP-18, 5 �m,  250 × 4 mm with

iChroCART–LiCrospher 100 RP-18, 5 �m (Merck) as guard column.
he mobile phase was a mixture of aqueous 30 mM potassium
hosphate buffer (adjusted to pH 3.7 with 5% phosphoric acid)
nd acetonitrile (65:35) at flow rate 1 ml/min. Detection was mon-
 Biomedical Analysis 56 (2011) 763– 770

itored at 270 nm for lamotrigine and zonisamide and at 210 nm for
levetiracetam.

2.2.3. Liquid chromatography–mass spectrometry
The HPLC system consisted of a Perkin Elmer 200 series

binary pump and autosampler (Perkin Elmer, Norwalk,CT). The
chromatographic separation was  performed on a reversed phase
LiChroCART-Purospher 100 RP-18, 5 �m, 150 × 4.6 mm with
LiChroCART–LiCrospher 100 RP-18, 5 �m (Merck) as guard column.

Isocratic elution was performed using a mixture of 5 mM  ammo-
nium formate and acetonitrile. Flow rate was kept constant at
0.8 ml/min an then was split 1:20 before entering the electrospray
interface (Turbo Ionspray®) of an API 2000 triplo quadrupole mass
spectrometry system (Applied Biosystem – Sciex, Ont., Canada).
Ions were created in the positive ion mode under atmospheric pres-
sure at 4.5 kV and at a source temperature of 350 ◦C. The nitrogen
curtain gas was adjusted to a constant value of 35 units, Gas 1 (GS1)
and Gas 2 (GS2) was set to 25 and 30 units, respectively. Multiple
reaction monitoring (MRM)  was  used for drug quantification.

Selected ion masses of the protonated precursors and frag-
mented ions were 256/185 m,  213/132 m and 171/126 m for
lamotrigine, zonisamide and levetiracetam, respectively. Chro-
matographic peaks were integrated using AnalystsTM software
(version 1.4.1 Sciex).

2.3. Calibration standards and quality control samples

Stock solutions of lamotrigine, zonisamide and levetiracetam
were prepared by dissolving 10 mg  of each compound in 1 ml
methanol. The working solutions were prepared by appropriate
dilution of the stock solution with methanol for HPTLC and mobile
phase for LC–MS/MS. Each working solution of LTG, LVT and ZNS
was used to spike drug-free human serum to provide calibration
standards from 0 to 20 �g/ml for LTG and ZNS and from 0 to
40 �g/ml for LVT.

The quality control samples (QC) used in validation study were
prepared in the same way as the calibration standard, by spiking
drug free human serum with appropriate volume of working solu-
tions to obtain three different concentrations, near the low, middle
and high values of concentration curve.

2.4. Serum sample preparation

To 0.25 ml  of serum sample (calibration standards, quality con-
trol and patients’ samples) 0.75 ml  of acetonitrile was added. The
mixture was vortexed for 1 min, and then centrifuged for 10 min
at 2500 × g. The supernatant was  recovered and evaporated to dry-
ness under a stream of nitrogen. The residue was dissolved in the
mobile phase that in our analytical conditions resulted more appro-
priate for each of the three different chromatographic methods,
i.e. methanol (100 �l) for HPTLC analysis, formate buffer (1 ml) for
LC–MS/MS, and potassium phosphate buffer (1 ml)  for HPLC.

2.5. Method validation

The methods were validated for selectivity, precision, accuracy,
linearity, limit of detection, limit of quantification and recovery,
according to the International Conference on Harmonization (ICH)
[15] and Food and Drug Admistration (FDA) guidelines [16].

2.5.1. Selectivity
Interferences of endogenous compounds with the analytes were
investigated by analysis of blank serum sample of three different
volunteers (unspiked and spiked with the analytes at LLOQ level).
For HPTLC the selectivity was ascertained by analyzing and compar-
ing chromatograms of both blank serum samples and spiked LLOQ
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amples to ensure the absence of any possible interference at Rf of
amotrigine, levetiracetam and zonisamide. In particular, selectiv-
ty was investigated (i) by comparing the Rf of the testing samples

ith that of the reference samples; (ii) by performing the spectral
nalysis of the testing sample peak; (iii) by performing the spectral
nalysis at the start, the apex and the end of the peak. The latter
nalysis also allowed to evaluate peak purity. We  also investigated
hether or not the presence of other co-eluting antiepileptic drugs

nterfered with both resolution and detection of the analytes of our
nterest. Accordingly, standard solutions containing phenobarbital,
arbamazepine, and valproic acid were submitted to HPTLC anal-
sis, being these drugs the more frequent in the polytherapeutic
egimen prescribed to the patients herein studied.

For HPLC and LC/MS–MS the selectivity was  investigated by
nalyzing the chromatograms to determine whether endogenous
onstituents co-elueted with the analytes of interest.

.5.2. Precision and accuracy
Intra and inter-day precision and accuracy of the methods were

eterminate by performing replicate (n = 6) analyses of quality con-
rol samples in plasma (low, medium and high level) against a
alibration curve. This procedure was replicated on different days
n = 3). Precision was calculated from the percentage relative stan-
ard deviation (R.S.D. %) for the repeated measurements whereas
ccuracy was expressed as % of recovery.

According to the FDA criteria [15], precision and accuracy deter-
ined at each concentration level should not exceed 15% except for

he LOQ, which should not deviate by more than 20%.

.5.3. Linearity
For HPTLC assay calibration samples of 0–200 ng/spot for LTG

nd ZNS and 0–400 ng/spot for LVT, were analyzed in triplicate in
hree different days. Calibration curves were calculated by least-
quare method. The coefficient of correlation (r) was  determined to
ssess linearity of calibration curves. For the LC/MS–MS the linear-
ty was determined by analysis of calibration samples of 0–20 and
–40 �g/ml for LTG and ZNS and 0–50 �g/ml for LVT. For the HPLC
iode array detection the calibration ranged from 0 to 40 �g/ml for
ll analytes. Calibration curve were run in triplicate on each analysis
ay (n = 3).

.5.4. Limit of detection and limit of quantization
For HPTLC and LC/MS–MS, in order to estimate the limit of

etection (LOD) and limit of quantization (LOQ), blank sample was
nalyzed nine times following the same method described above
nd the standard deviation (�) of the analytical response was  deter-
ined. The LOD was expressed as 3.3 �/slope of the calibration

urve, whereas LOQ was expressed as 10 �/slope of the calibration
urve of LTG, LVT and ZNS.

.5.5. Recovery
Recovery was determined by spiking LTG, LVT and ZNS in drug

ree human plasma to obtain three different concentrations cover-
ng the low, medium and higher ranges of calibration curve. The
ample were then extracted and analyzed as described earlier. The
ecovery was calculated by comparing the peak areas of quality
ontrol samples with those obtained extracting analytes from blank
erum to which they have been added at the same nominal concen-
ration.

.6. Application
.6.1. Therapeutic drug monitoring
The validated HPTLC method was applied to determine the

lasma concentration of LTG, ZNS and LVT in 80 patients (38 males
nd 42 females, aged 7–71 years, mean 40 ± 15) under daily oral
Fig. 1. HPTLC chromatograms of drug-free plasma (upper panel) and plasma spiked
with of LEV, ZNS and LTG (100ng/spot) (lower panel).

treatment for epileptic conditions at the Neurology Department of
Policlinico Umberto I of Rome.

The collection of the samples was done in the morning, 12 h
after the last drug administration of LTG (25–400 mg/day) ZNS
(150–400 mg/day) and LVT (1000–3000 mg/day).

Venous blood samples were drawn from patients and
transferred into heparinized tubes. Plasma was  separated by cen-
trifugation at 3000 rpm for 10 min  and stored at −20 ◦C prior to
analysis.

2.7. Method comparison

Results from the HPTLC and HPLC assay were compared with
those obtained by LC–MS/MS method. Correlation between meth-
ods was  assessed using linear regression analysis (GraphPad Prism
version 4.0). Differences between techniques were plotted accord-
ing to the method described by Bland–Altman [17].

3. Results

3.1. Selectivity and specificity

LVT, LGT and ZNS were efficiently separated under HPTLC con-
ditions with Rf values of 0.26, 0.45 and 0.71, respectively. Neither
resolution nor detection of the three analytes were affected by phe-
nobarbitone, carbamazepine and valproic acid, these antiepileptics
showing Rf values of 0.78, 0.50 and 0, respectively. Likewise, the
blank plasma samples did not yield peaks at the Rf’s of the analytes
when their chromatograms were compared with those obtained
from spiked samples, indicating the absence of matrix interferences
and the high selectivity of the method (Fig. 1).
The identity of LVT, LGT and ZNS in the samples was  confirmed
by overlaying their UV absorption spectra with those of reference
standards, as well as by the coincidence of their respective Rf values
using a TLC densitometric analysis. Absorption maxima (� max)
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Fig. 2. Representative chromatograms and product ions spectrum with fragmentation pathway, in plasma spiked with LVT (A), LTG (B) and ZNS (C).
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Table  1
Precision and accuracy parameters of the assay.

Drug Nominal
concentration

Intraday (n = 6) Inter-day (n = 18)

Calculated
concentration
(mean ± S.D.)

Precision
(R.S.D. %)

Accuracy % Calculated
concentration
(mean ± S.D.)

Precision
(R.S.D. %)

Accuracy %

HPTLC

LTG 10 (ng/spot) 9.96 ± 0.33 3.31 −0.4 9.88 ± 0.31 3.14 −1.2
40  42.17 ± 1.10 2.61 5.4 41.45 ± 1.90 4.59 3.6
100  103.90 ± 1.59 1.53 3.8 104.1 ± 1.77 1.70 4.1

ZNS 40  37.64 ± 1.16 3.08 −5.9 39.61 ± 3.64 9.18 −1.0
80 77.20 ±  4.83 6.26 −3.5 77.91 ± 4.96 6.38 −2.6
200 191.00 ±  11.61 6.08 −4.5 195 ± 11.95 6.13 −2.5

LVT 10  10.04 ± 0.36 3.59 0.4 10.69 ± 0.98 9.17 6.9
60  60.78 ± 2.43 4.00 1.3 58.60 ± 3.75 6.40 −2.3
400 438.10 ± 13.13 3.00 9.5 408.00 ± 28.75 7.04 2.0

LC–MS/MS

LTG 1.0  (�g/ml) 1.01 ± 0.03 2.97 1.0 1.02 ± 0.05 4.90 2
5.0  4.96 ± 0.09 1.80 −0.8 5.01 ± 0.09 5.78 0.2
20.0  20.8 ± 0.51 2.45 4.0 21.3 ± 0.61 2.86 6.5

ZNS
2.0  1.98 ± 0.10 5.00 −1.0 1.95 ± 0.18 9.23 −2.5
10.0 9.95 ±  0.32 3.21 −0.5 9.91 ± 0.45 4.54 −0.9
20.0  21.3 ± 0.74 3.47 6.5 20.07 ± 0.85 4.23 0.3

LVT 5  5.17 ± 0.23 4.45 3.3 4.89 ± 0.32 6.54 −2.2
25  24.92 ± 0.52 2.08 −0.3 24.56 ± 0.48 1.95 −1.7
50  49.61 ± 0.65 1.31 −0.8 51.06 ± 0.95 1.86 2.2

HPLC

LTG 0.5  (�g/ml) 0.51 ± 0.04 7.85 2.0 0.46 ± 0.02 4.35 −8.0
5.0 5.11 ±  0.05 1.05 2.2 5.27 ± 0.25 4.78 5.4
40  39.34 ± 1,17 2.97 −1.6 39.52 ± 0.86 2.17 −1.2

ZNS 0.5  (�g/ml) 0.57 ± 0.01 1.75 14 0.55 ± 0.04 7.27 10
5.0  4.65 ± 0.19 4.09 −7.0 5.01 ± 0.03 0.59 0.2
40  40.41 ± 0.81 2.02 1.0 40.2 ± 0.08 0.19 0.5
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LVT 0.5  (�g/ml) 0.49 ± 0.02 4.08 

5.0  5.01 ± 0.21 4.19 

40 40.1 ± 0.43 1.07 

f 312, 240 and 210 nm for LTG, ZNS and LVT, respectively, were
hus confirmed. The purity of each compound was  confirmed by
nalyzing the UV spectrum at the start, apex and end of the peak.
he derived peak purity index (P) ranged from 0.9954 to 0.9999 for
he three compounds.

In the cases of HPLC and LC–MS/MS methods, selectivity was
valuated by comparing chromatograms of three extracted blank
lasma samples of different sources, with those of plasma sam-
les spiked with LTG, LVT and ZNS. Under the conditions described
bove, HPLC analysis did not show interfering peaks at the reten-
ion time of 3.04 ± 0.04, 5.53 ± 0.06 and 5.17 ± 0.03 for LTG, LVT
nd ZNS, respectively. Likewise, LC–MS/MS analysis did not show
nterfering peaks at the retention time of 3.42 ± 0.02, 2.61 ± 0.01,
nd 5.13 ± 0.06 for LTG, LVT and ZNS, respectively.

Representative chromatograms and tandem mass spectrometry
pectra of extracted blank sera and extracted sera spiked with ZNS,
TG and LVT are shown in Fig. 2.
.2. Precision and accuracy

The HPTLC method was validated for intra and inter-day pre-
ision and accuracy at three different concentrations of LTG, LVT

able 2
etection and quantitation limits of HPTLC and LC–MS/MS for lamotrigine, zon-

samide and levetiracetam.

Method LOD LOQ

LTG ZNS LEV LTG ZNS LEV

HPTLC (�g/ml) 1.3 1.2 2.25 3.69 3.7 6.85
LC–MS/MS (ng/ml) 0.34 11.7 5.6 1.98 36.5 24.2
HPLC (�g/ml) 0.21 0.59 0.6 0.37 0.89 1.95
−2.0 0.48 ± 0.04 8.3 −4
0.2 5.02 ± 0.12 2.4 0.4
0.25 41.2 ± 0.75 1.8 3.0

and ZNS (low, medium and high level of QC). The relative stan-
dard deviation (RSD) ranged from 1.53 to 6.26 and from 1.70
to 9.18 for intra and inter-day assays, respectively. In the case
of HPLC diode array detection, the RSD for the intra-day preci-
sion ranged from 1.05 to 7.85, whereas it ranged from 0.19 to
7.27 for the inter-day precision. In the case of LC–MS/MS method,
the RSD for the intra-day precision ranged from 1.31 to 5.00,
whereas it ranged from 1.86 to 9.23 for the inter-day precision
(Table 1).

Precision and accuracy for the three methods were consistent
with the FDA criteria [15]. Moreover, the restricted range of RSD
values suggests that the present HPTLC procedure provides highly
reproducible determinations of LTG, LVT and ZNS concentrations
in plasma samples.

3.3. Linearity and sensitivity

For HPTLC method calibration curves were constructed testing

six increasing drug concentrations within their respective thera-
peutic range, i.e. 0–20 �g/ml (0–200 ng/spot) for LTG and ZNS and
0–50 �g/ml (0–400 ng/spot) for LVT. These curves were linear in the
range of concentrations assayed and accordingly, their respective

Table 3
Ranges of concentrations detected in human plasma samples (numbers between
parentheses represent the median values).

Drug Concentration (�g/ml)

LC–MS/MS HPTLC HPLC

LTG (n = 38) 0.14–12.21 (3.88) 0–13.19 (3.88) 0–24.84 (4.8)
ZNS (n = 20) 0.61–14.93 (4.20) 0–15.79 (4.31) 0–15.76 (4.80)
LVT (n = 22) 2.75–46.30 (15.90) 0–40.45 (13.81) 1.65–29.40 (12.65)
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Table  4
Correlation and agreement statistics.

Drug Pearson correlation (r) Linear regression Bland–Altman bias analysis

Slope Intercept Bias Limit of agreement

Lower 95% Upper 95%

HPTLC vs. LC–MS/MS
LTG 0.9447 1.125 ± 0.065 −0.834 ± 0.379 −0.25 −3.04 2.55
ZNS  0.9626 1.142 ± 0.075 −1.233 ± 0.522 −0.46 −3.43 2.51
LVT 0.8864 1.242 ± 0.148 −3.256 ± 2.635 0.50 −11.34 12.34
HPLC  vs. LC–MS/MS

0.
0.

−0.

m
l
y
(

F
F

LTG 0.8297 1.104 ± 0.125 

ZNS  0.9795 1.013 ± 0.050 

LVT  0.9334 0.945 ± 0.083 
ean equations (n = 9) and correlation coefficients (r) were the fol-
owing: y = 17.47(±0.14) + 38.89 (±12.81) and r2 = 0.9997 for LTG;

 = 4.88 (±0.29) − 48.66 (±29.40) and r2 = 0.9971 for ZNS; y = 0.99
±0.012) + 5.44 (± 2.140) and r2 = 0.9989 for LVT.

ig. 3. Correlation between LTG, ZNS and LEV concentrations in patient samples measu
urther  details on the regression lines and the degree of correlation are given in Table 4.
277 ± 0.739 0.77 −4.41 5.95
041 ± 0.343 0.11 −1.67 1.89
175 ± 1.479 −0.99 −7.28 5.29
Linearity of the calibration curves was  also tested by plotting
residuals against the quantities added [18]. Since residuals were
randomly distributed around the regression function without any
trend, the calibration function can therefore be regarded as linear.

red by LC/MS-MS and HPTLC (left panels) or LC/MS- MS  and HPLC (right panels).
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ig. 4. Bland-Altman plots comparing HPTLC vs LC/MS-MS and HPLC vs LC/MS-MS 

greement are shown (mean bias±SD).

Limits of quantification (LOQ) were 3.69 �g/ml, 3.75 �g/ml and
.85 �g/ml for LTG, ZNS and LVT respectively, indicating the ade-
uate sensitivity of the method with respect to therapeutic needs.
or HPLC LOQs were 0.37 �g/ml, 0.89 �g/ml and 1.95 �g/ml for LTG,
NS and LVT respectively. In the case of LC–MS/MS these limits
ere 1.98 ng/ml, 36.5 ng/ml and 24.2 ng/ml for LTG, ZNS and LVT,

espectively (Table 2).

.4. Application
The assay was applied to the determination of serum concentra-
ions of LTG (38 samples), LVT (22 samples) and ZNS (20 samples)
n patients daily treated with these therapeutics.
ds for the measurements of LTG, ZNS and LVT in patient samples. The 95% limits of

3.5. Method comparison

The ranges of plasma concentrations of the three analytes
obtained with HPTLC, HPLC or LC–MS/MS are shown in Table 3. Note
that analyte concentrations in all the samples were above the LOQ
of LC–MS/MS. In the case of HPTLC, concentrations of LTG resulted
below the LOQ in 12 out of 38 samples, although LC–MS/MS analysis
revealed that all these samples had LTG concentrations below the
therapeutic range (4–10 �g/ml). LVT concentrations resulted below

the LOQ (6.85 �g/ml) in 2 out of 22 samples and again, LC–MS/MS
analysis revealed that LVT concentrations in these two samples
were below the therapeutic range (10–37 �g/ml). In the case of
ZNS, HPTLC assay revealed that 8 samples had blood concentra-
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[17] J.M. Bland, D.G. Altman, Statistical methods for assessing agreement between
two  methods of clinical measurement, Lancet 8476 (1986) 307–310.

[18] B. Renger, Z. Végh, K. Ferenczi-Fodor, Validation of thin layer and high per-
formance thin layer chromatographic methods, J. Chromatogr. A 1218 (2011)
70 L. Antonilli et al. / Journal of Pharmaceutic

ions below the LOQ, but LC–MS/MS showed that in only 4 of these
 samples ZNS concentrations were below the therapeutic range
2.3–12 �g/ml).

When blood samples were submitted to HPLC analysis, only
wo of them showed LTG and ZNS concentrations below the LOQ,
hereas all samples had LVT concentrations within the therapeutic

ange.
Table 4 and Fig. 3 show high Person correlation indexes for all

he three analytes when results obtained with either HPTLC or HPLC
ere compared with those obtained with LC–MS/MS. As firstly

bserved by Bland and Altman, in clinical measurement compar-
sons the use of correlation coefficients may  be misleading and a
lot of the difference between the methods against their mean are
onsidered more informative. Accordingly, we assessed the agree-
ent between the results obtained with HPTLC or HPLC and those

btained with LC–MS/MS using Bland–Altman test. As shown in
ig. 4 HPTLC and LC–MS/MS provided fairly consistent results for
oncentration of LTG and ZNS between 2.5 and 10 �g/ml with a ran-
omized distribution around the mean. For concentration below
.5 �g/ml deviations were systematically negative due to a dif-
erent sensitivity of the two methods. Above 10 �g/ml deviation
alues became positive, as expected from the higher specificity of
C–MS/MS. A better level of agreement for all the three analytes was
btained between HPLC and LC–MS/MS as far as the Bland–Altman
est yielded random distributions of the differences between the
esults obtained by the two methods (see Fig. 4).

. Discussion

Blood concentrations of the drug represent a direct measure of
he adherence of the patient to antiepileptic therapy. Searching for
ptimization of the balance between cost and benefit of monitor-
ng plasma or seric concentrations of antiepileptics, a wide array
f analytical procedure has been proposed. Curiously enough, little
ttention has been paid to the possible use of HPTLC methodology
or dosing antiepileptic drugs in the clinical setting. For instance, at
he best of our knowledge, we are aware of a single study dedicated
o the HPTLC determination of seric LTG [12], whereas there are no
eports concerning the development of a HPTLC method for dosing
VT and ZNS in the plasma matrix. Here we filled this gap report-
ng a HPTLC method for the determination of LTG, ZNS and LVT,

hich appears simple, accurate and rapid. Simple because it avoids
umbersome extractive procedures, being the sample preparation
estricted to a single step liquid–liquid extraction with acetonitrile.
t is important to note that simplifying the extractive procedure did
ot jeopardize the accuracy of the analysis. In fact, besides preserv-

ng very good levels of recovery, the single step extraction brought
he sample to HPTLC analysis in optimal conditions of resolution
s demonstrated by the absence of biological matrix effects in the
lution intervals concerning the analytes here studied. Time saving
s another merit of our HPTLC method for dosing plasmatic levels of

TG, ZNS and LVT. The single step extraction is not the only reason
or time saving, a major contribution being provided by the pos-
ibility provided by HPTLC technology to run up to ten samples at
he same time.
 Biomedical Analysis 56 (2011) 763– 770

When the results were compared with those obtained with
the benchmark method of LC–MS/MS, HPTLC showed clear lim-
its in term of sensitivity, in particular in the cases of LTG and ZNS.
HPTLC LOQ was  however far beneath the lower limit of the ther-
apeutic range of these drugs, making clinically unimportant the
underevaluation of blood concentrations that in any case were ther-
apeutically insufficient. These limits in sensitivity did not emerge
when the same samples were analyzed using the HPLC method. On
this basis, HPLC appears a better surrogate of LC–MS/MS than HPTLC
for research purposes, for instance when an accurate determina-
tion of the terminal half-life of these antiepileptics is required. Yet,
the possibility of performing up to ten quantitations in the same
plate makes HPTLC time saving and relatively cheap, two important
merits in clinical routine.
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