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A rapid, selective, reliable, precise, accurate, and reproducible tandem mass spectrometric (MS-MS)
method for the quantification of levetiracetam (LEV) in human plasma using adenosine as an internal
standard (IS) has been developed and validated. The drug and IS were extracted by solid phase extraction
(SPE) technique and analyzed on Symmetry® Cyg column (5 pm, 3.9 mm x 50 mm) using a mobile phase
of methanol-water-formic acid (97:03:0.25, v/v/v) at a flow rate of 0.2 ml/min. Quantitation was achieved
using a positive electrospray ionization (ESI+) interface employing multiple reaction monitoring (MRM)
mode at MRM transitions m/z 171> 126 and m/z 268 > 136 for LEV and IS, respectively. The method was
validated over the concentration range of 1.0-40 p.g/ml (r>0.99) with a limit of quantification of 1.0 pg/ml
(R.S.D.%; 4.1 and Bias%; —9.0 to + 11.0%). Intra- and inter-run precision of LEV assay at three concentra-
tions ranged from 0.6 to 8.9% with accuracy (bias) varied from —4.0 to 8.6% indicating good precision and
accuracy. Analytical recoveries of LEV and IS from spiked human plasma were in the range of 91.7-93.4%
and 80.2-84.1%, respectively. Stability of LEV in human plasma samples at different conditions showed
that the drug was stable under the studied conditions. Matrix effect study showed a lack of matrix effect
on mass ions of LEV and IS. The described method compared well with the commercial HPLC-UV method
of Chromsystem (r2 = 0.99). The suitability of the developed method for therapeutic drug monitoring was
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demonstrated by measuring LEV in human plasma samples of epileptic patients treated with LEV.
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1. Introduction

Levetiracetam (LEV), (S)-a-ethyl-2-oxo-1-pyrrolidine aceta-
mide, is structurally unrelated to existing antiepileptic drugs
(AEDs) [1]. The precise mechanism by which LEV exerts its
antiepileptic effect has not been fully understood. However, it has
been suggested that LEV binds with protein SV, A in synaptic vesi-
cles, thus reducing electrical activity in epileptic circuits [2]. LEV is
indicated as adjunctive therapy in the treatment of partial seizures,
with or without secondary generalization that are refractory to
other established first-line AEDs [3]. Following oral administration,
LEV s rapidly and almost completely absorbed from the small intes-
tine into the systemic circulation with peak serum levels occurring
at 1 to 2 h. The extent of LEV bioavailability is not affected by food.
However, the rate of its absorption is delayed [4]. LEV is not signifi-
cantly plasma protein bound (<10% bound) and approximately 27%
of the administered dose is metabolized by enzymatic hydrolysis
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in the blood to inactive metabolites [4,5]. About 66% of the admin-
istered LEV dose is excreted as unchanged drug by the kidney via
glomerular filtration [6].

Several chromatographic assays have been reported for the
measurement of LEV in biological fluids. These involve gas chro-
matography (GC) with nitrogen-phosphorus detection [7], high
performance liquid chromatographic (HPLC) techniques [8-12],
GC-MS [13]. Most of the reported methods lack selectivity, sensitiv-
ity, and reliability. Moreover, they encounter problems particularly
tedious and time-consuming sample preparation as well as high
sample volume. Recently, liquid chromatography-tandem mass
spectrometry (LC-MS-MS) is considered a gold standard to utilize
in analysis of drugs in biological fluids. The high sample throughput,
selectivity and sensitivity for analytes of interest increase the appli-
cability of tandem mass spectrometry in clinical chemistry as well
as clinical studies. In this regard, only two methods are available for
analysis of LEV using tandem mass spectrometry [14,15]. The draw-
back of Jain’s method is the utilization of clonazepam as an internal
standard which would potentially create many problems involv-
ing quantification of LEV concentrations since clonazepam could
concomitantly be administered with LEV to epileptic patients [14].
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However, this may lead to internal standard overestimation and
consequently underestimation of LEV concentrations in the patient
sample. Moreover, Jain’s method has other disadvantages includ-
ing large plasma sample volumes used (200 1), high flow rates
(500 pl) of the mobile phase, maintaining a column at high tem-
peratures (45 °C) and an autosampler at low temperatures (5°C) in
addition to a tedious and time-consuming solid phase extraction
(SPE) sample pre-treatment procedure. On the other hand, Guo’s
method did not address the matrix effect issue [15]. This is crit-
ical in establishing reliable assay method. It has been previously
reported that ion suppression effects of extracted biological matrix
caused by polar and un-retained matrix components were greatest
after protein precipitation [16]. Thus, Guo’s method lacks reliability
since it did not assess the potential of matrix effect.

The objective of the present report was to develop and vali-
date a rapid, reliable, and accurate electrospray MS-MS method
for the determination of LEV in human plasma. The ion suppres-
sion/enhancement effect of the biological matrix on the MRM
detection of mass ions of the analytes is to be investigated as well.
The present method has been successfully utilized in therapeutic
drug monitoring of LEV by analysis of plasma samples of patients
treated with LEV.

2. Experimental
2.1. Chemicals and reagents

Levetiracetam was kindly supplied by UCB Pharma S.A. (Bruxel,
Belgium). The internal standard (IS), adenosine was purchased from
Sigma-Aldrich Chemical Co. (St. Louis, MO, USA). Water was puri-
fied using a Milli-Q water device (Millipore, Bedford, MA, USA).
Human plasma was kindly donated by the Central Blood Bank,
Ministry of Health, Kuwait. The Oasis® HLB solid phase extraction
cartridges were purchased from Waters Corporation (Milford, MA,
USA). All other chemicals and reagents were of analytical grade and
solvents were of HPLC grade.

2.2. Instrumentation

The chromatographic system, Waters Alliance 2690, consisted
of a solvent delivery system, and an autosampler (Waters Assoc.,
Milford, MA, USA). Separation of the analytes was performed on
Symmetry® Cig column (5 wm, 3.9 mm x 50 mm) and a guard col-
umn of the same material. The mobile phase used consisted of
methanol-water—formic acid (97:03:0.25, v/v/v) and delivered at
a flow rate of 0.2ml/min to a positive electrospray ionization
interface (ESI+) of a tandem triple quadrupole mass spectrometer
(Quattro LC, Micromass, Manchester, UK). Tuning parameters of MS
and MS-MS were optimized by direct infusion of solutions of LEV
and the IS in the mobile phase into the ionization probe at a flow
rate of 10 pl/min using a syringe pump. The ion source and desol-
vation temperatures were set at 120 and 350 °C, respectively. The
capillary voltage was adjusted at 3.5kV, cone voltage at 10V, col-
lision energy at 14eV and collision gas pressure at <1.0e~4mbar.
The MRM transitions at m/z 171>126 and m/z 268> 136 were
selected for quantification of LEV and IS, respectively. The data
were processed by employing MassLynx NT Software (Version 4.1,
Micromass, Manchester, UK).

2.3. Standard solutions, calibration standards and quality control
samples

A stock solution of LEV was prepared by dissolving 10 mg of LEV
powder in 10 ml methanol. A 1.0 ml aliquot of LEV stock solution

(1.0 mg/ml) was diluted with 1.0 ml water to give a working stan-
dard solution of 0.5 mg/ml. The stock solution of the IS was prepared
by dissolving 10 mg of the IS in 10 ml water. This stock solution
(1.0 mg/ml) was further diluted in water to yield a working standard
solution of 10 wg/ml and then stored at —20°C pending analysis.
The calibration standards of LEV were prepared by spiking drug-
free human plasma with LEV working solution at concentrations of
1, 5, 10, 20, 30 and 40 p.g/ml. Similarly, quality control (QC) sam-
ples were prepared in drug-free human plasma at concentrations
of 2.5, 15 and 35 p.g/ml. The spiked plasma samples were aliquoted
(150 1) into Eppendorf polypropylene tubes and kept frozen at
—80°C pending analysis.

2.4. Assay procedure

Prior to assay, frozen human plasma samples including cali-
brators, QC samples or patient samples were thawed at ambient
temperature and then vortex-mixed for 30 s before extraction. The
extraction procedure was carried out using Oasis® HLB SPE car-
tridges. For each sample, a SPE cartridge was conditioned with 2 ml
methanol and then equilibrated with 2 ml water. A 100 .1 aliquot of
each plasma sample followed by 50 .1 of IS (10 pg/ml) were loaded
onto the activated cartridges and mixed gently for 30 s. After load-
ing, the cartridges were then washed with 2 ml water. LEV and the IS
were then eluted with 500 .l methanol under a vacuum of 5 mm Hg
intoa clean glass test tube. A 10 .l of the eluate was then transferred
to the autosampler and injected into the LC-MS-MS system.

2.5. Assay validation

The present assay procedure using MS-MS was performed in
accordance to the standard guidelines [17,18].

2.5.1. Linearity

The linearity of the proposed method was investigated by spik-
ing LEV in drug-free human plasma at six non-zero calibration
standards covering the range of 1.0-40 p.g/ml and then analyzed in
replicates of nine. The slope, intercept, and correlation coefficient
(r) were determined by the least squares linear regression model.
The various parameters of regression equation were automatically
calculated by the quantifying program of MassLynx software. The
lowest limit of quantification (LLOQ) was calculated on the basis of
the lowest concentration of LEV that gives R.S.D.% and Bias% values
<20%.

2.5.2. Accuracy (bias) and precision

Quality control (QC) samples at concentrations of 2.5, 15 and
35 g/ml; covering the low, medium and high ranges of the cal-
ibration standards; were assayed in sets of replicates to assess
intra-and inter-run precision and accuracy. The intra-run precision
was determined from ten replicate analyses of QC samples from
one calibration curve batch in 1 day. On the other hand, the inter-
run precision was determined over a period of 4 weeks. The R.S.D.%
serves as a measure of precision and percent deviation from the
nominal concentration (Bias%) serves as a measure of accuracy.

Moreover, accuracy and precision were assessed on LEV sample
concentrations above the upper limit of quantification (ULOQ), the
concentration of the highest calibration standard. In such cases, the
samples were appropriately diluted with drug-free human plasma
to give concentrations within calibration standard. Over the range
dilution experiment was carried out by preparing three concentra-
tions of LEV in drug-free human plasma: 60, 100 and 150 p.g/ml.
The prepared samples were then diluted with drug-free human
plasma to 1:1, 1:4, and 1:9 dilutions, respectively. Analysis of the
diluted samples was conducted in a set of 6 replicates for each
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diluted concentration and the accuracy (bias) and precision were
then determined.

Alternatively, the accuracy and precision were investigated on
low human plasma volumes containing LEV (50 ul) at concen-
trations of 2.5, 15 and 35 pg/ml. Each sample was diluted with
drug-free human plasma to give a final volume of 100 pl. Conse-
quently, analysis of the diluted samples was carried out employing
6 replicates for each diluted concentration and the accuracy and
precision were then determined.

2.5.3. Selectivity

The selectivity of the present method was assessed by analysis
of six independent sources of drug-free human plasma including
heparinized, hemolyzed and lipemic plasma samples for poten-
tial interferences with endogenous compounds. The mass detector
response (peak area) at the retention times of LEV and IS was com-
pared to that of the spiked plasma at LLOQ. In addition, the potential
interferences from other common antiepileptic drugs and/or their
metabolites were also investigated.

2.54. Stability

LEV QC samples were prepared at three different concentra-
tions (2.5, 15 and 35 pg/ml) in human plasma. Stability of LEV in
human plasma was assessed through five freeze-thaw cycles from
—80°C to room temperature. Frozen plasma samples (QC) were
allowed to stand at room temperature for 2 h to allow complete
thawing before being processed for analysis. Alternatively, stability
of LEV samples in the autosampler was investigated by injecting
the same processed LEV samples over 24 h at ambient tempera-
ture.

Moreover, the effect of frozen storage on LEV stability in human
plasma was evaluated through storing of LEV plasma samples at
—80°C over a period of 1 month. LEV plasma samples were ana-
lyzed immediately after spiking and at selected time intervals after
storage over the storage period. Stability was defined as <10% loss
of initial drug concentration.

2.5.5. Recovery and matrix effect

The matrix effect (ME) study was assessed employing two
approaches. The first approach was performed during the assay
method development procedure using a postcolumn infusion pro-
tocol [16]. In this study however, a 10 wg/ml solution of either
LEV or IS was continuously infused into the column effluent via
postcolumn “tee” connection using a syringe pump and then an
aliquot of 10l of drug-free human plasma was analyzed by
HPLC. The MRM intensities of LEV and IS at m/z 171>126 and
m/z 268 > 136, respectively, were used for monitoring ion suppres-
sion/enhancement.

Alternatively, the ME was further investigated, during the
validation procedure of the present assay method, employing
Matuszewski method [19]. The protocol however, was performed
by determination of peak areas of LEV in three different sets of
samples, one consisting of pure standards in methanol (set 1), one
prepared in drug-free human plasma (blank matrix) extracts from
six different sources and spiked with LEV and IS after extraction
(set 2), and one prepared in blank matrix from the same sources
but spiked before extraction (set 3). From these data the ME was
then calculated as a percentage of the response of set 2 samples
in relation to those of set 1 samples, the recovery as a percent-
age of the response of set 3 samples in relation to that of set
2 samples, and finally the process efficiency as a percentage of
the response of set 3 samples in relation to that of set 1 samples
[19].

The ME, recovery (RE) of the extraction procedure, and over-
all “process efficiency” (PE) were determined by comparing the

absolute peak areas for analytes obtained in sets 1-3 as follows:

ME (%):% % 100

RE (%) = % x 100

(ME x RE)
100

where, A is the peak areas obtained in pure solution standards in
set 1, B is the corresponding peak areas for standards spiked after
extraction into plasma extracts (set 2), and C is the peak areas for
standards spiked before extraction (set 3) [19].

Absolute (extraction) recovery of LEV from human plasma was
evaluated using QC samples (2.5, 15, and 35 pg/ml). Recovery was
determined by comparing the peak areas obtained from plasma
samples with the analytes spiked before extraction to those spiked
after extraction.

PE (%) =

2.5.6. Method comparison

The proposed LC-MS-MS assay method was compared with
the commercial HPLC-UV method of Chromsystem (Miinchen, Ger-
many) by analyzing LEV in patient samples employing the two
methods. For the comparison, aliquots from 37 patient plasma sam-
ples were processed and analyzed by both methods.

2.5.7. Clinical application

The clinical applicability of the present method was evaluated
by analysis of LEV in plasma samples refereed to our TDM-CT lab-
oratory for routine monitoring of LEV.

The following equation was used to calculate LEV oral clearance
(CL/F):

CL . Dose x 1000
- (ml/min/kg) = == =25

where, dose is the LEV dose (mg/kg/day), Css is the steady-state
LEV trough plasma concentration (pg/ml), and F is the oral
bioavailability.

3. Results and discussion

3.1. Analysis conditions

Tandem mass spectrometry (MS-MS) is being utilized in our
TDM-CT laboratory for analysis of drugs and/or metabolites in bio-
logical matrices. The technique provides specificity because of its
ability to monitor selected mass ions, sensitivity because of the
enhanced signal-to-noise ratio, and speed because it can help avoid
the need for tedious sample cleanup and lengthy analysis times.
This is of high significance in achieving good selectivity and sensi-
tivity to permit very fast analytical method separation and achieve
high sample throughput. In order to undertake successful quan-
tification of LEV, the appropriate tuning parameters for ESI+ were
optimized for detection of the protonated parent and daughter ions
of LEV and IS. Fig. 1 shows the parent/daughter ions of LEV at m/z
171> 126, whereas Fig. 2 exhibits the parent/daughter ions of IS at
m/z 268 > 136. Separation of the analytes from human plasma was
achieved using solid phase extraction techniques. A mobile phase
consisting of methanol-water-formic acid (97:03:0.25, v/v/v) was
found optimal since it enhances the formation of the parent and
fragment ions of LEV and IS. However, after trying many different
kinds of reverse phase Cqg columns, it was found that Symmetry®
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Fig. 1. MS [A] and MS-MS [B] scans of LEV.
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Fig. 2. MS [A] and MS-MS [B] scans of internal standard (IS).

Cyg column (5 pwm, 3.9 mm x 50 mm) produced the best chromato-
graphic results in terms of peak shape and retention of analytes.
Moreover, under the selected experimental conditions, the anal-
ysis run cycle-time was approximately 5 min injection-injection.
This is important when a large number of patient samples have
to be analyzed. On the other hand, sample pre-treatment in the
proposed method was undertaken using SPE technique without
evaporation of the sample to dryness. Although matrix clean up
is more extensive with SPE, the dilution without pre-concentration
step and direct injection of the sample, however, had much less ion
suppression in LC-MS-MS as observed in the present method.

3.2. Method validation

3.2.1. Linearity

Linearity of LEV assay was established over a concentration
range of 1.0-40 pg/ml in spiked human plasma. The selected stan-
dard calibration range covers the expected tentative therapeutic
plasma levels of LEV in samples of epileptic patients. Linear corre-
lations (r>0.99) were obtained using least squares linear regression
model using peak area ratios with the LLOQ of 1.0 .g/ml. The linear
regression equation obtained was: y=—0.042 +0.091x; n=9, where
y is peak area ratio of LEV to the IS and x is the LEV concentration,
expressed as pg/ml. Accuracy and precision at LLOQ were within
the normal limits (R.S.D.%; 4.1% and Bias%; —9.0 to +11.0%).

3.2.2. Selectivity

Selectivity is the ability of the analytical method to measure
and differentiate the analyte in the presence of endogenous and/or
exogenous components. Fig. 3 demonstrates typical MRM chro-

matograms of a drug-free human plasma whereas Fig. 4 shows the
MRM chromatograms of a drug-free human plasma spiked with
LEV and IS. On the other hand, the typical MRM chromatograms of
a plasma sample of a patient on LEV therapy are presented in Fig. 5.

The present method however, established good selectivity as
demonstrated by lack of interfering peaks at the retention times
of either LEV or IS. This was proved by investigating six different
lots of drug-free human plasma samples. None of the tested lots of
plasma showed any interference at the retention times of LEV or
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Fig. 3. Typical MRM chromatograms of a drug-free human plasma.
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Fig. 4. Typical MRM chromatograms of a drug-free human plasma supplemented
with LEV (upper) and IS (lower) [LEV concentration: 5.0 p.g/ml].

IS. Moreover, the mass detector response at the retention times of
LEV and the IS was compared to the LLOQ. The area observed at the
retention time of LEV was less than 7% at the LLOQ area, whereas
the area observed at the retention time of the IS was less than 1.0%
of the area of the IS level used in the present method.

On the other hand, the specificity of the developed method
was investigated by examining the potential interferences of co-
administered antiepileptic drugs under the established analytical
conditions. In this regard, carbamazepine, carbamazepine-10,11-
epoxide, oxcarbazepine, 10-hydroxy-carbazepine, topiramate, lam-
otrigine, felbamate, vigabatrin, gabapentin and zonisamide exhib-
ited no interferences with LEV determination.

3.2.3. Accuracy and precision

The data on accuracy (bias) and precision of the present assay
are shown in Table 1. The intra-run accuracy (bias) ranged between
—1.5 and 8.6% with a precision of 0.6-2.7% while the inter-run accu-
racy varied between —4.0 and —0.8% with a precision of 4.8-8.9%.
The results of the present method demonstrated adequate precision
and accuracy.
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Fig. 5. Typical MRM chromatograms of a patient plasma sample taken at steady-
state prior to an LEV dose of 1500mg/day [LEV (upper) and IS (lower)], LEV
concentration=11.1 mg/l.

Table 1
Intra- and inter-run precision and accuracy for determination of LEV in human
plasma by LC-MS-MS

Nominal concentration (ug/ml)  Found (mean+S.D.) (g/ml) R.S.D.% Bias%

Intra-run?

2.5 2.56 + 0.07 2.73 2.40
15 16.29 £+ 0.38 2.32 8.60
35 34.49 + 0.19 0.55 —1.46
Inter-run®

2.5 2.48 +0.22 8.88 -0.80
15 14.40 + 0.99 6.85 —-4.00
35 33.99 + 1.63 4.78 -2.89

4 n=10.

b Precision and accuracy (bias) were determined from ten different runs over a
4-week period for each concentration.

" Bias% =100 x (Found concentration — Nominal concentration/Nominal concen-
tration).

3.2.4. Dilution precision

Over the range dilution study of LEV which was performed at
1:1,1:4 and 1:9 dilution showed that dilution of LEV samples above
ULOQ can be undertaken with good precision and accuracy. The
precision of the study ranged from 4.2 to 8.0% and accuracy (bias)
ranged between —4.0 and 1.5%.

Alternatively, the results of low plasma volume underwent 1:1
dilution demonstrated adequate precision and accuracy. The preci-
sion of the study varied between 4.5 and 7.0% and accuracy ranged
between —1.7 and 5.7%.

3.2.5. Stability

Table 2 shows the results of LEV stability study involving the
processed samples in the autosampler, freeze-thaw and long-term
storage (—80°C). The processed LEV samples kept in the autosam-
pler (at ambient temperature) demonstrated that the samples were
stable for up to 24 h. Alternatively, the results of LEV stability study
after five freeze-thaw cycles showed that the drug was stable for
at least five freeze-thaw runs. Moreover, the results of frozen stor-
age on LEV stability indicated that the drug was stable for at least 4
weeks when kept frozen at —80 °C with no appreciable degradation
products. The data of the stability study however, demonstrated
that LEV samples were stable under the tested conditions and sug-
gest that the collected patient samples can safely be stored for
TDM/PK purposes.

3.2.6. Recovery and matrix effect

MS encounters some problems such as ion suppression which
results from the presence of less volatile compounds that can
change the efficiency of the assay because it affects the amount of
charged ion in the gaseous phase that ultimately reaches the mass

Table 2
Summary of LEV stability study in human plasma
Nominal concentration (g/ml) 2.5 15 35
Autosampler at 25°C (24 h)
Mean concentration found (n=5) 2.8 14.5 339
R.S.D.% 3.0 0.8 0.7
Bias% 12.8 -33 -3.1
Freeze-thaw
Mean concentration found (n=5) 2.6 14.4 343
R.S.D.% 6.2 33 1.6
Bias% 5.2 -3.7 -2.1
Long-term at —80°C (30 days)
Mean concentration found (n=5) 2.5 14.7 354
R.S.D.% 9.8 49 5.8
Bias% 0.8 -1.9 1.1
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Table 3
Precision? (R.S.D.%) and accuracy (Bias%) of determination of peak areas of LEV (1), IS (2), and the peak area ratios (1/2) in sets 1°, 2¢, and 34 using ESI
Nominal concentration (mg/1) Precision (R.S.D.%) Bias%¢
Peak area-1 Peak area-2 Peak area ratio (1/2)
Set 1 Set 2 Set 3 Set 1 Set 2 Set 3 Set 1 Set 2 Set 3
2.5 1.56 5.8 241 0.75 5.56 8.38 1.32 5.36 4.51 133
15 0.9 7.27 8.55 2.14 4.00 4.77 1.63 7.18 1.59 3.11
35 0.32 3.29 7.49 1.04 2.97 9.22 0.68 2.35 2.35 -1.9
4 n=6.
b

LEV and IS standards in methanol.
LEV and IS spiked after extraction into extracts from six different plasma lots.

LEV and IS spiked before extraction into extracts from six different plasma lots.
e

detector [20]. Suppression or enhancement of analyte ionization
by co-eluting compounds is a well-known phenomenon in LC-MS-
MS mainly depending on the sample matrix, sample preparation
procedure, quality of chromatographic separation, mobile phase
additives, and ionization type [18,19,21]. It is obvious that ion sup-
pression may affect validation parameters such as LLOQ, linearity,
precision and/or bias.

For methods using LC-MS, experiments for assessment of poten-
tial matrix effects, i.e., ion suppression or ion enhancement, should
always be part of the validation process, particularly if they employ
ESI, and lack of ion suppression effects due to extracting plasma
constituents on the measured mass ions using electrospray tandem
mass spectrometry is mandatory [16,18,19].

The ME was initially performed by postcolumn infusion experi-
ment during the method development procedure and consequently
the separation system was optimized [18]. The conditions of the
present assay method optimize the separation of LEV and IS in a
region where ion suppression is not observed. Moreover, during
the validation procedure the second approach was performed [19].

The relative ME of the analytes was evaluated by comparing the
peak areas of LEV and IS spiked into extracts of 6 independent drug-
free human plasma lots. The results of precision of determination of
LEV and IS responses employing the described method are shown
in Table 3. The precision of determination of LEV and IS peak areas
at the three concentrations of QC samples varied from 3.3 to 7.3%
and 3.0 to 5.6%, respectively. This precision is slightly higher than
that of determination of standards injected directly in methanol
(0.3-1.6% and 0.8-2.1%, respectively. On the other hand, the preci-
sion of determination of LEV and IS spiked before extraction varied
from 2.4 to 8.6% and 4.8 to 9.2%, respectively. These data however,
confirm a lack of relative ME for LEV and IS employing the proposed
method.

The results of ME on LEV and IS are presented in Table 4. The ME
as mean value was of 104.1 and 100.5% for LEV and IS, respectively.

Table 4

Bias =(Mean observed concentration — Nominal concentration/Nominal concentration) x 100.

The ME assessment shows no absolute matrix effect was observed
from the matrix of human plasma employed in the present study.

Recoveries of LEV from spiked human plasma samples were in
the range of 91.7-93.4% whereas that of the IS were 80.2-84.1%,
indicating the suitability of SPE procedure for separation of LEV
and IS from human plasma and lack of ion suppression effect.

3.3. Method comparison

The described assay method compared well with the com-
mercial HPLC-UV method provided by Chromsystem, r%=0.99.
The linear regression equation was: LC-MS-MS = —0.05 + 1.02HPLC,
n=37. Moreover, the proposed method is monthly assessed by
Heathcontrol for external quality control assessment (Cardiff Bio-
analytical Services, Cardiff, UK). The monthly reports however,
demonstrated that the present method correlates well with the
mean consensus values for LEV determination in plasma.

3.4. Clinical application

Our TDM-CT lab is routinely analyzing AEDs in plasma sam-
ples of epileptic patients. Currently, the proposed assay method is
routinely employed in the analysis of plasma samples of epileptic
patients treated with LEV.

The relationship between LEV daily dosage and steady-state
trough concentration in 44 patients on LEV therapy is shown in
Fig. 6. The trough plasma concentrations of LEV were in the range of
2.9-31.7 pg/ml (mean +S.D.; 14.7 £ 7.1 pg/ml). LEV trough plasma
concentrations were linearly related to daily drug doses (r=0.45).
However, a large inter-individual variability in LEV concentrations
was observed within the same drug dosage and this concurs with
earlier reports [22]. On the other hand, the relationship between
age and LEV trough concentration demonstrated a lack of cor-
relation between LEV trough concentrations and age (r=0.07).

Marix effect (ME), recovery (RE), and process efficiency (PE) data for LEV (1), IS (2), in six different lots of human plasma using ESI

Nominal concentration (mg/l) Mean peak area?

LEV IS MEP (%) REC (%) PEY (%)
Set 1 Set 2 Set 3 Set 1 Set 2 Set 3 1 2 1 2 1 2
2.5 5.44 5.62 5.24 86.42 80.38 67.47 103.24 93.02 93.42 84.06 96.45 78.20
15 65.53 69.7 65.54 77.15 82.5 66.11 106.35 107.00 91.67 80.17 97.49 85.78
35 156.64 160.72 147.62 77.59 78.7 64.08 102.6 101.44 91.83 81.51 94.22 82.68

3 In arbitrary units, x104, n=6.

b Matrix effect expressed as the ration of the mean peak area of an analyte spiked postextraction (set 2) to the mean peak area of the same analyte standards (set 1)
multiplied by 100. A value of >100% indicates ionization enhancement, and a value of <100% indicates ionization suppression.
¢ Recovery calculated as the ratio of the mean peak area of an analyte spiked before extraction (set 3) to the mean peak area of an analyte spiked postextraction (set 2)

multiplied by 100.

d Process efficiency expressed as the ratio of the mean peak area of an analyte spiked before extraction (set 3) to the mean peak area of the same analyte standards (set 1)

multiplied by 100.
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Fig. 6. Relationship between LEV daily dose (mg/kg) and LEV steady-state trough
levels (r=0.45; n=44).

iy
6.00=
=)
L
£
£
E
§ 4.004
= "
o )
© L
8 by ¥
> "
w 2 Lt '
— 2004 ¥, ¥
P ;} E ¥ ¥
1 ' ’
L] L} ¢
| T T T
0.00 20.00 40.00 60.00
Age (year)

Fig. 7. Relationship between LEV oral clearance and patient’s age.

However, as shown in Fig. 7, children demonstrated high mean LEV
oral clearance values in contrast to adults (2.92 + 1.91 ml/min/kg
vs 1.27 +0.70 ml/min/kg) indicating that the children may require
high LEV dosage (mg/kg) than adults to achieve optimal clinical
responses.

4. Conclusion

An accurate, precise, reliable, and specific LC-MS-MS method
for determination of LEV in human plasma is described. The devel-
oped method verified that, with SPE procedure, chromatographic
separation, and MS conditions selected for the assay, the matrix
effect for LEV and the IS was not observed as well as absence of
“cross-talk” effect. The present method however, is suitable for rou-
tine analysis of LEV in plasma samples of patients to monitor their
therapeutic or toxic levels as well as for pharmacokinetic studies.
The described method is routinely employed in our TDM-CT lab for
measurement of LEV in plasma samples of epileptic patients taking
the drug.
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