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ABSTRACT

An uncomplicated, sensitive liquid chromatography linked to mass spectrometry (LC/MS) for
evaluation of carbamazepine and carbamazepine-10,11-epoxide (its metabolite) in human plas-
ma, human saliva, rat plasma, and rabbit plasma was developed. Analyses were conducted
on a Zorbax SB-C18, 100 mm x 3 mm ID, 3.5 pm column, at a column temperature of 40 °C.
The mobile phase was comprised of 0.1% formic acid in water and methanol in a 35:65 (v/v)
ratio, with a flow rate of 0.4 mL/min. Lacosamide was utilized as internal standard. Under these
chromatographic conditions, the retention times of lacosamide, carbamazepine-10,11-epoxide,
and carbamazepine were 1.4 min, 1.6 min, and 2.2 min, respectively. The quantification of the
analytes was performed using multiple reaction monitoring, with the use of a triple quadrupole
mass spectrometer with electrospray positive ionization. The monitored ions were m/z 194 de-
rived from m/z 237 for carbamazepine, m/z 180 derived from m/z 253 for carbamazepine-10,11-
epoxide, and m/z 108 derived from m/z 251 for lacosamide. The samples were prepared by
protein precipitation from 0.2 mL of plasma/saliva using 0.6 mL of internal standard solution in
methanol. Calibration curves were constructed over the ranges 11-17.6 pg/mL and 0.23-5.47
ug/mL for carbamazepine and carbamazepine-epoxide, respectively. The coefficients of de-
termination obtained by using a weighted (1/x) linear regression were greater than 0.994. The
reported LC-MS/MS method was applied to preclinical pharmacokinetic studies and therapeu-
tic drug monitoring.
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INTRODUCTION

Carbamazepine (CBZ) is a first-line therapy in different types of epileptic syn-
dromes, also effective in bipolar and psychotic disorders and in neuropathic
pain.’2 CBZ presents hepatic metabolization through the cytochrome P450
(CYP) pathway, into its pharmacological active form, carbamazepine-10,11-ep-
oxide (CBZ-EP), which is then metabolized to an inactive trans-carbamazepine
diol by epoxide hydrolase.?
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Several pharmacokinetic interactions were identi-
fied between CBZ and other antiepileptic drugs (AEDs),
due to CYP3A4 enzyme induction or inhibition, which
leads to a decrease or increase of CBZ concentration in
blood.* Therapeutic drug monitoring (TDM) is strongly
recommended for CBZ, and it is clearly defined when
the level of CBZ rises above a specific level, which leads
to toxic adverse reactions more frequently, especially in
the elderly. Therapeutic levels of CBZ are 4-12 pg/mL
(17-51 umol/L), and above 20 ug/mL (84.6 pmol/L) it is
considered toxic.?

Another important issue is the role of CBZ-EP in toxic
reactions: CBZ-EP is known to contribute to the pharma-
codynamic action of CBZ, but levels higher than 8 ug/mL
(34 pmol/L) are thought to be correlated with its own tox-
icity besides that of CBZ.%7

Therefore, simultaneous quantification of carbamaze-
pine and CBZ-EP is demanded for studying the pharmaco-
kinetics of this AED and for the dose adjustment of treated
patients.8-11 However, some experts questioned the rel-
evance of CBZ-EP assay for TDM. 1213

Although several attempts were made to replace the
standard high-performance liquid chromatography
(HPLC) methods with faster and simpler alternatives,
there is a general consensus that TDM needs highly spe-
cific, robust, and validated methods for obtaining reliable
results, the latter being essential in case of pharmacokinet-
ic studies.!3-15

Others proposed more convenient collection methods
of biological samples in order to increase TDM feasibil-
ity. Dried blood-spot (DBS) was an innovative surrogate
for classic blood sample collection, as highly specific tan-
dem mass spectrometry detection enabled the determi-
nation of the analyte of interest from very small sample
volumes.!6 Where applicable, the use of saliva samples
became a very popular TDM approach, particularly in
pediatrics.1718

Recently, a simple and cost-efficient analytic technique
was proposed for the investigation of CBZ and CBZ-EP
levels in rat plasma, which was validated and successfully
used in a preclinical pharmacokinetic research study.!
However, a very similar method based on ultra perfor-
mance liquid chromatography (UPLC) with UV-detection
(UPLC-UV) was reported earlier for the quantification of
the analytes in humans.?

Still, there is a need to improve the turnout of the
aforementioned methods. Thus, in the present work,
we proposed to further simplify the sample preparation
procedures and increase the throughput of the chromato-
graphic method by also reducing analysis time. Another
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important objective of this study was the elimination of
the matrix effect and the application of the newly devel-
oped method to measure CBZ and CBZ-EP concentra-
tion levels in rat plasma, rabbit plasma, human plasma,
and human saliva. To our best knowledge, this is the first
method that involves protein precipitation as sample
preparation method with an analytical run-time of 4 min-
utes. The procedure was successfully applied to a pre-
clinical pharmacokinetic study in rats and rabbits and to
TDM in epileptic patients.

EXPERIMENTAL

Reagents

Carbamazepine was granted by Vim Spectrum SRL (man-
ufactured by Polpharma Pharmaceutical Works, Poland),
carbamazepine-10,11-epoxide was purchased from Sigma-
Aldrich. The solvents used were HPLC-grade acetonitrile,
formic acid, and HPLC-grade methanol (Merck KgaA,
Darmstadt, Germany). Ultrapure water was obtained with
a Millipore Direct Q5 purification system (Millipore SAS,
Molsheim, France). The blood center in Tirgu Mures, Ro-
mania provided the human plasma for blank, calibrator,
and quality control samples.

Standard solutions

Stock solutions (1.1 mg/mL) of CBZ and CBZ-EP were
processed by dissolving a suitable quantity of reference sub-
stance (measured with a Mettler-Toledo AB54-S analytical
scale) in methanol. Lacosamide was dissolved in ultrapure
water, yielding the stock solution of the internal standard
(1.1 mg/mL). Six calibration working solutions ranging
between 5.5-88 pg/mL for CBZ and 1.14-27.36 ug/mL
for CBZ-EP were obtained by diluting specific volumes of
stock solution with methanol. The internal standard work-
ing solution was prepared from the stock solution with
methanol to a final concentration of 4.6 ug/mL. Plasma
calibration standards (N = 6) in the concentration range of
1.1-17.6 pg/ml for CBZ and 0.23-5.47 pg/mL for CBZ-EP
were prepared by spiking 0.12 mL of blank plasma with 40
uL of working solutions of CBZ and CBZ-EP, respectively.

Liquid chromatography with mass
spectrometry detection

An Agilent 1100 series (Agilent Technologies, Santa Clara,
CA, USA) HPLC system (equipped with in-line degasser,
quaternary pump, thermostatted column compartment,
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FIGURE 1.
mass spectrometer

and autosampler) was used for the laboratory determina-
tions. The mass spectrometric detector was a Triple Quad
G6410A model by Agilent Technologies together with the
MassHunter software, which served for chromatogram ac-
quisition and processing.

Positive electrospray ionization was chosen because
of the higher intensities of the ions. The monitored ions
were evaluated in multiple reaction monitoring (MRM)
mode: 194 m/z derived from 237 m/z carbamazepine,
collision energy 18; 180 m/z derived from 253 m/z car-
bamazepine epoxide, collision energy 10; and 108 m/z
derived from 251 m/z lacosamide, collision energy 4
(Figure 1). Other detector parameters included a dry
heat of 350 °C, nebulizer 40 psi, voltage 4,000 V, dry gas
(nitrogen) at a rate of 8 L/min.

Chromatographic separation was achieved at 40 °C on
an in-line filter protected with Zorbax SB-C18 100 x 3
mm, 3.5 pm column (Agilent Technologies).

Mobile phase

The mobile phase was obtained by dissolving 0.1% formic
acid in pure water and methanol in a 35:65 (v/v) ratio. For
degassing, an ultrasonic bath (Clifton 64426) was used.
The flow rate was set to 0.4 mL/min.

Sample preparation

Plasma and saliva samples underwent protein precipita-
tion before analysis: 0.2 mL plasma/saliva was vortexed

Monitored ions (m/z) of carbamazepine, carbamazepine-10,11-epoxide, and internal standard, lacosamide in

for 30 seconds with 0.6 mL working solution of lacos-
amide 4.6 pg/mL in methanol, then centrifuged for 10
minutes at 10,000 rpm. The supernatant was transferred
into an autosampler vial and 2 pL were injected into the
LC-MS system.

Method parameter verification

Different blank matrices: human saliva, human plasma,
rat plasma, and rabbit plasma were used for verifying
specificity.

The external standard calibration method was used for
linearity, where the least squares analysis defined the cali-
bration curve model. A 1/x weighted linear calibration was
applied: y = ax + b (x —concentration ratio, y — peak area
ratio). The lowest calibration standard with an accuracy
and precision of less than 20% was set to be the lower limit
of quantification (LLOQ).

By comparing the responses of analytes in solution and
prepared spiked plasma standards with the same concen-
tration, a relative recovery was calculated.

RESULTS AND DISCUSSION

Representative MRM chromatograms of human blank
plasma and blank plasma spiked with CBZ (RT = 2.2 min)
and CBZ-EP (RT = 1.6 min) at LLOQ (CBZ 1.1 pg/mL,
CBZ-EP 0.23 pg/mL) demonstrated the selectivity of the
method (Figure 2). The chromatograms showed that there
was no interference at the retention times of the analytes
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FIGURE 2. Multiple reaction monitoring (MRM) chromatograms of a

blank (a, c) and a spiked human plasma sample at LLOQ carbamaze-

pine: 1.1 pg/mL, carbamazepine-10,11-epoxide: 0.23 pg/mL (b, d); retention times: 1.6 min CBZ-EP (c, d); 2.2 min CBZ (a, b)

and lacosamide (IS). Under the chromatographic condi-
tions described above, peaks were adequately separated,
and the observed retention times were 2.2 min, 1.6 min,
and 1.4 min for CBZ, CBZ-EP, and IS, respectively.

The selectivity of the technique was evaluated by using
different batches of blank human plasma, human saliva, rat
plasma, and rabbit plasma.

As protein precipitation has the advantages of speed
and simplicity, our initial approach during method de-
velopment was based on precipitation of plasma proteins
with acetonitrile and methanol. The extracts gave non-
significant matrix interference and good recovery for the
analytes (>90% for CBZ) and IS (Table 1). Thus, protein
precipitation was adopted.

The lower limit of measurement was set at 1.1 pug/mL
for CBZ and 0.23 pg/mL for CBZ-EP. Due to a good sensi-
tivity achieved with the triple quadrupole mass spectrom-
eter, it was possible to improve other important parame-
ters of the bioanalytical methods, obtaining better or equal
results than in the previously published LC-MS methods
for the simultaneous analysis of CBZ and CBZ-EP from
any biological sample (Table 2).

The carryover was determined by injection of blank
samples right after a standard sample corresponding to the
upper limit of quantification. There was no observed inter-
ference at the retention time of the analytes.

Correlation between the peak area ratios and their
corresponding concentrations was described best with
the mean linear regression equations y = ax + b, where y
=0.68 x + 0.10 (N = 6) for CBZ and y = 0.24 x - 8.10*
(N = 6) for CBZ-EP. The calibration curves were adequate
in the range of 1.1-17.6 pg/mL for CBZ and 0.23-5.47 pg/
mL for CBZ-EP, with coeflicient of determinations (r2)
greater than 0.994; the residuals did not show any trend.

TABLE 1. Recovery of carbamazepine from plasma samples
Replicate Rec A Rec C
Nominal 1.32 pg/mL 11 pg/mL
Area Rec 2.95 %103 1.90 x 104
Area QC 2.46 x 103 1.93 x 104
% recovery 83.5 101.5

Mean recovery 925
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TABLE 2. Comparison of characteristics of the present technique with reported methods for carbamazepine and its main metabolite,

10,11-epoxide-carbamazepine, in biological fluids

Technique; analyte Sample prepara- Analytical column; Retention time (min); Application Reference
and concentration tion; sample volume; mobile phase; run-time
range (pg/ml) recovery (%)
LC-MS/MS; Protein precipitation Luna C18 column CBZ (8.63), CBZ-EP (5.02); TDM in plasma Kim et al., 20118
CBZ (0.4-20) with acetonitrile; (100 x 2.0 mm, 3 um; 12 min CBZ (7.5-14.4)
CBZ-EP (0.2-10) CBZ (94.6-105), 5 mM ammonium CBZ-EP (1.3-3.0)
CBZ-EP (93.7-103) formate buffer (pH 7.8) Several AEDs were
and 90% acetonitrile quantified simultane-
containing 5 mM ously
ammonium formate
(60:40, V/V).
LC-MS/MS Liquid-liquid extraction; Discovery C8, 5 pym, CBZ (3.63), CBZ-EP (2.2);  Preclinical pharmaco-  Zhu et al.,, 20059
CBZ (0.005-2) CBZ (90), CBZ-EP (87) 150 mm x 2.1 mm; 4.5 min kinetic study using rat

CBZ-EP (0.005-2) water/acetonitrile/ace-
tic acid (69.5:30:0.5,

VIVIV)

LC-MS/MS Protein precipitation Zorbax eclipse XD8
CBZ (0.5-20) with acetone; CBZ C8 column 150 mm
CBZ-EP (0.1-5) (90), CBZ-EP (98) x 4.6 mm; acetoni-
trile (solvent A) and
formate buffer (2 mM,
pH 3, solvent B) with
gradient
LC-MS Solid phase extrac- Shimpack XR-ODS
CBZ (0.3125-25) tion — Strata-X 30-mg  column (4.6 mm id
CBZ-EP (0.3125-25) (Phenomenex) SPE 350 mm, 2.2 mm
cartridges; particle size); 20-mM
CBZ (87.7) CBZ-EP acetate buffer (pH 5.6)
(94.4) as mobile phase A

and 61.3% acetonitrile,
32.2% methanol, and
6.5% tetrahydrofuran
as mobile phase B
Zorbax SB-C18 100 x
3 mm, 3.5 pm; 0.1% for-
mic acid and methanol
(35:65 v/v)

LC-MS/MS
CBZ (11-17.6)
CBZ-EP (0.23-5.47)

Protein precipitation
with methanol;
CBZ (92.5)

plasma

Comparing automated
and manual sampling

methods
CBZ (21.9), CBZ-EP (15.7);  TDM in plasma Breton et al.,
40 min CBZ (0.92-16) 2005

CBZ-EP (0.12-4.74)

Full metabolic profiling
of CBZ and oxCBZ and
8 metabolites

CBZ (15.8), CBZ-EP (11.1); TDM in plasma Subramanian, Birn-

18 min No real sample data baum and Remmel,
2008
CBZ (2.21) TDM in plasma and Present method
CBZ-EP (1.46); saliva samples (ug/mL):
4 min CBZ (5.58-12.75 and
1.08—-4.66)
CBZ-EP (0.65-179 and
0.29-1.54)

Preclinical PK studies
in rat and rabbit

Application of the method and
pharmacokinetic (PK) results

Preclinical PK study

A pilot PK study was performed in rabbits and rats, in or-
der to monitor the interspecies differences related to the
metabolism of CBZ. For this purpose, the plasma concen-
trations of CBZ and CBZ-EP were determined in differ-
ent time-points, and the concentration-time curves were
obtained. In rabbits, the t,, of CBZ was 2 h and that of
CBZ-EP was 8 h (Figure 3), reflecting a slower biotrans-
formation of the drug in rabbits compared to rats.

Therapeutic drug monitoring

The plasma concentration of CBZ was analyzed in five
epileptic patients in order to monitor the therapy. Blood
samples were collected at C,;, (trough concentration)
and C_,, (peak concentration). All patients had their
CBZ plasma levels in the therapeutic range (Figure 4a).
The plasma concentration of CBZ-EP ranged between
0.65-1.79 ug/mL, far from the toxic level of 8 pug/mL
(Figure 4b). In parallel with blood collection, saliva sam-
ples were also collected from the same patient (Figure 5).
Salivary CBZ and CBZ-EP levels trailed the blood con-
centrations, the mean ratio of saliva-to-plasma concen-
tration was 0.25 for CBZ and 0.55 for CBZ-EP, with an
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TABLE 3. Carbamazepine and carbamazepine-10,11 epoxide concentrations (ug/mL) in saliva of epileptic patients at steady state (C

before the following dose, C__, after 4 hours of administered dose)

217

min

Carbamazepine

Carbamazepine 10,11-epoxide

Saliva Saliva-to-plasma ratio Saliva Saliva-to-plasma ratio
SUb-JeCt no. Cm\n Cmax Cmm Cmax Cmm Cmax Cmm Cmax
20 3.48 3.84 0.366 0.302 1.28 154 0.888 0.859
22 1.59 278 0.275 0.24 0.29 0.53 0.449 0.456
23 116 4.66 0Mns5 0.419 0.33 1.07 0.302 0.941
24 175 2.87 0160 0.239 0.55 077 0.304 0.417
28 173 1.08 0.311 019 0.86 0.46 0.796 0.337
Mean 1.94 3.05 0.25 0.26 0.66 0.87 0.55 0.60
SD 0.89 134 010 on 0.37 0.40 0.25 0.25
CV% 46 44 43 41 56 45 45 41
inter-individual coefficient of variation (CV%) larger ACKNOWLEDGEMENT

than 40% (Table 3).

The presented analytical method has high sensitivity and
adequate reproducibility; however, the utilization of saliva
as a surrogate for therapeutic drug monitoring should be
carefully evaluated in relation to standardization of pre-
analytical variables such as accurate choice of sampling
methods, direct volume quantification, and prevention of
sample contamination with blood and food debris.2!

CONCLUSIONS

The present method offers adequate sensitivity, proper ac-
curacy, and precision for simultaneous determination of
CBZ and CBZ-EP in humans and different laboratory ani-
mal species (rat and rabbit) by using plasma and/or saliva
samples.

The sample preparation by protein precipitation is sim-
pler, it requires smaller amounts of organic solvent and a
small sample quantity, but provides a good recovery of
the analytes without additional steps (extraction or de-
rivatization).

The simplicity of sample preparation, relatively short run
time, and the selectivity of the signals used for analysis per-
mitted a specific and effective analysis of plasma and saliva
probes, thus being a cost-effective method. The developed
method was used for therapeutic drug monitoring of carba-
mazepine and carbamazepine-epoxide, but it is also capable
to accurately measure their concentration in clinical or pre-
clinical pharmacokinetic studies.
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