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Abstract

A sensitive and specific liquid chromatography electrospray ionization mass spectrometry (L C—ESI-MS) method has been devel oped and
validated for the identification and quantification of zolmitriptan in human plasma. After the addition of the internal standard (IS) and 1.0M
sodium hydroxide solution, plasma samples were extracted with methylene chloride:ethyl acetate mixture (20:80, v/v). The organic layer was
evaporated under a stream of nitrogen at 40 °C. The residue was reconstituted with 100 | mobile phase. The compounds were separated on a
prepacked Lichrospher CN (5 pm, 150 mm x 2.0 mm) column using amixture of methanol:water (10 mM NH,4AC, pH 4.0) = 78:22 asmobile
phase. Detection was performed on asingle quadrupol e mass spectrometer by selected ion monitoring (SIM) mode via el ectrospray ionization
(ESI) source. The method was proved to be sensitive and specific by testing six different plasma batches. Linearity was established for the
range of concentrations 0.30—16.0 ng/ml with a coefficient of determination (r) of 0.9998 and good back-calculated accuracy and precision.
Theintra- and inter-day precision (R.S.D.%) werelower than 15% and accuracy ranged from 85 to 115%. Thelower limit of quantification was
identifiable and reproducible at 0.30 ng/ml. The proposed method enables the unambiguous identification and quantification of zolmitriptan

for pharmacokinetic, bioavailability or bioequivalence studies.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

Zolmitriptan (s)-4-[ 3-[ 2-(dimethylamino)ethyl]-1H-indol-
5-yllmethyl]-2-oxazolidinone (Zomig, formerly311C90) is
anew 5-hydroxytryptamine (5-HT) 1B/1D receptor agonist
developed for the acute oral treatment of migraine. Clinical
studies have shown it to be effective and well tolerated.
Zolmitriptan inhibits the peripheral trigeminovasular system
and is able to access central sites in the brainstem involved
in processing cranial pain. In the previously studies, Seaber
et a. [1] developed a HPLC method to assay zolmitriptan
and its three mgjor metabolites with fluorescence detection
and Clement and Franklin [2] established aHPL C method to
quantification of zolmitriptan and its two major metaboltes
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with coulometric detection, the limit of quantification in
plasma of the two method were both 2.0 ng/ml which was
insufficiently sensitive to enable full pharmacokinetics
profiling of zolmitriptan. Therefore, a more sensitive liquid
chromatography—mass spectrometry (LC-MS-MS) method
[3] was developed to assay zolmitriptan and its active
metabolite 183C91. But the necessary of tandem mass
spectrometry system was a restriction in terms of cost and
genera applicability. Vishwanathan et al. [4] aso developed
a HPLC-ESI-MS/MS method to determination of antimi-
graine compounds rizatriptan, zolmitriptan, naratriptan and
sumatriptan in human serum, but the LLOQ of zolmitriptan
was only 1 ng/ml. Recently Chen et al. [5] reported a HPLC
method with fluorescence detection to analysis zolmitriptan
in human plasma, the method established could quantify
zolmitriptan with aLLOQ of 0.2 ng/ml. In this paper, we de-
scribes amore simple, selective and highly sensitive method
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by using high performance liquid chromatography coupled
with electrosprsy ionization (ESI) single quadrupole mass
spectrometry (MS) for the determination of zolmitriptan in
human plasma.

2. Experimental
2.1. Chemicals and reagents

Zolmitriptan test tablets (batch No: 010725) and cap-
sules (batch No: 010806), zolmitriptan reference standard
(99.7% purity) and rizatriptan benzoate reference standard
(99.3% purity) were identified and supplied by Nanjing
Zechen S& T Development Company (Nanjing, PR China);
zolmitriptan reference tablets were purchased from As
trazenecaPharmaceuticals(L PWilmington, DE 19850, batch
No: NBD85); methanol was chromatographic pure grade
and purchased from Merck (Merck Company, Germany).
Other chemicals were all of analytical grade. Deionized wa-
ter was distilled before using. Other reagents were used as
received.

2.2. Instrumentation and operating conditions

Liquid chromatography was performed using a Shimadzu
LC-10AD HPLC system consisting of an autosampler (SIL-
HTc). The HPLC was coupled to a Shimadzu LCM S-2010A
quadrupole mass spectrometer with an electrospray ioniza-
tion (ESI) interface. Data acquisition and processing were
accomplished using Shimadzu LCMS solution Software for
LCMS-2010A system.

Chromatographic separation was carried out with Lichro-
spher CN (5 pm, 150mm x 2.0 mm) column at 40°C. The
mobile phase consisted of methanol:water (10mM NH4AC,
pH was adjusted to 4.0 by acetic acid) =78:22 was set a a
flow rate of 0.2ml/min. The ESI source was set at positive
ionization mode. The [M +H]*, m/z, 288.10 for zolmitriptan
and [M +H]*, m/z, 270.10 for rizatriptan were selected as de-
tecting ions, respectively. The quantification was performed
via peak-area. The M S operating conditions were optimized
as follows: drying gas 1.51/min, CDL temperature 250°C,
block temperature 200 °C, probe voltage +4.5kV.

2.3. Preparation of stock solutions

The stock solutions of zolmitriptan and rizatriptan ben-
zoate (1S) were prepared after the correcting for purity.

The primary stock solutions of zolmitriptan was pre-
pared by dissolving 10.0 mg of zolmitriptan in 10 ml solvent
(methanol:water = 78:22, v/v) producing a concentration of
1.0mg/ml and was stored at 4°C.

The internal standard stock solution was prepared by
dissolving 10.0 mg of rizatriptan benzoate in 10 ml solvent
(methanol:water = 78:22, v/v) producing a concentration of
1.0mg/ml and was stored at 4°C. This solution was further

diluted with the same solevnt to prepare the internal stan-
dard working solution containing 400 ng/ml of rizatriptan
benzoate.

Working solutions of zolmitriptan were prepared daily in
solvent (methanol: water = 78:22, v/v) by appropriatedilution
of the stock solution at 10.0, 100.0 and 1000.0 ng/ml.

2.4. Calibration curves

Calibration curves were prepared by spiking different
samples of 1ml blank plasma each with proper volume
of one of the above-mentioned working solutions to pro-
duce the cdlibration curve points equivalent to 0.30ng/ml
(30l x 10ng/ml), 0.50 ng/ml (50 wl x 10 ng/ml), 1.0 ng/ml
(10l x 100 ng/ml), 2.0ng/ml (20 wl x 100 ng/ml), 4.0 ng/
ml (40 pl x 100 ng/ml), 8.0ng/ml (80 wl x 100 ng/ml) and
16.0ng/ml (16 ! x 1000 ng/ml) of zolmitriptan. Each sam-
ple also contained 6.0ng (15 pl x 400ng/ml) of the inter-
nal standard. In each run, a plasma blank sample (no 1S)
was also analyzed. Calibration curves were prepared by de-
termining the best-fit of peak area ratios (peak area of ana-
lyte/peak areaof internal standard) versus concentration, and
fitted to the equation R=bx+ a by unweighted |east-squares
regression.

2.5. Preparation of quality control samples

Quality control samples were prepared at three differ-
ent concentration levels, low limit (0.50 ng/ml), middle level
(2.0ng/ml) and a high level (8.0ng/ml). QC samples were
prepared daily by spiking different samples of 1 ml plasma
each with proper volume of the corresponding standard so-
Iution to produce afinal concentration equivalent to 0.50, 2.0
and 8.0 ng/ml of zolmitriptan and 6.0 ng (15 wl x 400 ng/ml)
of internal standard. Thefollowing procedureswerethe same
as describe below.

2.6. Extraction procedure

QC, calibration curve and clinical plasma samples were
extracted employing aliquid-iquid extraction technique. To
each tube containing 1 ml plasma, 6.0 ng (15 .l x 400 ng/ml)
of internal standard, 100 wl of 1.0M sodium hydroxide so-
lution and 5ml methylene chloride:ethyl acetate mixture
(20:80, v/v) were added and then werevortexed for 2 min. Af-
terwards, samples were centrifuged for 10 min at 4000 x g.
The organic layer was evaporated under a stream of nitro-
gen at 40°C. The residue was redissolved in 100 wl mobile
phase. An aliquot of 10l was injected into the LC-MS
system.

2.7. Method validation

The method validation assays were carried out according
to the currently accepted US Food and Drug Administration
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(FDA\) bioanalytical method validation guidance[6]. Thefol-
lowing parameters were considered.

The specificity of the method was tested by screening six
different batches of healthy human blank plasma. Each blank
sample was tested for interference using the proposed ex-
traction procedure and chromatographi c/spectroscopic con-
ditions and compared with those obtained with an aque-
ous solution of the analyte at a concentration near to the
LLOQ.

The matrix effect on the ionization of analytes was evalu-
ated by comparing the peak area of analytesresolved in blank
sample (the final solution of blank plasma after extraction
and reconstitution) with that resolved in mobile phase. Three
different concentration levels of zolmitriptan (0.50, 2.0 and
8.0 ng/ml) and 400 ng/ml of internal standard were evaluated
by analyzing five samples at each level. The blank plasma
used in this study were six different batches of healthy hu-
man blank plasma. If the ratio <85 or >115%, an exogenous
matrix effect was implied.

Linearity was tested for the range of concentrations
0.30-16.0ng/ml. For the determination of linearity, standard
calibration curves of at least seven points (non-zero stan-
dards) were used. In addition, blank plasma samples were
also analyzed to confirm absence of interferences but they
were not used to construct the calibration function. Four out
of seven none zero standards including LLOQ and ULOQ
were to meet the foll owing acceptance criteria: no more than
20% deviation at LLOQ and no more than 15% deviation
for standards above the LLOQ. The acceptance criteria for
correl ation coefficient was 0.998 or more, otherwise the cali-
bration curve should berejected. Fivereplicate analyseswere
done. The samples should been run low to high.

The intra-day precision and accuracy of the assay was
measured by analyzing five spiked samples of zolmitriptan
at each QC level (0.50, 2.0 and 8.0 ng/ml). Theinter-day pre-
cision and accuracy was determined over five dayshby analyz-
ing 15 QC samples. The acceptable precision and accuracy
deviation values should be within 15% of the actual values.

The extraction yield (absolute recovery) was determined
by comparing the zolmitriptan/I S peak area ratios obtained
following the outlined extraction procedure with those ob-
tained from those that contained the same amount of
zolmitriptan in extracted plasma but not be extracted after
addition of drug. This procedure was repeated for the three
different concentrations of zolmitriptan added, namely 0.50,
2.0 and 8.0ng/ml. The recovery of IS was also determined.

For sensitivity determination, the lowest standard concen-
tration in the calibration curve was considered as the lower
limit of quantification (LLOQ), and wasto meet thefollowing
criteria: LLOQ response should be 10 timesthat of noise and
beidentifiable, discrete and reproduciblewithin the precision
deviation of 20%. Samples at the concentration 0.30 ng/ml
wereinvestigated as the lower limit of quantification and the
reproducibility and precision were also determined.

Short-term temperature stabilitygtored plasma aliquots
werethawed and kept at room temperaturefor aperiod of time

exceeded that expected to be encountered during the routine
sample preparation (around 6 h). Samples were analyzed as
mentioned above.

Post-preparative stabilityThe autosampler stability was
conducted reanalyzing extracted QC samples kept under the
autosampler conditions (4°C) for 12 h.

Freeze and thaw stabilityQC plasma samples containing
zolmitriptan weretested after threefreeze (—20°C) and thaw
(room temperature) cycles.

Long-term stability of zolmitriptan in human plasmawas
studied for a period of 10 days employing QC samples at
three different levels. If after the stability study the analyte
was found to be unstable at —20°C, then it should be stored
a —70°C.

The stability of zolmitriptan and internal standard work-
ing solutions were evaluated by testing their validity for 6 h
at room temperature. Stability of working solutions was ex-
pressed as percentage recovery.

A calibration curve was generated to assay samples in
each analytical run and was used to calculate the concentra-
tion of zolmitriptan in the unknown samples in the run. The
calibration was analyzed in the middle of each run. In or-
der to monitor the accuracy and precision of the analytical
method anumber of QC sampleswere prepared to ensurethat
method continues to perform satisfactorily. The QC samples
in duplicate at three concentrations (0.50, 2.0 and 8.0 ng/ml)
were prepared and were analyzed with processed test sam-
ples at intervals based on the total number of samples per
batch.

3. Clinical study design

This was an open randomized, balanced, three-period
crossover study in 24 Chinese healthy men. Each volun-
teer received in random order, single oral dose of 5.0mg
zolmitriptan test tablets, test capsules or reference tabletsin
cycle. Blood samples (5 ml) for assay of plasma concentra-
tion of zolmitriptan were collected at the time of 0, 0.5, 1,
15, 2,25, 3.0, 4.0, 5.0, 6.0, 8.0, 10, 12 and 14 h after oral
administration of the medicals. They were put into lithium
heparin tubes and immediately were centrifuged at 3000 x g
for 10min. The plasma obtained was frozen at —20°C in
coded polypropylene tubs until analysis.

4. Results and discussion
4.1. Selection of IS

It is necessary to use an IS to get high accuracy when a
mass spectrometer is used as the HPL C detector. Rizatriptan
benzoate [7] was adopted in the end because of its similarity
of structure (Fig. 1), retention and ionization with the analyte
and the less endogenous interferences at ritriptan [M +H]*,
m/z 270.10.
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H
N= N HOOC
SO
N~ N

Fig. 1. Chemical structure of zolmitriptan (A), rizatriptan (B) and rizatriptan
benzoate (C).

4.2. Sample preparation

LiquidHiquid extraction [8,9] was necessary and im-
portant because this technique cannot only purify but also
concentrate the sample. Ethyl acetate and methylene chlo-
ride:ethyl acetate mixture (20:80, v/v) wereall tested to do ex-
traction and methylene chloride:ethyl acetate mixture (20:80,
v/v) was finaly adapted because of its high extraction effi-
ciency. Sodium hydroxide (0.1 ml x 1.0 M) was added to the
plasmain order to accelerate the drugs’ dissociation from the
plasma and reduce interference since most endogenous are
of acidic nature.

Int.  {288.10(1.00)
300e3 ]
200e3 ]
100e3 ]

0e3
(A) 05 1.0 15 20 25 30 35 40 45 50 55 6.0 min

Int.  1270.10(1.70)

300€3 ]
\

200€3

100e3

0e3 1

(B) 05 10 15 20 25 30 35 40 45 50 55 60 min

Fig. 4. The SIM(+) chromatograms extracted from supplemented plasma
Peaks were assigned with (¥). The retention times of zolmitriptan and the
ISwere 5.4 min (A) and 5.1 min (B), respectively.

4.3. Separation and specificity

Positiveion electrospray mass scan specta of zolmitriptan
and IS are shown in Figs. 2 and 3, respectively. The ma-
jor ions observed were [M +H]*, m/z=288.10; [M +Na]*,
m/z=310.10; [M +K]*, m/z=326.05 for zolmitriptan and
[M+H]*, mz=270.10; [M +Na]*, m/z=292.05; [M +K]",
m/z=308.05 for rizatriptan. The ions of [M+H]*,
mvz=288.10 for zolmitriptan and [M + H]*, m/z=270.10 for
rizatriptan were selected for the SIM(+) due to their high
stability and intensity.
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Fig. 2. Positive ion electrospray mass scan spectrum of zolmitriptan.
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Fig. 3. Positive ion electrospray mass scan spectrum of rizatriptan.
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Fig.5. TheSIM(+) chromatogram for ablank plasmasample. Peakswereas-
signed with (¥). Theretention times of zolmitriptan and the ISwere 5.4 min
(A) and 5.1 min (B), respectively.

The SIM(+) chromatograms extracted from supplemented
plasma are depicted in Fig. 4. As shown, the retention times
of zolmitriptan and the ISwere 5.4 and 5.1 min, respectively.

The total HPLC-M S analysis time was 6.5min per sam-
ple. No interferences of the analytes were observed because
of the high selectivity of the SIM model. No ion suppression
effects were observed under the devel oped sample prepara-
tion and chromatographic conditions. Fig. 5 showsan HPLC
chromatogram for a blank plasma sample indicating no en-
dogenous peaks at the retention positions of zolmitriptan or
internal standard (rizatriptan). The SIM(+) chromatograms
obtained from an extracted plasma sample of a healthy vol-
unteer who participated in a bioequival ence study conducted
on 24 persons are depicted in Fig. 6.

The purpose of theinvestigation was to devel op a specific
and sensitive procedure for the determination of zolmitriptan
used as an antimigraine drug. HPLC—ESI-MS has severa
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Fig. 6. TheSIM(+) chromatogram for plasmasample of ahealthy volunteer.
Peaks were assigned with (V). The retention times of zolmitriptan and the
ISwere 5.4 min (A) and 5.1 min (B), respectively.
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Fig. 7. The SIM(+) chromatogram of LLOQ (0.3ng/ml). Pesks were as-
signed with (). Theretention times of zolmitriptan and the |ISwere 5.4 min
(A) and 5.1 min (B), respectively.

advantages for the analysis of zolmitriptan. The combina-
tion of HPL C (under the isocratic conditions described) with
ESI-MS leads to short run time and yields both high selec-
tivity and sensitivity. ESI is a“gentl€” ionization technique
that produces high mass-to-charge [M + H]™ precursor ions
with minimal fragmentation of the analyte.

4.4. Method validation

The method exhibited agood linear responsefor therange
of concentrationsfrom 0.30to 16.0 ng/ml with acoefficient of
determination of 0.9998. Results of five representative cal-
ibration curves for zolmitriptan LC-MS determination are
givenin Table 1.

Data for intra- and inter-day precision of the method for
zolmitriptan as determined from the QC samples runs at the
concentrations of 0.50, 2.0 and 8.0ng/ml are presented in
Table 2.

120 1
10.0 R
—X—T1
8.0
——T2

6.0

concentration
(ng/ml)

time (h)

Fig. 8. Mean drug plasma concentration-time curve of zolmitriptan in 24

volunteers after oral administration (R: reference tablets; T1: test tablets;
T2: test capsules).
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Table 1
Results of five representative calibration curves for zolmitriptan LC-M S determination
Added concentration (ng/ml) 0.3 05 1.0 2.0 4.0 8.0 16.0
Back-caculated concentration 0.2728 0.5244 0.9534 2.1375 4.1057 7.5365 15.6968
0.2806 0.5825 0.9587 2.0211 4.2869 7.5646 15.7410
0.2811 0.5803 0.9983 2.0210 3.9631 7.9461 15.4225
0.2768 0.5818 0.9761 2.1490 4.2270 7.4331 15.3881
0.2803 0.567 1.0150 21411 4.0153 7.5841 15.3518
Mean 0.2783 0.5672 0.9803 2.0939 4.1196 7.6129 15.5200
R.S.D. (%) 1.26 4.36 2.67 3.18 3.33 2.56 1.18
Mean accuracy (%) 92.78 113.44 98.03 104.70 102.99 95.16 97.00
Table 2
Theinter- and intra-day precision, accuracy of the method with determination of zolmitriptan (n=>5)
Added Intra-day Inter-day
(Cr?”/cni%”at'on Detected Mean+SD. (ng/ml)  Mean RSD. Detected Mean + S.D. Mean R.SD.
9 concentration accuracy (%) (%) concentration (ng/ml) accuracy (%)
(ng/ml) (ng/ml) (%)
0.5 0.4668 0.5172 + 0.0449 103.44 8.68 0.4993 0.5130 + 0.0468 102.26 9.12
0.4895 0.5814
0.5106 0.4858
0.5832 0.5364
0.5361 0.4619
20 2.0672 2.0588 + 0.0481 102.29 4.41 1.9360 2.0782 + 0.0981 103.91 4.72
2.0268 2.1433
2.1455 2.0333
2.0740 2.1871
2.1279 2.0914
8.0 8.3237 8.1475 + 0.3412 101.8 4.19 7.4762 7.9112 + 0.4122 98.89 5.21
8.5747 7.6516
8.2119 8.4020
7.9285 8.2968
7.6986 7.7294
Table3 o The extraction recovery determined for zolmitriptan was
Recovery of zolmitriptan from plasma (n=5) shown to be consistent, precise and reproducible. Data was
Added (ng/ml) Recovery (mean=+S.D.) (%) R.SD. (%) shown below in Table 3. The extraction recovery of 1S was
0.5 91.62 + 6.01 6.56 more than 85%.
20 92.63 + 3.65 3.94
8.0 9149 + 3.96 4.33

4.5. Stability

Table 4 summarizes the stability data of the short-term,

Thelower limit of quantitationfor zol mitriptan wasproved
to be 0.30ng/ml (LLOQ) and the lower limit of detec-
tion (LLOD) for zolmitriptan was 0.10 ng/ml. Fig. 7 shows
the chromatogram of an extracted sample that contained
0.30ng/ml (LLOQ) of zolmitriptan.

freeze and thaw, long-term aswell as post-preparative test of
zolmitriptan.

Short-term stability indicated reliable stability behavior
under the experimental conditions of the regular runs. The
results of freeze and thaw stability indicated that the analyte

Table4
Data showing stability of zolmitriptan in human plasma at different QC levels (n=5)
0.5 (ng/ml) 2.0 (ng/ml) 8.0 (ng/ml)
Recovery R.S.D. (%) Recovery R.S.D. (%) Recovery R.S.D. (%)
(mean+S.D.) (%) (mean+S.D.) (%) (mean+S.D.) (%)
Short-term stability 94.08 + 6.94 7.38 98.23 + 4.05 4.12 96.63 + 5.22 5.41
Freeze and thaw stability 90.03 + 845 9.39 99.82 + 3.98 3.99 92.08 + 9.48 10.30
Long-term stability 87.58 + 5.27 6.02 90.43 + 2.39 2.64 88.51 + 3.33 3.76
Post-preparative stability 98.91 + 7.42 7.50 103.65 + 11.26 10.86 94.94 + 11.68 12.30
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Table5
Pharmacokinetic parameters of zolmitriptan in 20 men after oral
administration

Parameters T1 T2 R

Ty (K/h) 2.85 + 0.61 2.88 + 0.38 2.92 + 0.62
Tmax (h) 23+10 27+12 22+ 14
Crnax (ngmi—1) 8.90 + 3.23 8.42 + 2.53 8.84 + 2.86
MRTo- o (h) 4.88 + 0.67 497 + 0.54 494 + 0.72

Auco7s (nghml~Y) 4594 4+ 1756 4573 + 1524 4613 + 1541
AUCo o0 (NghmI~1)  47.85 &+ 1822 47.91 + 1610 48.30 & 15.93

was stable in human plasma for three cycles of freeze and
thaw, when stored at —20°C and thawed to room tempera-
ture. The post-preparative stability of QC samples shown that
zolmitriptan was stable when kept at 4 °C in the autosampler
for 12 h. The findings from long-term test indicate that stor-
age of zolmitriptan’s plasma samples at 20°C is adequate
when stored for 10 days and no stability-related problems
would be expected during the samples routine analysis for
the pharmacokinetic, bioavailability or bioequivalence stud-
ies.

The stability of working solutionswastested at room tem-
perature. Based on the results obtained, these working solu-
tions were stable within 6 h.

4.6. Results of pharmacokinetic study

The method was applied to analyze plasma samples ob-
tained from 24 healthy volunteers which received a single
doseof 5.0 mg zol mitriptan preparationseach in the bioequiv-
alence study. The procedure developed was sensitive enough
to assure the quantitative analysis of zolmitriptan in plasma
with acceptable accuracy over a period of 14h after a sin-
gleora administration. Themean plasmaconcentration-time
profilesof 24 volunteersisrepresented in Fig. 8. Pharmacoki-
netic parametersof thetest tablets, test capsulesand reference

tablets are listed in Table 5. The test tablets and test capsule
were found to be bioequivalent to the reference one.

5. Conclusion

The proposed method of analysis provided a sensitive
and specific assay for zolmitriptan determination in human
plasma. Simple liquid-iquid extraction procedure and short
runtimecan curtail test’stimethat isimportant for large sam-
ple batches. It was shown that this method is suitable for the
analysis of zolmitriptan in human plasma samples collected
for pharmacokinetic, bioavailability or bioeguivalence stud-
iesin humans.

References

[1] E.J. Seaber, N. On, R.M. Dixon, M. Gibbens, W.J. Leavens, J. Liptrot,
G. Chittick, J. Posner, PE. Rolan, R.W. Pack, Br. J. Clin. Pharmacol.
43 (1997) 579-587.

[2] EMM. Clement, M. Franklin, J. Chromatogr. B 766 (2002) 339-343.

[3] E.J. Seaber, R.W. Peck, D.A. Smith, J. Allanson, N.R. Hefting, J.J.
van Lier, FA. Sollie, J. Wemer, J.H. Jonkman, Br. J. Clin. Pharmacol.
46 (1998) 433-439.

[4] K. Vishwanathan, M.G. Bartlett, J.T. Stewart, Rapid Commun. Mass
Spectrom. 14 (2000) 168-172.

[5] J. Chen, X.G. Jiang, W.M. Jiang, N. Mei, X.L. Gao, Q.Z. Zhang, J.
Pharm. Biomed. Anal. 35 (2004) 639-645.

[6] Guidance for Industry, Bioanalytical Method Validation, US Depart-
ment of Health and Human Services, Food and Drug Administration,
Center for Drug Evaluation and Research (CDER), May 2001.

[7] K.P. Vyas, RA. Halpin, L.A. Geer, JD. Ellis, L. Liu, H. Cheng,
C. Chavez-Eng, B.K. Matuszewski, S.L. Varga, A.R. Guiblin, J.D.
Rogers, Drug Metab. Dispos. 20 (2000) 89-95.

[8] D.A. McLoughlin, T.V. Olah, J.D. Ellis, J.D. Gilbert, RA. Halpin, J.
Chromatogr. A 726 (1996) 115-124.

[9] PD. Andrew, H.L. Birch, D.A. Phillpot, J. Pharm. Sci. 82 (1993)
73-76.



	Quantification of zolmitriptan in plasma by high-performance liquid chromatography&ndash;electrospray ionization mass spectro
	Introduction
	Experimental
	Chemicals and reagents
	Instrumentation and operating conditions
	Preparation of stock solutions
	Calibration curves
	Preparation of quality control samples
	Extraction procedure
	Method validation

	Clinical study design
	Results and discussion
	Selection of IS
	Sample preparation
	Separation and specificity
	Method validation
	Stability
	Results of pharmacokinetic study

	Conclusion
	References


