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Abstract

A sensitive and selective liquid chromatography—tandem spectrometry method for the determination of zolmitriptan was developed and validate
over the linearity range 0.05-30 ng/ml with 0.5 ml of plasma using diphenhydramine as the internal standard. Liquid-liquid extraction using a
mixture of diethyl ether and dichloromethane was used to extract the drug and the internal standard from plasma. The mass spectrometer w
operated under the selected reaction monitoring (SRM) mode using the atmospheric pressure chemical ionization (APCI) technique. The instrume
parameters were optimized to obtain 3.0 min run time. The mobile phase consisted of acetonitrile—water—formic acid (70:30:0.5), at a flow rate
of 0.5ml/min. In positive mode, zolmitriptan produced a protonated precursor i@t &88 and a corresponding product ionndt 58. And
internal standard produced a protonated precursor iotiz2256 and a corresponding product iorwdt 167. The inter- and intra-day precision
(%R.S.D.) were less than 8.5% and accuracy (%error) was less-tB&%. The method had a lower limit of quantification of 0.05 ng/ml for
zolmitriptan, which offered increased sensitivity and selectivity of analysis, compared with existing methods. The method was successdully appli
to a pharmacokinetic study of zolmitriptan after an oral administration of 5 mg zolmitriptan to 20 healthy volunteers.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction Currently, there are seven triptans available on the market.
Zolmitriptan is a second-generation trip{&h. Clinical research
Migraine is a chronic, often debilitating disease that affectdndicates that it has a better efficacy and tolerability profile at
12% of the general population. A working definition of migraine low doses of 2.5-10 m{5]. Zolmitriptan is rapidly absorbed
is benign recurring headache and/or neurological dysfunctiowhen given as oral tablets both in the fasting state and when
usually attended by pain-free interludes and often provokediven with food, and the individualmax values ranged from 2.7
by stereotyped stimuli1,2]. The introduction of the triptans to 9.9 ng/ml[7,8].
in the 1990s revolutionized the treatment of migraine, bring- High-performance liquid chromatography has been widely
ing migraine-specific pain relief to patients with this type of used for the quantitative determination of triptans in biolog-
headache. The triptans are believed to exert their antimigrainieal fluids with UV [9], fluorescencd10-13] electrochemi-
effects via binding to 5-HT1B/1D receptors on the trigeminalcal or coulometric detectiofil4,15] More recently, as lower
nerve and dural vasculature, where they act to reverse vasodilatdeses were administrated for newer triptans, more sensitive lig-
tion of blood vessels and also to reduce neurogenic inflammationid chromatography—tandem mass spectrometry (LC/MS/MS)
[3-5]. methods were also developed to obtain full pharmacokinetic pro-
files [16—20] Vishwanathan et a[17] reported a LC/MS/MS
method to determine four triptans rizatriptan, zolmitriptan, nara-
* Corresponding author. Tel.: +86 2150800738; fax: +86 2150800738, triptan and sumatriptan in human serum, but the lower limit
E-mail address: zhongdf@china.com (D. Zhong). of quantification (LLOQ) of zolmitriptan was only 1.0 ng/ml.
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Zhang et al.[18] established a LC/MS method to analyze the collision gas at a pressure of 1.2 mTorr. Quantification was
zolmitriptan in human plasma with a LLOQ of 0.3 ng/ml. In this performed using selected reaction monitoring (SRM) of the tran-
assay method, a chromatographic run time of 6.5 min was necesiions m/z 288— 58 for zolmitriptan andn/z 256— 167 for
sary to avoid interference from endogenous substances. In addire 1S, respectively, with a dwell time of 0.3 s per transition.
tion, a variety of LC/MS/MS methods have also been employedhe optimized collision energy of 20 eV was used for both the
to determine sumatriptdd9] or rizatriptan in plasmg§20]. analyte and the IS.

To simplify plasma preparation procedure and reduce anal-
ysis time, a highly sensitive and rapid LC/MS/MS method was?-3. Calibration standards
developed and validated to determine zolmitriptan in human
plasma in the present study. The method was successfully A stock solution of zolmitriptan with a concentration of
applied to evaluate the pharmacokinetics of zolmitriptan afte#00pg/ml was prepared by dissolving 10 mg of zolmitriptan
oral administration of 5mg zolmitriptan to 20 healthy volun- in 25 ml of methanol. Eight standard solutions of 0.25, 0.5, 1.5,

teers. 5, 15, 40, 75 and 150 ng/ml of zolmitriptan were made by fur-
ther dilution of the stock solution with appropriate volumes of

2. Experimental methanol. A working internal standard solution was prepared
by diluting the 40Qug/ml stock solution of diphenhydramine in

2.1. Materials methanol with water to provide a final concentration of 50 ng/ml.

The concentration of the IS was calculated as free base. All the
Zolmitriptan (99.7% purity) was kindly donated by Lunan solutions were stored at’€ and were brought to room temper-
Pharmaceutical Co. Ltd. (Shandong, China) and diphenhyature before use. Structural formulae of zolmitriptan and the IS
dramine hydrochloride (internal standard, 99.4% purity) wagare shown irFig. 1
purchased from the National Institute for the Control of Pharma-
ceutical and Biological Products (Beijing, China). Methanol and2.4. Sample preparation
acetonitrile (Kangkede Chemical, Tianjin, China) were of ana-
lytical grade, and other chemicals used were of analytical grade. A 100-ul aliquot of the IS solution (diphenhydramine,
Distilled water, prepared from demineralized water, was use&0 ng/mlin water) and 100l of methanol were added to 5p0
throughout the study. Drug-free plasma for the preparation of
calibration standards was obtained from Shenyang Blood Donor
Service (Liaoning, China). Before analysis, the blank samples
were analyzed by the present LC/MS/MS method. No signifi- _
cant peaks were observed at the retention times of the analyte 80 g 1M
and IS. 701 ”;{j\ )
60 1 N
2.2. Instrumentation and LC/MS/MS conditions 50 i
40 1, Bs iz 58
A Thermo Finnigan Surveyor system (San Jose, CA, USA) ;3
consisting of a vacuum degasser, a tetranary pump and ar ,,
autosampler was used for solventand sample delivery. AThermc |,
Finnigan TSQ Quantum Discovery triple—quadrupole tandem k 15613 . 243.19 . .
mass spectrometer equipped with an atmospheric pressur. 30 199 130 200 230 20 320
chemical ionization (APCI) source was used for mass analysis —
and detection. Data were acquired using Xcalibur 1.4 software,F:+ ¢ APCI ms2 256.00@20.00 [ 50.00 -500.00]

F+ ¢ Full ms2 288.10@ -20.00 [ 30.00-400.00]

58.19
100

288.26

and quantitative processing was performed using LCQuan soft-100- 166.9
ware (Thermo Finnigan, USA). 90
Chromatographic separation was achieved using a Zorbax go- P
SB Gg column (150 mmx 4.6 mm i.d., 5um; Agilent, Wilm- 707 ‘)/\,.i'\w_‘
ington, DE, USA) with a 4 mnx 3.0 mm i.d. SecurityGuard 60—
Ci1s (5pm) guard column (Phenomenex, Torrance, CA, USA). 5, O O m'z 167
The mobile phase consisted of acetonitrile—-water—formic acid 4,
(70:30:0.5, v/v) at a flow rate of 0.7 ml/min. The chromatogra- 5,
phy was carried out at room temperature {€2. 51
The mass spectrometer was operated in the positive ion detec | N
tion mode with the corona discharge current set atu#0 o 126.1 1659 |1677 2386 " : _
Nitrogen was used as the sheath gas (30 Arb) and auxiliary . 50 100 150 200 220 ke 330
gas (5 Arb) for nebulization. The heated capillary and vapor- niz

izer tenjp_era'Fures were Set_at_ 320 and “20respectively.  Fig 1. Product ion mass spectra of [M +Hif zolmitriptan (A) and diphenhy-
For collision-induced dissociation (CID), argon was used asiramine (B).
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of plasma samples, respectively. Then W0®f 1M NaOH  which was easily protonated. The possibility of using electro-
were added. The sample was vortex-mixed and extracted withpray ionization or atmospheric pressure chemical ionization
3 ml of diethyl ether—dichloromethane (2:1, v/v) by shaking forsources under positive ion detection mode was evaluated during
10 min. The organic and aqueous phases were separated by céme early stage of method development. It was found that APCI
trifugation at 2000« g for 5 min. The upper organic phase was could offer better linearity and reproducibility for the analyte
transferred to another tube and evaporated to dryness°& 40 than ESI. Therefore, APCI was chosen as ionization source in
under a gentle stream of air. The residue was reconstituted ithe experiment. By positive APCI mode, the analyte and internal
150ul of the mobile phase and vortex-mixed for 1 min. A 20- standard formed predominantly protonated molecules [M*% H]
wl volume of the reconstituted extract was injected onto theat m/z 288 andm/z 256 in Q1 full scan mass spectra, respec-
LC/MS/MS system by the auto-sampler for analysis. tively. The CID of the protonated molecule of zolmitriptam/{

To prepare the standard calibration samples,dl@dthe IS  288) resulted in the cleavage of theCbond in the side chain,
solution (diphenhydramine, 50 ng/mlin water) and §i06fthe  producing the major product ion at/z 58 [HoC=*N(CHz)3].
standard working solutions were added to p0Blank human  Other fragments showed relative intensities below 5% and are
plasma. The following procedures were the same as describeubt likely to improve the sensitivity when used in SRM mode. As
above. Calibration standards were prepared to achieve the finfar the IS, the CID of the protonated molecul@’{ 256) resulted
plasma concentrations of 0.05, 0.1, 0.3, 1.0, 3.0, 8.0, 15.0 anid the cleavage of the-@D bond, producing the major product
30.0 ng/ml for zolmitriptan. ion atm/z 167 [H"C(CsHs)2]. Additional tuning of the APCI

Quality control (QC) samples were prepared by addingsource and CID parameters for the transitiongiaf288— 58
zolmitriptan to drug-free plasma to make three concentrations gizolmitriptan) andn/z 256— 167 (1S) further improved the sen-
0.1, 3.0 and 24.0 ng/ml. QC samples were stored2fi°C and  sitivity. Fig. 1 shows product ion spectra of [M + Hjons of
extracted and analyzed during each analytical run. Additionatolmitriptan and diphenhydramine.
standards were prepared for the determination of accuracy and The chromatographic conditions were optimized by flow

precision { = 6) of the method. injection analyses with mobile phases containing varying per-
centages of organic phase to achieve maximum peak responses

2.5. Application of the analytical method to a and good reproducibility. It was found that using acetonitrile or

pharmacokinetic study in healthy volunteers methanol as organic additive in the mobile phase yielded sim-

ilar responses, but the latter provided higher background noise

The LC/MS/MS procedure developed was used to determinen SRM mode, probably because of the small product ion of
zolmitriptan concentrations in plasma samples 0—24 h after amolmitriptan. When we used methanol as organic additive in the
oral administration of 5mg zolmitriptan tablet to 20 healthy mobile phase, the background noise was higher tharl@,
male volunteers in a pharmacokinetic study approved by Ethievhereas considerable lower background respong) was
Committee. All volunteers gave written informed consent to parobtained when the mobile phase consisted of acetonitrile was
ticipate in the study according to the principles of the Declaratiorused. The high organic solvent content shortened the chromato-
of Helsinki. Blood (4 ml) was removed by venepuncture prior tographic cycle time and the acidic modifier (formic acid) in the
dosageandat0.33,0.67,1,1.5,2, 3,4, 6,8,12 and 24 hthereafterobile phase improved sensitivity by promoting ionization of
Blood samples were collected into tubes containing sodium heghe analytes in the APCI source. A mobile phase consisting of
arin as anticoagulant and spun at 2609 in a centrifuge for  acetonitrile—water—formic acid (70:30:0.5, v/v) was therefore
15min. The plasma was separated and stored2®°C until  chosen. With the selected chromatographic condition the chro-
analysis. matographic run time for each sample was completed within

The pharmacokinetic parameters of zolmitriptan were cal3.0 min.
culated by noncompartmental analysis. The maximum plasma
concentrations@may) and their time of occurrenc@ax) were  3.2. Preparation of plasma samples
both obtained directly from the measured data. The area under
the plasma concentration—time curve from time zero to the time Triptan derivatives all have basic groups substituted at the
of the last measurable concentration (A$JC,) was calculated 3-position of indole ring, which makes the extraction of these
by the linear trapezoidal method; the terminal elimination ratecompounds from alkalized biological fluids possible using dif-
constant k) was estimated by linear least-squares regressioferent organic solvents. Zhang etfd8]and Chen etaJl1] used
of the terminal portion of the plasma concentration—time curvemethylene chloride—ethyl acetate (20:80) and metHyltyl
and the corresponding elimination half-lifEy(2) was then cal-  ether to extract zolmitriptan from alkalinized plasma by 1M

culated as 0.6984. sodium hydroxide, respectively. Guo etfaD] used ethyl acetate
to extract rizatriptan and zolmitriptan (1S), and plasma samples
3. Results and discussion were alkalinized by 0.1 M sodium carbonate. Ge efi#l] also
introduced a LLE procedure using metimydutyl ether for deter-
3.1. Chromatography and mass spectrometry mination of sumatriptan. These reported extraction methods

could provide higher extraction recovery, butincreased evapora-
The positive ionization mode was selected for the determition time due to higher boiling point solvents used. In addition,
nation of zolmitriptan because of the presence of amino groupsolid-phase extraction (SPE) procedures were also employed
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widely to extract triptans from plasma samples in the litera- 100 I
ture [9,14-16] The SPE methods required more than 1 ml of 80
eluates (methanol or acetonitrile containing HCI solution or Zg
ammonia) to obtain sufficient extraction recovery. Based on our.g -,
experience, large volume of eluent required a time-consuming 10 - — S
concentration step, compared with organic extraction solvents g, Il NL: 3.00E5
(diethyl ether—dichloromethane, 2:1, v/v). In this experiment, £ 60
the upper organic phase (3-ml of diethyl ether—dichloromethane & 49
was evaporated to dryness at4Dwithin 8 min. i

In this study, different LLE conditions were evaluated (A) o0 o5 10 15 20 25
including organic extraction solvents and aqueous pH modi- 100 =Y NL: 3 41E2
fiers to reduce extraction time and improve recovery. Three 3¢
organic extraction solvents were evaluated: diethyl ether,eé :g
n-hexane—dichloromethane—2-propanol (20:10:1, v/v), diethylg 20
ether—dichloromethane (2:1, v/v). The latter clearly yielded the £ o o it
highest recovery and the final solution was evaporated onlyﬁ 100
within 8 min. According to the reported results, 1M NaOH,
1M NaCGQ; and phosphate buffer (pH 10) were tested during = 40
extraction procedure. No significant influence on recovery was 20
observed, butthe use of 1 M NaOH as the pH adjustmentreagerg) ° 75 03 o . 20 25

could reduce unwanted interfering substances to a minimum. 100 238.1

80
60
40
20

NL: 5.00E2

nce

lative Abund

2.49.11
NL: 3.36ES

elativi
()]
o

NL: 1.75E4
3.3. Method validation

bundance

3.3.1. Selectivity and matrix effect
The selectivity of the method was demonstrated by compar- 109
ing chromatograms of six independent plasma samples fron§ 80
volunteers, each as a blank sample and a spiked saFRigle2 & Zg
indicates no significant interferences at the retention times ol ,,
the analyte and IS. The retention times for zolmitriptan and the o3 . - . r
IS were 2.38 and 2.49 min, respectively. © 0 081 Timé'fmm) 20
Since chromatographic conditions may cause co-elution of a
number of endogenous compounds that are undetected by thig. 2. Representative SRM chromatograms of zolmitriptan (I) and IS (1) in
MS/MS but may affect the ionization efficiency, the effect of hgman plgs'ma: (A) a blank plasma sample; (B) a blank plasma sample spiked
matrix on the response of the analyte was also evaluated. 'I"E’g"th zolmitriptan (0.05 ng/mi) and 1S (10ng/ml); (C) plasma sample from &
) . . . . Volunteer 8 h after an oral dose of 5 mg zolmitriptan.
determine the possible influence of the matrix on the analysis,
the response of six extracted spike matrix blank samples wer

compared to those of six analytical standards. No matrix effec iS.fD.).I_Igurtl_ng routm(le analy5|ts ?acg analytllcal_ ru; |nlglu?ed a q
was detected in the study. set of calibration samples, a set of QC samples in duplicate an

unknowns.

The lower limit of quantification was 0.05 ng/ml, defined as
the lowest concentration at which both the precision and accu-
facy were <20%. In this study, the precision and accuracy of
e <7.9% and withint0.5%, respectively.

NL: 2.35E5

3.3.2. Linearity of calibration curve and lower limit of
quantification

Plasma samples were quantified using the ratio of the pea
area of zolmitriptan to that of IS as the assay response. TBLOQ wer
evaluate linearity, plasma calibration curves were prepared and
assayed in triplicate on three consecutive days over the range3-3. Assay precision and accuracy
of 0.05-30 ng/ml, encompassing the therapeutic range of this The method showed good precision and accuraple 1
antimigraine drug. Calibration curves were calculated utilizingSummarizes the intra- and inter-assay precision and accuracy for
the peak-area ratio versus analyte concentration. The respong@mitriptanfrom QC samples. The results were calculated using
was linear for zolmitriptan throughout this concentration rangePne-way analysis of variance (ANOVA). The intra- and inter-
and the correlation coefficients) (were greater than 0.99 for assay precisions were measured to be below 8.6% and 7.4%,
all standard curves using ax?/weighted linear regression respectively, with relative errors from1.0% to—2.5%.
model. The typical equation was= —7.96x 10~%+0.0321%
(2=0.9944). Accuracy and precision were assessed by dete$-3.4. Extraction recovery and analyte stability
mination of QC samples at three concentration levels on three The extraction recoveries of zolmitriptan at three QC levels
different validation days. The accuracy was expressed by relavere determined by comparing peak-area ratios of the analyte to
tive error (R.E.) and the precision by relative standard deviatiointernal standard in samples that had been spiked with the ana-
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Table 1
Summary of precision and accuracy of zolmitriptan from QC samples of human plasma extra8tddys, six replicates per day)
AddedC (ng/ml) FoundC (ng/ml) Intra-run R.S.D. (%) Inter-run R.S.D. (%) Relative error (%)
0.100 0.0998 8.6 2.9 -1.8
3.00 2.93 75 7.4 -25
24.0 23.8 7.3 5.3 -1.0
lyte prior to extraction with samples to which the analyte had 12,0 -
been added post-extraction. The internal standard was added toZ
both sets of samples post-extraction. The extraction recovery of ‘;;‘o 00 |
the IS was determined in a similar way using the medium QC as TC::
areference. The results showed that the extraction recoveries of £
zolmitriptan were 64.6-4.7%, 61.3+ 3.1% and 64.% 6.3% at g 004
concentrations of 0.1, 3.0 and 24 ng/ml, respectively. The extrac- §
tion recovery of the IS was 77-53.2%. § 3.0 4
The stability of zolmitriptan under the experimental condi- 2
tions was investigated by comparison of the mean area ratios = 00
(ratios of the peak area of zolmitriptan to that of IS) obtained in o s 2 0 6 20 a4
each case with the mean area ratios from a control set of repli- Time (h)

cates (time zero). The concentration of the spiked plasma sam- I , o
| 0.1 and 24 na/ml. The number of replicates emplove g. 3. Mean plasma concentration-time profile of zolmitriptan after an oral
ples was u. T g/mi. p PlOY€use of 5mg zolmitriptan to 20 healthy volunteers. Each point represents the

for each determination was three. Results were expressed feeant s.D.
each concentration level as the percentage of the initial con-
. S 0 .
trol concentration O W.h'Ch Is referred to as 100%. Stability at most four-fold variability in AUC and’iax between subjects,
was studied for the spiked plasma after 2h at room tempera-

which is in agreement with published pharmacokinetic studies
ture (22°C), for up to three freeze/thaw cycles and for 3 month L
storage below-20°C. Stability under autosampler conditions 7,8,10} The plasma concentration-time curves were generally

X ) . .-, _best fit by monoexponential decay, in whigp averaged 3.5 h.
was studied by reanalyzing the samples of the intra-day validax:
tion after 24 h at room temperaturBable 2is the summary of “The mean AUG_. 24 and AUG . o Values were 55.6 and

o . - 56.2 ng h/ml, respectively.
stability studies for zolmitriptan. Individual profiles showed single or double peaks usually at

0.67 and 3 h with a clear elimination phase after 6 h. Thex
3.4. Application of the analytical method in a could be at the time of the first or second peak, and hence is
pharmacokinetic study not a good reflection of the rate of absorption. The appearance
of a second peak has also been observed in previous EBldy
After a single oral administration of 5 mg zolmitriptan to 20 suggesting a erratic absorption. Compared with the pharmacoki-
healthy male subjects, plasma concentrations of zolmitriptafietic results reported previous|g], it was observed that the
were determined by the described LC/MS/MS metheid. 3~ value ofzyyz in this study is a little longer, but thdiax did not

shows mean plasma concentration—time curves of zolmitriptadiffer between them, which might be resulted from the different
after administration/{(= 20). accuracies of the analytical methods. The high sensitivity of the

After the oral administration, peak plasma concentration®resent method allowed us to measure the plasma concentration
were observed at about 3 h, and averaged 8.14 ng/ml. There wa4 h after a single dose of 5mg administration.

Table 2
Summary of stability studies of zolmitriptan in human plasma under various storage conditroB)s (
Storage conditions Added (ng/ml) FoundC (ng/ml) R.S.D. (%) Relative error (%)
Short-term (2h at 22 0.100 0.0999 10.0 -0.3
24.0 24.2 8.5 0.9
Long-term (30 days at20°) 0.100 0.0996 9.4 -3.9
24.0 21.9 3.9 -8.9
Three freeze/thaw cycles 0.100 0.101 12.8 5.0
24.0 23.1 8.4 -3.7
Autosampler for 24 h (22 0.100 0.0995 7.5 —4.5

24.0 23.3 9.1 -3.1
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4. Conclusions [5] N.T. Mathew, E.W. Loder, Am. J. Med. 118 (2005) 28S.
[6] C.M. Spencer, N.S. Gunasekara, C. Hills, Drugs 58 (1999) 347.

The described LC/MS/MS method is a sensitive, accurate and’] R-A- Yates, M. Tateno, K. Nairn, A. lkegami, A. Dane, J. Kemp, Eur.

lecti for the det inati f zolmitriotan in h J. Clin. Pharmacol. 58 (2002) 247.
selective assay Tor the determination of zoimitriptan in uman[S] E. Seaber, N. On, S. Phillips, R. Churchus, J. Posner, P. Rolan, Eur. J.

plasma with a chromatographic run time less than 3min. The "~ cjin. Pharmacol. 41 (1996) 141.
method only needed a simple liquid—liquid extraction for sample [9] J.D.H. Cooper, D.C. Muirhead, J.E. Taylor, J. Pharm. Biomed. Anal. 21

pretreatment. More than 150 samples could be assayed daily, (1999) 787.

including sample preparation, data acquisition and processing-0l E-J- Seaber, N. On, R.M. Dixon, M. Gibbens, W.J. Leavens, J. Liptrot,
G. Chittick, J. Posner, P.E. Rolan, R.W. Pack, Br. J. Clin. Pharmacol.

The method had a LLOQ of 0.05 ng/ml and proved to be superior - (1997) 579.

in sensitivity and speed of analysis in comparison to the reporteds] 3. chen, X.G. Jiang, W.M. Jiang, N. Mei, X.L. Gao, Q.Z. Zhang, J.
methods. The analytical procedure was then applied as aroutine Pharm. Biomed. Anal. 35 (2004) 639.
method to support a pharmacokinetic study. [12] Z. Ge, E. Tessier, L. Neirinck, Z. Zhu, J. Chromatogr. B 806 (2004)
299.
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