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bstract

An analytical method based on liquid chromatography with positive ion electrospray ionization (ESI) coupled to tandem mass spectrometry
etection (LC–MS/MS) was developed for the determination of a potent 5-HT1B/1D receptor agonist, rizatriptan in human plasma using granisetron
s the internal standard. The analyte and internal standard were isolated from 100 �L plasma samples by liquid–liquid extraction (LLE) and
hromatographed on a Lichrospher C18 column (4.6 mm × 50 mm, 5 �m) with a mobile phase consisting of acetonitrile–10 mM aqueous ammonium
cetate–acetic acid (50:50:0.5, v/v/v) pumped at 1.0 mL/min. The method had a chromatographic total run time of 2 min. A Varian 1200 L
lectrospray tandem mass spectrometer equipped with an electrospray ionization source was operated in selected reaction monitoring (SRM) mode
ith the precursor-to-product ion transitions m/z 270 → 201 (rizatriptan) and 313.4 → 138 (granisetron) used for quantitation. The assay was
alidated over the concentration range of 0.05–50 ng/mL and was found to have acceptable accuracy, precision, linearity, and selectivity. The mean
xtraction recovery from spiked plasma samples was above 98%. The intra-day accuracy of the assay was within 12% of nominal and intra-day

recision was better than 13% C.V. Following a 10 mg dose of the compound administered to human subjects, mean concentrations of rizatriptan
anged from 0.2 to 70.6 ng/mL in plasma samples collected up to 24 h after dosing. Inter-day accuracy and precision results for quality control
amples run over a 5-day period alongside clinical samples showed mean accuracies of within 12% of nominal and precision better than 9.5% C.V.

2006 Elsevier B.V. All rights reserved.
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. Introduction

Rizatriptan {N,N-dimethyl-2–[5-(1,2,4-triazole-1-ylmethyl)
1H-indol-3-yl]ethylamine} is a selective 5-hydroxytryptamine
5-HT1B/1D) receptor agonist, which is efficacious in the treat-
ent of migraine. Oral rizatriptan (5 and 10 mg) has shown
ignificant effects in providing pain relief from associated symp-
oms, normal functional ability and an improvement in patient
ife quality. The 10 mg dose of rizatriptan provided faster
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ain relief than sumatriptan 50 mg, naratriptan 2.5 mg, ergo-
amine/caffeine 2 mg/200 mg and zolmitriptan 2.5 mg, while
isplaying similar tolerability, and it is considered as a first-line
reatment option in the management of migraine [1–4].

Liquid chromatographic methods including with tandem
ass spectrometry detection and fluorescence detection are
ainly used for quantification of rizatriptan in biological flu-

ds, either in humans or in animals [5–13]. Since the com-
ination of powerful separation from HPLC and superior
electivity and sensitivity from mass spectrometer made liq-

id chromatography–tandem mass spectrometric (LC–MS/MS)
ne of the most useful techniques in bioanalytical chemistry,
C–MS/MS has been used as a normal method to determine

izatriptan in pharmacokinetic studies. Analysis of rizatriptan

mailto:Guorfan@yahoo.com.cn
dx.doi.org/10.1016/j.jchromb.2006.07.027
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n plasma using liquid chromatography–atmospheric pressure
hemical ionization mass spectrometry was first reported by
cLoughlin et al. [5]. Sumatriptan was simultaneously deter-
ined. Using the n-diethyl analogues as the I.S.s, the analytes
ere extracted from 1 mL of plasma by a C2 Varian Bond-Elut

artridge and the analytical column for rizatriptan and sumatrip-
an was a Spherisorb CN column (25 cm × 4.6 mm, 5 �m) and
Beckman CN column (25 cm × 4.6 mm, 5 �m) with run time
f 6 min and 4 min, respectively. The LLOQ was 0.5 ng/mL for
oth analytes. Based on this method, Barrish et al. [6] studied
he pharmacokinetics and bioavailability of rizatriptan in dogs;
utler et al. [7] reported the clinical pharmacokinetics of riza-

riptan tablets during and between migraine attacks; Vyas et al.
8] investigated the disposition and pharmacokinetics of riza-
riptan in humans. Vishwanathan et al. [9] developed a method
or determination of rizatriptan, zolmitriptan, naratriptan and
umatriptan using bufotenine as the I.S. The analytes were
xtracted from 1 mL of serum using Oasis HLB SPE cartridges
nd the analytical column was an Alltech Solvent Miser Sil-
ca column (15 cm × 2.1 mm, 5 �m) with run time of 4.5 min.
he LLOQ was 1 ng/mL for all analytes. All of above litera-

ure methods required either a long chromatographic run time
r large plasma volumes to achieve a satisfactory LLOQ. More
ecently, a liquid chromatographic–electrospray tandem mass
pectrometry was applied to determine rizatriptan in human
lasma using zolmitriptan as the I.S. A liquid–liquid extraction
LLE) was used to extract the analyte from 0.5 mL plasma, and a
LOQ of 0.05 ng/mL was achieved. A Zorbax XDB C8 column

150 mm × 4.6 mm, 5 �m) was used for analysis and run time of
min was consumed. Moreover, the mean extraction recovery
as about 60% [13].
In this paper, a more rapid and sensitive LC–MS/MS method

s described to determine rizatriptan from a small volume of
uman plasma (100 �L). After a short-duration LLE with mean
ecovery of above 98% for rizatriptan and 97.5% for the I.S.,
he samples were submitted to a short-column to achieve high-
hroughput LC–MS/MS assay. Finally the method reported was
uccessfully applied to a clinical pharmacokinetic study of riza-
riptan following single oral dose of 10 mg rizatriptan tablets to
0 healthy Chinese male volunteers.

. Experimental

.1. Materials

Tablet formulation of rizatriptan 10 mg (lot 040628) was from
angtze River Pharmacy Group (Jiangsu, PR China). Rizatrip-

an benzoate and granisetron hydrochloride (I.S.) were obtained
rom National Institute for the Control of Pharmaceutical and
iological Products (Beijing, PR China). The purities of riza-

riptan benzoate and granisetron hydrochloride were >99.5%.
mmonium acetate, acetic acid, sodium hydroxide and ethyl

cetate (analytical reagent grade) were purchased from Shang-

ai Chemical Reagent Company (Shanghai, PR China). Ace-
onitrile (chromatographic grade) was purchased from Merck
Darmstadt, German). Human control plasma (sodium heparin
s an anticoagulant) was obtained from Shanghai Blood Center

(
w
h
o
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Shanghai, PR China). Deionized (18 M�/cm) water was gener-
ted in-house using a Milli-Q System from Millipore (Bedford,
A, USA).

.2. Instrumentation

A Varian HPLC–MS/MS system (Palo Alto, CA, USA) con-
isted of a ProStar 410 autosampler, two ProStar 210 pumps, and
1200 L triple quadrupole mass spectrometer equipped with an
lectrospray ionization source. Varian MS workstation version
.3 software was used for data acquisition and processing.

.3. Chromatographic conditions

The chromatographic separation was performed on a Lichro-
pher C18 column (4.6 mm × 50 mm I.D., 5 �m particle
ize, Hanbon Science & Technology Co. Ltd., Jiangsu, PR
hina) thermostated at 30 ◦C. The mobile phase consisted
f acetonitrile–10 mM aqueous ammonium acetate–acetic acid
50:50:0.5, v/v/v) and was pumped at a flow rate of 1.0 mL/min.
efore use, the mobile phase was filtered through a 0.45 �m
ylon membrane filter. The injection volume was 20 �L and the
nalysis time was 2 min per sample.

.4. Mass spectrometer conditions

The HPLC eluant was split 1:5 to flow 200 �L into the mass
pectrometer. The ESI-MS spectrometer was operated in the
ositive ion mode. The electrospray capillary potential was set
o 55 V. Nitrogen was used as a drying gas for solvent evapora-
ion. The API housing and drying gas temperatures were kept at
0 ◦C and 380 ◦C. Protonated analyte molecules were subjected
o collision induced dissociation using argon as the collision gas
o yield product ions for each analyte. The collision energy was
0 eV for rizatriptan and 16 eV for the I.S. The scan time was 1 s
nd the detector multiplier voltage was set to 1500 V. Selected
eaction monitoring of the precursor-product ion transitions m/z
70 → 201 for analyte and 313.4 → 138 for I.S. was used for
uantitation. Product ion mass spectra for analyte and I.S. are
hown in Fig. 1.

.5. Preparation of standard and quality control (QC)
amples

Primary stock solutions of rizatriptan were prepared by dis-
olving the accurately weighed rizatriptan benzoate in methanol
o yield a final concentration of 1 mg/mL (calculated as free
ase). The solutions were sonicated for 5 min to ensure com-
lete dissolution of the solid. Following sonication, the solutions
ere allowed to equilibrate to room temperature after which they
ere diluted to volume with methanol. Working standards of

izatriptan were prepared from individual aliquots of 1 mg/mL
tock solution at 0.001–1.0 �g/mL using acetonitrile–water

40:60, v/v) as the diluent. The stock standard solution of I.S.
as prepared by dissolving appropriate amounts of granisetron
ydrochloride in methanol to give a final base concentration
f 1 mg/mL. A 200 ng/mL internal standard working solution
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ig. 1. Chemical structures and product ion spectra of [M + H]+ of rizatriptan
a) and granisetron (b).

as obtained by diluting the stock solution of granisetron with
cetonitrile–water (40:60, v/v). All the solutions were stored
t 4 ◦C and brought to room temperature before use. Plasma
tandards (0.05, 0.1, 0.2, 0.5, 1, 2, 5, 10, 20, 50 ng/mL) were pre-
ared by spiking 5 �L of each working standard (0.001, 0.002,
.004, 0.01, 0.02, 0.04, 0.1, 0.2, 0.4, 1.0 �g/mL) into 100 �L of
uman control plasma. These standards were used to construct
alibration curves for the quantitation of rizatriptan at plasma
oncentrations ranging from 0.05 to 50 ng/mL. QC stock solu-

ions (400 �g/mL) were prepared from a separate weighing of
izatriptan. QC samples of 0.2, 2 and 20 ng/ml were prepared by
piking 5 �L of diluted solution of QC stock solutions (0.004,
.04, 0.4 �g/mL) into 100 �L of human control plasma. The QC

a
t
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amples and calibration standards were pipetted into 200 �L
on-sterile eppendorf tubes and stored under the same condi-
ions as the clinical samples (i.e. −20 ◦C) for the purpose of
valuating intra- and inter-day accuracy and precision. Freshly
repared calibration standards on the 8th day were used to eval-
ate the sample stability. Samples found to contain rizatriptan at
oncentrations above 50 ng/mL were diluted appropriately with
ontrol plasma and re-assayed.

.6. Extraction procedure

Plasma samples were removed from −20 ◦C storage and
mmersed in a heated (37 ◦C) water bath to thaw. After vor-
exing and centrifugation (6207 × g for 5 min) of the sample
ubes, a 100 �L aliquot of plasma was transferred to a 1.5 mL
ppendorf tube. A 5 �L aliquot of acetonitrile–water (40:60, v/v)
as added to the blanks, quality controls, and subject samples to

ompensate for the volume of diluent added during spiking of the
alibration standards. Next, 5 �L of the working internal stan-
ard solution and 50 �L of 0.1 M NaOH were added. The mixed
amples were then extracted with 1 mL ethyl acetate by vortex
or 1 min. After centrifugation at 2124 × g for 5 min, 0.8 mL of
he upper organic layer was transferred to another tube and was
vaporated to dryness at 40 ◦C under a gentle stream of nitro-
en. The residue was dissolved in 50 �L of acetonitrile–water
40:60, v/v). A 20 �L aliquot of the solution was injected into
he LC–MS/MS system for analysis.

.7. Clinical pharmacokinetic study

The developed LC–MS/MS procedure was used to investi-
ate the plasma profiles of rizatriptan after a single oral dose of
0 mg rizatriptan tablets. A clinical study on healthy Chinese
ale volunteers, aged from 20 to 35 years, non smokers and

rinkers were conducted. The mean weight and height of these
ubjects were 60.2 kg and 173 cm, ranging from 55 to 65 kg
nd from 168 to 178 cm, respectively. On the basis of med-
cal history, clinical examination and laboratory investigation
hematology, blood biochemistry, and urine analysis), all vol-
nteers were judged to be in good health. The volunteers were
nstructed to abstain from taking any medication including over-
he counter (OTC) drugs for at least 2 weeks prior to and during
he study period and avoid any alcohol or xanthine containing
ood and beverages 36 h prior to, or during the course of the
tudy. The study was approved by a local ethics committee. The
ubjects received a single dose of 10 mg of rizatriptan under
asting conditions. Thirteen blood samples for volunteers were
ithdrawn at different time until 24 h after the administration of

he medication.

. Results and discussion

.1. Method development
Granisetron, considered as a reasonable choice of I.S. in this
ssay, is an anti-vomit drug specially used for anticancer drug
reatment and very unlikely to be co-administered with rizatrip-
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an. Moreover, granisetron is the same weak organic base as
izatriptan and gave good chromatographic behavior after opti-
ization of the mobile phase. The chromatographic conditions,

specially the composition of mobile phase, were optimized
hrough several trials to achieve good resolution and symmet-
ic peak shapes for the analyte and I.S., as well as a short run
ime. Modifiers such as ammonium acetate and acetic acid alone
r in combination in different concentrations were added. It was
ound that a mixture of acetonitrile–10 mM aqueous ammonium
cetate–acetic acid (50:50:0.5, v/v/v) could achieve this purpose
nd was finally adopted as the mobile phase. The percentage of
cetic acid was optimized to maintain this peak shape whilst
eing consistent with good ionization and fragmentation in the
ass spectrometer. After careful comparison of many columns,
Lichrospher C18 column (4.6 mm × 50 mm, 5 �m) was finally
sed with a flow rate of 1.0 mL/min to produce good peak shapes
nd permit a run time of 2 min.

In order to produce a spectroscopically clean sample and
void the introduction of non-volatile materials onto the column
nd MS system, LLE was used for the sample preparation in this
ork. Clean samples are essential for minimizing ion suppres-

ion and matrix effect in LC–MS/MS analyses. Since rizatriptan
nd granisetron are weak organic bases, plasma samples were
lkalified with 0.1 M NaOH prior to extraction in order to ensure
iberation of the analyte molecules in an effort to more effec-
ively retain the compound on the sorbent. Experience has shown
hat the addition of 50–100 �L of 0.1 M NaOH per 100 �L of
lasma is often effective at improving the extraction recovery of
nalytes. In order to develop a single step liquid–liquid extrac-
ion procedure with sufficient recovery, several commonly used
xtraction solvents, such as chloroform, ethyl acetate, diethyl
ther, dichloromethane alone or in combination in different pro-
ortions were investigated. As a different result with prior works
eported by Chen et al. [10] and Guo et al. [13], the absolute
ecovery of rizatriptan after single extraction from plasma using
elatively large volume of ethyl acetate (1 mL ethyl acetate ver-
us 100 �L plasma) was excellent (above 98% for rizatriptan
nd 97.5% for the I.S.). In this work, a simple organic solvent
thyl acetate was used as an extraction solvent under basic pH.
s a result, a clean chromatogram for a blank plasma sample

nd high recovery for the analytes from plasma was obtained.

.2. Method validation

The validation was performed with 44 runs for each batch.
he runs were composed of duplicate runs for each QC sample
t high, medium and low concentration, 10 runs for calibration
urve, blood samples of two people (14 points including blank
or each person). The blood samples ran with the order from

to 24 h, with randomized standards and QCs inserted. The
alidation experiments and results obtained are described below.

.2.1. Selectivity

Assay selectivity was evaluated by analyzing six separate

ots of drug free human control plasma. Based on the analy-
is of drug free plasma from control plasma and blank samples
ncluded in each validation run, endogenous or chemical com-

o
c
w
n
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onents did not interfere with the drug and internal standards
ver the concentration range described herein (Fig. 2a and b).
nalysis of study pre-dose samples did not show any signif-

cant interference. Rizatriptan has very little metabolism [8].
n humans the principal metabolite of rizatriptan is the indole-
-acetic acid derivative generated via oxidative deamination,
hich is catalyzed by monoamine oxidase A and the metabolites
ere detected in human urine. Both renal and nonrenal routes of

limination of rizatriptan are important, suggesting that neither
enal dysfunction nor hepatic impairment would alter the plasma
oncentration profile of rizatriptan to a clinically notable degree.
he metabolites were found to co-elute with rizatriptan and a
RM-enhanced product ion experiment was performed to screen

he presence of the metabolites in study samples. Various study
amples were re-analyzed randomly and no metabolite signal
as detected in any of them. For the assay, potential metabolite

ross-talk, in the quantification of rizatriptan was not found to
e critical.

In addition, the HPLC–MS/MS system was evaluated for the
resence of “cross-talk” between the channels used for monitor-
ng rizatriptan and granisetron. Fig. 2c and d clearly show the
bsence of any MS/MS response from the analyte into internal
tandard channel and vice versa.

The extent of matrix suppression or enhancement of ioniza-
ion was assessed by comparing the peak areas of rizatriptan
cross the QC concentration range and granisetron for sam-
les spiked after extraction from five different lots of human
lasma (i.e. lots originating from five unique donors) with
he analogous peak areas obtained by injecting neat standards
irectly. Similar with literature [13], a mean ionization enhance-
ent of 36% (C.V.lot to lot = 2.4%), 23% (C.V.lot to lot = 1.7%),

9% (C.V.lot to lot = 1.9%) for rizatriptan (0.2, 2 and 20 ng/ml)
nd 27% (C.V.lot to lot = 2.1%) for granisetron (10 ng/mL) was
bserved. The similar ionization enhancement did not affect the
atios of rizatriptan/granisetron that were used for constructing
he standard curves.

.2.2. Sensitivity and linearity
The lower limit of quantitation (LLOQ) of the assay, defined

s the lowest concentration on the standard curve that can be
uantitated with accuracy within 15% of nominal and precision
ot exceeding 15% C.V., was 0.05 ng/mL. The reproducibility of
LOQ was determined by examining five LLOQ samples inde-
endent from standard curve with 10.5% accuracy and 13.1%
.V. Calibration curves were constructed by plotting the peak
rea ratios (rizatriptan/granisetron) of plasma standards versus
ominal concentration. Linear least-squares regression analysis
ith weighting factor of 1/x2 was performed to assess better lin-

arity than 1/x. Linear calibration curves were obtained over
he range 0.05–50 ng/mL of rizatriptan in plasma. Unknown
ample concentrations exceeding 50 ng/mL were diluted appro-
riately with control plasma and re-assayed. The correlation
oefficient (r2) for the mean standard curve of five different lots

f plasma was 0.9995. The typical equation for the calibration
urve was y = 0.05725x − 0.001856. The correlation coefficients
ere above 0.999 for each run. The difference between the
ominal standard concentration and the back-calculated con-
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Fig. 2. Representative chromatograms: (a) control plasma double blank; (b) 2 ng/mL QC sample; (c) blank plasma spiked with 50 ng/mL of rizatriptan; (d) blank
plasma spiked with 10 ng/mL of the I.S.
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Fig. 2. (Continued ).

Table 1
Intra-day accuracy and precision for the determination of rizatriptan in five unique lots of human plasma

Nominal concentration (ng/mL) Back-calculated concentration (ng/mL) Accuracya (%)

Lot 1 Lot 2 Lot 3 Lot 4 Lot 5 Meanb

0.05 0.0641 0.0619 0.0541 0.0470 0.0516 0.0557 (12.8) 111.5
0.1 0.119 0.117 0.098 0.096 0.111 0.108 (9.9) 108.2
0.2 0.235 0.197 0.247 0.224 0.233 0.227 (8.3) 113.6
0.5 0.468 0.499 0.565 0.560 0.541 0.527 (7.9) 105.3
1 1.04 1.03 1.01 1.11 1.16 1.07 (5.9) 107.0
2 1.78 1.87 2.03 1.87 2.08 1.93 (6.5) 96.3
5 4.86 4.89 4.70 4.69 4.36 4.70 (4.5) 94.0

10 9.16 9.57 9.05 9.01 8.61 9.08 (3.8) 90.8
20 19.69 18.65 19.60 20.54 19.72 19.64 (3.4) 98.2
5

ration

c
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s
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o
ing concentration of 10 ng/mL. The samples were subsequently
processed using the procedure described previously. A second
set of plasma samples was processed and spiked post-extraction

Table 2
Inter-day QC accuracy and precision

Day Assayed concentration (ng/mL)a

Low QC Mid QC High QC

1 0.23 1.9 19.2
2 0.24 1.9 19.6
3 0.19 1.9 20.6
4 0.24 2.1 21.1
5 0.22 1.8 21.5

Mean 0.22 1.9 20.4
Accuracyb (%) 112.0 96.1 102.0
0 51.46 50.82 51.20

a Accuracy is expressed as [(mean observed concentration)/(nominal concent
b n = 5; numbers in parentheses are coefficients of variation (%C.V.).

entration from the weighted linear regression line was varied
rom −9.2% to 13.6% for each point on the standard curve (C.V.
aried from 2.5% to 12.8%) indicating that the linear regres-
ion analysis applied (1/x2) provided an adequate fit of the data
Table 1).

.2.3. Accuracy and precision
The intra-day accuracy and precision of the assay were deter-

ined by analyzing replicate (n = 5) standard curves. To more
ully characterize the ruggedness of the assay, the standard
urves were prepared in five different lots of plasma (i.e. lots
riginating from five unique donors). The results of this analy-
is are provided in Table 1.

Duplicate QC samples at each concentration were analyzed
aily along with standards and clinical samples. Inter-day accu-
acy and precision data for QC samples analyzed over a 5-day
eriod are provided in Table 2.
.2.4. Extraction recovery
To investigate extraction recovery, a set of samples (n = 5 at

ach concentration in unique lots of plasma) was prepared by

C

t

50.22 53.55 51.45 (2.5) 102.9

)] × 100.

piking rizatriptan into plasma at 0.2, 2, and 20 ng/mL. Each
f the samples was also spiked with granisetron at the work-
.V. (%) 9.3 6.5 4.8

a Data presented are the mean of duplicate QC samples at each concentration.
b Accuracy is expressed as [(mean observed concentration)/(nominal concen-

ration)] × 100.
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Table 3
Extraction recoverya

Nominal
concentration
(ng/mL)

Peak areab (e6)
(A)

Peak areac (e6)
(B)

Extraction recoveryd

(%) (A/B)

0.2 1.07 1.11 96.6
2 11.63 12.07 98.7
20 114.30 114.52 99.8
10 (I.S.) 90.16 92.47 97.5

a n = 5.
b Standards spiked before extraction.
c Standards spiked after extraction.
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d Extraction recovery (%) expressed as the ratio of the mean peak area of
he analytes spiked into plasma pre-extraction (A) to the mean peak area of the
nalytes spiked into plasma post-extraction (B).

ith the same concentrations of rizatriptan and granisetron that
ctually existed in the pre-extraction spiked samples (i.e. 80%
f the concentrations of rizatriptan and granisetron in the pre-
xtraction spiked samples). Extraction recovery for each analyte
as determined by calculating the ratios of the raw peak areas
f the pre-extraction spiked samples to the raw peak areas of
he samples spiked after extraction. The results are indicated
n Table 3. Mean extraction recoveries of rizatriptan at con-
entrations 0.2, 2, 20 ng/mL were 96.6%, 98.7% and 99.8%,
espectively, and the extraction recovery of the I.S. was 97.5%.

.2.5. Working standards and plasma samples stability
The stability of the working standard solutions of rizatriptan

nd internal standard working solution of granisetron were deter-
ined when stored at 4 ◦C for 7 days. The stability of rizatriptan

n human plasma were determined from QC plasma samples of
.2, 2 and 20 ng/ml stored at −20 ◦C for seven days. The dif-
erence between the compared sets of results was 10% or less,
ndicating that rizatriptan was stable for a period of seven days
n both working solutions and plasma samples.

.2.6. Benchtop stability
The stability of rizatriptan in plasma exposed to ambient

aboratory conditions prior to processing was investigated. Qual-
ty control samples (n = 3 at three concentration levels) were
emoved from −20 ◦C storage, thawed by immersion in a 37 ◦C
ater bath, and allowed to sit on a laboratory bench top for 4 h
rior to processing. A set of QC samples (n = 3 per concentration
evel) processed immediately after thawing served as a control
roup. The results, which are presented in Table 4, demonstrate
he stability of rizatriptan under these conditions.

.2.7. Freeze–thaw stability
The stability of rizatriptan in human plasma over multiple

reeze–thaw cycles was assessed. QC samples were subjected to
hree freeze–thaw cycles and analyzed along with a set of control

Cs subjected to a single freeze–thaw cycle. Each freeze–thaw

ycle consisted of storage at −20 ◦C for a minimum of 12 h
ollowed by thawing by immersion in a 37 ◦C water bath. As
hown in Table 5, rizatriptan was found to be stable through
hree cycles of freezing and thawing.
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.2.8. Processed sample stability/re-injection accuracy and
recision

The stability of rizatriptan in processed samples was investi-
ated as follows. A set of samples consisting of a standard curve
nd QCs (n = 5 per concentration) was processed and analyzed.
fter this analysis, the samples were allowed to remain on the

utosampler exposed to ambient laboratory conditions for five
ays, after which the samples were re-injected. Assayed QC
oncentrations were determined based on the initial injection of
he standard curve. The results, which are presented in Table 6,
emonstrate the stability of rizatriptan in processed samples.
ample re-injection accuracy and precision was assessed in the
ame experiment. Assayed concentrations of the re-injected QC
amples were determined using the re-injected standard curve
nd compared with the assayed concentrations determined from
he original injection of the samples. As indicated in Table 6,
o meaningful difference in accuracy or precision was found
mong these data sets.

.2.9. Sample dilution
To demonstrate the ability to dilute and analyze samples con-

aining rizatriptan at concentrations above the assay upper limit
f quantitation, a set of plasma samples was prepared contain-
ng rizatriptan at a concentration of 200 ng/mL and placed in
−20 ◦C freezer overnight prior to analysis. After thawing by

mmersion in a 37 ◦C water bath, a 20 �L aliquot was with-
rawn for analysis (n = 5), diluted with 80 �L of control human
lasma, and processed as described in Section 2.6. The results
f this experiment are shown in Table 7.

.3. Application of the assay

The assay has successfully been utilized to analyze sam-
les obtained from subjects administered oral doses of rizatrip-
an. Representative chromatograms of a control plasma double
lank, 0.05 ng/mL plasma standard, are shown in Fig. 3a and b.

A representative chromatogram from a post-dose sample is
rovided in Fig. 3c. Following the administration of 10 mg of
he compound, plasma concentrations of rizatriptan ranged from
.2 to 70.6 ng/mL. Mean plasma concentration–time curves are
hown in Fig. 4. The pharmacokinetic parameters calculated are
ummarized in Table 8. Vyas et al. [8], reported a mean AUC
area under the curve) of rizatriptan of 59.8 ng h/mL in healthy
olunteers obtained with a dose of 10 mg rizatriptan in US male
olunteers. The mean AUC observed in Chen’s study [12], is
9.86 ng h/mL, about 25% higher in Chinese male volunteers
han in US male volunteers. Guo et al. [13], reported a higher
ean AUC of rizatriptan of 95.06 ng h/mL in 10 healthy Chinese

olunteers (5 males and 5 females) obtained with a oral dose
f 10 mg rizatriptan (administration condition of fasted/non-
asted unprovided). In our study, the mean AUC observed is
51.20 ng h/mL, about 150% higher than Vyas’s study. The
aximum rizatriptan concentration (Cmax) and the time of the

aximum plasma concentration (Tmax) were determined by the

nspection of the individual drug plasma concentration–time
rofiles. Cmax is 40.34 ng/mL in our report, which is higher than
yas’s study (19.8 ng/mL), Chen’s report (20.45 ng/mL), and
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Fig. 3. Representative chromatograms: (a) control plasma double blank; (b) 0.05 ng/mL plasma standard; (c) plasma sample collected from a subject 3 h after
receiving a 10 mg oral dose of rizatriptan. The assayed concentration of rizatriptan in this sample was 16.9 ng/mL.
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Table 4
Benchtop stability of rizatriptan in human plasma

Nominal
concentration (ng/mL)

t = 0 h (control) mean assayed
concentrationa (ng/mL)

Accuracyb (%) t = 4 h mean assayed
concentrationa (ng/mL)

Accuracyb (%) Difference from
control (%)

0.2 0.22 (6.3) 107.7 0.21 (7.1) 106.9 0.7
2 1.9 (3.7) 97.3 1.9 (3.5) 95.8 1.5

20 20.7 (2.4) 103.5 20.8 (2.9) 104.2 0.7

a n = 3; numbers in parentheses are coefficients of variation (%C.V.).
b Accuracy is expressed as [(mean observed concentration)/(nominal concentration)] × 100.

Table 5
Freeze–thaw stability of rizatriptan in human plasma

Nominal
concentration (ng/mL)

1 F/T cycle (control) mean
assayed concentrationa (ng/mL)

Accuracyb (%) 3 F/T cycles mean assayed
concentrationa (ng/mL)

Accuracyb (%) Difference from
control (%)

0.2 0.22 (6.7) 107.6 0.22 (7.9) 108.1 0.5
2 1.9 (3.8) 97.4 1.9 (4.1) 96.5 0.9

20 20.8 (2.5) 104.1 20.7 (3.0) 103.6 0.5

a n = 3; numbers in parentheses are coefficients of variation (%C.V.).
b Accuracy is expressed as [(mean observed concentration)/(nominal concentration)] × 100.

Table 6
Processed sample stability and re-injection accuracy and precision

Nominal
concentration (ng/mL)

Initial injectiona Re-injectionb

Mean assayed concentrationc (ng/mL) Accuracyd (%) Mean assayed concentrationc (ng/mL) Accuracyd (%)

0.2 0.21 (6.3) 106.5 0.22 (7.1) 111.3
2 1.9 (3.7) 96.2 1.9 (5.3) 93.7

20 20.9 (2.2) 104.3 21.2 (2.7) 105.9

a Initial injection of QCs calculated from initial injection of standard curve.
b Re-injected QCs calculated from re-injected standard curve.
c n = 5; numbers in parentheses are coefficients of variation (%C.V.).
d Accuracy is expressed as [(mean observed concentration)/(nominal concentration

Table 7
Sample dilution accuracy and precision

Assayed concentration (ng/mL) Reported concentration (ng/mL)

38.2 191.0
38.9 194.5
38.7 193.5
39.2 196.0
37.6 188.0

Mean 192.6
C.V. 1.6
Accuracy (%) 96.3

Nominal concentration: 200 ng/mL; dilution factor: 5.

Table 8
Pharmacokinetic parameters for 10 volunteers after administration of a single
dose of rizatriptan

Parameter Value

Cmax (ng/mL) 40.34 ± 13.30
Tmax (h) 1.0 ± 0.2
t1/2 (h) 6.52 ± 1.46
MRT (h) 5.65 ± 1.16
AUC0–24 h (ng h/mL) 144.88 ± 23.21
AUC0–∞ (ng h/mL) 151.20 ± 25.07
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)] × 100.

uo’s article (32.59 ng/mL). These discrepancies of AUC and
max from different studies seemed to be linked to the interra-
ial variability and the between-study difference (for example,
n the study population, the study conduct, the study formula-
ion and inter-individual variability). Therefore, further study
hould be focused on the disposition and pharmacokinetics of
izatriptan in interracial groups and demographic data should be

aid much attention to. Tmax (1.0 h) among our pharmacokinetic
arameters, is a little shorter than other’s report (1.4, 1.33, and
.18 h), which can be regarded as clinically insignificant. The
limination half-life (t1/2) was calculated as 0.693/ke1. The elim-

ig. 4. Mean plasma concentration–time curve in 10 adult, healthy Chinese
ubjects when administered oral doses of 10 mg rizatriptan (linear plot).
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[11] J. Chen, X.G. Jiang, W.M. Jiang, X.L. Gao, Pharmazie 60 (2005) 39.
Y. Chen et al. / J. Chrom

nation rate constant (ke1) was obtained by regression analysis
f the semi-logarithmic plasma drug concentration–time curve
nd used to extrapolate the area from the last plasma drug con-
entration to infinity. In our study, t1/2 is 6.52 h, longer than
ther’s report (2.2, 2.23, and 2.80 h). However, the parameter
f ours is obtained from the time points of 0–24 h, the same as
uo’s method (0–24 h), and different from Vyas’s and Chen’s

0–12 h or less). According to the formulation of t1/2 and plasma
rug concentration–time curves, the data of ours is creditable,
omparing with Vyas’s and Chen’s.

The present method proved to be suitable for determining
he plasma concentrations of rizatriptan for up to 24 h follow-
ng a 10 mg dose in a small sample volume (100 �L). So, a
ufficient number of samples can be obtained in human or
ther small animals, without any impairment to its physiological
tate.

. Conclusion

An HPLC–MS/MS assay has been developed and validated
or the determination of rizatriptan in human plasma. The selec-
ivity, sensitivity, precision and accuracy obtained with this

ethod make it suitable for the purpose of the present study.
n conclusion, the method used in the present study is easy and
ast to perform; it is also characterized with an adequate accu-
acy, precision, selectivity and stability, using a small sample

olume (100 �L). The simplicity of the method, and using rapid
iquid–liquid extraction and sample turnover rate of 2.0 min per
ample, make it an attractive procedure in high-throughput bio-
nalysis of rizatriptan.

[
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The method was successfully applied to a pharmacokinetic
tudy of rizatriptan in human, following single oral dose of 10 mg
izatriptan tablets to 10 healthy Chinese male volunteers.
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