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a  b  s  t  r  a  c  t

A  sensitive  and  simple  detection  method  coupling  ultra-performance  liquid  chromatography  with  tan-
dem mass  spectrometry  was developed  and  validated  to analyze  sumatriptan  levels  in  human  plasma.
The plasma  sample  preparations  for the analysis  were  based  on  liquid–liquid  extraction  with  ethyl
acetate,  evaporation,  and  reconstitution.  MS/MS  detection  was  performed  on a triple-quadrupole  tan-
dem mass  spectrometer  by monitoring  the  protonated  parent  →  daughter  ion  pairs  at  m/z  296  →  58 and
m/z 388  →  71 for sumatriptan  and  terazosin  (internal  standard),  respectively.  The  method  was  validated
with  respect  to its specificity,  linearity,  sensitivity,  accuracy,  precision,  recovery,  and  stability.  The  cali-
bration  curve  was  linear  from  0.5  to 50  ng/mL  (r  > 0.999).  The  mean  extraction  recovery  for  sumatriptan
was  higher  than  62.3%.  The  method  accuracy  was  within  97.4%,  and  the relative  standard  deviation  of
ethod validation the  intra-  and  inter-day  precision  values  was  within  11.7%  at all quality  control  levels.  Plasma  samples
that  contained  sumatriptan  were  stable  under  three  freeze–thaw  cycles,  short-  and  long-term  storage,
and  autosampler  conditions.  This  method  was  successfully  applied  to  a  pharmacokinetic  study  con-
ducted  with  10  healthy  volunteers.  After  oral  administration  of  50-mg  sumatriptan  and  serial  blood
sampling  over  12  h, the  mean  area  under  the  plasma  concentration–time  curve  from  time  0  to  12 h  and
the  maximum  plasma  concentration  were  116.2  ng h/mL  and  33.2  ng/mL,  respectively.
. Introduction

Migraines are a common disease characterized by a unilat-
ral pulsating headache, nausea, vomiting, and photophobia [1].
umatriptan, a selective 5-hydroxytryptamine (serotonin) type 1B
eceptor agonist, is the first-line therapy for migraines that have not
esponded to an acceptable dose of analgesics [2].  The low bioavail-
bility (∼14%) of sumatriptan is due to pre-systemic metabolism
nd incomplete absorption of the drug after its oral administration
3].
Several previously reported sumatriptan quantitation meth-
ds include gas chromatography (GC) with mass spectrometry
MS) [4],  high-performance liquid chromatography (HPLC) with
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fluorescence [5],  and UV [3,6,7].  These methods, however, suffer
from relatively low sensitivity [1,3,5,6,8],  high plasma volumes
required for sample preparation [1,5], and longer runtimes [5,7].
Although several LC–MS/MS methods [1,8–10] for determining
sumatriptan levels in plasma have been reported, they too suffered
from low sensitivity [1,8,11] and high sample volumes and required
complicated sample preparation and expensive instrumentation
[1,8–11]. Thus, simpler and more sensitive assay methods are
required to measure sumatriptan in human plasma samples. The
current study describes a sensitive and simple U-HPLC–MS/MS
method and its application to a clinical pharmacokinetic study of
sumatriptan succinate in healthy male volunteers.

2. Experimental methodology

2.1. Reagents and chemicals
Sumatriptan (lot no. STS1106025) was purchased from SMS
Pharmaceuticals, and the internal standard (IS), terazosin (lot no.
076K4116), and ACS reagent-grade formic acid were purchased

dx.doi.org/10.1016/j.jchromb.2013.01.004
http://www.sciencedirect.com/science/journal/15700232
http://www.elsevier.com/locate/chromb
mailto:haewonbbc@nate.com
mailto:yry@knu.ac.kr
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rom Sigma–Aldrich (St. Louis, MO,  USA). Sumatriptan succinate
or oral administration was supplied by Myung In Pharm. CO.
td (Seoul, Korea). HPLC-grade acetonitrile and ethyl acetate were
btained from Merck (Darmstadt, Germany). Ultrapure water for
hromatography was prepared using a Milli-Q water purification
ystem (Millipore). Heparinized, blank human plasma samples
ere obtained from healthy Korean male volunteers.

.2. Liquid-chromatography–tandem mass spectrometry

The ACQUITYTM U-HPLC system was coupled with a Quattro
remier XETM Micromass® triple quadrupole mass spectrometer
Waters Corp., Milford, MA,  USA). The chromatographic separa-
ion was performed at 30 ± 5 ◦C on an ACQUITYTM U-HPLC BEH
18 Column (50 mm × 2.1 mm,  1.7 �m,  Waters). Sumatriptan was
luted with an isocratic mobile-phase water–acetonitrile–formic
cid (83:17:0.1, v/v/v) at a flow rate of 0.2 mL/min and with a total
un time of 5 min  for each sample. The mobile phase was  filtered
hrough a 0.22-�m membrane filter (Millipore, Dublin, Ireland).
he autosampler was maintained at 10 ± 5 ◦C, and the samples
5 �L, a partial loop in the needle overfill mode) were injected
hrough the column into the mass spectrometer. Mass detection
as used in the positive electrospray ionization (ESI) ion mode,
hich was performed using multiple reaction monitoring (MRM).

he MS  parameters were as follows: source temperature, 80 ◦C,
esolvation temperature, 250 ◦C, capillary voltage, 4.0 kV, cone gas
ow, 47 L/h of nitrogen gas, and desolvation gas flow 599 L/h of
itrogen gas. The cone voltage and collision energy were 30 V
nd 19 eV for sumatriptan, and 52 V and 37 eV for terazosin (IS),
espectively. Argon was used as the collision gas at a flow rate of
.25 mL/min. All the data were collected, processed, and calculated
sing MassLynxTM software with QuanLynxTM (Waters Corp.).

.3. Preparation of standards and quality controls

Stock solutions of sumatriptan and IS were prepared separately
n ultrapure water at concentrations of 1 mg/mL  and stored at
20 ◦C. Standard sumatriptan solutions at concentrations of 5, 10,
0, 100, 200, 400, and 500 ng/mL and an IS solution at 1 �g/mL
ere prepared via serial dilution of the stock solutions of suma-

riptan and IS with ultrapure water. Heparinized drug-free blank
lasma was spiked with standard solutions to prepare calibration
tandards of 0.5, 1, 5, 10, 20, 40, and 50 ng/mL of sumatriptan with
.1 �g/mL of IS. Quality control (QC) samples were prepared at
our concentrations: 0.5 ng/mL (lower limit of quantitation, LLOQ),

 ng/mL (low, LQC), 10 ng/mL (middle, MQC), and 50 ng/mL (high,
QC). All standard stock solutions were kept at −20 ◦C until anal-
sis. The standards and QC samples were extracted daily before
nalysis using the following procedure for the plasma samples.

.4. Plasma sample preparation

The plasma samples were stored at −80 ◦C and allowed to thaw
radually to room temperature before processing. After 200-�L
liquots of plasma were transferred into microcentriguge tubes,
0 �L of IS solution (1 �g/mL of terazosin) were added to each tube,
nd the tubes were briefly vortexed. Ethyl acetate (1.7 mL)  was
dded to each tube, and the mixture was vortexed for 5 min  and
entrifuged at 16,100 × g for 5 min  at 4 ◦C. Next, 1.5 mL  of the upper
rganic layer were transferred to another glass tube and evaporated
ntil dry for 40 min  at 45 ◦C using a SpeedVac vacuum evaporator

Savant Instruments, Holbrook, NY, USA).

The dry residue was reconstituted in 100 �L of diluent
water–acetonitrile–formic acid, 83:17:0.1, v/v/v) and vortexed for

 min. The resulting solution was filtered through a nylon filter
19– 920 (2013) 38– 42 39

(0.22 �m,  4 mm;  Millipore) into glass vials, and 5 �L of this solution
were injected into the U-HPLC–MS/MS system.

2.5. Method validation

The full validation was  performed according to the KFDA guide-
lines for human plasma [12,13].

2.5.1. Specificity
To determine whether endogenous compounds interfered with

the analysis, drug-free plasma samples from six different indi-
viduals were analyzed to detect potential interferents at the LC
retention times for sumatriptan and IS.

2.5.2. Linearity and sensitivity
The calibration curve was  determined to be in the range of

0.5–50 ng/mL. The linearity was evaluated by constructing a lin-
ear regression equation that fit the peak-area ratio of sumatriptan
to IS versus the sumatriptan concentration using a weighted (1/x)
least-squares regression.

The analyte signal at the LLOQ should be at least 10 times the
signal of the blank plasma when carry-over effects are considered.

2.5.3. Accuracy and precision
The intra-day accuracy and precision were assessed by analyz-

ing five replicates of each QC sample (0.5, 1, 10, and 50 ng/mL)
on the same day. The inter-day accuracy and precision were
determined by analyzing the QC samples on five different days.
The accuracy was calculated as (measured concentration/nominal
concentration) × 100%, and the precision was expressed as the
relative standard deviation (RSD) defined as standard devia-
tion/mean × 100%. The accuracy should deviate not more than
±15% from the nominal concentration and the precision should be
≤15%, except at the LLOQ where an accuracy of ±20% and a precision
of ≤20% were considered acceptable.

2.5.4. Recovery
The extraction recoveries of sumatriptan from the three QC

samples (1, 10, and 50 ng/mL) were determined by comparing the
peak-area ratio of the spiked sumatriptan in the blank plasma sam-
ple before and after extraction at the corresponding concentrations.
IS recovery was  determined at a single concentration (1 �g/mL) in
a similar manner.

2.5.5. Stability experiments
Stability was measured at the low (1 ng/mL) and high (50 ng/mL)

QC concentrations in triplicate. Four stability conditions were
tested: post-preparation stability at 10 ◦C for 24 h, freeze–thaw sta-
bility for three cycles, short-term stability at room temperature for
6 h, and long-term stability at −70 ◦C for 37 days. The stability of
stock solutions was  also analyzed for 25 day at −20 ◦C. All samples
were analyzed with the same calibration curve, as discussed above.

2.6. Pharmacokinetic application

The validation method was  applied to a pharmacokinetic study
of sumatriptan among healthy volunteers. The pharmacokinetic
study protocol was approved by the institutional review board of
Kyungpook National University Hospital (Daegu, Korea), and all the
volunteers provided written informed consent. After an overnight
fast of 12 h, the volunteers received a single, 50-mg oral dose of
sumatriptan succinate with 240 mL  of water. An additional water

intake was permitted 2 h after dosing. No volunteers were allowed
to take any concomitant medication during the study period. Blood
samples (8 mL)  were collected in tubes containing sodium heparin
before (0 h) and at 0.25, 0.5, 0.75, 1, 1.5, 2, 2.5, 3, 4, 6, 8, 10, and
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ig. 1. Typical MRM chromatogram of sumatriptan (upper panel) and terazosin (low
umatriptan tablet spiked with terazosin (experimental conditions were as describ

2 h after sumatriptan administration. The plasma samples were
mmediately separated from the blood via centrifugation at 800 × g
or 10 min  at 4 ◦C and were stored at −70 ◦C until their subse-
uent analysis. The pharmacokinetic parameters were calculated
sing WinNonlin 5.2 software (Pharsight Corporation, CA, USA),

ncluding the area under the curve (AUC), maximum plasma con-
entration (Cmax), the time to reach Cmax (Tmax) and the half-life
t1/2) of sumatriptan.

. Results and discussion

.1. Liquid-chromatography–tandem mass spectrometry

To optimize ionization, 1 �g/mL of sumatriptan and 1 �g/mL of
S solutions were infused along with the mobile phase (0.2 mL/min),
irectly into the mass spectrometer in positive- and negative-ion
ode. The observed ion abundances of sumatriptan and IS were sig-

ificantly greater in positive-ion mode. In the fully scanned mass
pectra, the positive ESI of sumatriptan and IS produced molecular
ons ([M+H]+) at m/z 296 and 388, respectively. The most abun-
ant and stable product ions were observed at m/z 58 and 71 for
umatriptan and IS, respectively.

Analyses were initiated under isocratic conditions. Mobile
hases were evaluated for symmetric peak shape, sensitivity, and

ow background noise. Acetonitrile and methanol, buffered with
ormic acid and ammonium formate, resulted in the highest resolu-
ion. A mobile phase of water–acetonitrile–formic acid (83:17:0.1,
/v/v) was chosen for this study. Fig. 1 shows a typical, represen-
ative chromatogram of extract from volunteer plasma that had
een spiked with IS. The retention times were 2.0 and 3.8 min  for
umatriptan and IS, respectively.

.2. Sample preparation and recovery

Tan et al. [8] recently reported that the solid-phase extraction
SPE) method can reduce the matrix effect and is sensitive and easy
o apply to the analysis of human plasma samples. However, this

ethod requires a special set-up and greater overall time and cost.
n this study, the liquid–liquid extraction (LLE) method was used
o extract sumatriptan from the plasma samples.

The mean percent recovery values of sumatriptan were 69.8,
2.9, and 62.3% for the plasma samples (n = 3) at concentrations of
, 10, and 50 ng/mL, respectively. The mean percent recovery for IS

as 82.6% for the plasma samples at a concentration of 1000 ng/mL.

he RSDs (%) of these values were within 11.8%. This extraction
rocedure for sumatriptan and IS was deemed consistent, precise,
nd reproducible.
nel) from a plasma sample from a volunteer 1 h after oral administration of a 50-mg
he text).

3.3. Specificity

In this study, the specificity was  investigated using independent
drug-free plasma. No interfering endogenous peaks at the retention
times (supplementary Figure) of sumatriptan (0.5 ng/mL) and IS
(1 �g/mL) were observed in typical MRM  chromatograms of blank
human plasma and blank human plasma spiked with IS.

Supplementary data associated with this article can be found,
in the online version, at http://dx.doi.org/10.1016/j.jchromb.2013.
01.004.

3.4. Lower limit of quantitation (LLOQ) and linearity

The linear regression equation was y = 0.146x − 0.00607, and
the correlation coefficient (r) was 0.999 for all calibration curves,
wherein y is the peak-area ratio (peak area of sumatriptan/peak
area of IS) and x is the concentration of sumatriptan (ng/mL) in the
plasma samples. This method had increased sensitivity (0.5 ng/mL)
compared to previous studies [4,5] and was  sufficiently sensitive for
the determination and pharmacokinetic analysis of sumatriptan in
humans. Patel et al. [9] reported an LLOQ of 0.05 ng/mL for suma-
triptan. While this is lower than the LLOQ obtained in the current
study, it required complicated sample preparation and expensive
instrumentation.

3.5. Accuracy and precision

Accuracy and precision were determined through replicate
analyses at four concentrations. The results are summarized in
Table 1. The data indicate that accuracy and precision were within
an acceptable range for analytical applications.

3.6. Stability

The QC plasma samples at two concentrations (1 and 50 ng/mL)
were stable during sample preparation procedures, storage, and
after sample extraction. The stability of sumatriptan is summarized
in Table 2. Stored sumatriptan and IS stock solutions were stable
for up to 24 days at −20 ◦C. Sumatriptan levels in human plasma
varied only slightly, indicating adequate sample stability under the
examined conditions.

3.7. Pharmacokinetic application

The established U-HPLC–MS/MS analysis method was success-

fully applied to a pharmacokinetic study of sumatriptan. The
sumatriptan concentrations in plasma were quantifiable after oral
administration of a 50-mg dose to 10 healthy Korean male volun-
teers. Mean concentration–time profiles of sumatriptan in plasma

http://dx.doi.org/10.1016/j.jchromb.2013.01.004
http://dx.doi.org/10.1016/j.jchromb.2013.01.004
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Table 1
Intra-day (n = 5) accuracy and precision of quality control samples containing sumatriptan at four concentrations (0.5, 1, 10 and 50 ng/mL) in plasma.

Nominal con. (ng/mL) Calculated con. (mean ± ng/mL) Precision (RSD,%) Accuracy (%)

Intra-day Inter-day Intra-day Inter-day Intra-day Inter-day

0.5 0.51 ± 0.04 0.50 ± 0.05 8.44 11.73 102.88 99.96
1  0.97 ± 0.09 1.00 ± 0.08 9.15 7.55 97.40 99.92

10 9.78 ±  0.88 10.08 ± 0.46 8.96 5.98 97.77 100.77
50 49.38 ±  2.92 50.66 ± 3.14 5.92 5.91 98.76 101.32

Table 2
Stability of sumatriptan standard in plasma at four different concentrations (n = 3).

Added QC concentrations (ng/mL) Calculated concentrations (mean ± SD, ng/mL)

Post-preparationa Freeze–thaw cycles (n = 3) Short-termb Long-termc

1
Mean ± SD 0.92 ± 0.02 1.00 ± 0.04 1.07 ± 0.04 1.07 ± 0.03
%  Relative concentration 96.6 90.1 112.2 99.8

50
Mean ± SD 49.03 ± 1.92 50.55 ± 0.34 53.98 ± 2.08 49.79 ± 1.11
%  Relative concentration 98.4 92.61 108.4 101.1

10  (sumatriptan stock)
% Relative concentrationd 100.1

100 (IS stock)
% Relative concentrationd 97.8

a After 24 h at 10 ◦C.
b After 6 h at room temperature.
c After 37 days at −20 ◦C.
d 24 days at −20 ◦C.

Fig. 2. Plasma concentration as a function of time after a single oral dose of 50-
m
d

a
g
e
M
A

T
C
5

g  sumatriptan for 10 healthy male volunteers. Data show the mean and standard
eviation.

re shown in Fig. 2, and calculated pharmacokinetic parameters are
iven in Table 3. At equivalent doses, the pharmacokinetic param-

ters in the current study were comparable to those obtained by
oore et al. [14] (Dose normalized pharmacokinetic parameters:

UClast of 2.21 ng h/mL, Cmax of 0.64 ng/mL, Tmax of 1.0 h, and t1/2 of

able 3
alculated pharmacokinetic parameters of sumatriptan after oral administration of
0-mg to healthy male volunteers (n = 10).

Pharmacokinetic parameters Mean ± SD

AUClast (ng h/mL) 116.23 ± 24.42
Cmax (ng/mL) 33.21 ± 9.08
Dose-normalized (to 1 mg)

AUClast (ng h/mL) 2.32 ± 0.49
Cmax (ng/mL) 0.66 ± 0.18

Tmax (h) 1.13 ± 0.63
t1/2 (h) 2.96 ± 1.11
2.1 h). These results also agree well with the results of the authors’
previous study.

This study had some apparent limitations. The LC–MS-based ion
suppression and enhancement profiles of the individual human
serum samples, including those of the patients, were consider-
ably different [15]. Accordingly, isotope-labeled internal standards
with similar physicochemical properties as the target compound
are usually considered state-of-the-art for LC–MS-based assay as
well as a powerful approach for compensating for the suppression
and enhancement effects in a matrix (as a deproteinized plasma)
[16]. The matrix effect was represented as a practical disadvan-
tage of instrumental techniques such as LC–MS analysis that has
a major effect on quantitative analysis, reducing its accuracy and
precision [17]. In this study, the retention times of sumatriptan
and IS in a blank plasma sample were determined for consider-
ation as a replacement for matrix effect examination. However, it
was shown to be even more inaccurate method, compared to the
other strategies for determining the matrix effect degree such as
postextraction addition, and postcolumn infusion [15,18,19].  In a
biological sample, the best way to adjust for the matrix effect is for
the analysts to use an isotope-labeled internal standard. Accord-
ingly, further study is required to confirm the matrix effect using
an isotope-labeled internal standard in sumatriptan validation.

4. Conclusion

An U-HPLC–MS/MS analysis method for the quantification of
sumatriptan was  developed and validated using human plasma.
This validated method had increased sensitivity and simplicity for
application in human pharmacokinetic studies. Compared with
previously published validation methods, our LLOQ (0.5 ng/mL)
is significantly lower than the 1 ng/mL reported by Karthic et al.
[1] and Tan et al. [8].  The LLE sample preparation method in our
study was more simplistic than previous SPE sample preparation

methods [1,8]. The sensitivity and speed of sumatriptan analy-
sis were achieved with an LLOQ of 0.5 ng/mL and a complete
LLE analysis time of 5 min  per sample, which makes it suitable
for high-throughput bioanalysis of sumatriptan. This method was
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