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ABSTRACT: A highly sensitive, rapid assay method has been developed and validated for the estimation of montelukast (MTK)
in human plasma with liquid chromatography coupled to tandem mass spectrometry with electro spray ionization in the
positive-ion mode. Liquid–liquid extraction was used to extract MTK and amlodipine (internal standard, IS) from human plasma.
Chromatographic separation was achieved with 10 mM ammonium acetate (pH 6.4): acetonitrile (15:85, v/v) at a flow rate of
0.50 mL/min on a Discovery HS C18 column with a total run time of 3.5 min. The MS/MS ion transitions monitored were 586.10
→ 422.10 for MTK and 409.20 → 238.30 for IS. Method validation and clinical sample analysis were performed as per FDA
guidelines and the results met the acceptance criteria. The lower limit of quantitation achieved was 0.25 ng/mL and linearity
was observed from 0.25 to 800 ng/mL. The intra-day and inter-day precisions were 5.97–8.33 and 7.09–10.13%, respectively.
This novel method has been applied to a pharmacokinetic study of MTK in humans. Copyright © 2009 John Wiley & Sons, Ltd.
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Introduction

Montelukast (MK-0476; CAS no. 158966-92-8; MTK Fig. 1), chemically
[R-(E)]-1-[[[1-[3-[2-(7-chloro-2-quinolinyl)ethenyl]phenyl]-3-[2-(1-
hydroxy-1-methylethyl)phenyl]propyl]thio]methyl]cyclopropa-
neacetic acid, monosodium salt, is a selective and orally active
leukotriene receptor antagonist that inhibits the cysteinyl leuko-
triene (CysLT1) receptor. It is used to treat and chronic treatment
of asthma in adult and pediatric patients (Jones et al., 1995).
Commercially MTK is available as film-coated and chewable
tablets (Singulair®) in different strengths, 4, 5 and 10 mg, in
major international markets. MTK is rapidly absorbed following
oral administration. Following oral administration of 10 mg film-
coated tablet to adults, the mean peak MTK plasma concentration
(Cmax) is achieved in 3–4 hours (tmax). The oral bioavailability was
found to be ~64–73%. The oral bioavailability and Cmax are not
influenced by a standard meal in the morning. It is extensively
metabolized in the liver by CYP 3A4 and 2C9. The plasma pro-
tein binding was found to be >99%. The major route of elimina-
tion is bile (Cheng et al., 1996; Balani et al., 1997; Knorr et al.,
2001; Singulair®, 2000). So far only one LC-MS/MS bioanalytical
method has been reported (Papp et al., 2007), although there
have been many high-performance liquid chromatographic (HPLC)
methods reported (Amin et al., 1995; Liu et al., 1997; Ochiai et al.,
1998; Al-Rawithi et al., 2001; Kitchen et al., 2003; Sripalakit et al.,
2008). All the HPLC methods use fluorescence detection using

either commercially available IS (Al-Rawithi et al., 2001; Sripalakit
et al., 2008) or a structural analog of MTK as an IS (Amin et al.,
1995; Liu et al., 1997; Kitchen et al., 2003), and all the methods used
protein precipitation in sample preparation with the exception
of the method reported by Ochiai et al., (1998). The lowest limit
of quantitation (LLOQ) reported using HPLC was 1 ng/mL (Ochiai
et al., 1998). The LC-MS/MS method reported by Papp et al. (2007)
gives partial method validation for MTK in sheep plasma using a
gradient elution and deuterated IS. After reviewing the reported
HPLC methods and a partially validated LC-MS/MS method, we
felt that there is a need to develop a sensitive LC-MS/MS method
in human plasma to support the human pharmacokinetic studies
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and therapeutic drug monitoring. In the present manuscript, we
are presenting a fully validated LC-MS/MS method with an LLOQ
of 0.25 ng/mL (4-fold lower than the reported LLOQ) for quanti-
tation of MTK using a single-step liquid–liquid extraction of
MTK along with IS (commercially available) from human plasma
with a total run time of 2.5 min by means of an isocratic elution.
The newly developed LC-MS/MS method was successfully used
in a human pharmacokinetic study following administration of
10 mg of MTK chewable tablet.

Experimental

Chemicals and Reagents

MTK and amlodipine (IS, Fig. 1) were procured from Generics
Division, Dr Reddy’s Laboratories, Hyderabad, India. HPLC-grade
acetonitrile and methanol were purchased from Rankem, Ran-
baxy Fine Chemicals Limited, New Delhi, India. Analytical-grade
ammonium acetate was purchased from Qualigens, Mumbai.
Control K2EDTA human plasma was obtained from Cauvery
Diagnostics and Blood Bank, Secunderabad.

HPLC Operating Conditions

Shimadzu (Shimadzu Corporation, Kyoto, Japan) Prominence
LC system equipped with degasser (DGU-20A3) and binary pump
(LC-20AD) along with auto-sampler (SIL-HTC) was used to inject
10 μL aliquots of the processed samples on a Discovery HS C18

(50 × 4.6 mm, 5 μm, Supelco, Cheshire, UK), which was kept at ambi-
ent temperature. The isocratic mobile phase, a mixture of 10 mM

ammonium acetate (pH 6.4) and acetonitrile mixture (15:85, v/v),

was filtered through a 0.45 μm membrane filter [Millipore
(XI5522050), USA or equivalent] and then degassed ultrasoni-
cally for 5 min, then delivered at a flow rate of 0.5 mL/min into
the mass spectrometer electrospray ionization chamber.

Mass Spectrometry Operating Conditions

Quantitation was achieved by MS/MS detection in positive ion
mode for analyte and IS using a MDS Sciex (Foster City, CA, USA)
API 3200 Q-Trap mass spectrometer, equipped with a Turboion-
spray™ interface at 450°C. The common parameters, viz. curtain
gas, nebulizer gas, auxillary gas and collision gas, were set at 20,
30, 35 psi and medium, respectively. The compounds parame-
ters, viz. declustering potential, collision energy, collision exit
potential, collision entrance potential and entrance potential,
for MTK and IS were 45, 35, 5, 27, 10 V and 16, 17, 4, 21, 10 V respec-
tively. Detection of the ions was performed in the multiple reaction
monitoring (MRM) mode, monitoring the transition of the m/z
586.1 precursor ion to the m/z 422.1 product ion for MTK and
m/z 409.2 precursor ion to the m/z 238.3 product ion for IS.
Quadrupole Q1 was set on low resolution, whereas Q3 was
set on unit resolution. The analytical data were processed by
Analyst software (version 1.4.2).

Preparation of Stock and Standard Solutions

Primary stock solutions of MTK for preparation of standard and
quality control (QC) samples were prepared from separate weigh-
ings. The primary stock solutions were prepared in methanol
(1000 μg/mL). The IS stock solution of 1000 μg/mL was prepared
in methanol. The stock solutions of MTK and IS were successively

Figure 1. Structural representation of montelukast (MTK) and amlodipine (IS).
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diluted with methanol to prepare working solutions to prepare
calibration curve (CC). Another set of working stock solutions of
MTK was made in methanol (from primary stock) for preparation
of QC samples. Appropriate dilutions of MTK stock solution were
made in methanol to produce working stock solutions of 0.025,
0.05, 0.12, 4.0, 12.0, 40.0, 60.0, 72.0 and 80.0 μg/mL. Working stocks
were used to prepare plasma calibration standards. A working
IS solution (5 μg/mL) was prepared in methanol. Calibration sam-
ples were prepared by spiking 115 μL of control human plasma
with the appropriate working solution of the analyte (10 μL) and
IS (50 μL) on the day of analysis. All solutions were stored at 4°C
and used within one month after preparation. Samples for the
determination of precision and accuracy were prepared by spik-
ing control human plasma in bulk with MTK at appropriate con-
centrations [0.25 (LLOQ), 0.74 (low quality control, LQC), 277.41
(medium quality control, MQC) and 554.83 (high quality control,
HQC) ng/mL] and 125 μL aliquots were distributed into different
tubes. All the samples were stored at −80 ± 10°C.

Note: Because of to the light sensitivity of montelukast sodium,
stock solutions, processed volunteers samples and standard curve
samples were kept in amber glass containers and exposure to light
was kept to a minimum during processing by working with them
only under yellow light.

Sample Preparation

To an aliquot of 125 μL human plasma sample, IS solution (50 μL
of 5 μg/mL) was added, diluted with 125 μL of saturated sodium
carbonate buffer and vortex mixed for 30 s on a cyclomixer (Remi
Instruments, Mumbai, India). To this sample mixture 2.5 mL of tertiary
butyl methyl ether was added and vortexed at 2500 rpm, then
centrifuged and evaporated to dryness at 40°C under nitrogen
gas. The residue was reconstituted with 250 μL of mobile phase
and 20 μL was directly injected onto LC-MS/MS system.

Assay Validation

A full validation according to the FDA guidelines (US DHHS et al.,
2001) was performed for the assay in human plasma. Six batches
of blank K2EDTA human plasma were screened to determine the
specificity. Linearity was assessed by weighted linear regression
(1/x 2) of analyte-IS peak area rations based on three independ-
ent calibration curves prepared on each of three separate days
using 11-point calibration curve. Accuracy (relative error) and intra-
and inter-day precision [as relative standard deviation (RSD)]
were assed by assay of six replicate QC samples on three different
occasions.

Recovery of MTK was determined by comparing peak area of
extracted QC samples with peak area of post-extraction plasma
blanks spiked at LQC, MQC and HQC (Dams et al., 2003). IS recovery
was assessed at a single concentration of 5.0 μg/mL. The effect
of human plasma constituents over the ionization of MTK and IS
was determined by comparing the responses of the post extracted
plasma standard QC samples with the response of analyte from
neat standard samples at equivalent concentrations (Hubert
et al., 1999; Dams et al., 2003).

Stability of MTK was evaluated using QC samples (LQC and HQC)
subjected to three freeze–thaw cycles stored at −80 ± 10°C for one
month and at room temperature for 8 h. Stability in injection
solvent stored in injections vials under auto-sampler conditions
was also assessed for 24 h. Dilution effect was investigated to
ensure that samples could be diluted with blank matrix without

affecting the final concentration. MTK spiked human plasma
samples prepared at two concentrations (3.70 and 5548.3 ng/mL)
were diluted with pooled human plasma at dilution factors of 5
and 10 in six replicates and analyzed.

Human Pharmacokinetic Study

A pharmacokinetic study was performed in healthy (n = 14) male
subjects. The ethics committee approved the protocol and the
volunteers provided written informed consent. Blood samples
were obtained (under yellow light) following oral administration
of 10 mg chewable MTK tablets, into polypropylene tubes con-
taining K2EDTA solution as an anti-coagulant at pre-dose, 0.50,
1.00, 1.50, 2.00, 2.50, 3.00, 3.50, 4.00, 5.00, 6.00, 7.00, 8.00, 10.00, 12.00
and 24.00 h. Plasma was harvested by centrifuging the blood
using Biofuge (Hereaus, Germany) at 3500 rpm for 5 min and stored
frozen at −80 ± 10°C until analysis. Plasma (125 μL) samples were
spiked with IS and processed as described above. Along with
clinical samples, QC samples at low, medium and high concen-
trations were assayed in duplicate and were distributed among
calibrators and unknown samples in the analytical run; not more
than 33% of the QC samples were greater than ±15% of the nominal
concentration. Plasma concentration–time data of MTK was
analyzed by non-compartmental method using WinNonlin Version
5.1 (Pharsight Corporation, Mountain View, CA, USA).

Results

Liquid Chromatography

Feasibility of various mixture(s) of solvents such as acetonitrile
and methanol using different buffers such as ammonium acetate,
ammonium formate and formic acid along with altered flow-
rates (in the range of 0.1–0.5 mL/min) were tested for complete
chromatographic resolution of MTK and IS (data not shown). The
resolution of peaks was achieved with 10 mM ammonium acetate
(pH 6.4): acetonitrile (15:85, v/v) with a flow rate of 0.5 mL/min,
on a Discovery HS C18 column (50 × 4.6 mm, 5 μm) and was found
to be suitable for the determination of electrospray response for
MTK and IS.

Mass Spectroscopy

In order to optimize ESI conditions for MTK and IS, quadrupole
full scans were carried out in positive ion detection mode. During
a direct infusion experiment, the mass spectra for MTK and IS
revealed peaks at m/z 586.10 and 409.20, respectively, as proto-
nated molecular ions, [M + H]+. Following detailed optimization
of mass spectrometry conditions (provided in Instrumentation
and chromatographic conditions section) the m/z 586.1 precursor
ion to the m/z 422.1 was used for quantification for MTK.
Similarly, for IS the m/z 409.2 precursor ion to the m/z 238.3 was
used for quantification purpose. As the earlier authors (Papp
et al., 2007) have extensively discussed the fragmentation pat-
tern, we are not presenting the data pertaining to fragmentation
in this section.

Assay Validation

The detection of MTK and IS by MRM was highly selective with
no interference at the retention times of MTK and IS. The reten-
tion time of MTK and IS was ~2.77 and 1.12 min, respectively.
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The total chromatographic run time was 3.2 min. Figure 2 shows
a typical overlaid chromatogram for the control human plasma
(free of analyte and IS), human plasma spiked with MTK at LLOQ
and IS and an in vivo plasma sample obtained at 3.5 h after oral
administration of MTK.

The plasma calibration curve was linear in the range of 0.25–
800 ng/mL. The calibration curve was prepared by determining
the best fit of peak-area ratios (peak area analyte/peak area IS) vs
concentration, and fitted to the y = mx + c using weighing factor
(1/x 2). The average regression (n = 3) was found to be ≥0.998.
Accuracy and precision data for intra- and inter-day plasma
samples are presented in Table 1. The assay values on both occa-
sions (intra- and inter-day) were found to be within the accepted
variable limits. Recovery of MTK at LQC, MQC and HQC was found
to be 88.89 ± 2.75, 90.54 ± 1.03 and 93.75 ± 2.26%, respectively. The
recovery of IS at 5.0 μg/mL was 77.83 ± 3.12%. The average matrix
factor values (matrix factor = response of post spiked concentra-
tions/response of neat concentrations) obtained for MTK was
+1.16% (CV, 7.96%, n = 6) at the LLOQ level, whereas for IS it was

Figure 2. Typical MRM chromatograms of MTK (left panel) and IS (right panel) in (a) human blank plasma, (b) human plasma spiked with IS, (c)
human plasma spiked with MTK at LLOQ (0.25 ng/mL) and IS and (d) a 3.50 h plasma sample showing MTK peak obtained following oral dose of MTK
tablet to a healthy volunteer along with IS.

Table 1. Intra- and inter-day precision of determination of
MTK in human plasma

Added 
concentration
(ng/mL)

Mean ± SD 
calculated 

concentration
(ng/mL)

RSD
(%)

Accuracy
(%)

Intra-day (six replicated at each concentration)
0.25 0.27 ± 0.02 5.97 108.0
0.74 0.69 ± 0.05 7.13 93.24

277.41 275.39 ± 22.3 8.11 99.27
554.83 542.91 ± 45.2 8.33 97.85

Inter-day (18 replicates at each concentration)
0.25 0.25 ± 0.02 10.1 100.0
0.74 0.66 ± 0.06 7.09 89.19

277.41 267.51 ± 19.35 7.23 96.43
554.83 532.11 ± 40.63 7.63 95.91
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found to be +1.18% (CV, 3.55%, n = 6) at the tested concentra-
tion of 5 μg/mL. The matrix effects at retention times of MTK and
IS were within the acceptance criteria.

The predicted concentrations for MTK at 0.74 and 554.835 ng/mL
samples deviated within ±15% of the nominal concentrations in
a battery of stability tests viz. in-injector (24 h), bench-top (8 h),
three repeated freeze–thaw cycles and freezer stability at −80 ±
10 °C for at least for 30 days (Table 2). The results were found
to be within the assay variability limits during the entire process.
The results have shown that the precision and accuracy for six
replicates of diluted samples were within the acceptance range
(data not shown). Standard curve can be extended up to 5548.3 ng/
mL without affecting the final concentrations.

Human Pharmacokinetic Study

The sensitivity and specificity of the assay were found to be suffi-
cient for accurately characterizing the plasma pharmacokinetics
of MTK in healthy volunteers. A profile of the plasma concentration
vs time of one volunteer is shown in Fig. 3. Maximum concentra-

tion in plasma (Cmax, 325 ± 134.4 ng/mL) was achieved at 3.50 ±
0.00 h (tmax). The half-life (t1/2) of MTK was 4.62 ± 0.78 h, while the
AUC (0–∞) was 3018.83 ± 845.0 ng h/mL. The derived pharmacoki-
netic parameters were found to match the literature reported
values (Cheng et al., 1996).

Conclusion
A method using LC-ESI-MS/MS for the determination of MTK in
human plasma employing simple liquid–liquid extraction was
developed using commercially available internal standard. The
method is rapid, simple, specific, sensitive and additionally
demonstrates good accuracy and precision. Compared with the
published methods, the present method is featured with high
selectivity and sensitivity with an LLOQ of 0.25 ng/mL. The estab-
lished method was successfully applied to a human pharmacok-
inetic study. We believe that this method could provide a useful
tool for the determination of MTK in human plasma and can be
used for therapeutic drug monitoring during asthma treatment
as well as from pharmacokinetic studies.

Figure 2. (Continued)
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