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bstract

A rapid, selective and sensitive liquid chromatography–tandem mass spectrometry (LC–MS–MS) method with positive electrospray ionization
ESI) was developed for the quantification of ranolazine in human plasma. After liquid–liquid extraction of ranolazine and internal standard (ISTD)
henoprolamine from a 100 �l specimen of plasma, HPLC separation was achieved on a Nova-Pak C18 column, using acetonitrile–water–formic
cid–10% n-butylamine (70:30:0.5:0.08, v/v/v/v) as the mobile phase. The mass spectrometer was operated in multiple reaction monitoring (MRM)
ode using the transition m/z 428.5 → m/z 279.1 for ranolazine and m/z 344.3 → m/z 165.1 for the internal standard, respectively. Linear calibration
urves were obtained in the concentration range of 5–4000 ng/ml, with a lower limit of quantitation (LLOQ) of 5 ng/ml. The intra- and inter-day
recision values were below 3.7% and accuracy was within ±3.2% at all three quality control (QC) levels. This method was found suitable for the
nalysis of plasma samples collected during the phase I pharmacokinetic studies of ranolazine performed in 28 healthy volunteers after single oral
oses from 200 mg to 800 mg.

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

Ranolazine, (±)-N-(2,6-dimethylphenyl)-4-[2-hydroxy-3-
2-methoxyphenoxy)propyl]-1-piperazine acetamide, is an
nteresting anti-anginal and anti-ischemic agent in clinical
evelopment. Unlike existing anti-ischemic agents, ranolazine
as been shown to modulate the metabolism of ischemia
yocardial cells and improve the efficiency of oxygen use, by

ncreasing myocardial glucose oxidation and decreasing fatty
cid oxidation [1,2].

Ranolazine is extensively metabolized in the liver by the
ytochrome P450 (CYP) 3A and 2D6 enzymes, with 5–10%
eing excreted unchanged by the kidneys [3]. Three major

etabolites of ranolazine are produced by dearylation, O-

emethylation and N-dealkylation, which are all at levels greater
han 10% of the parent drug [3–5].

∗ Corresponding author. Fax: +86 10 6835 4535.
E-mail addresses: ittl@fuwaihospital.org, LiYiShi@public3.bta.net.cn

Y. Li).

e
a
a
p
f
p
m

570-0232/$ – see front matter © 2006 Elsevier B.V. All rights reserved.
oi:10.1016/j.jchromb.2006.08.010
Since ranolazine lacks strong characteristic UV absorption,
HPLC–UV detection method does not provide suitable sen-

itivity and selectivity for the determination of ranolazine in
iological samples [6]. Herron et al. [5] developed a LC–MS
trategy with solid-phase extraction (SPE) procedure for esti-
ation of ranolazine and its metabolites in human plasma, but

t was not sensitive enough for pharmacokinetic studies and
id not provide a detailed description of the method. Recently,
wo LC–MS methods with selected ion monitoring (SIM) have
een published [7,8]; both of them allowed the quantitation of
anolazine in rat plasma with the lower limit of quantitation
LLOQ) above 20 ng/ml and much longer HPLC/MS analysis
ime (4 min or 7 min per sample).

Electrospray liquid chromatography–tandem mass spectrom-
try (LC–MS–MS) is currently gaining widespread acceptance
mong pharmaceutical scientists for the quantitation of drugs
nd their metabolites in biological matrices. The aim of this

aper was to develop a fast and sensitive LC–MS–MS method
or the determination of ranolazine in human plasma with
ositive electrospray ionization ((ESI(+)) in multiple reaction
onitoring (MRM) mode. Following validation, this method
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as successfully applied to phase I pharmacokinetic studies of
anolazine performed in 28 healthy volunteers after single oral
oses from 200 mg to 800 mg, using 0.1 ml plasma sample.

. Experimental

.1. Materials and reagents

Ranolazine hydrochloride was provided by Harbin Phar-
aceutical Factory (Harbin, China) with the purity above

9%. The internal standard (ISTD) phenoprolamine hydrochlo-
ide (1-(2,6-dimethlphenoxy)-2-(3,4-dimethoxyphenylethyl-
mino)propane hydrochloride) was obtained from China
harmaceutical University (Nanjing, China) and its purity was
lso above 99%.

HPLC grade acetonitrile, methanol, and methyl-tert butyl
ther were all obtained from Fisher (Fair Lawn, NJ, USA).
ormic acid (98%) was purchased from Fluka (Buchs, Switzer-

and) and n-butylamine from Aldrich (Milwaukee, USA). All the
eagents were used without any further purification. Deionized
ater was generated in-house with a Milli-Q Gradient system

Millipore, Bedford, MA, USA) and was used throughout the
tudy.

For the validation of the method, blood samples from healthy
olunteers were collected in heparinized tubes and plasma was
btained after centrifugation. Pooled drug-free plasma samples
ere frozen at −20 ◦C and used throughout the study for the
reparation of calibration standards and quality control (QC)
amples.

.2. Instrumentation

An Agilent 1100 system (Wilmington, DE, USA) consist-
ng of a vacuum degasser, a binary pump, a column oven and
n autosampler was used for solvent and sample delivery.
hromatography was carried out using a Nova-Pak C18 col-
mn (150 mm × 3.9 mm, 5 �m, Waters, Milford, MA, USA),
luting isocratically at 1.2 ml/min with a mobile phase of
cetonitrile–water–formic acid–10% n-butylamine (70:30:0.5:
.08, v/v/v/v). The effluent from the liquid chromatography
as split post-column using a T connection in order to get a

iquid flow to the TurboIonSpray interface of approximately
50 �l/min. The column temperature was maintained at 30 ◦C.

An Applied Biosystems MDS Sciex (Concord, Ontario,
anada) API 4000 triple-quadrupole mass spectrometer
quipped with a TurboIonSpray ionization (ESI) source was
sed for mass spectral analysis and the system was operated
n positive mode. Optimisation of the MS conditions was car-
ied out using a solution containing 200 ng/ml of ranolazine and
he internal standard phenoprolamine, delivered via a Harvard
yringe pump (Harvard Apparatus, SouthNatick, MA, USA) at
constant flow-rate of 5 �l/min. The nebulizer and TurboIon-
pray gases (nitrogen) were set at 30 and 20 instrument units,

espectively. The optimized TurboIonSpray voltage and tem-
erature were set at 5000 V and 420 ◦C, respectively. Nitrogen
as also used as curtain gas and collision cell gas, which were

et at 30 and 6 instrument units, respectively. Quantitation was
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erformed using the multiple reaction monitoring transition m/z
28.5 → m/z 279.1 for ranolazine and m/z 344.3 → m/z 165.1 for
he internal standard, respectively, with a dwell time of 150 ms
er transition. The optimized collision energy of 33 eV was used
or the analyte and 29 eV for the internal standard. The mass
pectrometer was operated at unit mass resolution (peak width
t half-height set at 0.7 Da) for both Q1 and Q3.

.3. Preparation of standard and quality control solutions

Stock solutions of ranolazine and the internal standard were
repared by dissolving the accurately weighed standard com-
ounds in methanol to give final concentrations of 1 mg/ml.
uccessive dilutions from this stock solution with purified water
ave working standard solutions at concentrations of 5, 10, 20,
0, 100, 200, 500, 1000, 2000 and 4000 ng/ml. The quality
ontrol working solutions were prepared at three different con-
entration levels, low level (10 ng/ml), middle level (200 ng/ml)
nd a high level (2000 ng/ml). The extraction solvent containing
0 ng/ml ISTD was prepared by diluting ISTD stock solution
ith methyl-tert butyl ether.
The working solutions (0.1 ml) were used to spike blank

lasma (0.1 ml) either for calibration curves or for QC samples
n prestudy validation and during the pharmacokinetic study.

All the solutions were stored at 4 ◦C and were brought to
oom temperature prior to use.

.4. Sample preparation

An aliquot of plasma (0.1 ml) was mixed with 0.1 ml purified
ater and 0.2 ml of 0.5 M Na2CO3, then extracted with 2 ml
ethyl-tert butyl ether (containing 10 ng/ml ISTD) for 3 min.
he organic and aqueous phases were separated by centrifu-
ation at 3000 × g for 10 min. The upper organic phase was
ransferred to another glass tube and was evaporated to dryness
t 40 ◦C under a gentle stream of nitrogen. The residue was dis-
olved in 400 �l of the mobile phase, a 10 �l aliquot was injected
nto the LC–MS–MS system for analysis.

.5. Data acquisition and analysis

Data were collected and analyzed by Analyst 1.3.1 soft-
are (Applied Biosystems MDS Sciex). Calibration of ana-

yte was done by establishing a linear regression function after
/x2 weighting of the analyte/ISTD peak area ratio versus ana-
yte concentration relationship. Drug concentrations for the
nknown and QC samples were calculated by interpolation from
he calibration curves prepared in the same analysis run.

.6. Method validation

The selectivity of the method was measured by analysis of

ix blank plasma samples of different origin for interference
t the retention times of the analyte and ISTD. The selective
etermination of ranolazine was illustrated by analysis of two
RM transitions characteristic of the analyte and ISTD.
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In order to assess the intra- and inter-day precision and accu-
acy, complete analytical runs were performed on the same day
nd on four consecutive days. Each analytical run consisted of a
atrix blank, a set of calibration standards, six replicate LLOQ

amples, and a set of low, medium and high concentration QC
amples. Concentrations for the QC samples were calculated by
eference to the calibration curve generated from the calibration
tandards. The LLOQ was defined as the concentration of the
owest concentration standard in the calibration curve that was
nalyzed with accuracy within ±15% and a precision ≤15%.
uring routine analysis each analytical run included a matrix
lank, a set of calibration samples, a set of QC samples in dupli-
ate and unknowns.

The extraction recoveries of ranolazine were determined at
hree QC levels by comparing the analyte/ISTD peak area ratios
n spiked samples with the peak area ratios of samples that had
he analyte spiked post-extraction. The internal standards were
dded to both sets of samples post-extraction.

Stability tests were performed for analyte-spiked plasma
amples under various conditions (four freeze-thaw cycles; stor-
ge at room temperature for 24 h) by analyzing six replicates at
ow, medium and high QC concentrations.

. Results and discussion

.1. LC–MS–MS
The fast HPLC separation was achieved in a total runtime
f 2.0 min on a Nova-Pak C18 column, using a mobile phase
f acetonitrile–water–formic acid–10% n-butylamine (70:30:

b
t
p

ig. 1. Representative MRM chromatograms of (A) blank plasma sample; (B) blank
nd (C) a plasma sample about 1000 ng/ml from a volunteer after oral administration o
espectively.
B 846 (2007) 346–350

.5:0.08, v/v/v/v). The addition of the two modifiers was a crit-
cal factor in achieving good chromatographic peak shape and
eeping the analyte and the internal standard at suitable retention
ime (1.1 min and 1.4 min, respectively) (Fig. 1). It was found
hat the presence of formic acid in the mobile phase improved
he intensity of the analyte response under ESI conditions. The
ddition of n-butylamine effected the retention time of the ana-
yte and the internal standard significantly, we observed a shift
n the retention time of ranolazine from 5.5 min to 1.1 min by
he addition of 80 �l 10% n-butylamine in 100 ml mobile phase.

APCI was also investigated in the analysis but provided no
ensitivity advantages over electrospray. The positive ion elec-
rospray mass spectra of ranolazine and the internal standard
n the full scan Q1 mode both showed the protonated molecu-
ar ion [M + H]+ as the base peak, m/z 428.5 for ranolazine and
/z 344.3 for the internal standard. By increasing the collision

nergy, the fragmentation patterns of the protonated molecular
ons were observed. The product ion mass spectra of ranolazine
nd the internal standard were shown in Fig. 2, in which the most
ntense product ions were observed at m/z 279.1 for ranolazine
nd m/z 165.1 for the internal standard. These fragmentation
chemes are shown in Fig. 2.

.2. Method validation

.2.1. Assay selectivity

Interference from endogenous substances was investigated

y measurement of six blank plasma of different origin and
his interference was minimized by the combination of sam-
le preparation, HPLC separation and MS/MS detection. Assay

plasma sample spiked with 5 ng/ml ranolazine and 200 ng/ml internal standard;
f 400 mg ranolazine. Peaks I and II refer to ranolazine and the internal standard,
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Table 1
Back-calculated concentrations from calibration curves for LC–MS–MS determination of ranolazine

Added C (ng/ml)

5.0 10.0 20.0 50.0 100.0 200.0 500.0 1000.0 2000.0 4000.0

Back-calculated C (ng/ml) 5.1 9.9 19.1 52.5 96.9 218.6 518.5 1015.4 1938.0 3652.9
5.1 10.1 18.5 47.4 91.7 205.7 491.8 1085.9 2077.2 4169.0
5.2 9.6 19.0 48.6 99.1 203.4 523.6 1038.1 1960.7 4041.1
5.3 9.2 19.0 50.5 98.8 205.0 512.0 1057.4 1940.8 4011.2
5.2 9.7 18.4 48.6 99.8 214.9 498.7 1088.8 2041.3 3678.7

Mean (ng/ml) 5.2 9.7 18.8 49.5 97.3 209.5 508.9 1057.1 1991.6 3910.6
S.D. (ng/ml) 0.1 0.3 0.3 2.0
R.S.D. (%) 1.4 3.4 1.8 4.0
Recovery (%) 103.0 97.1 94.0 99.1
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ig. 2. Positive ion ESI mass spectra of (A) ranolazine and (B) phenoprolamine
ISTD) with each protonated molecule [M + H]+ as precursor ion.

electivity was confirmed by the absence of interfering peaks
t the retention times of ranolazine and the internal standard
Fig. 1).

Ion suppression due to co-eluting substances was also inves-
igated by comparing the peak areas from standards added to six

xtracted blank plasma samples of different origin with those
f the corresponding standard solutions. No significant matrix
ffect was observed for ranolazine and the internal standard.

t
s
p

able 2
recision, accuracy and LLOQ results for the determination of ranolazine in human p

dded C (ng/ml) Found C (ng/ml) Intra-day R.S.D.

10.0 9.7 3.4
200.0 202.7 2.5
000.0 1945.0 2.8

5.0 4.9 5.2
3.3 6.8 13.4 31.4 63.7 231.4
3.4 3.2 2.6 3.0 3.2 5.9

97.3 104.8 101.8 105.7 99.6 97.8

.2.2. Linearity of calibration curve and lower limit of
uantitation

Linear calibration curves with correlation coefficients greater
han 0.995 were obtained over the concentration range of
–4000 ng/ml for ranolazine in human plasma. Results of five
epresentative calibration curves for determination of ranolazine
re given in Table 1. The current assay had a lower limit of
uantitation of 5 ng/ml (n = 6) with signal-to-noise ratio above
00.

Despite the success of electrospray for quantitative analysis,
he technique does have certain limitations. One such funda-

ental problem is limited dynamic range. In this study, it was
ound that the response no longer increased in a linear fashion
ith concentration above 6000 ng/ml. Experiments by Bruins

ndicated that the limited dynamic range was caused by an inef-
ciency of ionization of droplet being converted to gas-phase

ons [9].

.2.3. Precision, accuracy and extraction recovery
Data for intra- and inter-day precision and accuracy of the

ssay are summarized in Table 2. The intra- and inter-day pre-
ision were less than 4% for each QC level of ranolazine. The
ccuracy, expressed in the relative error (RE), was within ±3%
t all three QC levels.

The mean extraction recoveries of ranolazine were 72.5 ±
.4%, 69.1 ± 0.9%, and 75.8 ± 2.5% at concentrations of
0 ng/ml, 200 ng/ml, and 2000 ng/ml, respectively. The extrac-
ion recovery of the internal standard was 70.6 ± 6.4%.

.2.4. Stability
o stand in reconstituted solutions at room temperature for 24 h
howed no sign of degradation when compared with freshly pre-
ared extracts. The analyte was also shown to be stable after four

lasma (n = 5 day, six replicates per day)

(%) Inter-day R.S.D. (%) Relative error (%)

3.6 −3.2
3.5 1.8
3.7 −2.8
6.3 −2.6
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ig. 3. Mean plasma concentration–time profiles of ranolazine after a single
ral dose of 200 mg, 400 mg, 600 mg or 800 mg of ranolazine hydrochloride to
ealthy volunteers.

reeze-thaw cycles. The REs for the three QC levels were ranged
rom −1.6% to 3.8%.

.3. Assay application

The method described above was successfully applied to
hase I pharmacokinetic studies of ranolazine performed in 28
ealthy subjects after single oral doses from 200 mg to 800 mg.
lasma concentration-time curves of ranolazine after adminis-
ration (Fig. 3) show a peak plasma concentration (Cmax) was
chieved after 1 h and the plasma elimination half-life varied
rom 2.5 h to 3.1 h for the four dosage groups. There was no
etectable difference in dose-normalized Cmax and AUC0–24,

[

[

B 846 (2007) 346–350

hich indicated dose proportionality of ranolazine in the dosage
evels of 200–800 mg.

. Conclusion

This research outlines a sensitive, selective and reproducible
C–MS–MS method that has been validated for the determi-
ation of ranolazine in human plasma with a lower limit of
uantitation of 5 ng/ml. The fast analysis has a total run time only
min per sample. This approach shows much higher throughput

han previous reports [6], and is amenable for high-throughput
nalysis of large sample batches. The method described has been
hown to be successfully applied to phase I pharmacokinetic
tudies in healthy subjects.
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