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a  b  s  t  r  a  c  t

A  simple,  sensitive  and  high-throughput  ultra  high-performance  liquid  chromatography  electrospray
ionization  mass  spectrometry  (U-HPLC–ESI-MS/MS)  method  has  been  developed  and  validated  for  the
determination  of  ranolazine  in human  plasma.  Propafenone  was  employed  as  the  internal  standard
(I.S.).  The  analytes  were  chromatographically  separated  on a BEH  C18 column  (50  mm  × 2.1 mm,  1.7  �m)
with  a mobile  phase  consisting  of acetonitrile  and  aqueous  ammonium  acetate  solution  (0.06%  formic
acid,  7.5  mmol  L−1 ammonium  acetate,  40:60,  v/v).  Detection  of  the  analytes  was  achieved  using  pos-
itive  ion  electrospray  ionization  via  multiple  reactions  monitoring  mode.  The  mass  transitions  were
uman plasma
harmacokinetics

m/z  428.3  →  279.3  for ranolazine  and  m/z  342.4  →  115.9  for propafenone.  The  assay  was  linear  over  the
concentration  range  1–3000  ng mL−1, with  correlation  coefficients  ≥0.997.  The intra-  and  inter-day  coef-
ficients  of  variation  were  less  than  8.9%  in terms  of relative  standard  deviation  and  accuracy  ranged  from
93.0  to  108.9%  at all quality  control  levels.  The  validated  method  was  a simple  sample  preparation  proce-
dure  and  short  run-time  (<2.0  min)  method,  which  was  successfully  applied  to a  phase  I pharmacokinetic
study  of ranolazine  in  Chinese  healthy  volunteers.
. Introduction

Ranolazine (Fig. 1), (±)-N-(2,6-dimethylphenyl)-4-[2-hydroxy-
-(2-methoxyphenoxy) propyl]-1-piperazine acetamide is a novel
ompound that is approved by the US FDA in January 2006 for the
reatment of chronic angina pectoris in combination with amlodip-
ne, �-adrenoceptor antagonists or nitrates, in patients who have
ot achieved an adequate response with other anti-anginals [1,2].
anolazine is the first approved agents from a new class of anti-
nginal drug in almost 25 years, unlike existing anti-ischemic
gents, studies with ranolazine had shown it to be hemodynam-
cally neutral, with little effect on blood pressure and heart rate
3].

Since ranolazine lacks strong characteristic UV absorption, a
PLC–UV detection method does not provide suitable sensitivity

nd selectivity for the determination of ranolazine in biologi-
al samples [4,5]. Recently, two LC–MS methods with selected
on monitoring (SIM) have been published [6,7]; both of them
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allowed the quantitation of ranolazine in rat plasma with the
lower limit of quantitation (LLOQ) above 20 ng mL−1 and rela-
tively long HPLC/MS analysis time (6 or 7 min per sample) [8].
Although LC–MS/MS methods have been reported for the analy-
sis of ranolazine in plasma, but the lower limit of quantitation can
not meet the requirements for our pharmacokinetic studies and
also sample pre-treatment procedure with solid-phase extraction
(SPE) procedure or liquid–liquid extraction was time-consuming
[9–11]. Recently, the ultra-performance LC (U-HPLC) has been
introduced and quickly adopted in quantitative analysis of biologi-
cal matrix. The van Deemter equation indicates that, as the particle
size decreases to less than 2.5 �m,  there is a significant improve-
ment in efficiency that will not reduce with increased LC flow rates.
Compared with conventional HPLC columns, U-HPLC, by utilizing
2.5 �m particle, greatly increased the separation throughput and
efficiency, resulting in LC peaks as narrow as or less than 2 s [12].

According to the report, after a single oral dose of 500 mg
ranolazine tablet in 48 h, the mean plasma concentration of

ranolazine was  about 2.5 ng mL−1. In addition, plasma levels of
ranolazine can vary widely between individuals. It was essential
to establish an assay capable of quantifying ranolazine at concen-
trations down to 1.0 ng mL−1 for evaluation and interpretation of

dx.doi.org/10.1016/j.jchromb.2012.06.011
http://www.sciencedirect.com/science/journal/15700232
http://www.elsevier.com/locate/chromb
mailto:tqy1013@126.com
dx.doi.org/10.1016/j.jchromb.2012.06.011
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Fig. 1. Chemical structures of ranolazine [(A) MW:  427.54, (±)-N-(2,6-
dimethylphenyl)-4-[2-hydroxy-3-(2-methoxyphenoxy)propyl]-1-piperazine
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Fig. 2. The precursor and product ion scan mass spectra of ranolazine and the inter-

2.4. Sample preparation
cetamide] and IS [(B) propafenone, MW:  341.45, 1-[2-[2-hydroxy-3-
propylamino)propoxy]phenyl]-3-phenylpropan].

harmacokinetic data. In our study, a simple, rapid (RT = 2.0 min),
ow LLOQ (1.0 ng mL−1) and small injection volume (3 �L), sensitive
-HPLC–ESI-MS/MS method was developed. Following validation,

his method was successfully applied to phase I pharmacokinetic
tudies of ranolazine performed to assess and compare the PK prop-
rties of ranolazine after administration of single oral doses (500,
000 and 1500 mg)  in healthy Chinese volunteers.

. Materials and methods

.1. Chemicals and reagents

Ranolazine pharmaceutical product (purity >99.3%) and
anolazine 500 mg  sustained-release tablets were provided by
ujian Tianquan Pharmaceutical Holdings Co., Ltd. (Longyan, Peo-
le’s Republic of China). Ranolazine, the reference standard (purity
99.3%), and the internal standard, propafenone hydrochloride
purity >99.9%), was purchased from the National Institute for
he Control of Pharmaceutical and Biological Products (Beijing,
eople’s Republic of China). HPLC-grade acetonitrile were pur-
hased from Merck KGaA (Darmstadt, Germany). Formic acid and
mmonium acetate, also of HPLC grade, were obtained from Tedia
ompany, Inc. (Fairfield, Ohio). Distilled water was  deionized by
sing a Milli-Q Gradient system A10 (Millipore, Bedford, MA,  USA)
nd was used throughout the study.

.2. Instrumentation

The U-HPLC–MS/MS system (Waters Corporation, Milford,
assachusetts) consisting of an acquity ultra high performance

C and electrospray ionization tandem mass spectrometer (U-
PLC–ESI-MS/MS; Quattro Premier XE, Waters Corporation)
hromatographic analysis of ranolazine and propafenone (I.S.)
ere performed on a Waters Acquity U-HPLCTM BEH C18 column
50 mm × 2.1 mm,  i.d., 1.7 �m particle size). All data were acquired
mploying MassLynx V4.1 Quantitative Analysis version analyst
ata processing software.
nal  standard, propafenone. (A) Precursor ion scan mass spectra of ranolazine and
(B)  product ion scan mass spectra of ranolazine. (C) Precursor ion scan mass spectra
of  propafenone and (D) product ion scan mass spectra of propafenone.

2.3. U-HPLC–ESI-MS/MS conditions

The mobile phase composition was  a mixture of
acetonitrile–water containing (0.06% formic acid, 7.5 mmol L−1

ammonium acetate) in a ratio 40:60 (v:v). Measurements were
made at a flow rate 0.35 mL/min at 40 ◦C column temperature.
Mass spectrometric detection was performed on a U-HPLC–MS/MS
system (Waters Corporation, Milford, Massachusetts) using multi-
ple reaction monitoring (MRM). A turbo electrospray interface in
positive ionization mode was  used. The main working parameters
of the mass spectrometer are summarized as follows: capillary
voltage was 0.7 kV, the ionization sources and the desolvation
temperature were 120 ◦C and 400 ◦C, respectively; desolvation gas
flow rate was 750 L/h; the Ar gas was used for collision activated
dissociation in Q2; the optimized collision cone voltage for the
analyte and I.S. were 38 and 35 eV, and the optimized collision
energies chosen for the analyte and I.S. were 24 and 22 eV, respec-
tively. Fig. 2 shows the product ion mass spectra of [M+H]+ of the
analyte and I.S.
Frozen human plasma samples were thawed at ambient tem-
perature, 100 �L of the plasma sample was  added to 200 �L
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recipitation (acetonitrile solution of I.S.). After a thorough vor-
ex mixing in a microcentrifuge tube for 2 min, the mixture was
entrifuged at 12,000 rpm at 4 ◦C for 5 min; 100 �L of the upper
ayer was transferred to an injection bottle, which was loaded
nto autosampler cabinet and 3 �L aliquot was injected into the
-HPLC–MS/MS system.

.5. Preparation of the stock and standard solutions

The stock solutions of ranolazine (100 �g mL−1) and the internal
tandard (442 �g mL−1) were separately prepared in 50% acetoni-
rile, respectively. The stock solutions were further individually
iluted with the same diluents to give working standard solutions
f both agents. All stock solutions were stored at 4 ◦C when not in
se.

.6. Preparation of calibration curves and quality control samples

Calibration standards of ranolazine were prepared at the con-
entration levels of 0, 1, 5, 10, 30, 100, 300, 900 and 3000 ng mL−1 by
piking an appropriate amount of the standard solutions in 100 �L
lank plasma. The calibration curve was prepared and assayed
long with quality control (QC) samples. QC samples were prepared
n 100 �L blank plasma at three levels of 5, 200 and 2400 ng mL−1,
nd stored at −20 ◦C.

.7. Method validation

The selectivity of the method was measured by analysis of six
lank plasma samples of different origin for interference at the
etention times of the analyte and I.S. A calibration curve was con-
tructed from a blank sample (a plasma sample processed without
he I.S.) and eight non-zero samples covering the total range of
–3000 ng mL−1. The calibration curves were generated using the
atio of the peak area of ranolazine to the I.S. vs the concentration
f ranolazine with a weight (1/C2) factor. The LLOQ was  defined
s the concentration of the lower concentration standard in the
alibration curve that was analyzed with accuracy within ±15%
nd a coefficient of variance ≤ 15%[13,14]. In order to assess the
ntra- and inter-day coefficients of variance and accuracy, the com-
lete analytical runs were performed on the same day and on three
onsecutive days.

The extraction recoveries of ranolazine at three QC levels
ere determined by comparison of the peak areas of ranolazine

xtracted from plasma samples with that of ranolazine dissolved
n post-extraction spiked blank human plasma samples. The matrix
ffect at three QC levels was determined by comparison of the peak
reas of ranolazine dissolved in reconstitution solution (the final
olution of blank plasma after protein precipitation and reconsti-
ution) with that of ranolazine dissolved in mobile phase solution.
tability tests were performed for analyte-spiked plasma samples
nder various conditions: short-term storage (at ambient temper-
ture), through freeze/thaw cycles (four cycles), and for long-term
torage (frozen for 60 days), autosampler storage (at ambient tem-
erature) by analyzing five replicates at low, medium and high QC
oncentrations.

.8. Pharmacokinetic study

The validated method was applied to evaluate the pharma-
okinetics of ranolazine. The study was assigned to open-label,
andomized-sequence, 3 × 3 latin square design which consisted

f three 1-day treatment periods and two 7-day washout periods.
welve healthy Chinese volunteers were enrolled and completed
he trial. The demographic data for these volunteers were mean
ge 24.7[1.6] years and mean weight 61.3[6.4] kg. Volunteers were
. B 901 (2012) 119– 124 121

hospitalized at 9:00 pm the night before the study and fasted 10 h
before drug administration. Volunteers were randomly adminis-
tered orally a single dose of 500, 1000, or 1500 mg of ranolazine
(sustained-release tablets) with 250 mL of water at 8:00 am under
fasting conditions. Sequential blood samples (4 mL  each) were col-
lected from an indwelling venous catheter (anticoagulated with
sodium heparin) at 0 h (before administration) and 0.5, 1.0, 2.0, 2.5,
3.0, 3.5, 4.0, 5.0, 6.0, 8.0, 10.0, 12.0, 16.0, 24.0, 36.0, and 48.0 h after
administration. The blood samples obtained were frozen at −80 ◦C
until analysis. The pharmacokinetics of ranolazine were evaluated.
The maximum plasma concentration (Cmax) and the time to reach
it (Tmax) were noted directly. PK analysis was  performed using the
pharmacokinetics program authorized by the Chinese Pharmacol-
ogy Society (version 2.0, 2009, Beijing, China). Pharmacokinetic
parameters were estimated based on plasma concentration–time
data using a noncompartmental model. SPSS version 13.0 (SPSS Inc.,
Chicago, IL) was  used for statistical analysis.

The protocol of this study was approved by the Ethical Com-
mittee of Second Xiangya Hospital of Central South University
(Changsha, China). All participants signed a written informed con-
sent after they had been informed of the nature and details of the
study.

3. Results

3.1. Selection of the I.S.

It is important to choose the appropriate internal standard
to achieve acceptable method performance, especially with U-
HPLC–MS/MS, where matrix effects can lead to poor analytical
results. We  attempted different internal standard (tramadol, arip-
iprazole and phenoprolamine hydrochloride) reported in the
literature and found they can not meet the needs of our experi-
ment well, therefore, we tried many other substances and found
that propafenone satisfied our study requirement, as it was easily
commercially available. In addition, the behavior of its chromatog-
raphy is similar to that of ranolazine. Clean chromatographs were
obtained and no significant direct interference in the MRM  chan-
nels at the relevant retention times was  observed. In recent years,
there is general consensus that isotope labeled versions of the drug
are the ideal internal standards and it is possible to compensate for
variability in extraction and ionization, such as ranolazine-d3 and
ranolazine-d8. In the future, we  should consider isotopic internal
standard to be used in our experiments.

3.2. U-HPLC–MS/MS conditions

A specific, reliable and sensitive method to determine
ranolazine concentration had been established. The U-
HPLC–MS/MS with ESI positive ionization and the MRM  mode
provided a highly selective method for the determination of
ranolazine and the I.S. Our studies compared MRM  mode with
select ion monitoring (SIM) mode, the results revealed that some
endogenous substances in plasma interfered the determination of
analytes when using SIM mode. While with MRM  mode, a pure
background had been obtained with less interference. The ESI
positive ion mode was  chosen for ion product since there are three
hetero-N atoms in the structure of ranolazine. From full-scan mass
spectrum via the first quadrupole (Q1) mass filter, the [M+H]+,
at m/z 428.3 for ranolazine and m/z 342.4 for I.S. were chosen
as the precursor ion. By introducing those [M+H]+ ions into the

second quadrupole (Q2) cell with the optimum collision energy,
the MS/MS  fragmentation was achieved. After the dissociation
via the Q3 mass filter, the most abundant ions in the product
ion mass spectrum at m/z 279.3 for ranolazine and m/z  115.9
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Fig. 3. Selective ion chromatograms (bottom-up order: Channel 1: I.S. m/z
342.4 → 115.9, collision energy 22 eV; Channel 2: ranolazine m/z 428.3 → 279.3
collision energy 24 eV). (A) Representative ion chromatograms of extracted blank
human plasma sample. (B) Ion chromatograms of the LLOQ plasma spiked with
1  ng mL−1 of ranolazine. (C) Ion chromatograms of the plasma spiked with

−1 −1
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or I.S. were monitored for quantification. Full-scan product ion
ass spectrum of ranolazine and I.S. are shown in Fig. 2. As the

M+H]+ MRM  transition at m/z 428.3 → 279.3 for ranolazine and
/z 342.4 → 115.9 for I.S. were the most intense ones, thus were
sed as the quantifier. Various mobile phase combinations of
mmonium acetate in water and methanol or acetonitrile were
nvestigated to optimize sensitivity, speed and peak shape. The
esults (data not shown) demonstrated that acetonitrile gave

 better response than methanol, and the ammonium acetate
7.5 mmol  L−1) in water containing 0.06% formic acid not only
egulate the PH of mobile phase and improved peak shapes but
lso promote ionization of the analytes in the ESI+ mode, at the
ame time, increase the sensitivity. In this study, we utilized a
elatively simple method of protein precipitation to prepare the
lood sample, which was a small solvent consumed procedure.
s demonstrated in this method, it was perfectly suitable for a
igh-through put routine such as pharmacokinetic studies.

.3. Selectivity

The specificity of the method was investigated by screening
ix different batches of blank plasma. The typical chromatograms
f blank plasma, spiked in the mobile phase with ranolazine and
he I.S., spiked plasma sample with ranolizine and the I.S., and
he plasma sample from a volunteer after oral administration are
hown in Fig. 3. The retention times of ranolazine and I.S. were 1.01
nd 1.82 min, respectively.

.4. Linearity, extraction recovery, precision, accuracy and limit
f quantification

The standard curves for ranolazine in plasma was linear in the
oncentration range of 1–3000 ng mL−1 with correlation coefficient
alues >0.997 (the weight is 1/x2). Intra-day and inter-day coeffi-
ients of variance and accuracy were determined by measuring six
eplicates of QC samples at three concentration levels in human
lasma. The mean extraction recoveries of ranolazine determined
sing three replicates of QC samples at three concentration levels in
uman plasma were found 89.4 ± 2.3%, 93.1 ± 4.6%, and 96.8 ± 5.8%

or 5, 200 and 2400 ng mL−1, respectively. These results all were
ummarized in Table 1, demonstrate that the coefficients of vari-
nce and accuracy values are within the acceptable range and the
ethod is accurate and precise.

.5. Matrix effects

In order to assess the possibility of a matrix effect caused by
onization competition between the analytes and co-eluents exists

hen using U-HPLC–MS/MS for analysis. Three different concentra-
ion levels of ranolazine (5, 200 and 2400 ng mL−1) were evaluated
y analyzing five samples at each level. Percent nominal concen-
rations estimated were within the acceptable limits (85.0–100.4%)
fter evaluating six different lots of plasma. The same evaluation
as performed on I.S. (101.5%) and no significant peak area differ-

nces were observed. Thus, ion suppression or enhancement from
lasma matrix was negligible for this method.

.6. Stability

The stability of quality control plasma samples (5, 200 and

400 ng mL−1) were found stable in plasma when placed in the
hort term (8 h) room temperature, four freeze/thaw (−25 ◦C)
ycles and stored at −75 ◦C for 2 months. In addition, the stability
f ranolazine in processed quality control samples was  also found

100 ng mL ranolazine and 25 ng mL propafenone (I.S.). (D) Representative ion
chromatograms of human plasma after 3.0 h after single-dose ranolazine 1000 mg
oral administration.
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Table 1
Extraction recovery, intra- and inter-day coefficients of variance of ranolazine in human plasma.

Concentration (ng mL−1) Extraction recovery (n = 5) Intra-day coefficients of variation (n = 5) Inter-day coefficients of variation (n = 15)

Recoveries (%) RSD (%) Measured concentration (ng mL−1) RSD (%) Bias (%) Measured concentration (ng mL−1) RSD (%) Bias (%)

1 (LLOQ) 88.5 10.1 1.1 ± 0.1 9.8 10.0 – – –
5  89.4 2.3 4.9 ± 0.4 8.6 2.2 5.1 ± 0.4 7.8 1.6
200  93.1 4.6 208.6 ± 10.0 4.8 4.3 213.5 ± 13.5 6.3 6.8
2400 96.8  5.8 2566.8 ± 66.7 2.6 7.0 2462.4 ± 169.9 6.9 2.6

Note: RSD, relative standard deviations and (–) no experimentation was performed.

Table 2
Stability data of ranolazine in human plasma under various conditions (n = 5).

Concentration (ng mL−1) Room temperature (8 h) −75 ◦C for 2 months Freeze/thaw (4 cycles) Autosampler (12 h)

Mean RSD (%) Bias (%) Mean RSD (%) Bias (%) Mean RSD (%) Bias (%) Mean RSD (%) Bias (%)

5 4.4 5.1 −12.0 4.6 5.6 −8.0 4.7 7.7 −6.0 4.9 7.4 −2.0
200 195.7  7.1 −2.2 211.8 1.5 5.9 195.3 5.4 −2.3 178.4 4.2 −10.8

2400  2487 5.0 3.6 2411.7 1.6 

Note: RSD, relative standard deviations.
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ig. 4. Mean plasma concentration–time curve after a single oral dose of 500, 1000,
r  1500 mg  of ranolazine (n = 12, x̄ ± s).

table when placed in the autosampler at the ambient temperature
20 ◦C) for 12 h (Table 2).

.7. Pharmacokinetic studies

The method was successfully applied to determine the plasma
oncentration of ranolazine up to 48 h after oral administration of
00, 1000 or 1500 mg  ranolazine to the healthy volunteers. Mean
lasma concentration–time profile is presented in Fig. 4. The phar-
acokinetic parameters are listed in Table 3. The data in the single

ose study show the linear relationship between AUC and the
0–48
ose. There was no significant difference of Tmax and t1/2 among
he three dosages, indicating the pharmacokinetic linearity of the
hree dosages within the studied dose range.

able 3
harmacokinetic parameters of 12 healthy volunteers after oral administration of ranolaz

Parameter Single dose

500 mg  (n = 12) 

AUC0–48, ng mL−1 h−1* 9071.9(3400.0) 

AUC0–∞ , ng mL−1 h−1* 9862.7(3152.0) 

Cmax, ng mL−1* 741.5(253.0) 

Tmax, h* 5.3(1.4) 

t1/2, h* 6.4(3.3) 

CL/F,  L/h* 60.9(30.2) 

V/F,  L* 587.9(401.8) 

* No significant differences were found between the 3 dose groups. p < 0.05 was  consid
0.5 2504.4 5.6 4.4 2223.0 4.4 −7.4

4. Discussion

To the best of our knowledge, this is the first study to charac-
terize pharmacokinetic profile of ranolazine after administration of
single doses in healthy Chinese subjects. Compared with previous
pharmacokinetic research [15], The V/F in the present study ranged
from 587.9(401.8) to 661.9(733.1) L, larger than that reported in
white subjects (85–180 L). The plasma t1/2 of ranolazine in all
healthy Chinese subjects in the single-dose phase of the present
study (6.5 [3.8] h) was  longer than values reported in healthy white
subjects (4.0–5.0 h); The reasons for the differences in t1/2 and V/F
between the present and previous studies of ranolazine are unclear,
although variation in body weight may  have played a role. How-
ever, because the previous studies were not conducted under the
same conditions as in the present study, the existence of racial dif-
ferences in ranolazine pharmacokinetics can be neither confirmed
nor ruled out.

Interindividual variability in AUC and Cmax values was con-
siderable, with the CV ranging from 35.4% to 46.6% and 31.6% to
38.2%, respectively. Ranolazine is extensively metabolized in the
liver by the cytochrome P450 (CYP) 3A and 2D6 enzymes [16],
and is also known to be a substrate and moderate inhibitor of
the P-gp efflux pump in the gastrointestinal tract, so this high
variability may  be due to the phenotype of isozymes CYP3A, P-
gp and CYP2D6. Because of the P-gp may  have significant effects
on the bioavailability and first-pass metabolism of its substrates
[16]. Therefore, inhibition of P-gp can lead to enhance the absorp-
tion of substrates and the potential for toxicity. Differences in the
altered effectiveness or increased incidences of adverse events in
certain individuals. These suggest that monitoring of blood con-
centrations and individualized dosing are needed to ensure clinical

ine (n = 12, x̄(s)).

1000 mg  (n = 12) 1500 mg (n = 12)

16,573.5(6806.2) 29,324.5(10,857.2)
16,882.4(6790.8) 29,923.5(10,706.3)
1355.0(502.0) 2328.7(890.5)
4.2(1.2) 5.9(2.8)
6.4(3.5) 6.7(4.3)
73.4(43.0) 58.1(25.8)
655.2(493.0) 661.9(733.1)

ered to be statistically significant.
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herapeutic effectiveness and a favorable safety profile, although
he pharmacokinetic-pharmacodynamic relationship needs to be
larified.

. Conclusions

An U-HPLC–MS/MS assay for determination of ranolazine in
uman plasma was developed and validated with respect to sensi-
ivity, accuracy, intra- and inter-day coefficients of variance and
eproducibility, which in positive electrospray ionization mode
sing MRM  and fit-for-purpose validated according to commonly
ccepted criteria [14]. The method has significant advantage over
ther techniques used for which provides the higher sensitiv-
ty using a simple protein precipitation procedure, which did not
nvolve reconstitution or drying step to achieve the desired sen-
itivity, and a simple sample method of protein precipitation was
sed to extract the analyte and I.S. which provided excellent speci-
city and reproducibility, the run-time was only 2.0 min. This
alidated method is suitable for analysis of the large batches of
amples and successfully used for different ranolazine dose phar-
acokinetic studies.

In this group of healthy Chinese subjects, AUC and Cmax

ncreased proportionally with the dose, whereas t1/2 was indepen-
ent of the dose. The PK properties of ranolazine were linear after
dministration of single oral doses of 500–1500 mg.  Furthermore,

[

[
[

. B 901 (2012) 119– 124

some of the main pharmacokinetic parameters of ranolazine may
reflect racial differences.
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