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Simultaneous determination of rosuvastatin and fenofibric acid in
human plasma by LC–MS/MS with electrospray ionization: Assay

development, validation and application to a clinical study�
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Abstract

A simple, sensitive and specific LC–MS/MS method for simultaneous determination of rosuvastatin (RST) and fenofibric acid (FFA) was
developed and validated with 500�L human plasma using carbamazepine as an internal standard (IS). The assay procedure involved a simple
one-step liquid/liquid extraction of RST and FFA and IS from plasma into ethyl acetate. The organic layer was separated and evaporated
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nder a gentle stream of nitrogen at 40◦C. The residue was reconstituted in the mobile phase and injected onto X-Terra MS C-18
4.6 mm× 50 mm, 5.0�m). Separation of RST, FFA and IS was achieved with a mobile phase consisting of 0.05 M formic acid:ace
45:55, v/v) at a flow rate of 0.40 ml/min. The API-3000 LC–MS/MS was operated under the multiple reaction-monitoring mode
sing the electrospray ionization technique. Positive ion acquisition chromatographic run was used in the present method. Nomin

imes of RST, FFA and IS were 2.35, 4.70 and 2.32 min, respectively. Absolute recovery of RST, FFA and IS was 74, 61 and 69%, re
he lower limit of quantification (LLOQ) of RST and FFA was 1.00 ng/ml and 0.50�g/ml, respectively. Response function was establi

or the range of concentrations 1.00–50.0 ng/ml and 0.50–20.0�g/ml for RST and FFA, respectively, with a coefficient of determinationr2)
f 0.999 for both the compounds. The inter- and intra-day precision in the measurement of RST quality control (QC) samples
nd 800 ng/ml, were in the range 8.93–9.37% relative standard deviation (R.S.D.) and 1.74–16.1% R.S.D., respectively. Similarly
nd intra-day precision in the measurement of FFA quality control (QC) samples 0.5, 1.5, 8.0 and 15.0�g/ml, were in the range 9.78–11.6
elative standard deviation (R.S.D.) and 0.22–17.4% R.S.D., respectively. Accuracy in the measurement of QC samples for RS
ere in the range 88.1–108 and 87–115%, respectively, of the nominal values. RST and FFA were stable in the battery of stabi
iz., bench-top, auto-sampler and freeze/thaw cycles. Stability of RST and FFA was established for 1 month at−80◦C. The application o
he assay to a clinical study confirmed the utility of the assay.

2005 Elsevier B.V. All rights reserved.
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. Introduction

Rosuvastatin (Crestor®, Fig. 1), new member of a class
f cholesterol-lowering drugs commonly referred to as
statins”, was approved in the U.S. in August 2003 for the
reatment of dyslipidemia[1–3]. Rosuvastatin (RST) is chem-
cally bis[(E)-7-[4-(4-fluorophenyl)-6-isopropyl-2-[methyl-
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(methyl-sulfonyl)amino] pyrimidin-5-yl](3R,5S)-3,5-dih
droxyhept-6-enoicacid] calcium salt. RST, a synth
lipid-lowering agent, is a selective and competitive inhib
of 3-hydroxy-3-methylglutaryl-coenzyne A (HMG-Co
reductase, the key rate-limiting enzyme of cholesterol bio
thesis in liver. RST is used to reduce the amounts of
cholesterol, total cholesterol, triglycerides and apolipo
tein B in the blood. RST also modestly increases the lev
HDL cholesterol in the blood. These actions are importa
reducing the risk of atherosclerosis, which in turn can
to several cardiovascular complications such as heart a
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Fig. 1. Structural representation of rosuvastatin, fenofibrate and fenofibric acid.

stroke and peripheral vascular disease. RST peak plasma
concentrations were reached by 3–5 h following oral admin-
istration in humans[4]. Pharmacokinetic studies in humans
using oral doses (5–80 mg) showed that maximum plasma
concentrations and areas under the concentration–time curve
were approximately linear with dose[5]. The absolute oral
bioavailability of RST is around 20%[6]. The elimination
half-life was found to be approximately 19 h and steady-state
concentration was reached within 4–5 days after dosing.
Repeated dosing of RST was to have little or no effect on
accumulation of drug in plasma[4,7]. Serum protein binding
of RST was around 88%[6]. RST is not extensively metabo-
lized in humans. In spite of the metabolism of RST not being
extensive, McCormick et al.[8] have identifiedN-desmethyl
rosuvastatin, as the primary metabolite. This metabolite was
formed primarily by CYP 2C9 with lesser contributions
coming from CYP 2C19 and 3A4 isozymes[8]. Additionally,
it was found to be less potent than RST against HMG-CoA
reductase inhibitory activity[9]. In a human mass balance
study, the recovery of RST was primarily via the fecal route
of elimination (90%) while renal excretion was a minor route
of elimination (10%). Interestingly, RST pharmacokinetic
profile is not affected by food ingestion or the time of dosing
[4]. The traditional age and gender pharmacokinetics study
revealed that RST (at a dose 40 mg) produced no clinically
significant differences between elderly or young subjects,
o
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in over 85 countries. The current formulation of FBT
shown an improved bioavailability due to the incorporation
of a micronized process in product development[11,12].
Chemically, FBT is 2-[4-(4-chlorobenzoyl) phenoxy]-2-
methyl-propanoic acid, 1-methylethyl ester. Fenofibric acid
(FFA, Fig. 1), the active metabolite of FBT, contributes
for the reductions in total cholesterol, LDL cholesterol,
apolipoprotien B, total triglycerides and triglyceride rich
lipoprotein [13,14]. In addition, treatment with FBT also
resulted in elevation of high-density lipoprotein (HDL)
and apoproteins, viz., apoAI and apoAII. The effects of
FFA on lipid metabolism are mainly mediated through
activation of peroxisome proliferator-activated receptor�
[15]. Following oral administration FBT was well absorbed
from gastrointestinal tract, and rapidly hydrolyzed by
esterases to the active metabolite, FFA. The maximum
plasma concentrations of FFA were achieved within 4–5 h
following oral dosing of FBT. No unchanged FBT was
detected in plasma after oral doing. Serum protein binding
of FFA was reported to be around 99% and showed no
concentration dependency over the concentrations expected
in the therapeutic dose range[16]. The elimination half-life
of FFA was around 20 h[17]. FBT is metabolized by
CYP 3A4 isozyme to its active metabolite[18]. FFA was
reported to be primarily conjugated with glucuronic acid
and then excreted in urine[19]. To a small extent FFA was
a urn,
c rine
[ tion
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ism
o dy,
r between males and females were observed[7]. The
harmacokinetics of RST for patients with mild-to-mode
epatic impairment and healthy subjects were not gr
ifferent[10].

Fenofibrate (Tricor®, Fig. 1) has been widely used drug
he treatment of dyslipidaemia. Fenofibrate (FBT) origin
aunched in 1975 as a standard formulation is now mark
lso reduced to a benzhydrol metabolite, which in t
onjugated with glucuronic acid and was excreted in u
19]. It has been reported following repeated administra
o unexpected accumulation of FFA during pharmacokin
tudies[11].

As RST and FBT act by unique and different mechan
f action in controlling elevated lipid levels in the bo



R.K. Trivedi et al. / Journal of Pharmaceutical and Biomedical Analysis 39 (2005) 661–669 663

co-administration of these two drugs was tested in humans
for their additive or synergistic benefit[20]. Martin et al.
[20] found that there were minimal changes in RST and FFA
exposure when RST and fenofibrate were co-administered
in male volunteers and both the drugs were well tolerated
when given alone or in combination. Till date, there is only
one method reported for the estimation of RST in human
plasma[21], which utilizes automated solid-phase extraction
followed by high-performance liquid chromatography with
positive ion Turboionspray tandem mass spectrometry.
Several bioanalytical methods exist for quantitation of FFA
[22–26]. Hitherto, no LC–MS/MS method is reported for
the estimation of FFA. The necessity of developing an
LC–MS/MS bioanalytical method did not arise because the
therapeutic doses of FBT (160 mg) produced relatively high
plasma levels of FFA permitting the employment of HPLC
procedure. To the best of our knowledge, currently there is no
bioanalytical method reported in literature describing the full
details of a complete methodology and validation for simul-
taneously assaying RST and FFA using LC–MS/MS. The
development of an assay for measurement of RST and FFA in
plasma poses an inherent challenge of monitoring three-log
differential therapeutic concentrations of two agents in a sin-
gle analytical run. In this paper, we present a simple sensitive
and reproducible triple quad mass spectrometric assay with
commercially available IS for the simultaneous determina-
t to a
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isopump (G1310A) and colcom (G1316A) along with Gilson
215 Model liquid handler (Gilson Inc., Middleton, WI, USA)
was used to inject 40�l aliquots of the processed samples
on a X-Terra® MS C-18 column (4.6 mm× 50 mm, 5.0�m)
obtained from (Waters, UK), which was kept at ambient tem-
perature. The isocratic mobile phase, a mixture of 0.05 M
formic acid and acetonitrile mixture (45:55, v/v) was deliv-
ered at 0.4 ml/min into the mass spectrometer ionization
chamber.

Quantitation was achieved by MS/MS detection in posi-
tive ion modes for analyte and IS, respectively, using a PE
Sciex (Foster City, CA, USA) API 3000 mass spectrometer,
equipped with a TurboionsprayTM interface at 400◦C. The
ion spray voltage was set at 5500 V. The common parameters,
viz., nebulizer gas, curtain gas and collision gas were set at
7, 9 and 6, respectively. Detection of the ions was performed
in the multiple reaction-monitoring (MRM) mode, monitor-
ing the transition of them/z 482.3 precursor ion to them/z
258.2 product ion for RST,m/z 319.0 precursor ion to the
m/z 233.1 product ion for FFA,m/z 237.1 precursor ion to the
m/z 194.1 product ion for IS. Quadrupoles Q1 and Q3 were
set on unit resolution. The analytical data were processed by
Analyst software (Version 1.3).

2.3. Preparation of stock and standard solutions
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ion of RST and FFA in human plasma and its application
linical study.

. Experimental

.1. Chemicals and reagents

Rosuvastatin and fenofibric acid were synthesized
he Medicinal Chemistry Group, Discovery Research,
eddy’s Laboratories Ltd. (DRL), Hyderabad and were c
cterized using chromatographic and spectral techn
y Analytical Research Group, Discovery Research, D
yderabad. Purity was found to be more than 99% for

he compounds. HPLC grades of acetonitrile, methanol,
cetate and analytical grade of formic acid, ethylene dia

etra acetic acid disodium salt (EDTA) and phosphoric
Analytical reagent grade) were purchased from Quali
Glaxo Mumbai, India). Carbamazepine (CAS No. 298
) (IS) was purchased from Sigma Chemical Co. (St. Lo
O, USA). All aqueous solutions including the buffer for
PLC mobile phase were prepared with Milli Q (Millipo
ilford, MA, USA) grade water. The control human plas
as purchased from Cauvery Diagnostics and Blood B

Secunderabad, India).

.2. Instrumentation and chromatographic conditions

An Agilent (Agilent Technologies, Waldbronn, Germa
100 series LC system equipped with degasser (G132
Primary stock solutions of RST and FFA for prepara
f standard and quality control (QC) samples were prep

rom separate weighing. The primary stock solutions o
nalytes and IS were prepared in methanol (1.0 mg/ml
tored at−20◦C, which were found to be stable for o
onth. Appropriate dilutions were made in methanol for R
nd FFA to produce working stock solutions of 1000, 4
00, 100, 40, 20 ng/ml and 400, 200, 100, 40, 20, 10�g/ml,
espectively, on the day of analysis and these stocks were
o prepare calibration curve (CC). Another set of work
tock solutions of RST and FFA were made in methanol (f
rimary stock) at 800, 300, 60, 20 ng/ml and 300, 160
0�g/ml, respectively, for preparation of QC samples. W

ng stock solutions were stored at approximately 5◦C for a
eek (data not shown). Individually QC and CC two-in-
orking stock solutions of RST and FFA were made be
piking into QC and CC samples accordingly. A working
olution (2.00�g/ml) was prepared in methanol. Calibrat
amples were prepared by spiking 475�l of control human
lasma with the appropriate amount of the analytes (2�l
ontaining both RST and FFA) and IS (10�l) on the day o
nalysis. Samples for the determination of recovery, prec
nd accuracy were prepared by spiking control human pl

n bulk at appropriate concentrations [1.0 ng/ml (LLO
.0 ng/ml (QC low), 15.0 ng/ml (QC medium) and 40.0 ng
QC high) for RST and 0.50�g/ml (LLOQ), 1.50�g/ml (QC
ow), 8.00�g/ml (QC medium) and 15.00�g/ml (QC high)
or FFA] and 500�l volumes were aliquoted into differe
ubes and depending on the nature of experiment sam
ere stored at−80◦C until analysis.
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2.4. Sample preparation procedure

To 500�l of plasma sample, IS solution (10�l) equivalent
to 40.00 ng was added and mixed for 15 s on a cyclomixer
(Remi Instruments, Mumbai, India). After the addition of
3.00 ml of ethyl acetate, the mixture was vortexed for 3 min;
followed by centrifugation for 5 min at 3200 rpm on a table-
top centrifuge (Remi Instruments). The organic layer (2.7 ml)
was separated and evaporated to dryness at 40◦C using a
gentle stream of nitrogen (Zymark® Turbovap®, Kopkinton,
MA, USA). The residue was reconstituted in 150�l of
the mobile phase and 40�l was injected onto LC–MS/MS
system.

2.5. Specificity and selectivity

The lack of chromatographic interference from endoge-
nous plasma components was investigated using pooled blank
samples and as well as samples obtained from individual vol-
unteer.

2.6. Calibration curve

Calibration curves were acquired by plotting the peak area
ratio of analyte (RST or FFA): IS against the nominal concen-
tration of calibration standards. The concentrations used were
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Recoveries of RST and FFA were determined at low,
middle and high concentrations (viz., 3.00, 15.00 and
40.00 ng/ml; 1.50, 8.00 and 15.00�g/ml, respectively) and
at the lower limit of quantification (LLOQ) (1.00 ng/ml
and 0.5�g/ml, for RST and FFA, respectively). The recov-
ery of the IS was determined at a single concentration of
40 ng/ml.

2.9. Stability experiments

The stability of RST, FFA and IS in the injection solvent
was determined periodically by injecting replicate prepara-
tions of processed samples up to 6 h (at ambient laboratory
temperature) after the initial injection. The peak areas of the
RST, FFA and IS obtained at initial cycle were used as the
reference to determine the relative stability of the analytes at
subsequent points. Stability of RST and FFA in the biomatrix
during 6 h (bench-top) was determined at ambient temper-
ature (25± 3◦C) at four concentrations in quadruplicates.
Freezer stability of RST and FFA in human plasma was
assessed by analyzing the QC samples stored at−80◦C for at
least 1 month. The stability of RST and FFA in human plasma
following repeated freeze/thaw cycles was assessed using
QC samples spiked with RST and FFA. The samples were
stored at−80◦C between freeze/thaw cycles. The stability
o ycles.
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.00, 2.00, 5.00, 10.00, 20.00 and 50.00 ng/ml for RST

.50, 1.00, 2.00, 5.00, 10.00 and 20.00�g/ml for FFA. The
esults were fitted to linear regression analysis using 1/χ2 as
eighting factor. The calibration curve had to have a cor

ion coefficient (r2) of 0.99 or better. The acceptance criter
or each back-calculated standard concentration was±15%
eviation from the nominal value except at LLOQ, which w
et at±20%[27,28].

.7. Precision and accuracy

The intra-day assay precision and accuracy were
ated by analysing four replicates containing RST
FA at four different QC levels, i.e., 1.00, 3.00, 15.00
0.00 ng/ml for RST and 0.50, 1.50, 8.00 and 15.00�g/ml

or FFA. The inter-assay precision was determined by
yzing the four levels QC samples on four different runs.
riteria for acceptability of the data included accuracy wi
15% deviation (DEV) from the nominal values and a p

ision of within±15% relative standard deviation (R.S.D
xcept for LLOQ, where it should not exceed 20% of
28,29].

.8. Recovery

The recovery of RST, FFA and IS, through the liquid/liq
xtraction procedure were determined by comparing
esponses of the analytes extracted from replicate QC
les (n = 4) with the response of analytes from non-extra
tandard solutions at equivalent concentrations[30].
f RST and FFA was assessed after three freeze/thaw c
he samples were processed using the same proced
escribed in the sample preparation section. Samples
onsidered to be stable if assay values were within the ac
ble limits of accuracy (i.e.,±15% DEV) and precision (i.e
5% R.S.D.), except for LLOQ, where it should not exc
0% of CV.

.10. Clinical experiment

Blood samples were obtained from a male volun
ho was co-administered with 40 mg of RST and 200
f FBT tablets. The ethics committee approved the prot
nd the patient provided written informed consent.
amples were collected by vein puncture prior to do
nd at designated time points (1, 1.5, 2, 2.5, 3, 3.5, 4, 4
.5, 6, 6.5, 7, 7.5, 8, 12 and 24 h) into polypropylene tu
ontaining EDTA solution as an anti-coagulant. Plasma
arvested by centrifuging the blood using Biofuge (Here
ermany) at 1760g for 5 min. Plasma (500�l) samples
ere spiked with IS and processed as described a
long with clinical samples, QC samples at a low, med
nd high concentration were assayed in duplicate and
istributed among calibrators and unknown samples in
nalytical run; no more than 33% of the QC samples w
reater than±15% of the nominal concentration. Plas
oncentration–time data of RST and FFA were anal
y non-compartmental methods using software pac
inNonlin Version 4.0 (Pharsight Corporation, Mount

iew, CA).
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Table 1
Matrix effect data for RST in human plasma

Concentration (ng/ml) Peak area of RST Peak area of IS Peak area ratio of RST/IS Matrix effect (%)

Set 1 Set 2 Set 1 Set 2 Set 1 Set 2

1.00 5.92 6.32 170 176 0.04 0.04 103
2.00 13.6 13.4 185 187 0.07 0.07 97.5
5.00 32.3 31.5 208 197 0.16 0.16 103

10.0 56.9 36.6 204 201 0.28 0.32 113
20.0 97.2 103 149 164 0.65 0.63 96.3
50.0 232 251 141 166 1.64 1.511 91.9

Set 1: RST standard in methanol; set 2: RST spiked into post-extracted blank plasma; matrix effect expressed as the ratio of the mean peak area of RST spiked
post-extraction (set 2) to the mean peak area of the RST standard (set 1) multiplied by 100.

3. Results and discussion

3.1. Method development, specificity and selectivity

Electrospray MS/MS in MRM mode was used for simul-
taneous estimation of RST and FFA, since it is a powerful
analytical technique for pharmacokinetic studies and pro-
vides selectivity, sensitivity and specificity requirements for
analytical methods. By the use of MRM, a key capability
of tandem mass spectrometers, the selection and quantifi-
cation of compound-specific ion-pairs enable a reduction in
the interference by co-eluting substances and a considerable
improvement in assay selectivity. Although, the detection in
MS/MS technique is highly specific and sensitive, neverthe-
less, interference arising from endogenous substances can
exist in much higher concentration than the analytes of inter-
est and may co-elute with those affecting the ionization of the
analytes leading to high imprecision and loss of sensitivity
[31]. The matrix effect on the present method was evaluated
by spiking blank plasma extracts across the linearity range
and the results were compared with pure samples having sim-
ilar concentrations (Tables 1 and 2) and found that there was
no significant difference for peak responses between these
samples.

Since the differential plasma concentrations of RST
(1.8–30 ng/ml range) and FFA (5–15�g/ml range) were
a an-
a ana-
l ous
m esults

in terms of peak shape and sensitivity for the two analytes.
The best signal and good ionization was achieved with 0.05 M
formic acid:acetonitrile (45:55, v/v) at 0.4 ml/min flow rate.
The nominal retention times of RST, FFA and IS under these
conditions were 2.35, 4.70 and 2.32 min, respectively. While
establishing the method extreme care was taken in optimiz-
ing declustering potential and collision energy so that the
FFA signal (given the preponderance of its levels) would
not artefactedily suppress RST signal. Therefore, adequate
sensitivity of RST was achieved in the presence of higher lev-
els of FFA in plasma. The MRM state file parameters were
fully optimized for RST, FFA and IS, and are presented in
Table 3. The optimized conditions enabled the establishment
of LLOQ for RST at 1 ng/ml.

Fig. 2 left panels shows a typical overlaid chromatogram
for the control human plasma (free of analyte and IS), human

Table 3
LC–MS/MS parameters for RST, FFA and IS

Parameters RST FFA IS

Turbo gas (l/min) 3 3 3
Declustering

potential (DP)
67 57 38

Focusing potential
(FP)

180 155 145

Entrance potential
(EP)

9 10 12

C

C

T

T
M

C rea of I ct (%)

S

1.8
1.8
1.7
1.8

1 1.5
2 1.7

S ted blank plasma; effect expressed as the ratio of the mean peak area of FFA spiked
p t 1) multiplied by 100.
lmost three-log apart, it was an analytical challenge to m
ge the sensitivity and peak shape properties of the two

ytes. However, detailed efforts in the evaluation of vari
obile phases was undertaken to achieve a balanced r

able 2
atrix effect data for FFA in human plasma

oncentration (�g/ml) Peak area of FFA Peak a

Set 1 Set 2 Set 1

0.50 1.25 1.11 1.73
1.00 3.19 2.85 1.88
2.00 7.30 6.82 2.05
5.00 19.2 18.5 1.83
0.0 35.4 32.4 1.49
0.0 84.8 85.7 1.81

et 1: FFA standard in methanol; set 2: FFA spiked into post-extrac
ost-extraction (set 2) to the mean peak area of the RST standard (se
ollision energy
(CE)

45 21 28

ollision cell exit
potential (CXP)

14 15 11

ransition pair
(Q1→ Q3)

482.3→ 258.2 319.0→ 233.1 237.1→ 194.1

S Peak area ratio of FFA/IS Matrix effe

et 2 Set 1 Set 2

1 0.72 0.61 84.8
4 1.70 1.55 91.3
6 3.54 3.88 110
9 10.5 9.79 93.3
7 23.8 20.6 86.9
4 46.9 49.2 105
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Fig. 2. Chromatograms showing the mass transition of RST (left panels, a–c), FFA (left panels, d–f) and IS (right panels) in (a and d) human blank plasma,
(b) human plasma spiked with RST at LLOQ (1 ng/ml), (c) a 4.0 h in vivo plasma sample showing RST peak obtained following oral dose of RST (e) human
plasma spiked with FFA at LLOQ (0.5�g/ml) and (f) a 4.0 h in vivo plasma sample showing FFA peak (released from FBT) obtained following oral dose of
RST.

plasma spiked with RST and FFA at their respective LLOQs
and an in vivo plasma sample obtained at 4 h after oral co-
administration of RST and FBT (FFA was quantified) tablets.

3.2. Calibration curve

The plasma calibration curve was constructed using six
calibrators in duplicate (viz., 1.00–50.0 ng/ml for RST and

0.50–20.0�g/ml for FFA). The standard curve had a reliable
reproducibility over the standard concentrations for both the
analytes across the calibration range. Calibration curves were
prepared by determining the best fit of peak area ratios (peak
area analyte/peak area IS) versus concentration, and fitted
to they = mx + c using weighing factor (1/χ2). The average
regression (n = 4) was 0.999 for both the analytes. The lowest
concentration with the R.S.D. < 20% was taken as LLOQ[28]
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and was found to be 1 ng/ml and 0.5�g/ml for RST and FFA,
respectively. The R.S.D. at LLOQ for RST and FFA was
found to be 8.95 and 11.1, respectively.

3.3. Accuracy and precision

Accuracy and precision data for intra- and inter-day
plasma test samples are presented inTables 4 and 5. The
intra-day accuracy (%) for RST ranged from 88.1 to 110
at 1.00 ng/ml, 90.3 to 106 at 3.00 ng/ml, 93.7 to 109 at
15.0 ng/ml and 92.6 to 108 at 40.0 ng/ml; FFA ranged from
93.8 to 115 at 0.50�g/ml, 87.2 to 109 at 1.50�g/ml, 87 to
108 at 8.00�g/ml and 87.3 to 109 at 15.0�g/ml. The inter-
day accuracy (%) for RST was 103, 102, 103 and 99.7 at 1.00,
3.00, 15.0 and 40.0 ng/ml; FFA was 108, 98.5, 99.9 and 99.1
at 0.50, 1.50, 8.00 and 15.0�g/ml. The intra-day precision
(% R.S.D.) for RST ranged from 1.74 to 7.89 at 1.00 ng/ml,
4.09 to 16.1 at 3.00 ng/ml, 5.23 to 13.2 at 15.0 ng/ml and
4.12 to 8.65 at 40.0 ng/ml; FFA ranged from 2.82 to 17.6
at 0.50�g/ml, 1.15 to 13.4 at 1.50�g/ml, 0.22 to 10.3 at
8.00�g/ml and 1.12 to 9.30 at 15.0�g/ml. The inter-day pre-
cision (% R.S.D.) for RST was 8.95, 9.51, 8.93 and 9.37 at
1.00, 3.00, 15.00 and 40.00 ng/ml; FFA was 11.1, 11.6, 10.6
and 9.78 at 0.50, 1.50, 8.00 and 15.00�g/ml.

3.4. Recovery
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Table 5
Intra-day and inter-day precision of determination of FFA in human plasma

Nominal concentration
(�g/ml)

Run Measured concentration (�g/ml)

Mean S.D. R.S.D. Accuracy
(%)

Intra-day variation (4 replicates in each run)
0.50 1 0.57 0.04 7.61 115

2 0.55 0.10 17.6 111

3 0.56 0.02 2.82 113

4 0.47 0.02 3.37 93.8

1.50 1 1.42 0.12 8.14 94.9

2 1.63 0.10 5.88 109

3 1.54 0.21 13.4 102

4 1.31 0.01 1.15 87.2

8.00 1 8.39 0.87 10.3 105

2 8.66 0.59 6.85 108

3 7.70 0.55 7.17 96.3

4 6.96 0.02 0.22 87.0

15.0 1 16.30 0.18 1.12 109

2 14.30 1.08 7.55 95.3

3 15.33 1.42 9.30 102

4 13.10 0.30 2.29 87.3

Inter-day variation (16 replicates at each concentration)
0.50 0.54 0.06 11.1 108

1.50 1.48 0.17 11.6 98.5

8.00 7.99 0.85 10.6 99.9

15.0 14.8 1.45 9.78 99.1

R.S.D.: relative standard deviation (S.D.× 100/Mean).

at 3.00, 15.0, 40.0 ng/ml and 1.50, 8.00, 15.0�g/ml, respec-
tively. The absolute mean recoveries were 74.61 and 69% for
RST and FFA, respectively, across the concentrations. The
absolute recovery of IS at 2.0�g/ml was about 69%.

3.5. Stability

3.5.1. Auto-sampler and bench-top stability
Over a period of 6 h injection time in the auto-sampler at

ambient temperature and over the bench-top for 6 h period,
the predicted concentrations for RST and FFA at 1.0, 3.00,
15.0, 40.0 ng/ml and 0.50, 1.50, 8.00, 15.0�g/ml, respec-
tively, samples deviated within the nominal concentrations.
The results were found to be within the assay variability limits
(Tables 6 and 7).

3.5.2. Freeze/thaw stability
Tables 6 and 7shows the results of the analyses of the QC

samples following repeated three freeze/thaw cycles. Both
The results of the comparison of neat standards ve
lasma-extracted standards were estimated for RST an

able 4
ntra- and inter-day precision of determination of RST in human plasm

ominal concentration
ng/ml)

Run Measured concentration (ng/ml)

Mean S.D. R.S.D. Accuracy
(%)

ntra-day variation (4 replicates in each run)
1.00 1 0.93 0.02 1.74 92.6

2 1.10 0.06 5.83 110
3 1.08 0.05 4.34 108
4 0.88 0.07 7.89 88.1

3.00 1 3.18 0.15 4.81 106
2 2.97 0.48 16.1 99.1
3 2.99 0.14 4.77 99.6
4 2.71 0.11 4.09 90.3

15.0 1 16.3 1.19 7.27 109
2 16.0 0.84 5.23 107
3 14.0 0.90 6.38 93.7
4 15.3 2.02 13.2 102

40.0 1 43.3 1.78 4.12 108
2 37.1 3.06 8.26 92.6
3 39.2 3.39 8.65 98.0
4 39.3 1.72 4.38 98.2

nter-day variation (16 replicates at each concentration)
1.00 1.03 0.09 8.95 103
3.00 3.05 0.29 9.51 102
15.0 15.5 1.38 8.93 103
40.0 39.9 3.74 9.37 99.7
.S.D.: relative standard deviation (S.D.× 100/mean).

RST and FFA were shown to be stable in the frozen plasma
at−80◦C for at least three freeze/thaw cycles.
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Table 6
Stability data of RST quality controls in human plasma

QC (spiked) concentration (ng/ml) Stability Mean± S.D.a, n = 4 (ng/ml) Accuracy (%)b Precision (%CV)

1.00 0 h (for all) 0.93± 0.02
3 F/T 0.89± 0.08 95.7 9.35
6 h (B.T.) 1.00± 0.06 108 5.96
6 h (in-injector) 1.07± 0.05 115 5.00
30 day at−80◦C 0.88± 0.07 94.6 7.89

3.00 0 h (for all) 3.18± 0.15
3 F/T 2.74± 0.16 86.2 5.85
6 h (B.T.) 2.86± 0.23 89.9 8.21
6 h (in-injector) 3.14± 0.24 98.7 7.59
30 day at−80◦C 2.71± 0.11 85.2 4.09

15.0 0 h (for all) 16.33± 1.99
3 F/T 14.33± 0.31 87.8 2.29
6 h (B.T.) 16.01± 1.51 98.6 9.41
6 h (in-injector) 14.15± 0.06 86.7 4.26
30 day at−80◦C 15.30± 2.02 93.7 13.2

40.0 0 h (for all) 43.33± 1.78
3 F/T 39.05± 0.78 90.1 1.99
6 h (B.T.) 43.40± 3.02 100 6.96
6 h (in-injector) 37.08± 2.57 85.6 6.94
30 day at−80◦C 39.27± 1.72 90.6 4.38

QC, quality control; %CV, coefficient of variation; F/T, freeze/thaw; B.T., bench-top.
a Back-calculated plasma concentrations.
b (Mean assayed concentration/mean assayed concentration at 0 h)× 100.

3.5.3. Freezer stability
RST and FFA were found to be stable when stored at

−80◦C for at least one month. Both accuracy and precision
of QC samples in this evaluation were within the assay vari-
ability of ±15%.

3.6. Plasma concentration–time profiles

The sensitivity and specificity of the assay were found to
be sufficient for accurately characterizing the plasma phar-
macokinetics of RST and FFA simultaneously in healthy

Table 7
Stability data of FFA quality controls in human plasma

QC (spiked) concentration (�g/ml) Stability Mean± S.D.a, n = 4 (�g/ml) Accuracy (%)b Precision (%CV)

0.50 0 h (for all) 0.57± 0.04
3 F/T 0.51± 0.09 89.5 16.9
6 h (B.T.) 0.58± 0.01 102 1.39
6 h (in-injector) 0.67± 0.07 118 11.0
30 day at−80◦C 0.47± 0.02 82.5 3.37

1.50 0 h (for all) 1.42± 0.12
3 F/T 1.35± 0.11 95.1 8.40
6 h (B.T.) 1.62± 0.05 114 3.22
6 h (in-injector) 1.58± 0.07 111 4.23
30 day at−80◦C 1.31± 0.01 92.3 1.15

8.00 0 h (for all) 8.39± 0.87
3 F/T 7.43± 0.41 88.6 5.52
6 h (B.T.) 8.79± 0.29 105 3.29
6 h (in-injector) 9.00± 0.64 107 7.17
30 day at−80◦C 7.70± 0.05 91.8 0.55

15.0 0 h (for all) 16.30± 0.18
3 F/T 14.18± 1.48 90.1 7.90

16.53±
16.63±
5.33±

Q T., ben

).
6 h (B.T.)
6 h (in-injector)
30 day at−80◦C 1

C, quality control; %CV, coefficient of variation; F/T, freeze/thaw; B.
a Back-calculated plasma concentrations.
b (Mean assayed concentration/mean assayed concentration at 0 h× 100
0.25 101 1.52
1.36 102 8.19
1.42 94.0 9.60

ch-top.
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Fig. 3. Plasma concentration–time profiles of RST and FFA (released from
FBT) in a volunteer following oral co-administration of RST and FBT tablets.

volunteers. The suitability of the developed method for clini-
cal use was demonstrated by the simultaneous determination
of RST and FFA in plasma samples from a volunteer fol-
lowing co-administration of RST (40 mg) and FFA (200 mg)
tablets by oral route (Fig. 3). In this volunteer, the peak plasma
concentration (Cmax) of RST and FFA were attained at 3 and
6 h, respectively. The half-life for RST and FFA was found
to be 5.0 and 11.5 h, respectively.

4. Conclusion

In summary, the validated LC–MS/MS described herein
for the simultaneous determination of RST and FFA in
human plasma is specific, accurate, precise and reproducible
In addition, the present method utilizes a single step liq-
uid/liquid extraction method with a commercially available
IS. The assay was successfully applied to determine the
concentration–time profiles of RST and FFA simultaneously
in a clinical pharmacokinetic study.
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