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Abstract

A selective, accurate and precise assay was developed for the quantification in human plasitalestnethyl metabolite of
the 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase inhibitor rosuvastatin. The assay—employing automated
SPE followed by HPLC with positive ion electrospray tandem MS (HPLC-MS/MS)—was validated. The standard curve range
for N-desmethyl rosuvastatin in human plasmawas 0.5—-30 ng/ml with 0.5 ng/ml being the limit of quantification. Plasma samples
were mixed 1:1 with sodium acetate buffer (pH 4.0; 0.1 M) soon after separation from red blooN-d@dsmethyl rosuvastatin
was stable in plasma:buffer at room temperature for 24 h ard7@tC for 12 months. The assay was applied successfully to
the quantification oN-desmethyl rosuvastatin in human plasma following administration of rosuvastatin.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction excretion balance trigP], 90% of a 20 mg oral dose
of [C]rosuvastatin was recovered in faeces primarily
Rosuvastatin (Crest8r licensed by AstraZeneca as unchanged drug. Analysis of excreta samples from
from Shionogi & Co. Ltd., Osaka, Japarfjig. 1) is this trial led to the isolation and identification of the
a synthetic 3-hydroxy-3-methylglutaryl coenzyme A N-desmethyl metabolite of rosuvastatitiq. 1), which
(HMG-CoA) reductase inhibitor for the treatment of is approximately 50% as active against the HMG-CoA
dyslipidaemia. AstraZeneca has completed Phase-lll reductase enzyme as rosuvastatin.
clinical development of the drud]. The aim of this work was to develop and validate an
Rosuvastatin is eliminated mainly via the liver but assay with appropriate sensitivity, selectivity, accuracy
metabolism is a minor route of clearance: in a human and precision for the quantification of thedesmethyl
metabolite of rosuvastatin in human plasma. Reported
— _ _ _ here for the first time is a new validated assay, which
e g aoponding uihor. Tely 44-131-451-2262 utilises HPLC with tandem MS (HPLC-MS/MS) and
E-mail address: caroline.hull@quintiles.com (C.K. Hull). takes into account the guidance of Shah ef3jl.

0731-7085/$ — see front matter © 2004 Elsevier B.V. All rights reserved.
doi:10.1016/j.jpba.2003.12.022
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Fig. 1. Structures of rosuvastatiN;desmethyl rosuvastatin and the product ion monitored in the mass spectrometer.

2. Experimental shire, UK) containing a hydrophobic-lipophilic bal-
anced copolymer sorbent (Oasis HLB, 30 mg). Ex-
2.1. Chemicals tracts were dried down in a Micro DS96 drying block
(Porvair, Middlesex, UK).
AstraZeneca (Cheshire, UK) supplied thalesme- HPLC was carried out with a Shimadzu LC-10A

thyl metabolite of rosuvastatin (assigned strength pump, a Perkin Elmer LC-200 pump with an EVA-1
77.3%) and the deuterateddposuvastatin (assigned Rheodyne Model 7000 switching valve (Jones Chro-
strength 99.7% used as the internal standgrgl; 1). matography, Mid Glamorgan, UK) and a Perkin ElImer
The purity and strength of the test compound and in- AS 200 autosampler (Buckinghamshire, UK).

ternal standard were taken into account when prepar- A Sciex APl 365 mass spectrometer (Applied
ing stock solutions. Acetonitrile, methanol, glacial Biosystems, Cheshire, UK), equipped with a Tur-
acetic acid and formic acid were purchased from bolonSpray interface, was used for detection.

Fisher Scientific (Leicestershire, UK). Sodium ac-  Two centrifuges—a Jouan MR 18.12 (Winchester,
etate trihydrate was purchased from Sigma-Aldrich VA, USA) and an IEC Centra GP8R (Needham
Co. Ltd. (Dorset, UK). Quintiles Scotland Limited Heights, MA, USA)—were used. The vortex mixer
supplied the drug-free human plasma, and water waswas a Fisher Whirlimixer and the tube rotator a Stu-
distilled in-house. Prior to use, the plasma was diluted art TR-2. Gilson and Anachem (Luton, Bedfordshire,
1:1 with sodium acetate buffer (pH 4.0; 0.1 M); this UK) autopipettes were used to dispense plasma and
handling procedure was adopted to support analysis stock solutions. Gilson polypropylene sample tubes

of samples from rosuvastatin clinical trials. (4 ml), Chromacol autosampler vials (2a0) and
a Perkin Elmer Series 200 Peltier cooling tray for
2.2. Equipment HPLC analysis were used throughout.

The data-capture system was an Apple Macintosh

Samples were extracted automatically using a Tecan System 8.1 equipped with Macquan software (Version

Genesis RSP 100 (Berkshire, UK) automated SPE 1.6) (PE Applied Biosystems, Warrington, Cheshire,
system with 96-well plates (Waters Ltd., Hertford- UK).
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2.3. Preparation of stock solutions, standards and suvastatin was then redissolved in acetic acid (0.5%)
quality control samples in water. Prior to analysis, samples were transferred
to autosampler vials and centrifuged at 10,000 rpm
Stock solutions ofN-desmethyl rosuvastatin were (2000x g) for 10 min.
prepared in 100% methanol (at 1 mg/ml)—uwith dilu-
tions made up in acetic acid (1 M)—methanol (50:50, 2.5. Chromatographic and mass spectrometric
v/v)—and stored refrigerated and protected from light conditions
for up to 1 month. Stock solutions of frosuvastatin
were prepared in methanol-acetate buffer (pH 4.0; The following HPLC settings and conditions
0.1 M) (50:50, v/v) and stored refrigerated and pro- were employed: the HPLC mobile phase was
tected from light for up to 3 months. methanol-formic acid (0.2%) in water (65:35, v/v) at
Working standard solutions oN-desmethyl ro- a flow rate of 1 ml/min. The HPLC column was a Luna
suvastatin (varying concentrations) and internal Cig (2) 5um (46 mmid. x 150 mm). Column tem-
standard (150 ng/ml) were prepared on the day of perature was ambient. Column switching times were
analysis by diluting the stock solutions in acetic acid 4.6—6.1 min to MS. The flow rate split was MS:waste
(1 M)-methanol (50:50, v/v). Each day, before ex- 1:4. The injection volume was 1Q0. A needle wash
traction, the standard solutions were used to spike of acetic acid (0.5%) in methanol was used.
calibration curves in human plasma (500. Ac- The following MS conditions were employed: the
etate buffer (pH 4.0; 0.1 M; 500l), internal standard ~ MS was operated in positive ion mode. The Tur-
(50ul) and acetic acid (1 M; 750l) were added to  bolonSpray heater setting was 4%0 The mass tran-
the plasma to give a final volume of 18(0 Standard sition used wasn/z 468.2—-258.2. The dwell time was
curves were prepared at concentrations of 0.5, 1, 2,300ms. lon spray voltage was4.5-5kV. The ring
5, 10, 15, 25 and 30 ng/ml. voltage was 230-265 V. Orifice voltage was 36-51V.
Test samples for the assessment of accuracy andNebuliser gas (nitrogen) pressure 10-13 bar. The Tur-
precision were prepared at four concentrations: 0.5, bolonSpray gas (nitrogen) flow rate was 7 1/min. The
1.5, 12.5 and 25ng/ml. A dilution QC sample was collision gas (nitrogen) setting was 4. The curtain
also prepared (250 ng/ml); this was used where a run gas (nitrogen) setting was 12. The deflector setting
included sample dilution. Samples were prepared on was —250V. The electron multiplier setting was
the day of analysis, or in bulk and stored frozen at 2800V. The collision energy setting (R@o) was
—70/80°C until required. —46.0V. The internal standard mass transition was
m/z 488.1-264.3.
2.4. Sample extraction

Calibration standards and QC samples were pre- 3. Results and discussion
pared for extraction in polypropylene tubes (calibra-
tion standards were prepared in duplicate). Prior to 3.1. Mass spectrometry
extraction, all samples were vortexed briefly (approx-
imately 2s) and centrifuged at 2000rpm for 7 min. Positive ion TurbolonSpray Q1 mass spectra re-
Samples (1600-17Q0) were then transferred to the vealed that [M4+ H]™ was the predominant ion in the
SPE well plates, which had been conditioned with Q1 spectrum. Therefore, this was used as the precur-
1000u! of methanol followed by 100QI of acetic sor ion for obtaining product ion spectra. The structure
acid (0.5%) in water. The extraction phase was washed of the product ion monitored is illustrated kig. 1
with 1000wl of methanol-acetic acid (0.5%) in water
(30:70, v/v). The analyte was eluted with 1Q@i0of 3.2. Extraction recoveries and selectivity
acetic acid (0.5%) in methanol; elution of solvents was
achieved by applying a vacuum to the manifold. Fol-  The extraction recoveries from human plasma (di-
lowing extraction, samples were evaporated to drynessluted 1:1 with sodium acetate buffer [pH 4.0; 0.1 M])
at 25°C under oxygen-free nitrogeNl-desmethyl ro- were determined at two concentrations (0.5 and
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25ng/ml,n = 6) by comparing the peak areas of ex- 3.3. Linearity, accuracy, precision and limit of

tracted samples with blank plasma extracts fortified quantification

with drug post extraction. The extraction recovery of

the internal standard was evaluated at the concentra- TheN-desmethyl rosuvastatin assay was linear over

tion used in the assay (7.5 ng/ml,= 6). The mean the range 0.5-30 ng/ml. The standard curve was fitted

extraction recovery was 77.0% fbkdesmethyl rosu-  to a 142 weighted linear regression (wherg Wwas

vastatin and 66.3% for the internal standard. Similar the concentration of the analyte), as this was judged

extraction recoveries were observed fddesmethyl to be the weighting scheme that made the assay most

rosuvastatin at the high and low concentrations. robust. The most suitable fitting was judged by as-
The selectivity of the method was investigated by sessment of calibration accuracy across the analytical

screening six separate human plasma samples andange.

looking for endogenous peaks that accounted for Table 1presents a summary of the calibration data

more than 20% of the peak areas Mdfdesmethyl obtained foN-desmethyl rosuvastatin in a trial to as-

rosuvastatin or the internal standard in the lowest sess the effect of fluconazole on rosuvastatin kinetics

calibration standard. Using these criteria, no endoge- [4].

nous substances that interfered significantly with the  For assessment of the inaccuracy and imprecision

quantification ofN-desmethyl rosuvastatin or the in- of the method, sets consisting of calibration standards

ternal standard were detected. Typical chromatogramsand four concentrations of test samples were run on

for double-blank (no compound or internal standard) 4 different days (one intra- and three inter-batch). In

extracts and for extracts from dosed volunteers are each set the standards were run in duplicate. The test

shown inFig. 2 samples were run in replicates of six for both the
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Fig. 2. lon chromatogram of double-blank human plasma, (A) internal standard channel-d&ymethyl rosuvastatin channel (RT
represents expected retention time) and plasma extract from the dosed volunteer 009 at 6 h post-dose, (C) internal standard channel an
(D) N-desmethyl rosuvastatin at 1.48 ng/nitscale expressed as % maximum response; maximum intensity presented as cps value.
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Table 1

Summary of mean (standard deviation) calibration characteristics
of theN-desmethyl rosuvastatin assay method during its application
in a clinical trial [4]

3.4. Carryover and sample dilution

Carryover was assessed by injecting in increasing
concentrations a series of calibration samples inter-

Parameter Value spersed with blank human plasma extracts over the
n 14 calibration range. Carryover was found to be accept-
Intercept 0.001 (0.004) able as it was<20% of theN-desmethyl rosuvastatin
Slope 0.053 (0.016)

lower LOQ and internal standard peak area.

The effect of dilution was investigated by diluting
high-concentration samples 10-fold (to within the cal-
ibration range) with control human plasma prior to ex-
intra- and inter-batches. The intra- and inter-batch traction. The diluted samples produced results within
accuracy and coefficients of variation of the method 100 of the target concentration (actual inaccuracy
(as measured by the performance of the test sam-_g 40%) and with acceptable precision (imprecision

ples at all four concentrations) are shownTable 2 <10%), demonstrating that samples could be diluted
Intra- and inter-batch inaccuracy and imprecision gt least 10-fold.

were <20% for N-desmethyl rosuvastatin at the limit
of quantification, low, mid and high concentrations.
The inaccuracy and imprecision of the assay were

slightly higher than ideal though still acceptable to  Stability assessments were made to support rou-
produce reliable results. Reasons for this inaccuracy tine assay procedures and long-term frozen storage of
and imprecision could relate to the choice of internal N-desmethyl rosuvastatin.

standard and with it the inherent chromatographic  |n order to assess stability, plasma:buffer stability
separation of the metabolite and IS and enhanced samples were spiked witN-desmethyl rosuvastatin
potential for ion suppression effects. The IS was suit- at specific concentrations. The concentrations chosen

Regression coefficient 0.997 (0.002)

3.5. Sahility

able in that it extracted in a similar manner to the
test compound and that its ionisation was similar in
the MS. Within the selectivity experiment there was
no evidence of different response t-desmethyl

assessed the top and bottom end of the calibration
range; the number of replicates varied between four
and six between experiments. After the storage period,
samples were analysed against the respective standard

rosuvastatin or IS between plasma sources SO curve. In order to conclude stability, the mean con-

there was no direct evidence of ion suppression
effects.
The lower LOQ was verified as 0.5ng/ml, as

centration measured in the stability samples was re-
quired to be within 20% of the spiked concentration
for the low-concentration samples (close to the lower

this was the lowest assessed concentration at which| 0Q) and within 15% of the spiked concentration for

the inter-batch inaccuracy and imprecision were
<20%.

Table 2

the higher concentrations assessed. Imprecision for the
stability samples was also required to be within the

Inaccuracy and imprecision of the method fétdesmethyl rosuvastatin as measured by the performance of the QC samples analysed on

4 different days at four concentrations

Concentration Intra-batch Inter-batch

(ng/ml) — i
Inaccuracy (%) Imprecision (%) Inaccuracy (%) Imprecision (%)

0.5 12.0 17.0 10.0 9.6

15 12.0 4.2 -0.7 11.6

125 12.0 11.9 —4.0 18.8

25 8.0 7.9 0.0 14.0

Test samples were run in replicates of six for both intra- and inter-batches.
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Table 3

Summary of stability ofN-desmethyl rosuvastatin during routine assay procedures and long-term frozen-sample storage

Matrix Storage condition Concentrations n Maximum storage period

assessed (ng/ml) confirmed as stable
Human plasma in sodium acetate Room temperature 0.5, 25 6 24h
buffer (pH 4.0; 0.1 M) (1:1, vIv)

—70°C 2.5, 15, 25 4 12 months
Freeze/thaw 0.5, 25 4 2 cycles

=

o

o
J

4. Conclusions

—— Rosuvastatin
—&— N-desmethyl

A sensitive, specific, accurate and reproducible
HPLC-MS/MS method for the quantification of
N-desmethyl rosuvastatin in human plasma was de-
veloped and validated. The desired sensitivity for
N-desmethyl rosuvastatin was achieved with a lower
LOQ of 0.5ng/ml (from 0.5ml of plasma). The
o1 ‘ ‘ ‘ ‘ method has been used successfully to analyse human

0 20 40 60 80 plasma samples following administration of rosuvas-

Time (h) tatin in a clinical trial.

=
o
L

Plasma concentration (ng/ml)

Fig. 3. Geometric mean plasma concentrationsNedlesmethyl
rosuvastatin (and corresponding concentrations of rosuvastatin)
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was stable in plasma:buffer at room temperature for
24 h, at—70°C for 12 months and for two freeze/thaw
cycles {Table 3.
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