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ABSTRACT

A simple and sensitive liquid chromatography/tandeass spectrometry method was developed and
validated for determining rosuvastatin in human gofe@, a new synthetic hydroxyl methyl glutaryl-
coenzyme a reductase inhibitor. The analyte anermatl standard (IS: Fluconazole) were extracted by
simple one-step liquid/liquid extraction with Mdtbert-Butyl Ether. The organic layer was separated
and evaporated under a gentle stream of nitroged@it 5°C. The chromatographic separation was
performed on an Kromosil, 54, 100x4.6mm column &itmobile phase consisting of 5mM Ammonium
acetate pH 3.5 : Acetonitrile (10:90v/v) at a floate of 0.800ml/min. The retention time of rosuatast
and internal standard was 1.22 and 1.23 min, reSpely. Triple—-quadrupole MS/MS detection was
operated in positive mode by multiple reaction rmwmg (MRM) using the precursor-to-product
combinations of Drug: 482.20/288.20 (m/z) and ISBD7.20/220.10 (m/z) the areas of peaks from the
analyte and the IS were used for quantificatiomasfuvastatin. The method was validated according to
the FDA guidelines on bioanalytical method validati Validation results indicated that the lower iim

of quantification (LLOQ) was 0.1 ng/mL and the gssexhibited a linear range of 24.979 -
5003.808ng/mL and gave a correlation coefficientofr0.999 or better. Quality control samples (85,

24 and 46 ng/mL) in six replicates from three défd runs of analysis demonstrated an intra-assay
precision (RSD) 7.97-15.94%, an inter-assay prenis3.19-15.27%, and an overall accuracy (relative
error) of < 3.7%. The analyte was stable in hum&asma following three freeze/thaw cycles and for up
to 8 weeks following storage at —20 °C. The assay be applied to the analysis of rosuvastatin in
human plasma samples derived from clinical trials.

Keywords: Rosuvastatin, Fluconazole, Method validation, LC4MS, Human plasma,
Methyl-tert-Butyl Ether
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INTRDUCTION

Rosuvastatin (Fig. 1) (formerly known as ZD4522¢hamically bis [E)-7-[4-(4-fluorophenyl)-
6-isopropyl-2-[methyl-(methylsulfonyl) amino]pyriein-5-yl](3R,59)-3,5-dihydroxyhept-6-
enoicacid] calcium salt, is a new, synthetic, gralttive and competitive inhibitor of 3-hydroxy-
3-methylglutaryl coenzyme Areductase with significand specific low-density lipoprotein
(LDL) cholesterol-lowering activity in vitro and wmvo [1,2].
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Fig. 1. The structures of rosuvastatin, deuteratedosuvastatin and the fragment ion of rosuvastatin
monitored by MS

Rosuvastatin is a hepato-selective drug, with selec achieved through active transport
processes into the liver [3-5]. Compared with salvether HMG-CoA reductase inhibitors,
rosuvastatin does not appear to be metabolizedfisggmtly by cytochrome P450 3A4 and,
therefore, may not possess the same potentialtigridteractions as seen for some other statins.
In spite of the metabolism of rosuvastatin not geaxtensive N-desmethyl rosuvastatin was
identified as the primary metabolite. This metateolvas formed primarily byCYP 2C9 isozyme
with lesser contributions coming from CYP 2C19 &## isozymes. [6] In order to quantify
plasma concentrations of rosuvastatin in clinigalg, it was necessary to develop and validate a
simple, sensitivity, selectivity, accuracy and meassay method.

Assays for other statins (and their metaboliteseh@mployed a number of different techniques
and approaches. An enzyme-linked immunosorbentyaksapravastatin alone [7], and gas
chromatography— mass spectrometry (GC-MS) [8] arflLE+MS— MS [9] assays for
pravastatin and metabolites have performed witkregice to the guidance of Shah et al. [10].
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The pharmacokinetic, metabolic and drug—drug ictera profiles of rosuvastatin have been
extensively studied. Pharmacokinetic studies in dmsrusing oral doses (5-80 mg) showed that
maximum plasma concentrations and areas under thecentration—time curve were
approximately linear with dose [11]. Peak plasmacemtrations of rosuvastatin were reached
after 3-5 h following oral administration in humaf$e elimination half-life was found to be
approximately 19 h and steady-state concentratiaa ached within 4-5 days after dosing.
Repeated dosing of rosuvastatin was found to httleedr no effect on accumulation of drug in
plasma [12]. Serum protein binding of rosuvastatias around 88%, and the absolute oral
bioavailability of rosuvastatin was around 20% [B)was found that organic anion transporting
polypeptide 1B1 (SLCO1B1) contributes to the hepafitake of rosuvastatin [13, 14].

From this point of view, a quantification method rokuvastatin in human plasma employing
liquid—liquid extraction with Methyl-tert-Butyl E#r (t-BME) followed by tandem mass
spectrometric detection is developed and validadedording to the FDA guidelines on
bioanalytical method validation [15]. The presentdy provides an alternative with a simpler
and cheaper approach for the quantification ofwvastatin in human plasma.

EXPERIMENTAL SECTION

2.1. Chemicals and reagents:

Rosuvastatin was obtained from Matrix Laboratotigsited, India and Fluconazole used as the
internal standard, was supplied by Sigma Aldrictetidanol, Acetonitrile, and formic acid were
purchased from Merck, Methyl-tert-Butyl Ether (t-BYlwas purchased from Spectrochem and
Water (HPLC grade) was prepared by distillationglass and passage through a Milli-Q
plotwater purification system (Millipore, BedfordJA, USA). Analytes free healthy human
plasma was procured from the Navajeevan Pathologatzoratory at Hyderabad from different
individual sources.

2.2. Equipment:

HPLC was carried out with a Shimadzu LC-10A pumpiewlett-Packard Series 1100 pump
with an EVA-1 Rheodyne Model 7000 switching valv@orfes Chromatography, Mid
Glamorgan, UK) and a CTC Analytics PAL auto samléerefordshire, UK). The analytical
column employed was a Klomosil (C18, 5y, 100 X 49mA Sciex APl 4000 (Applied
Biosystems,Warrington, Cheshire, UK) mass specttemesquipped with a Turboionspray
interface, was used for detection. The data capjusystem was an Apple Macintosh Power
Macintosh 9500/ 132. The Eppendorf’'s centrifuge, $pinix’s vortex mixer and the tube rotator
a Stuart TR-2 was used. Gilson and Anachem auttipgoerere used for dispensing plasma and
stock solutions. Polypropylene sample tubes (4 fndin Anachem (Bedfordshire, UK) and
Chromacol (Hertfordshire, UK) 250-ml autosamplalsiwere used throughout.

2.3. Preparation of standard and quality control saples:

Stock solutions of rosuvastatin were made up irharatl at approximately 1 mg/ ml. A 50-fold
dilution of the stocks was prepared in methandtjgerated and protected from light for up to 1
month. Working standard solutions of varying corraions of rosuvastatin were prepared on
the day of analysis by diluting the stocks witiMlacetic acid /methanol (50:50 v/v). Each day,
before ex- traction, the calibration curve in hunf@asma was prepared by spiking known
amounts of rosuvastatin into human plasma (500iptgrnal standard (50 pl), 5SmM ammonium
acetate buffer pH 3.5 (500 pl) and formic acid (170 pl) was added to give a final volume of
1800 pl.
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The standard curve in human plasma was 0.1, 0%, 10.5, 10, 15 and 30 ng/ ml. The

concentration of internal standard in plasma wasd/Aml. Quality control (QC) samples were

prepared fresh on the day of analysis and in bul&a concentrations: 0.1, 0.3, 15 and 25 ng/ml
rosuvastatin. Dilution QC samples were preparezb@tng/ml to confirm that samples could be
diluted to within the working range of the assaulkBQC samples were stored frozen at -70/80
°C until required.

2.4. Sample extraction:

Before extraction, control plasma for calibratiomda@C samples and bulk spiked QC samples,
were removed from the freezer and thawed at roompéeature. Calibration standards, fresh QC
samples and bulk spiked QC samples were then neadly for extraction in 4 ml polypropylene
tubes. All calibration standards were prepareduiplidate at each concentration.

Exactly 250 pl of plasma was pipette out into gipelled polypropylene tubes, to this 50 pl of
ISTD (1pg/ml) was added and vortex (Vortex Geniudk, Germany) for 20seconds, to this
add 2.5 ml of TBME, again vortex for 10 minutegeathis The tubes was centrifuged for 5 min
(EBA21 table centrifuge, Hettich, Germany) at 45@@n, and the upper Organic phase was
transferred to an other 5mL polypropylene Tube awaporated to dryness under a stream of
nitrogen at 46C (N-EVAP11155, Organomation, USA), for 25 minutéke residue was
Reconstituted in 150 pl of mobile phase by vorteximg at 3000 rpm for 3 min. The
reconstituted sample was transferred to the glass sampler vial insert and 5 pl was injected
into the chromatographic system.

2.5. Chromatographic and mass spectrometric condiins:

An HPLC mobile phase of Ammonium Formate, 10 mM 48: Acetonitrile (10:90 v/v) was
delivered at a rate of 1.0 mL/min using Agilent @&ries HPLC system, with a split of 200 pL
to mass spectrometer and 800 pL to waste. The ecobfrkromosil, C18, 5 4, 50 X 4.6 mm was
maintained at 20 °C [16]. The injection volume VBagL and the injector needle was washed in
water/methanol (50:50 v/v). Peaks of the HPLC-MS/shBomatograms were evaluated using
an Analyst workstation (2003 editions, Applied Bistem/MDS SCIEX and POET Software
Corporation, USA) and a Mass spectrometry Toolkérgion3.3, 1998—-2000 Sierra Analytics,
USA).

The mass spectrometer was operated in the postivenode with the Turbolonspray heater set
at 450-C (APl 4000 LC-MS/MS system, Applied Biosystemsstéo City, CA, USA). The
samples were analyzed employing the transition mfigD482.20/288.20n{/2 for rosuvastatin
with a dwell time of 200 milli sec. The mass traiasi for the internal standard (Fluconazole)
was 307.20/220.16vVz amu, with the same dwell time. The ionspray voltags set at 5500.00
the decluster potential was set at 32.00, 40.00h¥ the collision energy at 32.00, 25.00 for
rosuvastatin and internal standard, respectivdtg @ntrance potential was set at 10.0V, and the
focusing potential at 400V. The nebulizer gas @gén) pressure was set at 8 (arbitrary units).
The curtain gas (nitrogen) was set at 15.00 (alyitunits).

RESULTS AND DISCUSSION

3.1. Mass spectrometry:

In order to develop a method with the desired $eiigi (0.1 ng/ml), it was necessary to use
MS—-MS detection, as the compound did not possessUYf absorbance or fluorescence
properties needed to achieve this limit. The inheselectivity of MS—MS detection was also
expected to be beneficial in developing a selectind sensitive method. The most sensitive
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mass transition was from/z 482 torm/z 288, which relates to the production of the prodant
illustrated in Fig. 1. Essentially the same massdition was used for the Fluconazoha/z
307.20/220.10). This fragment ion was the most iseasion detected and because it was
specific to rosuvastatin and internal standard eassidered to be the most appropriate choice
for a specific and sensitive method. The ring \g#taorifice voltage and collision energy were
optimized to deliver effective fragmentation of tfid+H] *without excessive fragmentation,
which would have reduced sensitivity. The paransepeesented in the methods section are the
result of this optimisation.
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Fig. 2. Positive ion Turbolonspray Q1 mass spectrém/z 110-550) of rosuvastatin

Solvents of rosuvastatin throughout this assay ainetl acid. Due to the chromatographic
separation of ionic type and molecular type, a t®pleaked chromatogram was apt to be
formed without enough acidic environments. In aidiaanobile phase and solution, rosuvastatin
existed as ionic type. The residue was reconstitin¢he mobile phase by vortex mixing at 2500
rpm for 3 min to ensure that the residue adherdateavall of tubes could be entirely dissolved.
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Because trace plasma protein remained in the rattded solution, a relatively high centrifugal
speed (10 00€y) must be applied to precipitate the protein amgotindissolvable substance.

Fig. 3. Positive ion Turbolonspray product ion masspectra fn/z110-550) of rosuvastatin
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3.2.Method development:

The HPLC conditions were optimised such that thentgon time was kept for rosuvastatin at
1.22 minutes and fluconazole at 1.23 minutes iriotd assure high throughput. Some retention
of the compound on the HPLC column was employed thie eluent from the first 45 sec of the
run going to waste. This limited the amount of eyglous material entering the mass
spectrometer and thereby reduced the amount oérmaystaintenance required. The kromosil
HPLC column was chosen based on positive experiencéhe chromatography of acid
compounds and because it demonstrates good staiilihe low pH of the mobile phase. The
composition of the mobile phase with Ammonium FaenalOmM pH 4.5: Acetonitrile
(10:90v/v) was chosen for its compatibility with ssaspectrometric detection. The pH of
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ammonium formate buffer was kept at 4.5 becausmstfound to be necessary in order to lower
the pH to protonate the acidic rosuvastatin ang tieliver good peak shape. The percentage of
ammonium formate was optimised to maintain thikpFeape whilst being consistent with good
ionisation and fragmentation in the mass spectremefhe typical chromatogram of double
blank plasma (without rosuvastatin and internahdséad) and a spiked plasma sample with
rosuvastatin (approximately 1 ngnt) was shown in Figs. 3 and lon chromatogram of a
rosuvastatin spiked plasma (0.1 ngmL-1): (A) rostatn channel and (B) internal standard
channel was shown in Fig 4.
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Fig 3. Double blank plasma and spiked plasma sampieith rosuvastatin (1 ng/ml)

3.3. Specificity, selectivity and matrix effects:

The standard curve in biological fluids was comgangth standard in buffer to detect matrix
effects. Besides, parallelism of diluted study skspvere evaluated with diluted standards to
detect matrix effects. The results showed thatigi@at, selectivity, and sensitivity was not
compromised. The specificity/selectivity of the hwd was investigated by screening several
separate human plasma samples and looking for endag peaks which accounted for more
than 20% of the peak area of rosuvastatin or theynal standard in the LLOQ of calibration
samples. Using these criteria, no endogenous swuestawere detected which significantly
interfered with the quantification of rosuvastabn the internal standard. Pre-dose samples
analyzed from preliminary clinical studies have foomed that there were no other endogenous
plasma components, which would have led to sigmifiegnterference in the assay.
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Fig 4. Typical lon chromatogram of a rosuvastatin piked plasma (61976.00 ngmL-1): (A) rosuvastatin
channel and (B) internal standard channel
X-scale represents retention time and Y-scale eggabas relative intensity, cps.

3.4. Linearity, precision, accuracy and limit of quantification:

The assay was linear over the range 306.022-198280%g/mL for rosuvastatin. The standard
curve fitted to a Yweighted linear regression which was calculatedhieyquantitative module
of Analyst software. The mean equation (curve ¢oefitst S.D.) of the calibration curva €

8) obtained from three single batches in methodiaabn wasy = 2.8815 (+0.1011x + 0.0064
(x0.0049) (correlation coefficient = 0.9982+0.012) for rosuvastatin, wheyeepresents the
rosuvastatin peak area to fluconazole peak arga eatd x represents the corresponding
rosuvastatin concentration to internal standaraentration ratio.

Intra-batch inaccuracy and imprecision were assesserunning a single batch of samples
containing a calibration curve and six replicatetest samples at each of the four concentrations
(0.1, 0.5, 1, and 10 ngmL-1). For inter-batch immacy and imprecision three batches of
samples were analyzed. Each batch contained aatadito curve and duplicate test samples at
each of the four concentrations. The inter- andcaibatch CV and accuracy of the method, as
measured by the performance of the test samplesrdsuvastatin at all four levels of
concentration, were shown in Table 1. The imprenisand inaccuracy were within the pre-
specified acceptable limits of <x15% and <15%, eesipely, across the calibration range. The
LLOQ of rosuvastatin in this assay was verifiedaks ngmL-1 with the inter-batch inaccuracy
<20% and imprecision <+20%.
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Table 1: Inaccuracy and imprecision of the method ssmeasured by the performance of samples analyzed o
three different days at four concentrations

Concentration Intra — batch Inter - batch |
(ngmL-1) n Inaccuracy Imprecision Inaccurac Imprecisidpn
0.1 6 14 10.5 6 -2.8 11.0
0.5 6 2.7 5.5 6 8.7 6.0
1 6 -8.1 3.4 6 5.5 8.9
10 6 -4.6 4.9 6 6.5 8.5

3.5. Extraction recovery:

The extraction recoveries of rosuvastatin from mplasvere determined at four concentrations
(0.1, 0.5, 1 and 10 ngmL-h,= 6), and for the internal standard at the cone¢inin used in the
assay (500 ngmL-I) = 24), by comparing the areas of extracted sampitts none-extracted
samples (pure standard solutions of rosuvastakimd. mean extraction recoveries and standard
deviation were 65.3+4.5%, 72.2+8.7%, 57.5+5.5% @8@+5.3% for 0.1, 0.5, 1 and 10 ngmL-1
of rosuvastatin; and 65.3x7.5% for the internahdtad. These results indicated that the sample
procedure of ion pair liquid—liquid extraction witer-butyl-methyl ether is efficient for the
extraction of trace rosuvastatin in plasma. Theaydsas been proven to be robust in high
throughput bioanalysis.

3.6. Stability:

Rosuvastatin spiked plasma at LLOQ, low, medium laigth concentrations (0.1, 0.5, 1.0 and
10.0 ngmL-1) were analyzed at fresh preparing aftdrl the auto sampler at room temperature
for 24 h to investigate the processed sample #tabilhe results indicated that the processed
samples were stable at room temperature for at2dals. Similarly, four different concentrations
of spiked plasma were analyzed at fresh prepamagstored at —20C, then subjected to three
freeze and thaw (12 h) cycles to investigate fresmethaw stability. The concentrations found
were within the allowed limit £15% of nominal comteation, revealing no significant substance
loss during repeated freezing and thawing. Thenpdasamples remained stable after freezing
and thawing for at least three times. Four setsaofiples were likewise prepared and stored at
room temperature for 24 h and at -0 for 8 weeks. After first analyzing the samplegeave
analyzed using freshly prepared calibration sampdes later under the circumstances of room
temperature and in 2 and 4 weeks later under tleeimstances of —26€C. The concentration
determined showed that the plasma samples werke stalbom temperature for at least 24 h and
at —20-C for at least 8 weeks.

CONCLUSION

A sensitive, specific, accurate and reproducible-MS/MS method employing ion pair liquid—
liquid extraction for the quantification of rosutasn in human plasma was developed and
validated. The desired sensitivity for rosuvastatas achieved with an LLOQ of 0.1 ngmL-1.
Rosuvastatin was shown to be stable in routineyaisatonditions and in human plasma for up
to 6 months when stored at —2D. The method has been used to analyze human pkesmzes
from clinical pre-studies of rosuvastatin in thdibm volunteers.
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