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ABSTRACT KEYWORDS
A simple, sensitive high-performance liquid chromatography (HPL C) assay Atorvastatin calcium;
for atorvastatin measurement in human plasma was fully validated, and Glipizide;
atorvastatin stability was studied. After one-step extraction of 1ml plasma HPLC;
with 5.0ml of ethyl acetate and reconstitution in mobile phase, glipizide Stability;
(internal standard, |S) and atorvastatin eluted at 4.6 and 8.7 minutes, re- Validation.

spectively, onanAtlantisC ,, Sum steel at roomtemperature (RT), and were
detected using a Water 2690 dual absorbance detector set at 247nm. The
mobile phase, 0.05 M dibasic sodium phosphate buffer (pH = 4.0) and ac-
etonitrile (50:50, v:v), wasdelivered at 1.0ml/min. Calibration curveswere
linear in the range 0.02-1.0ug/ml, and intra- and inter-run coefficients of
variation were < 12 % and <13.1 %, respectively. Extraction recovery and
intra- and inter-run biaswere > 81% (mean 91%), <14%, and < 10 %, respec-
tively. Atorvastatin was stablein plasmafor 24 hoursat RT (> 95%), 6 weeks
at -20°C (> 85%), and after 3 cycles of freeze at -20°C and thaw at RT (>
90%). In extracted samples, atorvastain was stable for 24 hours at RT (>
96%) and 48 hours at -20°C (> 96%). Atorvastatin (1 mg/ml) in water was
stablefor 48 hoursat RT (88%) and 6 weeksat -20C (112%).

© 2010 Trade Sciencelnc. - INDIA

INTRODUCTION

Atorvastatin (CAS; 134523-03-8) isapotent in-
hibitor of 3-hydroxy-3-methylglutaryl coenzymeA
(HMG-CoA) reductasewhichisused for thetreatment
of hyperchol esterolemid2. It israpidly absorbed after
ord adminigtration, however, dueto presystemdtic dear-
anceinthegastro-intestina mucosaand metabolismin
theliver, itsabsolutebioavail ability isgpproximatey 12%
and low plasmaconcentrationisachieved followingits
administration®. Peak plasmaconcentration of 452 +
68ug/ml isachieved at 1.8 + 0.2 hours after a single
oral dose of 80mgi*4,

Several methods for the determination of

atorvastatinin pharmaceutica §+*2, and biologicd flu-
ids have been reported, the later include high perfor-
manceliquid chromatography (HPLC) 3314 gaschro-
matography coupled with mass spectrometry™, andlig-
uid chromatography coupl ed with tandem mass spec-
trometry!21619, However, these methodswerelimited
because of low sengitivity or recovery, or becausethey
required |abors preparation, solid-phaseextraction, long
run time, equipment that are not readily available, or
werenot validated in human plasma?.

Theamsof thisstudy wereto 1) establishasmple,
fully validated HPL C assay to measureaorvastatin leve
in human plasmawith quantitation limit suitablefor
bioequiva ence studies, and 2) determinethe stability
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of atorvastatin under variousclinical |aboratories.

EXPERIMENTAL

Apparatus

Theliquid chromatograph consi sted of WatersAl-
liance 2690 SeparationsModule, a5-um (particle-size)
4.6x150mmAtlantisC , steel column, aNova-Pak C
4uminsertin conjunctionwith Guard Pak pre-column
module, and Waters 2960 dual absorbance detector
(Water Associates, Milford, MA, USA) set at 247nm.
Datawerecollected withaPentium 1V computer using
Millenniumi®*2 Chromatography Manager Software
(Water Associates, Milford, MA, USA).

Chemicalsand reagents

Atorvadtatin calcium (Figure 1a), and theinternal
standard (1S) glipizide (CAS number; 29094-61-9)
(Figure 1b) wereanalytical grade and obtained from
USP(Rockville, MD, USA). Acetonitrile, ethyl acetate,
phosphoric acid (HPLC grade), and dibasic sodium
phosphate were purchased from Fisher Scientific
(Fairlawn, NJ, USA). Water for HPLC was prepared
by reverse osmosis and further purified by passing
through aMilli-Q System obtained from Millipore Co.
(Bedford, MA, USA).

Chromatogr aphicconditions

Themobilephase consisted of 0.05M dibasic so-
dium phosphate buffer (pH = 4.0) and acetonitrile
(50:50, v:v) and wasdelivered at aflow rateof 1.0ml/
min at room temperature. The mobile phase wasfil-
tered through a0.45um sizemembranefilter (Millipore
Co., Bedford, MA, USA) and degassed before use.
The auto sampler was programmed to inject 100 ul
into the chromatograph with aruntimeof 10 minutes.

Prepar ation of stock and working solutions

Atorvastatin calcium (1Img/ml) stock solutionwas
prepared inwater and used for stability studiesand to
prepare aworking solution (2ug/ml) in plasma. The
working solution was prepared weekly to construct cali-
bration curve and quality control (QC) samples.
Glipizide (1S) working solution (5ug/ml) was prepared
weekly in mobilephasefrom astock solutionin metha-
nol (Img/ml).

Calibration standar d/ quality control samples
Cdibration sandardswere prepared by mixingnine

Hnalytical CHEMISTRY o

different volumesof atorvastatin working solutionsin
blank human plasmato producefina concentrationsof
blank, zero (blank plasmaspiked with ISonly), 0.02,
0.04, 0.08, 0.16, 0.20, 0.40, 0.60, 0.80, and 1.00ug/
ml. QC sampleswere prepared by mixing four differ-
ent volumes of atorvastatin working solutionin blank
human plasmato producefina concentrationsof 0.02,
0.06, 0.50, and 0.90ug/ml. Sampleswerevortexed for
20 seconds, then aliquots of 1 ml of calibration stan-
dards QC samplesweretransferred into Teflon-lined,
screw-capped, borosilicate glass culture tubes and
stored at -20°C.

Samplepreparation

Aliquotsof 1ml of cdibration standard or QC, were
allowed to equilibrate to room temperature. To each
tube, 60ul of the 5.0ug/ml IS working solution was
added and vortexed for 10 seconds. After the addition
of 5.0ml of ethyl acetate, sampleswerevortexed again
for 1 minute and centrifuged for 20 minutes at 4200
rpm at room temperature. Theorganiclayer wascare-
fully collected, dried under agentle stream of nitrogen
at roomtemperature, and the residuewasreconstituted
in 200ul mobile phase. After centrifugation at 13000
rpm for 3 minutes, the supernatant wastransferredinto
theauto-sampler vids.

Sability studies

Sability of atorvastatin in plasma: Adequate num-
bersof aliquotsof two QC samples(0.06, and 0.90ug/
ml) were prepared. Aliquotswereanayzedin 5repli-
catesimmediately (basdine), after being processed and
stored at room temperaturefor 24 hor a -20°Cfor 48
h (auto-sampler stahility), after being alowedto stand
on the bench-top for 8 or 24 h at room temperature
before processing (counter stability), after being stored
at -20°C for 6 weeks before processing (long term
freezer stability), or after being stored at -20°C for 24
h and then left to compl etel y thaw unassisted at room
temperature before processing (with the cycl e repeated
threetimes, freeze- thaw stability).

Stock solutionsstability: Fivealiquotsof the stock
solutions of atorvastatin and the|Swereanayzed (af-
ter dilutionto 10ug/ml inmobile phase) at baseline, af -
ter storagefor 48 h at room temperature, or after stor-
ageat -20°C for 6 weeks. Stability of theworking so-
lutionsof atorvastatinand thelS, wereevauated upto
2 weeks at -20°C.
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Figurel: Chemical structureof atorvastatin (a) and thein-
ternal standard glipizide (b)

Assay validation method

The procedures used for validation were as de-
scribedinthe US Food and Drug Administration (FDA)
bioana ytical method vaidation guidance?.

OH

e

RESULTS

Optimization of chromatographic conditions

Inorder toimprove specificity and minimizeinter-
ferencefrom plasmaor solvent system that may occur
at lower wavel engths, we optimized the absorbance
wave ength based on photodiode array extracted spec-
tra Weperformedtheandysisa 247nm. Different com-
binations of one componentsof themobile phase com-
posed of dibasic sodium phosphate (pH = 4.0) and
acetonitrile were investigated and (50:50, v:v) was
found best to achieve separation of atorvastatin from
IS and minimize background absorbance. Under the
described conditions, thel Sand atorvastatin werewel|
resolved within aruntime of 10 minutes, and their re-
tentiontimewere4.6 and 8.7 minutes, respectively.
Linearity

Linearity was determined in the range of 0.02-
1.00ug/ml usingten caibration curves. Thedatawere
andyzed by linear regression using theformula: Conc.
=a+ b (PAR), where Conc. is the concentration of
atorvastatin, aistheintercept, bistheslope, and PAR
isthe peak area of atorvastatin divided by the peak
areaof thelS. The concentrations of the calibration
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Figure?2: Overlay of ten chromatograms of blank human
plasma spiked with 0 (B), 0.02, 0.04, 0.08, 0.16, 0.20, 0.40,
0.60, 0.80 or 1.00 pg/ml of atorvastatin as well as 0.3 pg/ml of
glipizide(1S)

standards of the eight calibration curves were back-
cdculated usingtheindividud regressonlines. Linear-
ity studies (n=10) showed mean (SD) for R? of 0.9942
(0.0037) adopeof 1.3001 (0.3176), and an intercept
of 0.0016 (0.0313). Figure 2 depictsan overlay of chro-
matograms of arepresentative standard curve.

Limit of detection

Thelimit of detection (LOD), defined asthreetimes
thebaselinenoise, was0.01ug/ml.
Specificity

To evauate pecificity, we screened eight frequently
used medi cations (dissolved in methanol : water, 50:50,
v:v) and six different batches of human plasma. All
batchesof blank plasmawerefreefrominterfering com-

ponents. Noneof eight commonly used drugs co-€l uted
with atorvastatin or the IS(TABLE 1).

Recovery

Theextraction recovery of atorvastatin was deter-
mined by dividing mean peak areas of fivereplicates of
four quality control samples (0.02, 0.06, 0.50, and
0.90ug/ml) prepared in plasma (as described under
sample preparation), by mean peak areasof fiverepli-
cates of equivalent concentrations prepared inthemo-
bile phase. Therecovery of thel Swasdetermined simi-
larly at aconcentration of 0.3ug/ml. Theresultsof the
extraction recovery studies of atorvastatin andthelS
arepresentedin TABLE 2. Recovery was> 81% (mean
91%) for atorvastatin and 87% for thelS.

Precision and bias

Precision was cal culated as coefficient of variation
(standard deviation divided by mean measured con-
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TABLE 1: Specificity of atorvastatin assay

Drug Name Retention time
Atorvastatin* 8.7
Glipizide 4.6
Aspirine 2.3
Acetaminophen 2.2
Ranitidine 4.0
Nicotinic Acid* 2.0
Ascorbic Acid* 1.6
Caffeine* 2.3
I buprofen 5.0
Diclofenac 7.0

Img/ml solutions in methanol or water* were diluted in mobile
phase to 10 pg/ml and 100 pl were injected

TABLE 2: Extractionrecovery of atorvastatin and glipizide

: Plasma Mobilephase
Nominal " ~
concentration ~Mean Mean Recovery
(ug/ml) peak SD peak SD (%)
area area
Atorvastatin
0.02 3182 286 3918 378 81
0.06 10306 815 11826 332 87
0.5 122906 5339 118414 1407 104
0.9 237549 7407 256578 1847 93
Glipizide
0.3 160093 10488 183972 1163 87

*Mean peak area of 5 replicates. **Mean peak area of spiked
plasma sample divided by mean peak area of spiked mobile
phase sample x 100. SD, standard deviation

TABLE 3: Intra-run and inter-run accuracy and precision of ator vastatin assay

Intra-run (n = 10)

Inter-run (n = 20)

Nominal
concentr ation M ean measur ed Precision ** M ean measur ed Precision **
(ug/ml) concentration SD (Cv~, Bias concentration SD (Cv*, Bias
(ng/ml) %) (%) (ng/ml) %) (%)
0.02 0.019 0.001 6.1 5 0.021 0.003 13.1 5
0.06 0.065 0.008 11.8 9 0.062 0.005 8.7 3
0.50 0.484 0.058 12 2 0.509 0.062 12.2 2
0.90 1.030 0.055 5.3 14 0.986 0.090 9.1 10

*Coefficient of variation (CV) = Standard Deviation (SD) divided by mean measured concentrationx100. **Bias = absolute value
of 1 minus mean measured concentration divided by nominal concentration100

TABLE 4: Sability of atorvastatin in plasma samplesand stock solution

*Plasma Samples

. . Unextracted Extracted Freeze-thaw **Stock solution
Nominal concentr ation
(ng/ml) 8h 24h 6wks 24h 48 h One Two Three 48h 6 wks
RT RT -20°C RT —20°C «cycde «cycdes cydes RT -20°C
0.06 93 95 85 96 104 102 84 20 88 119
0.90 109 115 100 100 96 106 115 99

Sability (%) = mean measured concentration (n = 5) at the indicated time divided by mean measured concentration (n = 5) at
baselinex100. * Spiked plasma samples were analyzed immediately (baseline, data not shown), after storing for 8 or 24 hours at
room temperature (8 h RT and 24 h RT) or 6 weeksat -20°C (6 weeks-20°C); analyzed after storing the extract for 24 hoursat room

temperature (24 h RT) or 48 hoursat -20°C (48 h -20°C); or analyzed after 1 to 3 cycles of freezing plasma at -20°C and thawing
at room temperature (freeze-thaw). ** Atorvastatin, 1 mg/ml in water

centrationx100) and inaccuracy (bias) asthe absolute
vaueof (1 minusmean measured concentration divided
by nominal concentration)x100. Theintra-runandin-
ter-run precision and biaswere determined by analyz-
ing four QC samples: 0.02, 0.06, 0.50, and 0.90ug/mi
over threedifferent days (TABLE 3). Intra-run preci-
sion and bias (n = 10) ranged from 5.3 % t0 11.8 %
and from 2 %to 20 %, respectively. Theinter-run pre-
cision and bias (n = 20) ranged from 8.7%t0 12.2%
and from 2 %to 20 %, respectively.

Hnalytical CHEMISTRY o

Sability

Thedahility of atorvastatinin plasma, in processed
samples, and under usual storage conditionswasin-
vestigated. Theresultsof atorvastain stability studies
arepresented inTABLE 4. Thedataindicatethat: 1)
atorvastatin in plasmaisstablefor at least 24 hours at
room temperature and 6 weeks at -20°C, 2) in ex-
tracted samples, atorvastatinis stablefor at |east 24
hours at room temperatureand 48 hoursat -20°C, 3)
atorvastatin in plasma is stable after at |east three
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cyclesof freeze at -20°C and thaw at room tempera-
ture, and 4) atorvagtatinin water (Img/ml), andthelS
inmethanol (Img/ml) werestablefor at least 6 weeks
at -20°C (112 % and 87 %), respectively. Further,
theworking solutions of atorvastatin and the S (2ug/
ml in plasmaand Sug/ml inmobile phase, respectively)
were stablefor at least 2 weeks at -20°C (115% and
85%, respectively).

Robustness

Therobustness of the proposed method wasevalu-
ated by dightly atering the strength of phosphoricacid
and amount of acetonitrilein mobilephase. No signifi-
cant effects were observed. Further, the chromato-
graphic resolution and pesk responsewere stable over
about 700 injections of processed plasmasamplesus-
ing onecolumn.

DISCUSSION

Wedescribearapid, smple, accurate, and precise
HPL C assay for thedetermination of therapeuticlevels
of atorvastatinin human plasma. Previoudy reported
assayswerenot developed to measureatorvadtatin level
inbiologicd fluids**2, had relatively high limit of de-
tection®, used devicesthat are not availablein many
pharmaceutical |aboratoriesor need highly trained per-
song*>8 or werevalidated using dog plasma®”.

Theadvantagesof the current assay include: 1) one-
step liquid-liquid extraction rather than two stepsor-
ganicextraction®*28, protein precipitation followed by
solid-phase extractionl*”, or solid-phase extraction*¥,
2) aruntimeof 10 minutes compared to 23 minutes®¥,
and 3) mean extraction recovery for atorvastatin of 91
% compared to 66% and 58% respectively"19,

The comprehensive stability experimentsthat are
reported here extend the known limits of stability of
atorvastatinin plasma"*®'to 24 hours at room tem-
perature, 6 weeks at -20°C, and three freeze- thaw
cycles.

In conclusion, theresults of thisstudy expand the
information on atorvastatin stability and indicate sev-
eral advantagesof the described assay over previoudy
reported assays, especidly for therapeutic drug moni-
toring and bioequiva ence studies.

—— Fyll Peper
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