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ABSTRACT

KEYWORDS

A simple, sensitive high-performance liquid chromatography (HPLC) assay
for atorvastatin measurement in human plasma was fully validated, and
atorvastatin stability was studied. After one-step extraction of 1ml plasma
with 5.0ml of ethyl acetate and reconstitution in mobile phase, glipizide
(internal standard, IS) and atorvastatin eluted at 4.6 and 8.7 minutes, respectively, on an Atlantis C18, 5m steel at room temperature (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 acetonitrile (50:50, v:v), was delivered at 1.0ml/min. Calibration curves were
linear in the range 0.02-1.0g/ml, and intra- and inter-run coefficients of
variation were  12 % and 13.1 %, respectively. Extraction recovery and
intra- and inter-run bias were  81% (mean 91%), 14%, and  10 %, respectively. Atorvastatin was stable in plasma for 24 hours at RT ( 95%), 6 weeks
at -20C ( 85%), and after 3 cycles of freeze at -20C and thaw at RT (
90%). In extracted samples, atorvastain was stable for 24 hours at RT (
96%) and 48 hours at -20C ( 96%). Atorvastatin (1 mg/ml) in water was
stable for 48 hours at RT (88%) and 6 weeks at -20C (112%).
 2010 Trade Science Inc. - INDIA

INTRODUCTION
Atorvastatin (CAS; 134523-03-8) is a potent inhibitor of 3-hydroxy-3-methylglutaryl coenzyme A
(HMG-CoA) reductase which is used for the treatment
of hypercholesterolemia[1,2]. It is rapidly absorbed after
oral administration, however, due to presystematic clearance in the gastro-intestinal mucosa and metabolism in
the liver, its absolute bioavailability is approximately 12%
and low plasma concentration is achieved following its
administration[3]. Peak plasma concentration of 452 ±
68g/ml is achieved at 1.8 ± 0.2 hours after a single
oral dose of 80mg[14].
Several methods for the determination of
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atorvastatin in pharmaceuticals[4-12], and biological fluids have been reported, the later include high performance liquid chromatography (HPLC) [3,13,14], gas chromatography coupled with mass spectrometry[15], and liquid chromatography coupled with tandem mass spectrometry[2,16-19]. However, these methods were limited
because of low sensitivity or recovery, or because they
required labors preparation, solid-phase extraction, long
run time, equipment that are not readily available, or
were not validated in human plasma[20].
The aims of this study were to 1) establish a simple,
fully validated HPLC assay to measure atorvastatin level
in human plasma with quantitation limit suitable for
bioequivalence studies, and 2) determine the stability
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of atorvastatin under various clinical laboratories.
EXPERIMENTAL
Apparatus
The liquid chromatograph consisted of Waters Alliance 2690 Separations Module, a 5-µm (particle-size)
4.6150mm Atlantis C18 steel column, a Nova-Pak C18
4m insert in conjunction with Guard Pak pre-column
module, and Waters 2960 dual absorbance detector
(Water Associates, Milford, MA, USA) set at 247nm.
Data were collected with a Pentium IV computer using
Millennium[32] Chromatography Manager Software
(Water Associates, Milford, MA, USA).

different volumes of atorvastatin working solutions in
blank human plasma to produce final concentrations of
blank, zero (blank plasma spiked with IS only), 0.02,
0.04, 0.08, 0.16, 0.20, 0.40, 0.60, 0.80, and 1.00g/
ml. QC samples were prepared by mixing four different volumes of atorvastatin working solution in blank
human plasma to produce final concentrations of 0.02,
0.06, 0.50, and 0.90g/ml. Samples were vortexed for
20 seconds, then aliquots of 1 ml of calibration standards QC samples were transferred into Teflon-lined,
screw-capped, borosilicate glass culture tubes and
stored at -20ºC.
Sample preparation

Atorvastatin calcium (Figure 1a), and the internal
standard (IS) glipizide (CAS number; 29094-61-9)
(Figure 1b) were analytical 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 a Milli-Q System obtained from Millipore Co.
(Bedford, MA, USA).

Aliquots of 1ml of calibration standard or QC, were
allowed to equilibrate to room temperature. To each
tube, 60l of the 5.0g/ml IS working solution was
added and vortexed for 10 seconds. After the addition
of 5.0 ml of ethyl acetate, samples were vortexed again
for 1 minute and centrifuged for 20 minutes at 4200
rpm at room temperature. The organic layer was carefully collected, dried under a gentle stream of nitrogen
at room temperature, and the residue was reconstituted
in 200l mobile phase. After centrifugation at 13000
rpm for 3 minutes, the supernatant was transferred into
the auto-sampler vials.

Chromatographic conditions

Stability studies

The mobile phase consisted of 0.05 M dibasic sodium phosphate buffer (pH = 4.0) and acetonitrile
(50:50, v:v) and was delivered at a flow rate of 1.0 ml/
min at room temperature. The mobile phase was filtered through a 0.45m size membrane filter (Millipore
Co., Bedford, MA, USA) and degassed before use.
The auto sampler was programmed to inject 100 µl
into the chromatograph with a run time of 10 minutes.

Stability of atorvastatin in plasma: Adequate numbers of aliquots of two QC samples (0.06, and 0.90g/
ml) were prepared. Aliquots were analyzed in 5 replicates immediately (baseline), after being processed and
stored at room temperature for 24 h or at -20C for 48
h (auto-sampler stability), after being allowed to stand
on the bench-top for 8 or 24 h at room temperature
before processing (counter stability), after being stored
at -20C for 6 weeks before processing (long term
freezer stability), or after being stored at -20C for 24
h and then left to completely thaw unassisted at room
temperature before processing (with the cycle repeated
three times, freeze- thaw stability).
Stock solutions stability: Five aliquots of the stock
solutions of atorvastatin and the IS were analyzed (after dilution to 10g/ml in mobile phase) at baseline, after storage for 48 h at room temperature, or after storage at -20C for 6 weeks. Stability of the working solutions of atorvastatin and the IS, were evaluated up to
2 weeks at -20C.

Chemicals and reagents

Preparation of stock and working solutions
Atorvastatin calcium (1mg/ml) stock solution was
prepared in water and used for stability studies and to
prepare a working solution (2g/ml) in plasma. The
working solution was prepared weekly to construct calibration curve and quality control (QC) samples.
Glipizide (IS) working solution (5g/ml) was prepared
weekly in mobile phase from a stock solution in methanol (1mg/ml).
Calibration standard/ quality control samples
Calibration standards were prepared by mixing nine
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Figure 1 : Chemical structure of atorvastatin (a) and the internal standard glipizide (b)

Assay validation method
The procedures used for validation were as described in the US Food and Drug Administration (FDA)
bioanalytical method validation guidance[21].
RESULTS
Optimization of chromatographic conditions
In order to improve specificity and minimize interference from plasma or solvent system that may occur
at lower wavelengths, we optimized the absorbance
wavelength based on photodiode array extracted spectra. We performed the analysis at 247nm. Different combinations of one components of the mobile phase composed 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, the IS and atorvastatin were well
resolved within a run time of 10 minutes, and their retention time were 4.6 and 8.7 minutes, respectively.
Linearity
Linearity was determined in the range of 0.021.00g/ml using ten calibration curves. The data were
analyzed by linear regression using the formula: Conc.
= a + b (PAR), where Conc. is the concentration of
atorvastatin, a is the intercept, b is the slope, and PAR
is the peak area of atorvastatin divided by the peak
area of the IS. The concentrations of the calibration

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 µg/ml of atorvastatin as well as 0.3 µg/ml of
glipizide (IS)

standards of the eight calibration curves were backcalculated using the individual regression lines. Linearity studies (n = 10) showed mean (SD) for R2 of 0.9942
(0.0037) a slope of 1.3001 (0.3176), and an intercept
of 0.0016 (0.0313). Figure 2 depicts an overlay of chromatograms of a representative standard curve.
Limit of detection
The limit of detection (LOD), defined as three times
the baseline noise, was 0.01g/ml.
Specificity
To evaluate specificity, we screened eight frequently
used medications (dissolved in methanol: water, 50:50,
v:v) and six different batches of human plasma. All
batches of blank plasma were free from interfering components. None of eight commonly used drugs co-eluted
with atorvastatin or the IS (TABLE 1).
Recovery
The extraction recovery of atorvastatin was determined by dividing mean peak areas of five replicates of
four quality control samples (0.02, 0.06, 0.50, and
0.90g/ml) prepared in plasma (as described under
sample preparation), by mean peak areas of five replicates of equivalent concentrations prepared in the mobile phase. The recovery of the IS was determined similarly at a concentration of 0.3g/ml. The results of the
extraction recovery studies of atorvastatin and the IS
are presented in TABLE 2. Recovery was  81% (mean
91%) for atorvastatin and 87% for the IS.
Precision and bias
Precision was calculated as coefficient of variation
(standard deviation divided by mean measured con-
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TABLE 1 : Specificity of atorvastatin assay

Drug Name
Atorvastatin*
Glipizide
Aspirine
Acetaminophen
Ranitidine
Nicotinic Acid*
Ascorbic Acid*
Caffeine*
Ibuprofen
Diclofenac

Retention time
8.7
4.6
2.3
2.2
4.0
2.0
1.6
2.3
5.0
7.0

1mg/ml solutions in methanol or water* were diluted in mobile
phase to 10 µg/ml and 100 µl were injected

TABLE 2 : Extraction recovery of atorvastatin and glipizide

0.02
0.06
0.5
0.9

Plasma
Mobile phase
**
*Mean
*Mean
Recovery
peak
SD
peak SD
(%)
area
area
Atorvastatin
3182
286
3918 378
81
10306 815 11826 332
87
122906 5339 118414 1407 104
93
237549 7407 256578 1847

0.3

Glipizide
160093 10488 183972 1163

Nominal
concentration
(µg/ml)

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 atorvastatin assay

Inter-run (n = 20)
Precision
Mean measured
**
SD
concentration
(CV*,
Bias
(µg/ml)
%)
(%)
0.02
0.021
0.003
13.1
5
0.06
0.062
0.005
8.7
3
0.50
0.509
0.062
12.2
2
0.90
0.986
0.090
9.1
10
*Coefficient of variation (CV) = Standard Deviation (SD) divided by mean measured concentration100. **Bias = absolute value
Nominal
concentration
(µg/ml)

Intra-run (n = 10)
Precision
Mean measured
SD
concentration
(CV*,
(µg/ml)
%)
0.019
0.001
6.1
0.065
0.008
11.8
0.484
0.058
12
1.030
0.055
5.3

**
Bias
(%)
5
9
2
14

of 1 minus mean measured concentration divided by nominal concentration100

TABLE 4 : Stability of atorvastatin in plasma samples and stock solution

Nominal concentration
(µg/ml)
0.06
0.90

*Plasma Samples
Unextracted
Extracted
8 h 24 h 6 wks 24 h
48 h
RT
RT
–200C
RT
–200C
93
95
85
96
104
109 115
100
100
96

One
cycle
102
106

Freeze-thaw
Two
Three
cycles cycles
84
90
115
99

**Stock solution
48 h
6 wks
RT
–200C
88

112

Stability (%) = mean measured concentration (n = 5) at the indicated time divided by mean measured concentration (n = 5) at
baseline100. *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 weeks at -20C (6 weeks -20C); analyzed after storing the extract for 24 hours at room
temperature (24 h RT) or 48 hours at -20C (48 h -20C); or analyzed after 1 to 3 cycles of freezing plasma at -20C and thawing
at room temperature (freeze-thaw). ** Atorvastatin, 1 mg/ml in water

centration100) and inaccuracy (bias) as the absolute
value of (1 minus mean measured concentration divided
by nominal concentration)100. The intra-run and inter-run precision and bias were determined by analyzing four QC samples: 0.02, 0.06, 0.50, and 0.90g/ml
over three different days (TABLE 3). Intra-run precision and bias (n = 10) ranged from 5.3 % to 11.8 %
and from 2 % to 20 %, respectively. The inter-run precision and bias (n = 20) ranged from 8.7% to 12.2%
and from 2 % to 20 %, respectively.
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Stability
The stability of atorvastatin in plasma, in processed
samples, and under usual storage conditions was investigated. The results of atorvastain stability studies
are presented in TABLE 4. The data indicate that: 1)
atorvastatin in plasma is stable for at least 24 hours at
room temperature and 6 weeks at -20C, 2) in extracted samples, atorvastatin is stable for at least 24
hours at room temperature and 48 hours at -20C, 3)
atorvastatin in plasma is stable after at least three
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cycles of freeze at -20C and thaw at room temperature, and 4) atorvastatin in water (1mg/ml), and the IS
in methanol (1mg/ml) were stable for at least 6 weeks
at -20C (112 % and 87 %), respectively. Further,
the working solutions of atorvastatin and the IS (2g/
ml in plasma and 5g/ml in mobile phase, respectively)
were stable for at least 2 weeks at -20C (115% and
85%, respectively).
Robustness
The robustness of the proposed method was evaluated by slightly altering the strength of phosphoric acid
and amount of acetonitrile in mobile phase. No significant effects were observed. Further, the chromatographic resolution and peak response were stable over
about 700 injections of processed plasma samples using one column.
DISCUSSION
We describe a rapid, simple, accurate, and precise
HPLC assay for the determination of therapeutic levels
of atorvastatin in human plasma. Previously reported
assays were not developed to measure atorvastatin level
in biological fluids[4-12], had relatively high limit of detection[13], used devices that are not available in many
pharmaceutical laboratories or need highly trained persons[15-18], or were validated using dog plasma[20].
The advantages of the current assay include: 1) onestep liquid-liquid extraction rather than two steps organic extraction[3,13,16], protein precipitation followed by
solid-phase extraction[17], or solid-phase extraction[19],
2) a run time of 10 minutes compared to 23 minutes[13],
and 3) mean extraction recovery for atorvastatin of 91
% compared to 66% and 58% respectively[17,18].
The comprehensive stability experiments that are
reported here extend the known limits of stability of
atorvastatin in plasma[17,18] to 24 hours at room temperature, 6 weeks at -20C, and three freeze- thaw
cycles.
In conclusion, the results of this study expand the
information on atorvastatin stability and indicate several advantages of the described assay over previously
reported assays, especially for therapeutic drug monitoring and bioequivalence studies.

REFERENCES
[1] T.A.Hutchinson, D.R.Shahan; DRUGDEX®
System.Thomson MICROMEDEX, Greenwood Village, Colorado, Cited on 10 March 2010 (2004).
[2] V.Borek-Dohalsky, J.Huclova, B.Barrett, B.Nemec,
I.Uic, I.Jelinek; Anal.Bioanal.Chem., 386, 275
(2006).
[3] G.Bahrami, B.Mohammadi, S.Mirzaeei, A.Kiani;
J.Chromatogr.B., 826, 41 (2005).
[4] S.Mazurek, R.Szostak; J.Pharm.Biomed.Anal.,
49(1), 168 (2009).
[5] B.Stanisz, L.Kania; Acta.Poloniae.PharmaceuticaDrug Research., 63(6), 471 (2006).
[6] D.A.Shah, K.K.Bhatt, M.B.Shankar, R.S.Mehta,
T.R.Gandhi, S.L.Baldania; Ind.J.Pharma.Scien.,
68(6), 796 (2006).
[7] K.R.Rajeswari, G.G.Sankar, A.L.Rao, J.V.L.N.Seshagirirao; Ind.J.Pharma.Scien., 68(2), 275 (2006).
[8] D.A.Shah, K.K.Bhatt, R.S.Mehta, M.B.Shankar,
S.L.Baldania, T.R.Gandhi; Ind.J.Pharm.Scien.,
69(4), 546 (2007).
[9] S.S.Sonawane, A.A.Shirkhedkar, R.A.Fursule,
S.J.Surana; Eurasian J.Analytic.Chem., 1(1), 31
(2006).
[10] A.Mohammadi, N.Rezanour, M.A.Dogaheh,
F.G.Bidkorbeh, M.Hashem, R.BWalker; J.
Chromatogr., 846(1-2), 215 (2007).
[11] S.S.Qutab, S.N.Razzaq, I.U.Khan, M.Ashfaq,
Z.A.Shuja; J.Food Drug Anal., 15(2), 139 (2007).
[12] G.C.Bharat, B.P.Ashok; J.Chem.Tech., 2(1), 633
(2010).
[13] A.Jamshidi, A.R.Nateghi; J.Chromatogr., 65(11/
12), 763 (2007).
[14] A.Zarghi, A.Shafaati, S.M.Foroutan, A.Khoddam;
Arzneim.forsch.Drug Res., 55(8), 451 (2005).
[15] R.Hayes, D.Minser, J.A.Jersey, B.E.Lilley;
Pharm.Res., 13(S47), 1180 (1996).
[16] W.W.Bullen, R.A.Miller, R.N.Hayes; J.Amer.Socit.,
10(1), 55 (1999).
[17] M.Hermann, H.Christensen, J.L.E.Reubsaet;
Anal.Bioanal.Chem., 382, 1242 (2005).
[18] L.Ma, J.Dong, X.J.Chen, G.J.Wang; J.Chromatogr.,
65(11/12), 737 (2007).
[19] D.Liu, J.Jiang, H.Zhou, P.Hu; J.Chromatogr.Scien.,
46(10), 862 (2008).
[20] S.Hai-Rong, L.Zhong-Dong, Z.Ming-Kang;
Pharmazie., 61(1), 18 (2006).
[21] Guidance for Industry, ‘Bioanalytical Method Validation’, U.S. Department of Health and Human Services, Food and Drug Administration, CDER, CVM,
(2001). http://www.fda.gov/cvm. Cited on 10 March
(2010).

Analytical CHEMISTRY
An Indian Journal

