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ABSTRACT

A simple, rapid isocratic chiral HPLC method has been developed for the separation of (S, S)-Atorvastatin from (R,
R)-Atorvastatin and quantitative determination of (S, S)-Atorvastatin enantiomer in bulk drug and pharmaceutical
dosage forms. Normal phase chromatographic separation was achieved on chiral stationary phase, Chiral pak AD-H
(250 mm x 4.6 mm ID) column at 30°C temperature. Flow rate was kept at 1.0 mLmin™'. The elution time was ~ 8.0
min and the resolution (R;) between the enantiomers is greater than 2.5. Interestingly (S, S) - form of Atorvastatin
peak was eluted prior to the (R, R) - form of Atorvastatin. The limit of detection (LOD) and limit of quantification
(LOQ) for the (S, S) Atorvastatin were 0.18ug mL™" and 0.60pg mL"™ respectively, for a 10uL load of the sample.
The method was validated in terms of linearity, precision and accuracy and satisfactory results were obtained.
Robustness studies were also performed. The sample solution stability of Atorvastatin was determined and the
compound was found to be stable up to 48 h.
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INTRODUCTION

Most of the pharmaceutical industries are now concentrating towards the study of the therapeutic effects
of enantiomers of the existing drug molecules to have a detailed impurity profile. The determination of
amounts of different enantiomeric forms in pharmaceuticals is essential in this connection and high
performance liquid chromatographic method (HPLC)' is generally opted for this purpose. The
Atorvastatin Calcium is chemically [R--(R*, R*)]-2-(4-fluorophenyl)-B,5-dihydroxy-5-(1-methylethyl-)-
3-phenyl-4-(phenylcarbamoyl)-1H-pyrrole - 1-heptanoic acid calcium, which is a reductase inhibitor of
the enzyme 3-hydroxy-3-methylglutarate-coenzyme A (HMG-CoA) and therefore is a useful anti-
hyperlipoproteinemic agent. It has been proven to be a highly effective medication for the treatment of
disorders such as hyperlipidemia and hypercholesterolemia which are conditions that are known risk
factors for arteriosclerosis and coronary heart disease. The empirical formula of atorvastatin calcium is
(Cs3H34 FN,,O5),Ca and its molecular weight is 1155.4. Structural formula of the both the enantiomers
were shown in (Fig -1).

Enantiomers of the racemic drugs often differ in pharmacokinetic behaviour or pharmacological
action”.The development of analytical methods for the quantitative analysis of chiral compounds are
extremely challenging due to the fact that enantiomers posses virtually identical properties’. Although
many analytical techniques such as capillary electrophoresis (CE), Super fluid liquid chromatography
(SFC) can be employed to attain this, the most widely used is liquid chromatography (LC) employing a
chiral stationary phase (CSP) **.

Even though corresponding S-isomer being controlled in starting stages of Atorvastatin synthesis, it is
quite important to monitor the level of other isomer in finished product. In literature rapid solid phase
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extraction for determination of Atorvastatin and metabolites in human plasma by LC-tandem MS was
reported’.So far, to our present knowledge no enantioselective LC methods were reported in the literature
for the enantiomeric purity of Atorvastatin. Hence, we herewith are reporting a stereo selective, rapid
isocratic HPLC method to separate and quantitate (S, S) -Atorvastatin from (R, R) -of Atorvastatin.This
method was validated in compliance with ICH guidelines®™ in terms of linearity, precision, accuracy,
specificity and robustness.

EXPERIMENTAL
Chemicals
HPLC grade n-hexane and ethanol were procured from Merck, India. Trifluro acetic acid was purchased
from Aldrich. (S, S) and (R, R) isomers of Atorvastatin calcium and Reference standard of Atorvastatin
calcium were obtained from process development laboratory of Dr. Reddy’s Laboratories Ltd., API,
IPDO, Hyderabad, India.
Chromatographic Conditions
A Waters Model Alliance 2690 separation module equipped with an auto sampler and waters 2996-
photodiode array UV detector (Waters Corporation, Milford, USA) was used for the analysis. The data
was recorded using Waters Empower software. The separations and quantification were performed on
chiral pak-AD-H column (250 x 4.6 mm, Make: Diacel Chemical Industries Ltd. Japan).
Sample and Standard Preparation
Individual stock solutions of (R, R) and (S, S) isomers of Atorvastatin 1000pg mL™ were prepared by
dissolving an appropriate amount of the substances in the methanol: ethanol in the ratio (1:1)
(v/v).Working solutions were also prepared in the same diluent.
System suitability solution
Prepared a solution containing 1000ug mL" of (R, R)-Atorvastatin and 1.5 pgmL’' of (S, S) —
Atorvastatin in 10mL volumetric flask.

RESULTS AND DISCUSSION
Method Development and optimization of chromatographic conditions
The method development strategies adopted using chiral pack AD-H column involves different
experiments based on nature and structure of compound. These trials include the addition of acid
additives for acidic compounds and base additives for basic compounds to the mobile phase. The design
of mobile phase consists of a combination of alkane and polar alcohols based on normal or polar
interactive modes. Initiated the screening analysis with the above combination of experiments to derive
best suitable column and mobile phase conditions.
Initially, experiments were carried out by using chiral columns in the reverse phase for the separation of
(R, R) and (S, S) isomers of Atorvastatin, but it was not achieved. Later several experiments were carried
out in the normal phase using various chiral columns. While using the chromatographic conditions like
chiral cel-OJ, chiral cel-OD columns, flow rate 0.8 mLmin" and mobile phase of n-hexane, 2-propanol
(85:15) (v/v) mixture, it has been observed that the (R, R) and (S, S) isomers of Atorvastatin were eluted
as broad peaks with longer retention times. Inadequate separation was observed on these chiral stationary
phases (CSP). However an improvement in peak shapes was observed when Chiralpak AD-H column,
with same mobile phase and same flow rate are used, but still, there are certain constraints like longer
retention times and improper separation (R, less than 1) between enantiomers were observed. The next
attempt was made on this amylose based CSP, wherein ethanol was used as a polar organic modifier in
place of 2-Propanol, which would provide considerable separation (R; less than 1.5) between the isomers.
Due to the presence of carboxylic acid functional group in Atorvastatin ,0.1% of Trifluro acetic acid was
introduced to the above mobile phase i.e. n-hexane: ethanol (85:15)(v/v). Addition of trifluro acetic acid
has improved the peak shapes by reducing the widths of analyte peaks and consequently the resolution
was enhanced between the isomers. The additive ratio was further increased to 0.3% to control the peak
shape which resulted in no significant improvement. In addition to this base line noise was increased
drastically. Further trials were continued on the same CSP by changing additives viz acetic acid and
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formic acid. Despite these two additives, trifluro acetic acid is the only acid, which gave comparatively
good peak shape as well as good resolution between the analyte peaks. In view of possible interference
study, attempts were also made by adjusting the mobile phase flow rate to separate the process related
impurities and excipients from (S, S) Atorvastatin.

In the present optimized method, the typical retention times of (S, S) Atorvastatin and (R, R) isomers of
Atorvastatin are 6.6 min and 7.6 min respectively (Fig.2).The peak purity of (S, S) Atorvastatin is found
to be homogeneous in all spiked samples of stability studies. The resolution (R;) between the two
enatiomers was about 2.8. Diluent methanol: ethanol (1:1) (v/v) was used as blank and there was no
interference of the blank and of excipients with (S, S) and (R, R) isomers of Atorvastatin. The developed
method is found to be selective from process related impurities.

Finally, the resolution was found to be more than two for the separation of Atorvastatin (S, S) and (R, R)
isomers with the mobile phase consisting of n-Hexane, ethanol and 0.1% trifluro acetic acid in the ratio of
85 : 15 : 0.1 (v/v/v). The elution was monitored at wavelength A = 246 nm. Then, the same conditions
were maintained for the determination of (S, S) - Atorvastatin in (R, R) Atorvastatin.

Method Validation
The method was validated in accordance with ICH guidelines [8-9].

Limit of Detection and Quantification

The limit of detection (LOD) represents the concentration of analyte that would yield an S/N (signal to
noise) ratio of 2.0. LOD for (S, S) -Atorvastatin was found to be 0.18pug mL™". The limit of quantification
(LOQ) represents the concentration of analyte that would yield an S/N ratio of 10. LOQ for (S, S) -
Atorvastatin calcium was found as 0.60ug mL™'. The % RSD value of precision at LOQ level is 4.1. The
percent recovery values at LOQ (95 to 101) were obtained in acceptable range as per ICH guidelines.

Linearity and Range

Linearity test solutions of (S, S) -Atorvastatin ranging from 0.6 and 3.0 pg mL™.i.e LOQ to 150% (0.06
%( LOQ), 0.075, 0.1125, 0.15 and 0.225%) of the permitted maximum level were prepared by diluting
the standard stock solution of (S, S) -Atorvastatin. A five point calibration curve was drawn between the
peak areas of (S, S) -Atorvastatin versus its concentration. The slope, intercept and correlation coefficient
were derived from linear least-square regression analysis. The results revealed that an excellent
correlation existed between the peak area and concentration of the analyte. The data is presented in Table-
1.Linearity was checked for the (S, S) —Atorvastatin over the same concentration ranges on three
consecutive days. The % RSD of the slopes and y-intercepts of the calibration plots for the (S, S) —
Atorvastatin was 3.2 and 4.5, respectively.These results are indicative of excellent correlation between
peak area and concentration. The range of the method for the (S, S) —Atorvastatin was found from 0.06
%( LOQ) to 0.225% of the analyte concentration (1000 pg mL™)

Precision

The precision was evaluated by calculating the relative standard deviation of six replicate determinations
using the same solution containing (S, S) -Atorvastatin at three levels viz. 0.75, 1.5 and 2.25 pg mL™" in
presence of 1000 pg mL™ (R, R) -Atorvastatin and the percentage relative standard deviation values of
injection repeatability for (S, S) -Atorvastatin were found to be 1.5, 1.6 and 1.1 respectively which is in
the acceptable range as per the ICH guidelines. Intra day and inter day precision was also performed and
compared with initial data. The results are given in Table-1.

Accuracy

Standard addition and recovery experiments were conducted to determine accuracy of the method for
quantification of (S, S) —Atorvastatin in bulk drug samples and dosage forms.
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The accuracy of method was evaluated by assaying freshly prepared solutions in triplicate at four
concentration levels of 50%, 75%, 100% and 150%. The percent recovery values are in the acceptable
range as per ICH guidelines. The data is presented in Table-1.

Robustness

To assess robustness of method, the experimental conditions were deliberately altered and the resolution
between the enantiomers was checked. To study the effect of flow rate, the flow was changed from 1.0 to
0.9 and 1.1 mLmin™.The effect of column temperature was studied at 28 and 32°C.The effect of mobile
phase composition on resolution was assessed by changing the ethanol by £1%.The effect of changing the
additive ,trifluoro acetic acid was also studied. In the varied chromatographic conditions viz. flow rate,
column temperature, mobile phase composition and additive concentration, the resolution between the
peaks of (S, S) and (R, R) -Atorvastatin was found to be more than 2.0 illustrating the robustness of the
method.

Solution stability and mobile phase stability

No significant change was observed in the content of (S, S) Atorvastatin during solution stability and
mobile phase stability experiments when performed using chiral method. The solution stability and
mobile phase stability experiments data confirm that the sample solutions and mobile phase were stable
up to 48 hours.

CONCLUSION
An isocratic, stereo selective, chiral liquid chromatographic method developed for the enantiomeric
separation and quantitative determination of (S, S) Atorvastatin content is found to be precise, accurate
and specific in bulk active substance and finished dosage forms. The method is fully validated as per ICH
guidelines, showing satisfactory results for all method validation parameters tested. Hence, the method is
and can be used for the routine analysis of plant batches of Atorvastatin calcium in quality control
laboratories of bulk samples and tablet samples of Atorvastatin.
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[R-(R* ,R*)]-2-(4-fluorophenyl)-f,d-dihydroxy-5-(1-methylethyl-)-3-phenyl-4-(phenylcarbamoyl)- 1 H-pyrrole-1-
heptanoic acid, calcium (R, R) - Atorvastatin)
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[S-(S*,S*)]-2-(4-fluorophenyl)-,5-dihydroxy-5-(1-methylethyl-)-3-phenyl-4-(phenylcarbamoyl)-1H-pyrrole-1-
heptanoic acid, calcium (S, S) - Atorvastatin)
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Fig.-1:Chemical structures of (S, S)-Atorvastatin calcium and (R, R)-Atorvastatin calcium

Table-1: Linearity, accuracy and precision data for (S, S)-Atorvastatin

Linearity Accuracy Precision (n = 6)
(LOQ to 150%) % Mean recovery % RSD
R’ Regression equation LOQ 50% 100% 150% LOQ 50% 100% 150%

0.9997 y =155.1x - 0.5455 97.2 98.9 99.1 98.6 4.1 1.5 1.6 1.1
Intraday Precision(n = 6) : Different column 2.1 1.7 1.2

Intraday Precision(n = 6) : Different System 1.2 1.5 0.8

Intraday Precision(n = 6) : Different Analyst 1.8 1.3 0.8

Inter day Precision(n = 6) 1.1 1.8 0.5
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Fig. -2:Typical HPLC chromatograms of System suitability solution
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