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Abstract: A new, simple, precise, rapid and accurate nor-
mal phase enantioselective high performance liquid
chromatographic method was developed for enantiomeric
resolution of Rosuvastatin, which is used for the treat-
ment of hypercholesterolemia. This is a fourth highest
selling drug in the United States, accounting approx-
imately $5.2 billion in the year of 2013. The enantiomer of
Rosuvastatin and lactone impurity of Rosuvastatin were
resolved on a CHIRALPAK IB (250 x 4.6mm, 5pum) col-
umn using a simple mobile phase system containing n-
heptane, 2-propanol and trifluoroaceticacid (85:15:01v/v).
The resolution between Rosuvastatin and enantiomer,
Rosuvastatin and lactone impurity was good with resolu-
tion factors more than 2.0 and 4.0, respectively. The effect
of organic modifier, namely 2-propanol in the mobile
phase was optimized in order to obtain the best separa-
tion. The Limit of Detection and Limit of Quantitation of
enantiomer were found to be 0.07ug/mL and 0.2pg/mL,
respectively, for 10uL injection volume. The sample solu-
tion and mobile phase were stable for at least 48 hours.
The proposed reproducible and accurate method can be
useful for quantification of enantiomer of Rosuvastatin in
the bulk drug substance.
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INTRODUCTION:

Nowadays chiral separations are playing more important
role for the analysis of single enantiomers in the field of
pharmaceutical industries. It is not uncommon for one
enantiomer to be active while other isomer is toxic in bio-
logical systems. Enantiomers of racemic drugs often show
different behaviors in pharmacological action and meta-
bolic process.’

Rosuvastatin calcium is a potent inhibitor of 3-hydroxy-3-
methylglutaryl coenzyme A (HMG-CoA) reductase, is
designated as (3R,55)-7-[4-(4-fluorophenyl)-2-(N-
methylmethanesulfonamido)-6-(propan-2-yl) pyrimidin-
5-yl]-3,5-dihydroxyhept-6-enoic acid (Figure 1). HMG-
CoA reductase inhibitors reduce the production of meva-
lomic acid from HMG-CoA, resulting in a reduction in
hepatic cholesterol synthesis. 57 Rosuvastatin calcium is
more potent than other statins such as atorvastatin, sim-
vastatin and is 8 fold more potent than the hydrophilic
comparator, pravastatin.®10

According to our knowledge, there is no enanioselective
HPLC method for the quantification of the enantiomer at
the 0.2ug/mL level existing in the literature of Rosuvasta-
tin- calcium. The reported analytical methods are three
stability-indicating HPLC methods,"-** their mass detec-
tion methods for the determination of Rosuvastatin cal-
cium in plasma and biological fluids,'#'¢ a stability indi-
cating related substance method by UPLC" and three UV
spectrometric methods.”"° But none of the methods either
individually or combined are capable of quantifying the
enantiomer of Rosuvastatin calcium at the level of
0.2ug/mL.

The aim of this work is to optimize the HPLC analysis
condition in terms of mobile phase composition in order
to separate, identify and quantify the enantiomer of Ro-
suvasatin calcium. The developed chiral HPLC method is
precise and accurate for the quantitative determination.
As per ICH (Q3C) guidelines, theist is better to avoid the
Class-1 and Class-2 solvents in the manufacturing process
to control the environment safety and other safety as-
pects?2- We have applied the same principle to analytical
method development to reduce the usage of Class-1 and
Class-2 solvents in HPLC chiral method for Quantitation
of enantiomer of Rosuvastatin calcium.

MATERIALS AND METHODS

Chemicals and Reagents

Rosuvastatin calcium, enantiomer of Rosuvastatin cal-

cium, lactone impurity were obtained from the Spira lifes-

ciences, Hyderabad, India. HPLC grade, n-heptane, 2-
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propanol and trifluroacetic acid were purchased from
Merck, Mumbai, India. The CHIRALPAK® IB column was
procured from Daicel, Japan. The HPLC grade methanol
was purchased from Spectrochem, Mumbai, India.
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Figure 1: Structures of Rosuvastatin calcium, enantio-
mer of Rosuvastatin calcium and Lactone impurity

Chromatographic condition
Chromatographic method was carried out by using Wa-

ters instrument equipped with column oven, photo diode
array detector, Alliances 2695 series low pressure quater-
nary gradient pump equipped with auto sampler has
been used for the analysis of samples and the data was
processed using a software program, Empower. Chroma-
tographic conditions were optimized using a chiral sta-
tionary phase, CHIRALPAK IB column (250 mm x 4.6
mm, 5um). The isocratic mobile phase composition was a
mixture of n-heptane, 2-propanol and trifluoroacetic acid
(85:15:0.1 v/v), which was pumped at a flow rate of 1.0
mL/minute. The temperature of the column was main-
tained at 25°C and the eluent was monitered at a wave-
length of 242 nm (Figure 2) which was selected based on
the UV spectrum of Rosuvastatin. The injection volume
was 10uL.

UV spectrum of Rosuvastatin
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Figure 2: UV spectrum of Rosuvastatin

Sample preparation

Stock solutions of Rosuvastatin calcium (Img/mL) and
enantiomer (Img/mL) were prepared separately by dis-
solving appropriate amounts of the substances in metha-
nol. The analyte concentration of Rosuvastatin calcium
was fixed as 1000 pg/mL. The 0.15% w/w level of enan-
tiomer of Rosuvastatin solution was spiked with calcu-
lated amount of Rosuvastatin calcium stock solution. The
system suitability solution containing 1mg/mL of Rosu-
vastatin calcium and a 0.15% w/w level of the Rosuvasta-
tin enantiomer and 0.15% w/w of lactone impurity (the
lactone impurity was included to ensure its separation
from Rosuvastatin as it was the close-eluting impurity)
was prepared (Figure 3).

Validation of method

The method was validated for the following parameters
as per ICH guideline Q2 (R1). The specificity of the me-
thod is performed by injecting both isomers, lactone im-
purity and recemic mixture individually. The specificity
determined by using peak purity and resolution. The sys-
tem suitability of the method was performed by using
known concentration of enantiomer of Rosuvastatin cal-
cium, Rosuvastatin calcium isomer and lactone impurity.
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Figure 3: A typical HPLC chromatogram of Rosuvastatin calcium, spiked with enantiomer of Rosuvastatin calcium and
Lactone impurity
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Figure 4: LoQ chromatogram of enantiomer of Rosuvastatin
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Figure 5: LoD chromatogram of enantiomer of Rosuvastatin calcium
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Figure 6: Linearity graph from 0.2ug/mL to 3.03ug/mL vs Average peak area of enantiomer

Table 1. Results of specificity and system suitability

Name Purity Purity Peak  USP Reso- USP Tailing  USP Plate
Angle Threshold  purity lution Count
Enantiomer of Ro- 3569 04985  Pass . 132 4710
suvastatin
Rosuvastatin 0.2596 0.6532 Pass 212 1.47 4460
Lactone impurity 0.6765 0.9685 Pass 4.64 1.43 5303
Table 2. Precision study results
Study % RSD
Repeatability (standard injections) 0.96
Method precision (n=6) 1.74
Intermediate precision (n=6) 1.37
Table 3. Linearity results
Concentration in pg/mL Average Peak Area (n=6) % RSD
0.20 4824 1.88
0.40 9848 1.01
0.61 14265 1.43
1.01 24521 1.81
1.51 37356 0.96
2.02 49573 1.03
3.03 72211 0.87
Table 4. Accuracy results
S.No. Spiked amount (ug) % RSD (n=3) Recovery (%)
1 0.20 1.85 98.6
2 1.01 1.38 100.9
3 1.51 1.03 100.2
4 3.03 1.28 99.9
The system suitability is confirmed by using resolution Rosuvastatin calcium (Table 1).
between Rosuvastatin and enantiomer, Rosuvastatin and The limit of detection (LoD) and limit of quantitation
lactone impurity, tailing factor and theoretical plates of (LoQ) for enantiomer of Rosuvastatin was achieved by
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injecting series of dilute solutions and by using signal to
noise ratio method ICH Q2 (R1). The precision at LoQ of
the developed chiral method for enantiomer of Rosuvas-
tatin was checked by analyzing six injections of enantio-
mer of Rosuvastatin prepared at LoQ level and calculated
the percentage relative standard deviation.

Method reproducibility was determined by measuring
repeatability and intermediate precision of retention time
and peak area of each enantiomer of Rosuvastatin. The
repeatability of the method was determined by analyzing
six replicate injections containing Rosuvastatin (1000
ug/mL) spiked with enantiomer of Rosuvastatin (0.15%
w/w, 1.5ug/mL). The intermediate precision was deter-
mined by analyzing the spiked samples in six replicates
(n=6) on a different day, different HPLC system by a dif-
ferent analyst and with a different column (different lot
number).

The linearity test was carried out by preparing seven cali-
bration solutions of enantiomer of Rosuvastatin covering
from 0.2ug/mL (LoQ) to 3.0ug/mL (0.2, 0.4, 0.6, 1.0, 1.5,
2.0, 3.0ug/mL) in diluent. The regression curve was ob-
tained by plotting peak area versus concentration. The
accuracy of the method was determined by analyzing
samples with known concentration of enantiomer of Ro-
suvastatin. The accuracy was calculated in terms of recov-
ery (%).This accuracy test was carried out in triplicate at
each concentration covering from 0.2ug/mL (LoQ) to
3.0ug/mL (0.2, 1.0, 1.5, 3.0ug/mL) in diluent. The solution
stability of Rosuvastatin calcium and enantiomer of Ro-
suvastatin was studied by keeping the solution in tightly
stoppered volumetric flask at room temperature on a la-
boratory bench for 48 hours. The content of enantiomer of
Rosuvastatin calcium was checked at every 4 hours inter-
val during the storage period.

RESULTS AND DISCUSSION

Optimization of chromatographic conditions

To develop suitable normal phase HPLC method for the
separation of each enantiomer and lactone impurity from
Rosuvastatin, different stationary phases and mobile
phases were tried. Chiralpak IA, IB and IC and different
combinations of mobile phases consisting n-heptane,
ethanol, 2-propanol and trifloroacetic acid were used.
Noticeable separation could be achieved in CHIRALPAK
IC column but the resolution between the enantiomer of
Rosuvastatin and Rosuvastatin peak was less than 1.0
(resolution factor). Hence the efforts were continued to
select the best stationary phase and mobile phase combi-
nations that would give optimum resolution and selectivi-
ty for the enantiomer and lactone impurity from Rosuvas-
tatin. This lead to an excellent separation on CHIRALPAK
IB (250 x 4.6mm, 5um) column using mobile phase con-

sisting of n-heptane, 2-propanol and trifluoroaceticacid
(85:15:0.1 v/v). The results of resolution between the enan-
tiomer of Rosuvastatin and Rosuvastatin; and between the
lactone impurity and Rosuvastatin are summarized.
Based on the data obtained from the method development
and optimization activities, CHIRALPAK IB column with
mobile phase of n-heptane, 2-propanol and trifluoroaceti-
cacid (85:15:0.1 v/v) was selected from the method devel-
opment. The flow rate of final method was 1.0 mL/minute
with injection volume 10 pL. The column temperature
was 25°C and the detection wavelength was 242 nm. Un-
der these conditions, the two enantiomers were separated
and also the lactone impurity from Rosuvastatin was se-
parated well and the peak of enantiomer of Rosuvastatin
eluted before the peak of Rosuvastatin. In the optimized
method, the typical retention time of enantiomer of Rosu-
vastatin, Rosuvastatin and lactone impurity were 12.5,
13.9 and 18.3 minutes, respectively (Figure 2). Excellent
base line separation was obtained with the total run time
of 25 minutes.

Validation of the method

The optimized normal phase HPLC method of the final
method was evaluated for its specificity, precision, LoD,
LoQ, linearity, accuracy, and solution stability. The speci-
ficity of the method was determined through photo diode
array detector by using peak purity (Table 1).

The LoQ and LoD concentrations were estimated to be
0.02 % w/w (0.2ug/mL) and 0.007% w/w (0.07ug/mL),
respectively, for enantiomer of Rosuvastatin. The LoQ and
LoD were calculated by using signal to noise ratio me-
thod. The method precision for enantiomer of Rosuvasta-
tin at LoQ was less than 5% RSD. Therefore, this method
had adequate sensitivity for the detection and estimation
of enantiomer of Rosuvastatin calcium. The LoQ and LoD
chromatograms are shown in Figure 4 and 5.
Linearity of enantiomer of Rosuvastatin was evaluated
over seven levels from 0.2ug/mL to 3.03ug/mL, with the
linear regression equation y = mx + ¢, where x is the con-
centration in pg/mL and y is the corresponding peak area
of undesired enantiomer in mV/s. The correlation coeffi-
cient value is more than 0.999 (Table 3) and the linear
graph was shown in Figure 6. The accuracy (as percent
recovery) was determined by standard addition experi-
ment. The recovery experiments were conducted for
enantiomer of Rosuvastatin in triplicate at 0.2, 1.01, 1.51
and 3.03ug/mL. The recovery was calculated by back cal-
culated concentration at each level in each preparation
and the recovery was within 98.6 and 100.9 % (Table 4).
The stability of the solution in this method was tested
over 48 hours. No significant change in enantiomer con-
tent was observed in Rosuvastatin calcium sample during
solution stability study. The calculated RSD % value for
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replicate analysis was less than 2.0% (0.75%). No un-
known peak was observed in the above solution stability
study indicating that the solution of enantiomer of Rosu-
vastatin in the presence of Rosuvastatin calcium solution
was stable for at least 48 hours. The repeatability and in-
termediate precision were expressed as relative standard
deviation (RSD). For this study, solution of Rosuvastatin
calcium (1000 pg/mL) spiked with enantiomer of Rosu-
vastatin 0.15 % w/w (1.5ug/mL) was analyzed in six repli-
cates to establish repeatability. The RSD % values were
calculated for retention time and peak area of Rosuvasa-
tain and enantiomer of Rosuvastatin. In the intermediate
precision, results shown that % RSD values are in the
same order of magnitude as those obtained for repeatabil-
ity studies (Table 2). All the obtained validation results
indicated that the method is precise, accurate, specific and
linear in the tested range..

CONCLUSION

A simple, specific, linear, accurate and precise normal
phase HPLC method was successfully developed by us-
ing class 3 solvents (n-heptane and 2-propanol), which
was capable of separating the enantiomer of Rosuvastatin
calcium and lactone impurity. Amylose based chiral col-
umn CHIRALPAK IB was found to be selective for the
separation of enantiomer of Rosuvastatin calcium. The
developed and validated method can be used for deter-
mining chiral purity and quantitative estimation of enan-
tiomer of Rosuvastatin calcium.

Acknowledgment:

The authors would like to thank the management of Ad-
vinus Therapeutics Limited, Bengaluru, India, for allow-
ing to carryout the research work.

REFERENCES

1. Caner H, Groner E, Levy L, Agranat I. Trends in the
Development of Chiral Drugs. Drug Discovery
Today. 2004; 9: 3:105-110.

2. Caldwell  J. Stereospecific
Bioanalytical Monitoring in Drug Development.
Journal of Chromatography. 1996; 719: 1: 3-13.

3. Maier N M, Franco P, Lindner W. Separation of
Enantiomer, Needs Challenges, Perspectives.
Journal of Chromatography A. 2001; 906: 1-2: 3-33.

4. Hiriyanna S G, Basavaiah K, Dhayanithi V, Pati N
H. Chiral separation of carbopros isomer by
Normal phase HPLC wusing Amylose Chiral
Stationaryphase. Chromatographia. 2008; 68: 7-8:
501-505.

5. Chakraborty A K, Mishra S R, Sahoo H B.
Formulation of dosage of Rosuvastatin calcium and
development of validated RP-HPLC method for its

Importance  of

10.

11.

12.

13.

14.

15.

16.

estimation. Internation journal of Analytical and
Bioanalytical Chemistry. 2011; 1: 3: 89-101.
Hokanson G C. A life cycle approach to the
validation of  analytical during
pharmaceutical product development. Pharm.
Technol. 1994;18: 92-100.

Davidson M H. A highly efficacious statin for the
treatment of dyslipidaemia. Expert Opin. Investig.
Drugs. 2002; 11: 125-141.

Nezasa K, Higaki K, Takeuchi M, Nakano M, Koike
M. Update of Rosuvastatin calcium by isolated rat
hepatocytes, Comparison
Xenobiotica. 2003; 33: 379-388.
Mctaggart F. Comparative pharmacology of
Rosuvastatin calcium. Atheroscler Suppl. 2003; 4: 9-
14.

National Cholesterol Education program (NCEP).
Highlights of the report of expert panel on blood
chloestrol levels in; Children and Adolescents.
Pediatrics, 1992; 89: 3: 495-501.

Turabi Z M, Khatatbeh O A. Stability-Indicating
RP-HPLC method development and validation for
the determination of Rosuvastatin calcium in

methods

with  pravastatin.

pharmacetical dosage form. Int. J. Pharm. Sci. Drug
Res. 2014; 6: 154-159.

Mostafa N-M, Badawey A M, Lamie N T, Abd EI-
Aleem A E B. Stability indicating methods for the
determination of Rosuvastatin calcium in the
presence of its oxidative degradation products. Int.
J. Pharm. Biomed. Sci. 2012; 3: 193-202.

Rajendra Reddy G, Ravindra Reddy P, Siva Jyothi P.
Development of a stability-indicating
Stereoselective method for quantification of the
enantiomer in the drug substance and
pharmaceutical dosage form of Rosuvastatin
calcium by an enhanced approach. Sci. Pharm.
2015; 83: 279-296.

Zhang D, Zhang J, Liu X, Wei C, Zhang R, Song H,
Yao H, Yuan G, Wang B, Guo R. Validated LC-
MS/MS Method for the Determination of
Rosuvastatin in Human Plasma: Application to a
Bioequivalence Study in Chinese Volunteers.
Pharmacol & Pharmacy. 2011; 2: 341-346.

Singh S S, Sharma K, Patel H, Jain M, Shah H,
Gupta S, Thakkar P, Patel N, Singh S P, Lohray B B.
Estimation of Rosuvastatin in Human Plasma by
HPLC Tandem Mass Spectroscopic Method and its
Application to Bioequivalence Study. ] Braz Chem
Soc. 2005; 16: 944-950.

Ashfaq M, Ahmad H, Khan I U, Mustafa G. LC
determination of Rosuvastatin and Ezetimibe in
Human plasma. ] Chil Chem Soc. 2013; 58: 2177-
2181.

280



Prabju VM et al, Int ]. Pharm. Drug. Anal, Vol: 3, Issue: 9, 2015; 275-281
Available online at http://ijpda.com

17.

18.

19.

20.

21.

Trivedi H K, Patel M C. Development and
Validation of a Stability-Indicating RP-UPLC
Method for Determination of Rosuvastatin and
Related Substances in Pharmaceutical Dosage
Form. Sci Pharm. 2012; 80: 393-406.

Rajkondwar V 'V, Maini P, Vishwakarma M.
Characterization and method development for
estimation and validation of Rosuvastatin Calcium
by UV - visible spectrophotometry. Int. J. Theoret.
Appl. Sci. 2009; 1: 48-53.

Gupta A, Mishra P, Shah K. Simple UV
Spectrophotometric Determination of Rosuvastatin
Calcium in Pure Form and in Pharmaceutical
Formulations. E. J. Chem. 2009; 6: 89-92.

ICH Q3C (R5). Guidelines for Residual solvents.
Fed Regist. February 4th. International Conference
on Harmonizatio. 2011; 1-25.

Green Chemistry and Hazardous Organic Solvents,
Green Solvents, Replacement and Alternative
Techniques. 2012; 81-96.
http://www.chem.uoa.gr/courses/organiki_1/greenc
hem/PDF_en/GREEN-CHEMISTRY-PDE-5-
TOXICSOLVENT-2012.pdf.

281



