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INTRODUCTION

Rosuvastatin is chemically described as bis[(E)-7-
[4-(4-fluorophenyl)-6-isopropyl-2-[methyl-(methyl
sulfonyl) amino] pyrimidin-5-yl] (3R, 5S)-3, 5-dihydro
xyhept-6-enoicacid] calcium salt. (Figure 1). Rosuvastatin
is a new, synthetic, orally active and competitive inhibi-
tor of 3-hydroxy-3-methylglutaryl coenzyme A reduc-
tase with significant and specific low-density lipopro-
tein (LDL) cholesterol-lowering activity in vitro and in
vivo[1,2]. Its empirical formula is (C
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and its molecular weight is,1001.14. Rosuvastatin is
available as CrestorTM in tablet form (5, 10, 20, or 40
mg) for oral administration.

Limited LC methods have been reported in the lit-
erature. Furthermore, C.K.Hull et al. developed an as-
say method employing automated solid-phase extrac-
tion (SPE) followed by HPLC with positive ion Turbo
Ion spray tandem mass spectrometry (LC�MS/MS)[3].
Kathalijne A et al. described a microbore LC method
in combination with tandem mass spectrometry (MS/
MS) for the sensitive detection of rosuvastatin
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ABSTRACT

A simple, gradient, stability indicating, reversed phase high performance
liquid chromatographic method (LC) has been developed for the quantifica-
tion of rosuvastatin and its related substances and of degradation prod-
ucts generated by decomposition. When rosuvastatin was subjected to
acid hydrolytic, oxidative, photolytic and thermal stress, degradation was
observed. Chromatographic separation was achieved among rosuvastatin
and related substances and degradation products, which were obtained
from stress conditions like acid, base, water hydrolysis and oxidation. The
optimized conditions are there by using a step wise gradient elution mode
on a C18 column using a mixture of 0.02 M Potassium dihydrogen ortho-
phosphate, pH adjusted to 3.0 and acetonitrile in the ratio of (80:20) (v/v) as
solvent-A and further using a mixture of acetonitrile and water in the ratio
(90:10) (v/v) as solvent-B. The method was completely validated in terms of
linearity, accuracy, precision, specificity and robustness. The method can
be used for quality control during manufacture and for assessment of the
stability of samples of rosuvastatin. The LOD and LOQ values of
rosuvastatin, rosuvastatin lactone and rosuvastatin ester are 0.05, 0.075,
0.077gmL-1 and 0.2, 0.30, 0.31 gmL-1 respectively. The present RPLC can
be able to determine rosuvastatin and its related substances simultaneously
in bulk drug and finished dosage forms of rosuvastatin.
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(CrestorTM) in human plasma[4]. Ke Lan, Xuehua Jiang
et al. reported a method for the determination of
rosuvastatin in human plasma using liquid chromatog-
raphy/tandem mass spectrometry in human plasma af-
ter being treated with acetic acid and tetra butyl ammo-
nium hydroxide, the analyte was extracted by liquid-
liquid extraction[5-13].

Attempts were made to develop a single LC method
that could be used to determine rosuvastatin and its
process related impurities bulk samples of rosuvastatin.
This manuscript deals with the development of stability
indicating analytical method using the samples, which
are generated from the forced degradation studies and
validation. Although five impurities including intermedi-
ates were detected and separated with reasonable reso-
lution by this single method, but only two potential im-
purities were considered as known due to the absence
of remaining impurities in the finished product. The de-
veloped method was validated to meet the stipulations
of ICH guidelines[14-15].

EXPERIMENTAL

Chemicals

Samples of rosuvastatin and its impurities were re-
ceived from Research and Development Department
of IPDO of Dr. Reddy�s Laboratories Limited,

Hyderabad, India. HPLC grade Acetonitrile was pro-
cured from Rankem , India. Analytical reagent grade
potassium dihydrogen orthophosphate and Orthophos-
phoric acid were purchased from Merck, India. High
pure water was prepared by using Millipore milli Q plus
purification system.

Equipment

The LC system, used for the method development,
forced degradation studies was Agilent 1100 series
(manufactured by Agilent Technologies, Waldbronn,
Germany). LC system with PDA detector and VWD
was used for method validation. The out put signal was
monitored and processed by using Empower software
(designed by waters) on P

4
 (Digital Equipment Co).

Chromatographic conditions

The chromatographic column used was Lichrospher
RP-18e, 250mm4.6 mm, 5m particle size. The buffer
is a solution of 20mM potassium di hydrogen ortho
phosphate; pH was adjusted to 3.0 with diluted ortho
phosphoric acid. Solvent A was buffer and acetonorile
in the ratio 80:20(v/v). Solvent B was a mixture of ac-
etonitrile and water in the ratio (90:10)(v/v). The flow
rate of mobile phase was kept at 1.0mLmin-1. The LC
gradient was set as Time / % B: 0.01/35, 15/35, 25/55,
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Figure 1 : Chemical structures of Rosuvastatin and its
related substances Rosuvastatin calcium
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40/80, 55/80, 60/35, 65/35.The column temperature
was maintained at 270C and the wave length was moni-
tored at 242 nm. The injection volume was 20L. The
diluent, Acetonitrile and water in the ratio 800:200v/v
was used to prepare standard, blend and system suit-
ability solutions.

Sample/Standard preparation

Standard and test solutions of 500 g mL-1 were
prepared individually and a stock solution of impurity
blend (mixture of Imp-1 and Imp-2)50 g mL-1 was
prepared as well in the same diluent. A solution of
rosuvastatin working standard was injected as a sys-
tem suitability solution.

Method validation

Specificity

Specificity is the ability of method to measure the
analyte response in the presence of its potential impuri-
ties and degradation products . The specificity of a de-
veloped LC method for rosuvastatin was carried out in
the presence of its impurities namely Imp-1 and Imp-2.

Forced degradation studies were also performed
to a bulk drug to provide an indication of stability indi-
cating property and specificity of the proposed method.
Intentional degradation was attempted to stress condi-
tions of photolytic degradation (as per ICH recom-
mended condition), thermal degradation (drug substance
exposed at 1050C), acid hydrolysis (using 1.0 N HCl),
base hydrolysis (using 0.1N NaOH), water hydrolysis
(reflux at 1000C) and oxidative degradation (using 3%
H

2
O

2
) to evaluate the ability of the proposed method

to separate rosuvastatin from its degradation products.
For heat and light studies, study period was seven days,
whereas for acid, base, water hydrolysis and oxidative
degradation it was 1 hr, 2hr, 48 hr and 3hr respectively.
To check and ensure the homogeneity and purity of
rosuvastatin peak in the stressed sample solutions, PDA
detector was employed. Assessment of mass balance
in the degraded samples was checked to see whether
the amount of impurities detected in the stressed sample
matches the amount present before the stress was ap-
plied. Assay studies were carried out on the stressed
sample against rosuvastatin qualified reference standard
and the mass balance (% assay + % sum of all impuri-
ties + sum of all degradants) was tabulated. Assay was

also calculated for bulk sample by spiking the impuri-
ties (Imp-1, and Imp-2) at the level of 0.15%.

Precision

Assay method precision was evaluated by perform-
ing six independent assays of test sample of rosuvastatin
against qualified reference substance and calculated
%RSD for %assay content. The precision was checked
by injecting six individual (n=6) preparations of
(0.5mgmL-1) rosuvastatin spiked with 0.15% of Imp-1
and Imp-2 w.r.to the analyte concentration. %RSD was
calculated for %Imp-1 and %Imp-2. The intermediate
precision of the method was also evaluated using differ-
ent analyst, day and instrument in the same laboratory.

Limit of detection (LOD) and limit of quantifica-
tion (LOQ)

The LOD and LOQ for Imp-1 and Imp-2 were
estimated at a S/N ratio of 3:1 and 10:1 respectively by
injecting a series of diluted solutions with known con-
centrations[14]. Precision and accuracy studies were also
performed at the LOQ level by injecting six individual
preparations (n=6) of Imp-1and Imp-2 and the %RSD
was calculated for peak area.

The accuracy was carried out by standard addition
and recovery study at LOQ level.

Linearity

Linearity test solutions for assay method were pre-
pared from stock solution at five concentration (n=5)
levels from 50 % to 150% of assay analyte concentra-
tion (50,75,100,125 and 150%).The peak area versus
concentration data was performed by least squares lin-
ear regression analysis.

Linearity test solutions for related substances
method were prepared by diluting the impurity stock
solution to the required concentrations. The solutions
were prepared at seven concentration (n=7) levels from
LOQ to 150% w.r.to the impurities specification level
of 0.15% (i.e, 0.03, 0.1875, 0375, 0.75, 0.5625,
1.125gmL-1). The calibration curve was drawn by plot-
ting the peak areas of Imp-1and Imp-2 against its cor-
responding concentration. The %RSD and Y-intercept
of the calibration curve was calculated.

Accuracy

The accuracy of the assay method was evaluated
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in triplicate (n=3) at three concentration levels i.e, 25,
50, 75 g mL-1 in bulk drug sample.

Standard addition and recovery experiments were
conducted to determine accuracy of related substances
method for quantification of the impurities in bulk drug
samples.

The study was carried out in triplicate at 0.0375,
0.75 and 1.125g mL-1 concentrations, where as the
analyte concentration 500 g mL-1.The percentage re-
coveries of Imp-1and Imp-2 were calculated.

Solution stability and mobile phase stability

The solution stability of rosuvastatin and its impuri-

ties in this method was carried out by leaving spiked
sample solution in tightly capped volumetric flask at room
temperature for 48hours. Content of imp-1 and imp-2
were determined for every 6h interval up to the study
performed. Mobile phase was also carried out for 48
hours by injecting the freshly prepared sample solu-
tions for every 6h interval. Content of imp-1 and imp-2
were checked in test solutions. Mobile phase prepared
was kept constant during the study period.

Robustness

To determine the robustness of the developed
method, the chromatographic conditions were deliber-

(a) Acid degradation of Rosuvastatin: 1N HCl 1 hr at 600C
Time(min)

AU

(b) Base degradation of Rosuvastatin: 0.1N NaOH
Time(min)

(c) Thermal degradation of Rosuvastatin: Thermal degradation at 1050C for 7 days
Time(min)

Figure 2 : Typical HPLC chromatograms of Rosuvastatin and its related substances

AU
AU
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ately altered and verified the system suitability criteria.
Established the selectivity factor in all the robustness
studies for each impurity and compared with regular
experiment.

The flow rate of mobile phase was 1.0 mLmin-1. To
study the effect of flow rate on the peak USP tailing
and USP theoretical plates, flow rate was altered by
0.2 units, i.e, from 0.8 to 1.2 mL min-1. The effect of
pH on peak tailing and theoretical plates of rosuvastatin
was studied by varying ± 0.2 pH units (at 2.8 and 3.2

buffer pH). The effect of column temperature was stud-
ied at 270C ± 50C.

RESULTS AND DISCUSSION

Optimization of chromatographic conditions

Imp-1 and imp-2 are the potential impurities that
related to the corresponding lactone and ester com-
pounds of rosuvastatin. The main target of the chro-
matographic method is the separation of Imp-1, imp-2,
intermediates and degradation products from
rosuvastatin peak. Due to the dissimilar polarities among
rosuvastatin, Imp-1 and imp-2, the separation of these
impurities is not much critical, but the elimination of in-
terferences due to degradation products from
rosuvastatin and its impurities is only the tough task in
the initial stages of development. Impurities were co-
eluted by using different stationary phases like cyano,
phenyl and C8 and different mobile phases containing
buffers like phosphate, sulphate and acetate with dif-
ferent pH (2.5-7) and using organic modifiers like ac-
etonitrile and methanol in the mobile phase. Satisfac-
tory chromatographic separation was achieved using a
solvent A, which is a solution of 20 mM potassium
dihydrogen ortho phosphate and acetonitrile in the ra-
tio of (80:20) (v/v), wherein the pH of the potassium
dihydrogen ortho phosphate was adjusted to 3.0 and
solvent-B is a mixture of acetonitrile and water in the
ratio (90:10) (v/v). The LC gradient of solvent B was
kept as Time / % B: 0.01/35, 15/35, 25/55, 40/80, 55/
80, 60/35, 65/35. In the optimized conditions, the
rosuvastatin, imp-1,imp-2 and degradation products
were well separated with resolution (R

s
) grater than 2

and the typical relative retention times of imp-1 and
imp-2 were about 2.03 and 4.34 respectively. Various
C18 columns i.e Zodiac C18, Symmetry C18, Kromasil

C18 and venusil C18 were checked with optimized
conditions and found the best resolutions in Licchrospher
RP18e. The developed LC method was found to be
specific for Rosuvastatin and its impurities namely imp-
1 and imp-2.

Selection of wavelength at 242 nm is appropriate
for rosuvastatin, process related impurities and for deg-
radation products as well. The relative response fac-
tors of known impurities are in between 0.8 to 1.2.
While selecting the wave length, the UV spectra and
absorbance of degradation products at 242 nm was
also taken into consideration.

Results of forced degradation studies

Considerable degradation observed in rosuvastatin
bulk samples, under stress conditions such as acid, base
and water hydrolysis and moderate degradation was
observed in photolytic and thermal stress. To achieve
this level of degradation, different test solutions were
prepared in 1.0N HCl, 0.1N NaOH, 3% hydrogen
peroxide and water respectively. These solutions were
further subjected to stress conditions stressed to maxi-
mum 48h at 600C. Under these conditions the degra-
dation of drug substance was observed during acid and
base hydrolysis. rosuvastatin was degraded into Imp-
1(Figure 2) under acidic conditions (treated with 1.0N
HCl at 600C for 1 hr) and it was confirmed by co-
injection with a qualified imp-1 standard. rosuvastatin
is highly sensitive to base, because it was rapidly de-
graded, even at room temperature with one tenth nor-
mal solution of sodium hydroxide. Moderate degrada-
tion of drug substance was observed under water hy-
drolysis conditions (treated water at 1000C for 48 hrs)
leads to the formation of a few unknown degradation
peaks. In oxidation, no degradation peaks were ob-
served. Peak purity test results obtained from PDA
confirm that the rosuvastatin peak is homogeneous and
pure in all the analyzed samples. The mass balance of
stress samples was close to 99.6%. The assay of
rosuvastatin is unaffected in the presence of imp-1 and
imp-2 which confirm the stability indicating power of
the developed method.

Results of method validation of experiments

Precision

The %RSD of rosuvastatin during assay method
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precision study was well within 0.5% and the %RSD
of imp-1 and imp-2 in related substances method pre-
cision study was within 2%. The % RSD of assay re-
sults obtained in intermediate precision study was within
1.0% and the % RSD of %area of imp-1 and imp-2
confirming excellent precision of the method.
Limit of detection (LOD) and limit of quantifica-
tion (LOQ)

The LOD of rosuvastatin, imp-1 and imp-2 are 0.05,
0.075 and 0.077g mL-1. The LOQ of rosuvastatin, imp-
1 and imp-2 are 0.2, 0.30, 0.31?g mL-1 (of analyte
concentration i.e., 500g mL-1) for 10 L injection vol-
ume. The method precision for imp-1, imp-2 at LOQ
level was below 5% RSD.

Linearity

Linear calibration plot for assay method was ob-
tained over the calibration ranges tested i.e, 125 to
750gmL-1 and the correlation coefficient obtained was
greater than 0.999. Linearity was checked for the as-
say method over the same concentration range for three
consecutive days. The % RSD values of the slope and
Y-intercept of the calibration curves were 3.1 and 4.3
respectively. The results show that an excellent co-re-
lation existed between the peak area and concentration
of the analyte.

Linear calibration plot for related substance method
was obtained over the calibration ranges tested i.e, 0.03
to 1.125 g mL-1 for imp-1 and 2. The correlation co-
efficient obtained greater than 0.998 linearity was
checked for the related substances method over the
same concentration range for three consecutive days.
The % RSD values of the slope and Y-intercept of the
calibration curves were 4.6 and 5.5 respectively. The
results (TABLE 1) show that an excellent co-relation
existed between the peak area and concentration of
imp-1and imp-2.

Accuracy

The % recovery of rosuvastatin in bulk drug samples
was ranged from 99.1 to 100.5 The % recovery of
imp-1 and 2 in bulk drug samples was ranged from
94.6 to 103.0. The results showing excellent accuracy
of the method.

Solution stability and mobile phase stability

No significant change was observed in the content

TABLE 1: Linearity data for rosuvastatin and related sub-
stances

SES1 :Standard error of slope± 95% confidence interval, SEI2:
Standard error of intercept± 95% confidence interval

of imp-1 and imp-2 and rosuvastatin during solution
and mobile phase stability experiments when performed
using this method. The solution and mobile phase sta-
bility experiments data confirms that sample solutions
and mobile phase used during imp-1 and imp-2 and
rosuvastatin content determination were stable up to
48 hours.

Robustness

In all the deliberate varied chromatographic condi-
tions (pH, column temperature, flow rate and percent-
age of organic ratio). The USP tailing and USP theo-
retical plates were less than 1.5 and more than 5000
respectively (TABLE 2).

CONCLUSIONS

In this manuscript the simple, accurate and well
defined stability indicating gradient LC method for the
determination of rosuvastatin in the presence of its re-
lated substances and degradation products was de-
scribed for the first time. The behavior of rosuvastatin
under various stress conditions were studied and pre-
sented. The information presented herein could be very

Component 
Calibration 

range 
(gmL-1) 

Regression 
equation 

SES1 SEI2 
CC3 

(r) 

Rosuvastatin 0.03-1.125 y = 213.7x+ 7.3 29±20 21±15 0.999 
Imp-1 0.03-1.125 y =214.3x+10.3 31±21 19±12 0.999 
Imp-2 0.03-1.125 y = 192.9x+8.4 29±23 19±15 0.998 

TABLE 2: Robustness data for rosuvastatin related substances

Robustness data for Rosuastatin related substances 
Parameter Variation Tf N %Imp-1 %Imp-2
-0.2 units  1.20 5119 0.05 0.01 

Regular 3.0 pH 1.47 5808 0.03 0.01 
+0.2 units  1.19 5200 0.06 0.01 
Temp -5°C  1.47 5824 0.03 0.01 

Regular 27°C 
Column 

temperature 
1.47 5808 0.03 0.01 

Temp +5°C  1.21 5526 0.04 0.01 
Flow -0.2  1.21 6070 0.04 0.004 

Regular 1.0 
Flow rate 
(mLmin-1) 

1.47 5808 0.03 0.01 

Flow +0.2  1.14 5042 0.05 0.01 
-10%  1.17 5904 0.05 0.01 

Regular 100% %Organic ratio 1.47 5808 0.03 0.01 
+10%  1.23 5016 0.06 0.01 
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useful for quality monitoring of bulk samples, finished
dosage forms and as well as employed to check the
quality during the stability studies.
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