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ABSTRACT

A simple, gradient, stability indicating, reversed phase high performance
liquid chromatographic method (L C) has been devel oped 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 amixture of 0.02 M Potassium dihydrogen ortho-
phosphate, pH adjusted to 3.0 and acetonitrilein theratio of (80:20) (v/v) as
solvent-A and further using a mixture of acetonitrile and water in theratio
(90:10) (v/v) assolvent-B. The method was compl etely validated interms 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,
0.077ugmL-tand 0.2, 0.30, 0.31 ugmL * 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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INTRODUCTION

Rosuvastatinischemically described asbi (E)- 7-
[4-(4-fluorophenyl)-6-isopropyl-2-[ methyl-(methyl
sulfonyl) amino] pyrimidin-5-yl] (3R, 55)-3, 5-dihydro
xyhept-6-enoicacid] ccumsdt. (Figurel). Rosuvadtatin
isanew, synthetic, ordly activeand competitiveinhibi-
tor of 3-hydroxy-3-methylglutaryl coenzymeA reduc-
tasewith significant and specific low-density lipopro-
tein (LDL) cholesterol-lowering activity invitroandin
vivol'2, Itsempirical formulais(C,H, FN,O.S),Ca

22" 27

and itsmolecular weight is,1001.14. Rosuvastatinis
availableas Crestor™ intablet form (5, 10, 20, or 40
mg) for oral administration.

Limited LC methods have beenreported inthelit-
erature. Furthermore, C.K.Hull et al. developed anas-
say method empl oying automated solid-phase extrac-
tion (SPE) followed by HPL C with positiveion Turbo
lon spray tandem mass spectrometry (LC-MS/MS)©.,
KathalijneA et al. described amicrobore LC method
in combination with tandem mass spectrometry (MY
MS) for the sensitive detection of rosuvastatin


mailto:krishnaiahch@drreddys.com

278

A validated, stability indicating, LC and assay method for rosuvastatin

ACAIJ, 8(2) June 2009

Note ===

F

e N
3\)l\ P2

HsC_ N
S
o)

Imp-1: (Rosuvastatin lactone impurity)

F
OH OH
N X COOCHj3
H3C |
\ )\ Z
/N N
SO,CH4
Imp-2: (Rosuvastatin Ester impurity)
F
O OTBDMS
N X COOCHj;
H3C |
\ )\ P
/N N
SOCH3 NIT -1
Imp-3: NIT-1imp
F
O OH
N X COOCHj3
H3C |
\ —
s
OLHS T2

Imp-4: NIT-2imp
Figurel: Chemical structuresof Rosuvastatin and its
related substancesRosuvastatin calcium

(CrestorTM) inhuman plasmd“. KeLan, XuehuaJiang
et al. reported a method for the determination of
rosuvastatin in human plasmausing liquid chromatog-
raphy/tandem mass spectrometry in human plasmaatf-
ter being treated with acetic acid and tetrabutyl ammo-
nium hydroxide, the anayte was extracted by liquid-
liquid extraction>*3,
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Attemptsweremadeto develop asngleLC method
that could be used to determine rosuvastatin and its
processrel ated impuritiesbulk samplesof rosuvastatin.
Thismanuscript ded swith thedevel opment of sability
indicating ana ytical method using the samples, which
are generated from theforced degradation studiesand
vaidation. Although fiveimpuritiesincludingintermedi-
atesweredetected and separated with reasonablereso-
lution by thissingle method, but only two potential im-
puritieswere cons dered as known dueto the absence
of remainingimpuritiesinthefinished product. Thede-
veloped method was vaidated to meet the stipul ations
of ICH guidelineg+9,

EXPERIMENTAL

Chemicals

Samplesof rosuvastatin and itsimpuritieswerere-
ceived from Research and Devel opment Department
of IPDO of Dr. Reddy’s Laboratories Limited,
Hyderabad, India. HPLC gradeAcetonitrile was pro-
cured from Rankem, India. Analytical reagent grade
potass um dihydrogen orthophosphate and Orthophos-
phoric acid were purchased from Merck, India. High
purewater wasprepared by usngMilliporemilli Q plus
purification system.

Equipment

The LC system, used for themethod devel opment,
forced degradation studies was Agilent 1100 series
(manufactured by Agilent Technologies, Wal dbronn,
Germany). LC system with PDA detector and VWD
was used for method vaidation. Theout put sgna was
monitored and processed by using Empower software
(designed by waters) on P, (Digital Equipment Co).

Chromatogr aphic conditions

Thechromatographi c column used wasLichrospher
RP-18e, 250mmx4.6 mm, Sum particlesize. Thebuffer
isasolution of 20mM potassium di hydrogen ortho
phosphate; pH was adjusted to 3.0 with diluted ortho
phosphoric acid. Solvent A was buffer and acetonorile
intheratio 80:20(v/v). Solvent B wasamixture of ac-
etonitrileand water intheratio (90:10)(v/v). Theflow
rate of mobile phasewaskept at 1.0mLmin?. TheLC
gradient wasset asTime/ % B: 0.01/35, 15/35, 25/55,
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40/80, 55/80, 60/35, 65/35.The column temperature
wasmaintained at 27°C and the wavelength was moni-
tored at 242 nm. Theinjection volumewas20uL. The
diluent, Acetonitrileand water in theratio 800:200v/v
was used to prepare standard, blend and system suit-
ability solutions.

Sample/Standard preparation

Standard and test solutions of 500 ug mL*were
prepared individualy and astock solution of impurity
blend (mixture of Imp-1 and Imp-2)50 ug mL* was
prepared as well in the same diluent. A solution of
rosuvastatin working standard wasinjected asasys-
tem suitability solution.

Method validation
Specificity

Specificity istheability of method to measurethe
andyteresponseinthe presenceof itspotentid impuri-
tiesand degradation products. The specificity of ade-
veloped LC method for rosuvastatinwascarried out in
the presenceof itsimpuritiesnamely Imp-1 and Imp-2.

Forced degradation studieswere also performed
toabulk drugto provideanindication of stability indi-
cating property and specificity of the proposed method.
Intentiona degradation was attempted to stresscondi-
tions of photolytic degradation (as per ICH recom-
mended condition), therma degradation (drug substance
exposed at 105°C), acid hydrolysis(using 1.0 N HCI),
base hydrolysis(usng 0.1N NaOH), water hydrolysis
(reflux at 100°C) and oxidative degradation (using 3%
H.,0,) to eva uatethe ahility of the proposed method
to separaterosuvastatin from its degradation products.
For heat and light studies, study period was seven days,
whereasfor acid, base, water hydrolysisand oxidative
degradationit was 1 hr, 2hr, 48 hr and 3hr respectively.
To check and ensure the homogeneity and purity of
rosuvastatin peak inthe stressed samplesolutions, PDA
detector was employed. Assessment of massbalance
in the degraded sampl eswas checked to see whether
theamount of impuritiesdetected inthe stressed sample
matchestheamount present beforethe stresswas ap-
plied. Assay studieswere carried out on the stressed
sampleagang rosuvastatin qudified reference tandard
and themass balance (% assay + % sum of al impuri-
ties+ sum of al degradants) wastabulated. Assay was

———— Note

a so calculated for bulk sampleby spiking theimpuri-
ties(Imp-1, and Imp-2) at thelevel of 0.15%.
Precision

Assay method precision waseva uated by perform-
ing S independent assaysof test sampleof rosuvadtatin
against quaified reference substance and cal cul ated
%RSD for %assay content. The precisionwas checked
by injecting six individual (n=6) preparations of
(0.5mgmL?) rosuvastatin spiked with 0.15% of Imp-1
and Imp-2w.r.to theand yte concentration. %RSD was
caculated for %Imp-1 and %Imp-2. Theintermediate
precison of themethod wasa so eva uated using differ-
ent anays, day and instrument inthe samelaboratory.

Limit of detection (L OD) and limit of quantifica-
tion (LOQ)

The LOD and LOQ for Imp-1 and Imp-2 were
estimated at aS/N ratio of 3:1 and 10:1 respectively by
injecting aseriesof diluted sol utionswith known con-
centrationg*. Precision and accuracy studieswereaso
performed at theLOQ leve by injecting six individua
preparations (n=6) of Imp-1land Imp-2 and the %RSD
was cal culated for peak area.

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

Linearity

Linearity test solutionsfor assay method werepre-
pared from stock solution at five concentration (n=5)
level sfrom 50 % to 150% of assay analyte concentra-
tion (50,75,100,125 and 150%).The peak areaversus
concentration datawas performed by least squareslin-
ear regression anaysis.

Linearity test solutions for related substances
method were prepared by diluting theimpurity stock
solution to therequired concentrations. The solutions
wereprepared at seven concentration (n=7) levelsfrom
LOQ to 150% w.r.to theimpuritiesspecification level
of 0.15% (i.e, 0.03, 0.1875, 0375, 0.75, 0.5625,
1.125ugmL ). Thecdibration curvewasdravn by plot-
ting the peak areas of Imp-1and Imp-2 against itscor-
responding concentration. The %RSD and Y-intercept
of thecalibration curvewasca culated.

Accuracy
Theaccuracy of the assay method was eval uated
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Figure2: Typical HPL C chromatogramsof Rosuvastatin and itsrelated substances

intriplicate (n=3) at three concentration levelsi.e, 25,
50, 75 ugmLtinbulk drug sample.

Standard addition and recovery experimentswere
conducted to determineaccuracy of related substances
method for quantification of theimpuritiesin bulk drug
samples.

The study wascarried out intriplicate at 0.0375,
0.75and 1.125ug mL* concentrations, where asthe
anayte concentration 500 ug mL 1. Thepercentagere-
coveriesof Imp-land Imp-2 were cal cul ated.

Solution stability and mobile phasestability
Thesolution gability of rosuvastatin anditsimpuri-

tiesin thismethod was carried out by |eaving spiked
samplesolutionintightly capped volumetricflask a room
temperaturefor 48hours. Content of imp-1 and imp-2
were determined for every 6hinterval up to the study
performed. Mobile phase was a so carried out for 48
hours by injecting the freshly prepared sample solu-
tionsfor every 6hinterval. Content of imp-1 andimp-2
were checked in test solutions. M obile phase prepared
was kept constant during the study period.

Robustness

To determine the robustness of the developed
method, the chromatographic conditionsweredeliber-
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———— Note

ately dtered and verified the system suitability criteria
Established the selectivity factor in al therobustness
studiesfor each impurity and compared with regular
experiment.

Theflow rate of mobilephasewas 1.0 mLmin. To
study the effect of flow rate on the peak USPtailing
and USP theoretical plates, flow rate was altered by
0.2 units, i.e, from 0.8to0 1.2 mL min. Theeffect of
pH on pesk tailing and theoretica platesof rosuvastatin
was studied by varying+ 0.2 pH units (at 2.8 and 3.2
buffer pH). Theeffect of columntemperaturewas stud-
ied at 27°C + 5°C.

RESULTSAND DISCUSSION

Optimization of chromatogr aphic conditions

Imp-1 andimp-2 arethe potential impuritiesthat
related to the corresponding lactone and ester com-
pounds of rosuvastatin. The main target of the chro-
matographic method isthe separation of Imp-1, imp-2,
intermediates and degradation products from
rosuvadtatin pesk. Duetothedissmilar polaritiesamong
rosuvastatin, Imp-1andimp-2, the separation of these
impuritiesisnot much critica, but thedimination of in-
terferences due to degradation products from
rosuvastatin anditsimpuritiesisonly thetough task in
theinitia stagesof development. Impuritieswere co-
eluted by using different stationary phaseslike cyano,
phenyl and C8 and different mobile phases containing
bufferslike phosphate, sulphate and acetate with dif-
ferent pH (2.5-7) and using organic modifierslikeac-
etonitrileand methanol inthemobile phase. Satisfac-
tory chromatographic separationwasachieved usnga
solvent A, which isasolution of 20 mM potassium
dihydrogen ortho phosphate and acetonitrileinthera
tio of (80:20) (v/v), whereinthe pH of the potassium
dihydrogen ortho phosphate was adjusted to 3.0 and
solvent-B isamixture of acetonitrileand water inthe
ratio (90:10) (v/v). The LC gradient of solvent B was
kept asTime/ % 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
werewel| separated withresolution (R ) grater than 2
and thetypical relative retention timesof imp-1 and
imp-2 wereabout 2.03 and 4.34 respectively. Various
C18 columnsi.eZodiac C18, Symmetry C18, Kromasi|

C18 and venusil C18 were checked with optimized
conditionsand found thebest resol utionsin Licchrogpher
RP18e. The developed LC method was found to be
specificfor Rosuvastatin and itsimpuritiesnamely imp-
landimp-2.

Sel ection of wavelength at 242 nm isappropriate
for rosuvastatin, processrel ated impuritiesand for deg-
radation productsaswell. Therelative responsefac-
tors of known impurities arein between 0.8 to 1.2.
While selecting the wave length, the UV spectraand
absorbance of degradation products at 242 nm was
asotakeninto consideration.

Resultsof forced degradation studies

Consderabledegradation observed inrosuvastatin
bulk samples, under stressconditionssuchasacid, base
and water hydrolysis and moderate degradation was
observed in photolytic and thermal stress. To achieve
thislevel of degradation, different test solutionswere
prepared in 1.0N HCI, 0.1N NaOH, 3% hydrogen
peroxide and water respectively. These solutionswere
further subjected to stress conditions stressed to maxi-
mum 48h at 60°C. Under these conditionsthe degra-
dation of drug substancewas observed duringacid and
base hydrolysis. rosuvastatin was degraded into Imp-
1(Figure 2) under acidic conditions (treated with 1.0N
HCI at 60°C for 1 hr) and it was confirmed by co-
injectionwith aqualified imp-1 standard. rosuvastatin
ishighly sensitiveto base, becauseit wasrapidly de-
graded, even at room temperature with onetenth nor-
mal solution of sodium hydroxide. Moderate degrada
tion of drug substance was observed under water hy-
drolysisconditions (treated water at 100°C for 48 hrs)
leadsto the formation of afew unknown degradation
peaks. In oxidation, no degradation peaks were ob-
served. Peak purity test results obtained from PDA
confirmthat therosuvastatin peak ishomogeneousand
purein al theanayzed samples. Themassbal ance of
stress samples was close to 99.6%. The assay of
rosuvastatinisunaffected in the presenceof imp-1and
imp-2 which confirm the stability indicating power of
the devel oped method.

Resultsof method validation of experiments
Precision

The %RSD of rosuvastatin during assay method
s Analytical CHEMISTRY
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precision study waswell within 0.5% and the %RSD
of imp-1andimp-2inrelated substances method pre-
cision study waswithin 2%. The % RSD of assay re-
sultsobtainedinintermedi ate precision sudy waswithin
1.0% and the % RSD of %area of imp-1 and imp-2
confirming excellent precison of themethod.

Limit of detection (L OD) and limit of quantifica-
tion (LOQ)

TheLOD of rosuvadtatin, imp-1andimp-2 are0.05,
0.075and 0.077ugmL 1. The LOQ of rosuvadtetin, imp-
1 and imp-2 are 0.2, 0.30, 0.31?g mL* (of analyte
concentrationi.e., 500ugmLt) for 10 uL injection vol-
ume. Themethod precision forimp-1,imp-2at LOQ
level wasbelow 5% RSD.

Linearity

Linear cdibration plot for assay method was ob-
tained over the calibration ranges tested i.e, 125 to
750ugmL* and the correl ation coefficient obtained was
greater than 0.999. Linearity was checked for the as-
say method over the same concentration rangefor three
consecutive days. The% RSD values of thed opeand
Y-intercept of the calibration curveswere3.1and 4.3
respectively. Theresults show that an excellent co-re-
|ation existed between the peak areaand concentration
of theandyte.

Linear cdibration plot for rel ated substance method
wasobtained over the calibration rangestestedi.e, 0.03
t01.125 ngmL-*forimp-1 and 2. The correl ation co-
efficient obtained greater than 0.998 linearity was
checked for the related substances method over the
same concentration rangefor three consecutive days.
The% RSD vauesof thed opeand Y-intercept of the
calibration curveswere 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-landimp-2.

Accuracy

The%recovery of rosuvadtatinin 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
94.610 103.0. Theresultsshowing excd lent accuracy
of themethod.

Solution stability and mobile phasestability
No significant changewas observed in the content

TABLE 1: Linearity datafor rosuvastatin and related sub-
stances

Calibration

acq 3
Component  range Regression g1 g2 CC
(ugmL %) equation (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

SES':Standard error of slopet 95% confidence interval, SEI?
Standard error of intercept+ 95% confidence interval

TABLE 2: Robustnessdatafor rosuvastatinreated substances
Robustness data for Rosuastatin related substances

Parameter Variation T¢{ 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 . COU™ 4 47 5808 003 001

temperature

Temp +5°C 1.21 5526 0.04 0.01
Flow -0.2 1.21 6070 0.04 0.004
Regular 1.0 ('?Li"r"n'lrff; 147 5808 003 001
Flow +0.2 1.14 5042 0.05 0.01
-10% 1.17 5904 0.05 0.01
Regular 100% %0Organic ratio 1.47 5808 0.03 0.01
+10% 1.23 5016 0.06 0.01

of imp-1 and imp-2 and rosuvastatin during solution
and mobile phasestability experimentswhen performed
using thismethod. The solution and mobilephase sta-
bility experiments dataconfirmsthat sample solutions
and mobile phase used during imp-1 and imp-2 and
rosuvastatin content determination were stable up to
48 hours.

Robustness

Indl thedeliberate varied chromatographic condi-
tions (pH, column temperature, flow rate and percent-
ageof organicratio). The USPtailingand USP theo-
retical plateswere lessthan 1.5 and more than 5000
respectively (TABLE 2).

CONCLUSIONS

In thismanuscript the simple, accurate and well
defined stability indicating gradient LC method for the
determination of rosuvastatinin the presenceof itsre-
lated substances and degradation products was de-
scribed for thefirst time. Thebehavior of rosuvastatin
under variousstress conditionswere studied and pre-
sented. Theinformation presented herein could bevery

Hnalytical CHEMISTRY o
A Tndéan W



ACAIJ, 8(2) June 2009

Ch.Krishnaiah et al.

283

useful for quality monitoring of bulk samples, finished
dosage forms and as well as employed to check the
qudity duringthestability sudies.
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