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ABSTRACT

Simple, specific, economical and precise high perémce liquid chromatographic method for the simudtous
determination of ezetimibe and Atorvastatin in fd&tive pharmaceutical ingredient) and formulatibas been
developed and validated. Chromatography was caroiedat 30C on a prepacked Zorbax SB C18 (5 mm, 250 x 4.6
mm) column with the 0.02 M potassium dihydrogersphate: Acetonitrile: Methanol (10:40:50, v/v/v)svased as
the mobile phase. The UV detection was carried3&t r2m. The results obtained showed good agreemitntive
declared contents. Ezetimibe and Atorvastatin satedrin less than 10 mins with good resolution amdimal
tailing and without interference of excipients. Tieéention times of ezetimibe and Atorvastatin wei&min and
9.1 min, respectively. The method was linear in ttéwege of 5-50 pg/ml for Ezetimibe concentratiothva
correlation co-efficient 0.9992 and in the rangeB-41g/ml for Atorvastatin concentrations having redaition co-
efficient 0.9994 and the recovery was 99-102%. ffle¢hod was validated according to ICH guidelinesl @he
acceptance criteria for accuracy, precision, linigr specificity and system suitability were metlhcases. The
proposed method can be used for quantitative détetion of Ezetimibe and Atorvastatin combinatfoom API
and formulations.
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INTRODUCTION

Atorvastatin  (ATV) is chemically [R-(R*,R*)]-2-(4Hirophenyl)g,5-dihydroxy-5- (1-methylethyl)-3-phenyl-4-
[(phenylamino)carbonyl]-1H-pyrrole-1-heptanoic gctdlcium salt trihydrate. Atorvastatin calciumais inhibitor
of 3-hydroxy-3-methylglutaryl Coenzyme A (HMG-CoAgductase. This enzyme catalyses the conversion of
HMG-CoA to mevalonate, an early and rate limitirtgpsin cholesterol biosynthe$is2]. Ezetimibe (EZE) is
[(3R,49)-1-(4-fluorophenyl)-3-[(¥)-3-(4-fluorophenyl)-3-hydroxypropyl]-4-(4-hydroxjenyl)-2-azetidinone] . It is
a selective cholesterol absorption inhibitor usedhie treatment of primary hypercholesterolemianlkibits the
absorption of biliary and dietary cholesterol fraamall intestine without affecting absorption of fedluble
vitamins, triglycerides and bile acids. After osalministration, Ezetimibe is metabolized into ikgogironide in the
liver and small intestine, which is also activepirevention of absorption of cholesterol. Ezetimimes not have
significant pharmacokinetic interactions with otHigrid lowering drugs as it does not influence theivity of
cyotochrome P450 [3]. EZE is administered at theedof 10 mg with and without Atorvastatin[4-6]. kefature
survey regarding quantitative analysis of thesegsirtevealed that attempts were made to developytazdl
methods for Atorvastatin using extractive spectatptmetry[7-8], HPLC[9-11], GC-MS [12], LC-MS[13], LC-
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electrospray tandem mass spectrometry[14-16] antiLBPL7] methods. HPLC method has been reportedter
determination of Atorvastatin and its impuritiesomlk drug and tablets.

No analytical method has so far been reported Her dimultaneous determination of Atorvastatin cedciand
ezetimibe in pharmaceutical dosage forms. The tibgof the present work was to develop an accusgecific
and reproducible method for the simultaneous esiimaof Atorvastatin and ezetimibe in pharmaceutt@sage
forms. The objective of this work was to develogimple, precise, reliable and rapid stability-iratiog liquid
chromatographic analytical method for assay of iBEbe and  Atorvastatin for determination of thentent
uniformity of a tablet formulation, to validate timeethod in accordance with ICH [18] guidelines. Madidation
procedure followed the guidelines of USP 30[19]e Tinesent work is aimed at development of a seasisipecific
and validated reverse phase high performance lighidmatographic method for simultaneous deterngnabf
Atorvastatin and Ezetimibe from the dosage form ésdiegradation products formed under stress datjom of
both Atorvastatin and Ezetimibe.

MATERIALS AND METHODS

Atorvastatin and Ezetimibe reference standard (lelaém 99.8% pure) was provided by Ranbaxy Pharsutcals
Ltd. Tablets of, Atorvastatin and Ezetimibe TonB&-with 10 mg each label claim manufactured by bupi
Pharmaceutical Pvt. Ltd, Ahmedabad, India were ymext from a local pharmacy. HPLC grade acetonitrile
Orthophosphoric acid water, methanol asadium phosphat@cid were obtained from Merck India Limited,
Mumbai, India. Analytical grade hydrochloric acahdium hydroxide pellets and hydrogen peroxidetsmiu30%
(v/v) were obtained from Ranbaxy Fine ChemicalswNgelhi, India and 0.45um nylon membrane filter was
obtained from Pall Life Sciences, Mumbai.

Chromatography:

The chromatographic system used to perform devetoprand validation of this assay method consistedno
perkin elemer series 200 LC pump, and turbochrones@00 UV\VIS detector (Perkin elmer). Chromagqatic
analysis was performed on Zorbax SB C18 (250mn6m#), Sum particle size) column. Separation was achieved
using a mobile phase consist of 0.02 M potassiumditbogen phosphate: Acetonitrile: Methanol (10:80:/v/v)
solution at a flow rate of 1.1 ml/min. The eluerssvmonitored using UV detector at a wavelength @86 The
column was maintained at ambient temperature ajgdtion volume of 2Qu was used. The mobile phase was
filtered through 0.4mm filter prior to use.

Preparation of mobile phase
Mobile phase consist of 0.02 M potassium dihydrogbonsphate: Acetonitrile: Methanol (10:40:50, vjv/iVhe
mobile phase was filtered using 0.45u nylon fili@gvllipore, USA) and was degassed by sonicatiofokzeuse.

Preparation of standard solution

A stock standard solution containing 0.5 mg peeath of Ezetimibe and Atorvastatin was preparediggolving
10 mg each of Ezetimibe and Atorvastatin in mopitase in 50 ml volumetric flask and raising theuva¢ up to
the mark. To prepare the working standard solu{e®0 pg/ml for both Ezetimibe and Atorvastatin)e tbtock
standard solution was diluted with mobile phase.

Specificity

Placebo of the tablets, equivalent to the sampligiwevas taken and solution prepared similarlyte sample
solution. The solution was analyzed as per the ggeg method. Sample solution was also analyzeceashp
proposed method. No interference from placebo visemved at the retention time of the drugs peagak Purity
plots also indicated that the peaks of the Ezetnaibd Atorvastatin are pure and don’t have anylating peaks.
There for it is concluded that the method is specif

Linearity and range

Different aliquots, 0.5, 1, 2, 3, 4, 5, and 6 mtlé stock solution were taken in a series of 1&a@hlimetric flasks
and diluted up to the mark with the diluent to gerfuired concentration range of 70% to 130%. Thetisms were
then filtered through 0.2um glass nylon filters amdcted into the HPLC system.
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Accuracy

6, 8 and 10 ml of the stock solution was takeniplitate in nine 10 ml volumetric flasks contaigiabout 0.230 g
of placebo in it. Then sufficient diluent was addedhe flasks and sonicated for 20 to 25 min. issalve. The
volume was made up with diluent and mixed. The tgmig were filtered through 0.2um glass nylon fétand
injected into the HPLC system. The chromatogram®wecorded and the percentage recovery was ctddula

Precision

For the precision study, Precision of the assay determined by repeatability (intra-day) and intednate
precision (interday) in triplicate. Repeatabiligfers to the use of the analytical procedure ovehat period of
time that was evaluated by assaying the QC sandpiesg the same day. Intermediate precision wassassl by
comparing the assays on different days (3 days)iiden and % RSD was calculated

Robustness

The Robustness was determined by injecting dupglicgéctions of standard and three-sample solutioséngle at
each different condition with respect to controhdibion (20pug/ml). Robustness of the method wasckba by
varying the instrumental conditions such as flower&t10%), organic content in mobile phase rati@%g,
wavelength of detection (¥5nm), column oven tempeea (+5°C) and change in pH of buffer (+0.2). Stenp
solution was injected in each condition and assdgedzetimibe and Atorvastatin. The mean, standdation,
and RSD are shown in Table 5. Robustness of theadés indicated by the overall RSD value betwédmndata of
set-1 and data at each variable condition.

Stability in Analytical Solution

A sample solution 20ug/ml of the drugs was prepdngdaken 4 ml of standard stock solution and leptoom
temperature. It was analyzed initially and at défe time intervals. As the cumulative RSD up t® #&n meets the
acceptance criteria, it is concluded that sampsgable in analytical solution for at least 13 tram temperature.
Results are shown in table 5.

System Suitability Data
Standard solution was injected on different days$nduthe validation studies. Using the system silitg software,
the USP Tangent and USP Tailing ezetimibe and Afstatin peaks were calculated.

Stress Degradation Study

A stress degradation study was carried out on #atifaibe and Atorvastatin Hydrolytic and Oxidatidegradation
sample solutions of the drugs was prepared in lérdohloric acid, 1N sodium hydroxide and 30% hydmog
peroxide solutions and immediately was followeddmalysis as per the proposed method. Thermal datipad
sample solutions of the drugs was prepared ancestaij to thermal degradation by keeping at 1051Clfdr,

followed by analysis as per the proposed methodtditic degradation study was carried out by eipgpshe

sample to light in a photolytic chamber at 2600 fox24 hr, followed by analysis as per proposedhoe. Using

the peak purity test, the purity of the drugs pea&se checked at every stage of above-mentionaiestu

Application of method to dosage form:

The developed and validated HPLC method was appbedietermination of Ezetimibe and Atorvastationfr
dosage forms. Ezetimibe and Atorvastatin tabletd@fmg strength from Ranbaxy Labs (StorrvBZ ) were
evaluated Ezetimibe and Atorvastatin content itetab The tablets were powdered and powder equivédel0 mg
of drugs was weighed. The weighed samples wereglacextraction flask and methanol was added tmeithe
drug. The suspension was sonicated for 10 min. 3tgernatant was diluted suitably to obtainug@enl
concentrations of both drugs. The solutions wejected into HPLC and analyzed for drug content.
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Table 1: Data for calibration curve for Ezetimibe

Ezetimibe Atorvastatin
Sample
ID Conc. (ug/mL) Area Counts (UV*sec) (C(;nc-) Area Counts (LV*sec)
' Hg/mL
Inj#1 Inj#2 Mean Inj#1 Inj#2 Mean
L-1 5 121621 123065 122343 5 157448 152342 154895
L-2 10 156212 152272 154242 10 194844 192876 193B60
L-3 20 198578 199536 199087 20 2676(16 264398 266007
L-4 30 251045 252645 251845 30 337876 372324 355100
L-5 40 307624 305644 306634 40 408234 408114 4081174
L-6 50 359221 351439 355330 50 482234 483422 482828
L-7 -- -- 60 533214 543212 5382138
Intercept | 98601 Slope 122644
Ezetimibe r 5147 Atorvastatin Intercept 7112
Intercept | 0.9992 r 0.9994
A calibration curve
- 400000 - y = 5147 4% + 98601
& 2o0nbn R%=0.9992
<. 300000 - :
== 250000 4
£ 200000 -
= 150000
ﬁ 100000
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Figure 2: Calibration curve of Ezetimibe and Atorvastatin
RESULTS AND DISCUSSION

In this work an analytical HPLC method for assayl atetermination of content uniformity of Ezetimib@d
Atorvastatin in a tablet formulation was developma validated. The basic chromatographic conditimese
designed to be simple and easy to use and reprahdtevere selected after testing the different itmms that
affect HPLC analysis, for example column, aqueaus @rganic components of the mobile phase, praporf
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mobile phase components, detection wavelengthemliftuand concentration of analyte. The on ZorbaxC3B
(250mm x 4.6mm), column was used because of itargdges of high resolving capacity, better repriuility,
low-back pressure, and low tailing. For mobile ghaslection, preliminary trials using mobile phaséslifferent
composition containing water adjusted to acid pHabgtition of orthophosphoric acid and methanol ltegin poor
peak shape. When methanol was replaced by acéoiigtter peak shape was obtained. The propodfotihe
mobile phase components was optimized to redu@ntieh times and enable good resolution of Ezetnahd
Atorvastatin from the degradation products. A deébecwavelength of 236 nm was selected after scantie
standard solution over the range 200-400 nm bydfighe UV detector. Detection at 236 nm resultedyaod
response and good linearity. The drug substanceeasity extracted from the pharmaceutical dosaga fasing
0.02 M potassium dihydrogen phosphate: Acetonitilethanol (10:40:50, v/v/v).The tablet disperseddily in
water and the drug substance was freely solubkecetonitrile. Solutions of standard and test prajiams were
found to be stable in this solvent mixture. By gsithe same concentration of analyte for assay amd f
determination of content uniformity both methodsildobe validated simultaneously except for deteatiom of
precision. To determine linearity a calibration girawas obtained by plotting Ezetimibe and Atorvésta
concentration against peak area. The method weaarlin the range of 5-50 pg/ml for Ezetimibe coegion with
a correlation co-efficient 0.9992 and in the rabgé0 pg/ml for Atorvastatin concentrations haviogrelation co-
efficient 0.9994. The result was shown in tablend figure 2, 3.

The accuracy of the method was assessed by detgromrof recovery for three concentrations covetimg range
of the method. The amount of Ezetimibe and Atomatastwas recovered, in the presence of placebofémence,
was calculated. The mean recovery of Ezetimibe Aodvastatin was 100.55 %, 100.49% respectivelycWwhs
satisfactory and result were shown in table 2.

Table 2: Accuracy for Ezetimibe and Atorvastatin

Ezetimibe Atorvastatin
Actual amt. Added Amt.
Sample (mg) Amt. Recovered % recovery |Recovered % recovery
(mg) (mg)
80%-Rec-1 20 20.12 100.60 20.08 100.40
80%-Rec-2 20 20.35 101.75 20.15 100.75
80%-Rec-3 2C 20.0: 100.1( 20.1( 100.5(
100%-Rec-1 2C 20.1( 100.5( 20.1¢ 100.8(
100%-Rec-2 20 19.96 99.80 20.12 100.60
100%-Rec-3 20 20.18 100.90 19.98 99.90
120%-Rec-1 20 20.20 101.00 20.20 101.00
120%-Rec-2 20 20.16 100.80 20.14 100.70
120%-Rec-3 20 19.90 99.50 19.96 99.80
Mean + SD 100.55+ 0.6 [Mean+ SD| 100.4% 0.40¢

This furnished evidence the method was suitableitfiintended purpose. The specificity of the mdthvas
determined by checking for interference with thegdfrom placebo components. The specificity of tiethod was
also evaluated by checking the peak purity of thedyae peak during the forced degradation study fdak purity
of the Ezetimibe and Atorvastatin peak under déiferstress conditions was 1.00, which is satisfg@ad indicates
there was no interference with the analyte pealrevere shown table 3 and figure 2.

Table 3: System Suitability Data for Ezetimibe andAtorvastatin

Experiment Ezg_timibe - — Atorygstatin - —
USP Tangent| USP Tailing| %RSD for replicate inj. | USPTangent | USP Tailing | RSD for replicate inj.
Method precision 57812 1.09 0.13 71985 1.03 0.12
System frecision 5723¢ 1.12 0.5¢ 7116¢ 1.04 0.42
Accuracy 56594 1.21 0.12 7125¢ 1.1 0.6¢
Ruggedness 57975 1.18 041 71624 1.16 0.47
Stability 57295 111 0.45 71985 1.12 0.23
Linearity 57866 1.13 0.54 71353 1.02 0.36
Degradation 57791 112 0.55 71619 1.34 0.34
Robustness 57866 1.10 0.77 71353 1.27 0.23
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Precision of the method were done in the % RSDdpeatability was found 0.63, 0.25 and Intermedriatecision
was found 1.27, 0.53 for Ezetimibe and Atorvastegspectively. The method precision was found an®1.23 for
both drugs respectively. From the data obtaineddénecsloped RP-HPLC method was found to be predike.
accuracy of the method was assessed by determmirafti@covery for three concentrations coveringrdrgge of the
method. Known amounts of rosuvastatin (30, 40,%01dg/ml) were added to a placebo preparation améutount
of rosuvastatin recovered, in the presence of pladeterference, was calculated. The mean recaveBzetimibe

and Atorvastatin was found 100.55, 100.49 %, resgdyg which is satisfactory. The robustness of thethod was
assessed by assaying test solutions under diffenealytical conditions deliberately changed frone thriginal

conditions. For each different analytical condititve standard solution and test solution were pespaeparately.
The result obtained from assay of the test solutiea not affected by varying the conditions and imesccordance
with the true value. System suitability data welsodound to be satisfactory during variation oé tanalytical

conditions. The analytical method therefore remdineaffected by slight but deliberate changes éahalytical

conditions. During study of the stability of storemblutions of standards and test preparations &maya
determination the solutions were found to be stédeip to 13 h. Assay values obtained after 13hevstatistically
identical with the initial value without measuraldas result were shown in table 4.

For the degradation study the major degradatiotouidl.52 % occurred under acidic conditions Figda. Under
alkaline conditions the drug was degraded by apprately 11.64% Figure 35b. The drug was approxilyate
3.72% degraded under oxidizing conditions Figure. 3he drug was degraded 4.84% under thermal dondind
4.96% degradation occurred under photolytic coodgiFigure 35d and Figure 35e. Table 5 shows theadation
of both the drugs.
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Table 4: Summary of Validation Parameters

OBSERVATION
PARAMETERS Ezetimibe [ Atorvastatin
SPECIFICITY No Interference was found w.r.t. exeitis
LINEARITY (R)® 0.9992 [ 0.9994

RANGE

70 — 130 % of test concentration

PRECISION (RSD)*

a) Repeatability (n=6) 0.63 0.25
(system precision)

b) Intermediate Precision 1.27 0.53
(inter-analyst) (n=6)

¢) Method Precision (n=6) 1.70 1.26
ACCURACY (% Recovery)** 100.67+ 1.70 100.1%1.8

STABILITY IN ANALYTICAL SOLUTION

Stable

STRESS DEGRADATION

The Peaks were Pure withoutiatgrference

ROBUSTNESS (Overall RSD)***

Less than 2%

a) Change in Wavelength 0.81 0.35
® 245nm 1.37 0.36
¢ 235nm 0.48 0.159
b) Change in Flow rate 0.92 0.189
¢ 1 ml/min

0.09 0.10
® 1.2 ml/min 0.049 0.08
¢) Change in Organic Conc. - -
* 2% 0.49 0.21
e 100 0.39 0.125
d) Change in Column Temp.
. o5 0.39 0.028
® 35°C
e) Change in pH of Buffer 0.16 0.16
* 38
® 42
RUGGEDNESS(Overall RSD)*** 0.94 0.90

Acceptance CriteriaRSD< 2 %. ** Acceptance mean recovefgr 80 — 120 %.
**x Acceptance Criteria RSD<2 %

Chromatographic profiles of tablets after subjegtinem into (a) acidic, (b) alkaline, (c) oxidati\d) thermal and
(e) photolytic degradation.

Table 5: Degradation study for Ezetimibe and Atorvatatin

Ezetimibe Area Atorvastatin Area Ezetimibe Atorvastatin
Sample counts counts Assay Percent Assay Percent

(uv*sec) (pv*sec) 25mg | Degradation | 25mg | Degradation
Sample (1 N HCI, 5ml) 197865 242001 22.63 9.48 22.12 11.52
Sample (1 N NaOH, 5ml) 195122 262735 23.74 5 22.09 11.64
Sample (HO, 30%, 5ml) 196802 260685 21.84§ 12.48 2407 3.72
Sample Thermal y ]
Deg.(107C/1h) 185449 253395 20.63 17.48 23.19 4.84
Sample photolytic Deg. d ]
(2600 Lux/24 hr) 187514 452202 24.14 13.34 23.16 4.96

The assay value for the marketed formulation wasidoto be within the limits, as listed in TableTtie low RSD
value indicated the suitability of the method foutine analysis of Ezetimibe and Atorvastatin iragphaceutical

dosage forms.
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Figure 3: Chromatogram of forced degradation study.
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Table 6; Result of analysis of Ezetimibe and Atorvstatin in tablet

Mean Recovery

Drug n | Amount claimed (mg per tablet) | Amount Found(mg per tablet) % RSD
Ezetimibe 6 10 10.165 101.65 1.02
Atorvastatin | 6 10 10.025 100.25 0.9
CONCLUSION

The intensive approach described in this manusemst used to develop and validate a liquid chrogragghic ana-
Iytical method that can be used for both assay deteérmination of content uniformity of Ezetimibedan
Atorvastatin in a pharmaceutical dosage form. Dagfian products produced as a result of stresqalidnterfere
with detection of Ezetimibe, Atorvastatin and thesay method can thus be regarded as stabilityatidg: This
HPLC method for assay and determination of contamformity of Ezetimibe and Atorvastatin in a table
formulation was successfully developed and valididte its intended purpose. The method was showspézific,
linear, precise, accurate, and robust. Becausen#iirod separates Ezetimibe and Atorvastatin anihaltlegrada-
tion products formed under variety of stress coodd it can be regarded as stability indicatingc&ese there is no
pharmacopeial method for assay and determinatiorcooftent uniformity of Ezetimibe and Atorvastatin i
pharmaceutical dosage forms, this method is recamdetk to the industry for quality control of drugnéent in
pharmaceutical preparations.
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