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ABSTRACT

Two simple and sensitive methods to determine atatin calcium (ATO) and pioglitazone hydrochlori(flO), in tablet
dosage form, were developed and validated usingsevghase liquid chromatography (LC) and high perfance thin layer
chromatography (TLC). The LC separation was achiewe@ Phenomenex LungdZolumn (250mm, 4.6mm i.d., 5um), in the
isocratic mode using 0.65M ammonium acetate buéfeetonitrile (50: 50 v/v), pH 6.9 £0.05, as thelile phase at a flow rate
of 1.2 mL/min. The retention times were about 416d &39 min for ATO and PIO, respectively. Quacdifion was carried out
at 258 nm over the concentration range of 0.5-3migfor each drug. The TLC separation was achievediliza gel 60 ks,
HPTLC plates using with acetone: benzene: acetig glzcial (2.6 + 7.36 + 0.04 v/v/v), as the molplease. The Rf values were
about 0.28 and 0.61 for ATO and PIO, respectiv@lyantification was performed with ultraviolet (UV)teetion at 258 nm over
the concentration range of 50-300 ng/spot for eddbth methods were validated, and the results wenepaoed statistically.
They were found to be simple, specific, accurate @edise. The methods were successfully appliethiodetermination of
ATO and PIO in tablet dosage form without any irgezfice from common excipients.

Key words: Atorvastatin calcium, Pioglitazone hydrochlorid@blet dosage fornReverse Phase Liquid Chromatography
and High Performance Thin Layer Chromatography

INTRODUCTION
Atorvastatin  calcium (ATO), [R-(R, R¥)]-2-(4-flurommyl)$,5-dihydroxy-5(1-methylethyl)-3-phenyl-4- [phenylarmin
carbonyl]-1H-pyrrole-1-heptanoic acid, calcium g&ltl) trihydrate (Figure 1), is a fully synthesitatin used as the calcium salt
in the treatment of hyperlipidemia [1]. ATO is arhibitor of 3-hydroxy-3-methylglutaryl-coenzyme ANMG-CoA) reductase,
which catalyses the conversion of HMG-CoA to mevatenan early and rate limiting step in cholestbiosynthesis [2].
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FIGURE 1: Chemical structure of (a) ATO and (b) PIO
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Pioglitazone (PIO), 5-((4-(2-(5-ethyl-2-pyridinytj@xy)phenyl)methyl)-,(+-)-2,4-thiazolidinedione ifere 1), is an
antihyperglycaemic agent which increases hepaticpanipheral insulin sensitivity, thereby inhibgimepatic gluconeogenesis,
and also effective in reducing some measures di@aascular risk and arteriosclerosis [3].

Literature survey revealed that different analyticaethod for estimation of ATO have been reportadhich include
spectrophotometric method4-6], high performance thin layer chromatography§determination in plasma by HPTLC [9,
10], high performance liquid chromatography (HPLC) witkl detection [11-13], stability indicating HPLC withlV detection
[14, 15],stability indicating HPLC with fluorescence deteatid 6], determination in human plasma by HPLC witti detection
[17], LC-tandem mass spectrometry (LC-MS/MS) for deteation in human plasma [18, 19], LC-ESI-MS deterrtiorain
human plasma [20].

Literature survey revealed that different analyticzethod for determination of Pl®ave been reported, which include
spectrophotometric methods [21, 22], high perforoeathin layer chromatography with UV detection &3, high performance
liquid chromatography with UV detection [27, 28falsility indicating HPLC [29, 30], HPLC determinatidgm human plasma
with UV detection [31], determination of PIO and itnetabolites in human serum using LC and solid eleasraction [32],
determination by HPLC and MEKC method [33].

The present investigation describes a simple, ateusensitive and precise Reverse phase liquidrztiography and High
performance thin layer chromatographic methods tfe@ simultaneous estimation of ATO and PIO in plereutical
formulation.

MATERIALS AND MEHTODS

Reagents and materials

ATO and PIO powder with 99.95 and 99.97 % purigspectively. Tablet dosage form: PIAT; Atorvastatiiicium 10 mg and
Pioglitazone hydrochloride 10 mg (Cadila Pharma.,L&hmedabad) were purchased from local market.gk&tle methanol,
acetonitrile and ammonium acetate were from Finan@bals Pvt. Ltd. (Ahmedabad, India). The waterlfGrwas prepared by
triple glass distillation and filtered through ngl6.45pum-47mm membrane filter (Millipore, BedfordAM For TLC, aluminium
backed silica gel 60,20 x 20 cm HPTLC plates (E. Merck KGaA, Darmstaderi@any) with 0.2 mm layer thickness. AR
grade methanol, acetone, benzene and glacial awtig99.5%) were from Finar Chemicals Pvt. Ltdhigfedabad, India).

Apparatus and chromatographic conditions

LC

A Shimadzu (Kyoto, Japan) LC system (LC-2010CHT)ippoed with autosampler, photodiode array (PDA) dete and
Phenomenex (Torrence, CA) Lung€olumn (250 mm, 4.6mm i.d., 5um) was used. A $asaCP224S (Gottingen, Germany)
analytical balance, and an ultra sonic cleanernfire FS 4, Mumbai, India) were used. The LC systeas operated
isocratically at 25 + 2°C using mobile phase cosgxtiof 0.65M ammonium acetate buffer: acetoni{lé 50 v/v), pH 6.9 +
0.05, at a flow rate of 1.2 mL/min. The mobile phasas filtered through nylon 0.45um-47mm membraher fand was
degassed before use. The determination was perdoatn258 nm using LC solution (v 1.2; Shimadzu)wafe. The injection
volume was 20 pL and the total run time was 10 min.

TLC

A Camag (Muttenz, Switzerland) TLC system equippéth winomat V auto sprayer, Scanner-lll, flat battdwin trough
developing chamber (20 x 10 cm) and UV cabinet witlal wavelength (254 nm ar3$6 nm) UV lamp. Before use the plates
were washed with methanol and activated at 110°G foin. The mobile phase was comprised of Acetbeazene: acetic acid
glacial (2.6 + 7.36 + 0.04, v/v/v). Samples wer@legl to the plates as 6 mm bands, with a Hami{®eno, Nevada, USA)
HPTLC syringe (10Ql), keeping distance (6 mm) between bands, distéhsenm) from the plate side edge and distance (10
mm) from the bottom of the plate. A sample appiaratrate of 1QL/s was used. The chamber saturation time was B0ani
temperature 25 £ 2°C. The development distancei@n. Plates were removed from chamber, dried &gns of hot air. The
densitometric scanning was performed at 258 nnbbdodance-reflectance mode with winCATS softwar#.8:3; Camag). The
slit dimensions were 6.00 x 0.45 mm and the scansjieed was 100nm/s. The radiation source wastarden lamp emitting
continuous UV radiation between 190 and 360 nm.

Preparation of ATO and PIO Standard solutions

Accurately weighed ATQ10 mg) and PIQ10 mg) standards were transferred to a 50 ml vettimflask, dissolved in and
diluted to the mark with methanol to obtain staddstock solution for ATQ200 pg/ml) and P1O(200 pg/ml). Aliquot of the
solution (2.5 ml) was transferred to a 50 ml voltngeflask, and diluted to the mark with mobile geaor HPLC, while with
methanol for HPTLC to obtain working standard solutfor ATO (10 pg/ml) and P1Q(10 pg/ml).

Preparation of Sample solution

Twenty tablets were weighed and average weightoabsilated. Accurately weighed powder equivalent@ang ATO and 10
mg of P1O was transferred in a 50 mL volumetricl@nd methanol (30 mL) was added. The solutionssagated for 15 min.
The flask was allowed to cool down to room tempergtand the volume was diluted to the mark withhaeol to obtain the
sample stock solution for ATO (2Q@®/mL) and P10 (20Qug/mL). The solution was filtered through 0.45pum-4@membrane
filter. An aliquot (2.5 mL) was transferred to a B volumetric flask, and diluted to the mark wittobile phase for LC, and
with methanol for TLC to obtain working sample sauatfor ATO (10pg/mL) and PIO (1Qug/mL). For LC, An aliquot (1 mL)
of the working test solution was transferred td0amilL volumetric flask, and diluted to the mark wittobile phase to obtain the
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sample solution for ATO (lig/mL) and PIO (lug/mL). For TLC, An aliquot (15uL) of the working sample solution was
applied on plates, to obtain the sample concentrdtir ATO (150 ng/spot) and PI1O (150 ng/spot).

Method validation
The methods were validated for the following partare following the International Conference on Hanimation (ICH)
guidelines (34).

Specificity

The specificity of the methods was established dmpmaring the chromatograms and measuring the pedtieg of ATO and
P10 from standard and sample solutions of the tadidsage forms. For LC, the peak purity spectra ©0Aand PIO were
recorded using PDA detector. For TLC, the peak puwitATO and PIO were assessed by comparing spectaired at the
peak start (S), peak apex (M), and peak end (&) sgot. Correlation between ATO and PIO spectna fstandard and sample
was also established.

Linearity (Calibration curve)

LC

Mixed working standard solutions (0.5, 1, 1.5, & &nd 3 mL equivalent 0.5, 1, 1.5, 2, 2.5 and|&/mL for ATO and PIO,
each)were transferred in a series of 10 mL volumetrasks and diluted to the mark with mobile phase.aliquot (20 uL) of
each solution were injected under the operatingrotographic conditions as described earlier. Chrognams were recorded.
Calibration curves were constructed by plotting pagdas versus concentrations, and the regressiati@as were calculated.
Each response was average of three determinations.

TLC

Mixed working standard solutions (5, 10, 15, 20aP8l 30uL equivalent tdb0, 100, 150, 200, 250 and 300 ng/spot for ATO and
P10, each)were applied to the plate. The plate was develap®llanalyzed. The chromatograms were recordedhengeak
areas were noted. Calibration curves were constiunyeplotting peak area versus concentration, aedrégression equations
were calculated. Each response was average ofdbteaminations.

Accuracy (% Recovery)

The accuracy of the methods was determined by legileg recoveries of ATO and PIO by the standarditéah method. Known

amount of standard solutions of ATO (0, 0.5, 1 arfidlpg/mL) and PIO (0, 0.5, 1 and 1.5 pg/mL), af@AO, 50, 100 and 150
ng/spot) and PIO (0, 50, 100 and 150 ng/spot) fa€ Were added to a prequantified sample solutionsTéd and P1O (1 and 1
pg/mL) for LC and (150 and 150 ng/spot) for TLC. Eadtution was injected in triplicate and the petage recovery was
calculated by measuring the peak areas and fittiege values into the regression equations ofatlileration curves.

Precision

The intraday and interday precisions of the progaosethods were determined by estimating the cooretipg responses 3
times on the same day and on 3 different days ayriod of 1 week for 3 different concentratioh\®@O (1, 2 and 3 pg/mL)
and PIO (1, 2 and 3 pg/mL) for LC, and ATO (100, 200 300 ng/spot) and PIO (100, 200 and 300 ng/$¢ppfTLC. The
results are reported in terms of relative standandation.

Limit of Detection and Limit of Quantification
The limit of detection (LOD) and the limit of quéfitation (LOQ) of the ATO and PIO, for both LC afd.C, were calculated
using the standard deviation of responses and slegiag signal-to-noise ratio.

Robustness

LC

Robustness of the method was studied by changingxinaction time of ATO and PIO from tablet dosdgens by + 2 min,
composition of mobile phase by + 2 % of organiaent, flow rate by + 0.2 mL/min and column oven pamature by + 2C.

TLC
Robustness of the method was studied by changingxtnaction time of ATO and PIO from tablet dosdgens by + 2 min,
composition of mobile phase by + 0.2 mL of orgasotvent, development distance by £ 1 cm, and teatpes.

System-Suitability Test

System suitability tests are used to verify that thsolution and repeatability of the system weategaate for the analysis
intended. The parameters used in this test wemmrasyry of the chromatographic peak, peak resolutiod repeatability, as
RSD of peak area for replicate injections. The mieani of the instruments was checked by repeategigting fi = 6) solution
of ATO and PIO (1 pg/mL, each) for LC; while ATO aRtD (150 ng/spot, each) for TLC.

For TLC, the repeatability of sample application whecked by measuring area of six bands having sameentration of ATO
(150 ng/spot) and PI1O (150 ng/spot) applied onstitee plate, while the repeatability of measureroépeak area was checked
by repeatedly measuring (n = 6) area of one bardT@f (150 ng/spot) and P10 (1%@/spot) applied on the same plate without
changing the position of plate. The results aremegl in terms of relative standard deviation.
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Estimation of ATO and PIO in tablet dosage forms
The responses of sample solutions were measur2B8ahm for quantitation of ATO and PIO by the prepd methods. The
amount of ATO and PIO present in the sample salstivere determined by fitting the responses intaorélgression equations of
the calibration curve for ATO and PIO, respectively

RESULTS AND DISCUSSION

LC

The mobile phase consisting of 0.65M ammonium aediaffer: acetonitrile (50: 50, v/v), pH 6.9 * B,(at a flow rate of 1.2
mL/min, was found to be satisfactory to obtain gpedk symmetry, better reproducibility and repeifitalfor ATO and PIO.

Quantification was achieved at 258 nm based on pesk The retention times were about 4.64 andGiB%or ATO and PIO,
respectively (Figure 2).

TLC

The mobile phase consisting of acetone: benzemticaacid glacial (26.0: 73.6: 0.4, v/v/v) was fouio be satisfactory to obtain
good peak symmetry, better reproducibility and etpleility for ATO and PIO. Quantification was ackéd with ultraviolet
detection at 258 nm based on peak area. The Révabere about 0.40 and 0.20 for ATO and PIO, res@be (Figure 2).
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FIGURE 2: (a) Liquid chromatogram of ATO (1 pg/mL) and PI1O (1 pg/mL) from tablet dosage form, at 258 nm, wih
retention time of 4.64 and 6.39nin, respectively; (b) Thin Layer chromatogram of ATO (150 ng/spot) and P1O (150
ng/spot) from tablet dosage form, at 258 nm, with Rof 0.28 and 0.61, respectively

Method validation

Specificity

Both methods were found to be specific as no sicanifi change in the responses of ATO and PIO waaredxs after 24 h. The
excipients present in tablet dosage forms didrtérfere with the chromatographic responses of AT@ RIO, as the peak
purities of ATO and PIO from sample solution wei@99 for LC. For TLC, the peak purity r(S, M) = 098and r(M, E) =
0.9991 for ATO and r(S, M) = 0.9999 and r(M, E) 8901 for PIO were found. Also good correlatior 0.9998) for ATO and
(r = 0.9998) for PIO were obtained between standad sample spectra. Peak purity > 0.99 for botrah@ TLC indicates the
methods specificity.

Linearity (Calibration curve)

Linear correlation was obtained between peak andacancentration for ATO and PIO each, in the ramige5-3 pg/mL for LC,
and 50-300 ng/spot for TLC. The linearity of thditmation curves were validated by the value ofretation coefficient of the
regressionr(. The regression analysis of the calibration csiigeshown in Table 1.
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TABLE 1: Regression analysis of the calibration curve$or ATO and PIO by the proposed LC and TLC-Densitometic

methods
Parameter LC TLe
ATO PIO ATO PIO

Linearity range 0.5-3ug/mL  0.5-3 pug/mL  50-300 pots 50-300 ng/spot
Slope 235164.8065 100091.3782 10.4397 8.1836
Standard deviation of slope 25.2963 0.1549 0.0161 0210
Intercept -174.7312 - 8883.4003 23.1987 27.9920
Standard deviation of intercept 127.6127 7.2648 23p4 45921
Correlation coefficienty 0.9991 0.9990 0.9990 0.9991

Accuracy (% Recovery)

The recovery study was carried out by the standdrdition method. The percent mean recoveries oddaior ATO and PIO

were 99.51 + 0.21 % and 99.610.27 % for LC, while 99.8& 0.39 % and 99.8% 0.43 %for TLC, which were satisfactory
(Table 2).

TABLE 2: Results of recovery studies for ATO and PIO by theroposed LC and TLC-Densitometric methods (n=3)

Method Drug Amount taken Amount added Amount found Recovery + SD, % % RSD
1 0 1.01 100.09 * 0.26 0.26

1 0.5 1.49 99.51 +0.33 0.33

ATO (ug/mL) 1 1 1.97 98.60 +0.17 0.17

LC 1 15 2.48 99.83 + 0.09 0.09
1 0 1.01 100.10 £ 0.11 0.11

1 0.5 1.51 100.23 + 0.40 0.40

PIO (ug/mL) 1 1 1.99 99.89 + 0.20 0.20

1 15 2.49 99.96 + 0.38 0.38

150 0 149.40 99.60 * 0.29 0.29
150 50 200.20 100.10 + 0.41 0.41
ATO (ng/spot) 150 100 249.53 99.81 + 0.54 0.54
TLC 150 150 299.97 99.99 + 0.35 0.35
150 0 149.85 99.90 + 0.30 0.30

PIO (ng/spot) 150 50 200.14 100.07 + 0.52 0.52
150 100 250.28 100.11 + 0.49 0.49

150 150 298.23 99.41 + 0.42 0.42

Precision

For LC, % RSD for repeatability was found to be Oaffl 0.10 for ATO and PIO, respectively. For TLC, %CRf®r the

repeatability of sample application were found é0060 and 0.85; while for the repeatability of suweament of peak area were
found to be 0.10 and 0.19 for ATO and PIO, respebti

The value of % RSD for intraday and interday vamiasi were found to be in range of 0.10-0.20 @rik¥-0.94 for ATO, and
0.14-0.40 and 0.23-0.84 for PIO, respectively f@; while 0.84-1.07 and 1.09-1.13 for ATO, and 0.7@91and 1.05-1.28 for
P10, respectively for TLC. The % RSD values indidh proposed methods are precise.

LOD and LOQ

The LOD and LOQ were found to be 0.0046 and 0.0188nL for ATO, 0.0065 and 0.0198 pg/mL for PIO,pestively for
LC; while 1.9687 and 5.9657 ng/spior ATO, and2.6751 and 8.1065 fgpot for PIO, respectively for TLC.

Robustness

The methods are found to be robust as the resdts wot significantly affected by slight variatiom the chromatographic
conditions for both LC and TLC.

System-Suitability Test
The results are reported in Table 3.

TABLE 3: System suitability test parameters for ATOand PIO by the proposed LC method

Parameter ATO = % RSD PIO+ % RSD
Retention time, min 464 +£0.11 6.40 £ 0.08
Tailing factor 1.13+0.46 1.1G+ 0.50
Asymmetry 1.15+ 0.48 1.12+ 0.49

Theoretical plates  10051.67 0.36  14243.0& 0.58

Estimation of ATO and PIO in tablet dosage forms

The proposed Liquid chromatography and Thin Laygpmatography were successfully applied for deteation of ATO and
PIO in tablet dosage forms. The results obtainedAfbO and PIO were comparable with the correspomdabeled claim
percentage (Table 4).

206
www.scholarsresearchlibrary.com



Hiral J. Panchal et al Der Pharma Chemica, 2013, 5 (3):202-207

TABLE 4: Analysis results for ATO and PIO tablet dosage form by the proposed LC and TLC-Densitometrienethods

Formulation ATO + SD (n=5), % PIC: SD (n=5), %
LC TLC LC TLC
PIAT 100.09+ 0.26  99.6(- 0.29 100.1G: 0.11  99.9G 0.30

tcalculated< ttable(P = 0-05)

COMPARISON OF THE PROPOSED METHODS

The assay results for ATO and PIO, in tablet do$ages, obtained using Liquid chromatography anddtemetric-thin Layer

chromatography were compared statistically by adpplyhe paired-test. The calculatetivalue for ATO (0.36) and PIO (0.29)
for LC and TLC are less than the tabulatechlue for ATO and PIO (2.78) at the 95% confidemterval. Therefore, no
significant difference is found in the content of@ and P10 determined by the proposed methods.

CONCLUSION

Two methods were developed for determination of Adr@ PIO based on different analytical techniqizgh methods were
validated and found to be simple, sensitive, spedfccurate, precise and robust. Statistical coispa of the assay results for
ATO and PIO in tablet dosage forms by both methadgated no significant difference. Hence, bothtlods can be used
successfully for the routine analysis of pharmacalitiosage forms of ATO and PIO.
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