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ABSTRACT

The present work was undertaken with the aim teldpvand validate a rapid and consistent RP-HPLGhoe in
which the peaks will be appear with short periodimfe as per ICH guidelines. The HPLC separatiors wehieved
on an XTerra G column in an Isocratic Mode. The mobile phase emmposed of phosphate buffer (25 %) [pH 3.0
adjusted with OPA] and methanol (75 %) The floneratas monitored at 1.0mL per min. The wavelength wa
selected for the detection was 254 nm. The retenime found for metformin, pioglitazone and gliiniele were
1.997,3.238and 4.042 min respectively. The % recovery wasddB.46- 101.79 for metformin, 98.04 - 101.79
for pioglitazone and 99.60 - 100.45 for glimepiriddne linearity was established in the range ofl20-ug/mL for
metformin and 2.4-3.6 pug/mL for pioglitazone andl6€0.24 pg/mL for glimepiride. The LOD for metform
pioglitazone and glimepiride were 0,00.07 and 0.006 pg/mL respectively. The LOQ for metformioglitazone
and glimepiride were 0.230.24 and 0.02 pg/mL respectively. The proposed methosl adequate sensitive,
reproducible, and specific for the determinatiomudtformin, pioglitazone and glimepiride in bulkrgales as well
as in tablet dosage form.
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INTRODUCTION

Diabetes is a lifelong (chronic) disease in whioéré are high levels of sugar in the blood. Théeties is classified
into three major types namely, type |, I, and géehal diabetes. Type Il diabetes constitutes @@%he diabetic
population. The combinational therapy for type iklzbtes [1-2] is frequently prescribed when mon@thg fails.
The combination of metformin (MET), pioglitazonel@, and glimepiride (GLIMP) is approved by FDA for
treatment of type Il diabetes [3]. Metformin is dafieally, 1, 1-dimethyl biguanide hydrochlorideidtthe first line
drug of choice for the treatment of type2 diabetgletformin hydrochloride is a white crystalline pder.
Metformin hydrochloride is freely soluble in watend is practically insoluble in acetone, ether, ahtbroform.
Bio-analytical, HPLC, HPTLC and UV-visible specttmgometry methods have been reported for its iddiei
determination of metformin and in combination wither drugs [4-8]. Glimepiride (is chemically 2-€8yl-4-
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methyl-2-0x0-3 pyrroline-1-carboxamido) ethyl-phéswfonyl-3-(trans-4-methylcyclohexyl) urea. It & medium
to long acting sulphonyl urea anti-diabetic drugv&al spectrophotometric methods, HPLC, HPTLC Haesen
reported for estimation of glimepiride [5-7]. Glipiede is a white to yellowish-white, crystallinedorless to
practically odorless powder and is practically inbte in water. Pioglitazone is one of the PPARRal@mgonist,
insulin sensitizer used to reduce the insulin tasise. Pioglitazone hydrochloride is an odorlesgemtrystalline
powder. It is soluble in N, N-dimethyl formamiddightly soluble in anhydrous ethanol, very slighfigluble in
acetone and acetonitrile, practically insolublenater, and insoluble in ether. It is a thiazolidiiene derivative
and chemically (RS)-5-(4-[2-(5-ethylpyridin-2-ylXhexy] benzyl) thiazolidine-2, 4-dione. HPLC and Wisible
spectrophotometry methods have been reportedsandividual determination of Pioglitazone and ombination
with other drugs [9-15]. As per the literature,igas methods are available for the estimation eéhthree drugs
individually or in combination of two drugs in agrimaceutical dosage form and also from biologiaatfdes. Very
few methods are available for simultaneous estomatif all the three drugs together in a tablet dedarm. This
paper describes a simple, precise, and accuratd RI& method for simultaneous estimation of MET, P#nd
GLIMP. High performance liquid chromatography (HPLE a recent technique in liquid chromatographiijolr
enables significant reductions in separation time solvent consumption. The chemical structuregHerdrug are
represented in fig. no. 1, 2 and 3.
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Fig. No. 1 Chemical structure of metformin HCL
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Fig. No. 2 Chemical structure of pioglitazone
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Fig. No. 3 Chemical structure of glimepiride
EXPERIMENTAL SECTION [16-20]
Chemicals and Reagents Used

The following chemicals were procured for the psscéVater [HPLC GradeMethanol [HPLC Grade], Metformin,
Pioglitazone and Glimepiride [Working standards]ithtophosphoric Acid and Potassium Dihydrogen Ortho
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Phosphateall the chemicals were procured from Standard &woisf Andhra Pradesh, India and the tablets were
collected from the Local market.

Apparatus and Chromatographic Conditions:
Equipment: High performance liquid chromatograpbyipped with Auto Sampler and DAD or UV detector.

UV/VIS spectrophotometer: LAB INDIA UV 3000

pH meter: Adwa — AD 1020

Weighing machine: Afcoset ER-200A

Temperature: Ambient

Column: XTerra Gg (4.6 X 150 mm, fum, Make: Thermosil) or equivalent
Phosphate Buffer: 7.0 grams of potassium dihydroggho phosphate in 1000 mL water [HPLC Grade] pH
adjusted with orthophosphoric acid.

pH: 3.0

Mobile phase: Phosphate Buffer: Methanol (25: 7bv/v

Flow rate: 1.0 mL per min

Wavelength: 254 nm

Injection volume: 20l

Run time: 7 min.

Preparation of Phosphate buffer:The buffer solution was prepared by dissolving aamly weighed 7.0 grams of
potassium dihydrogen ortho phospheatd transferred into a clean and dry 1000 mL votuméask, dissolved and
diluted with 1000 mL water [HPLC Grade]. The finpH of the buffer was adjusted to 3.0 by using ortho
phosphoric acid.

Preparation of mobile phase and diluent.The mobile phase was prepared by mixing 250 mLo2®f the above
buffer and 750 mL of methanol [HPLC Grade] (75 %)l @egassed in an ultrasonic water bath for 10 te&d hen
the resultant solution was filtered through 0.45ilier under vacuum filtration. The mobile phaseswmased as
diluent.

Preparation of the metformin, pioglitazone and glinepiride standard and sample Solution:

Preparation of stock solution: The stock solution was prepared by weighing acelyat0 mg metformin,
pioglitazone and glimepiridand transferred into clean and dry 10 mL, 100 md 480 mL volumetric flask
respectively. About 7 mL, 70 mL and 70mL of diluemés added to the flask respectively and sonicalee.

volume was made upto the mark with the same dildenim the above prepared Stock solution pipetteldumL

of metformin, 0.3 mL of pioglitazone and 1.0 mLglimepiride solution and transferred into a clead dry 10 mL
volumetric flask, the diluent was added upto theknta get final concentration.

Preparation of sample solution:The sample solution was prepared by weighing edgiivty 10mg of metformin,
pioglitazone and glimepiridand transferred into a 10 mL clean and dry voluindiask and about 7mL of diluent
was added and sonicated to dissolve it completadythe volume made up to the mark with the sameesbl From
above prepared stock solution pipette out 1.0 mkaddition and transferred into a clean and dry 10vmlumetric
flask, the diluent was added upto the mark to gl fconcentration. The standard and sample saisitivere
injected five times and the peak areas were redorflee mean and percentage relative standard deviatre
calculated from the peak areas.

System Suitability: The tailing factor for the peaks due to metfornpigglitazone and glimepiride in standard
solution should not be more than 2.0. The Theakptates for the metformin, pioglitazone and glniniele peaks

in standard solution should not be less than 208@.system suitability of the method was checkedhjgcting five
different preparations of the metformin, pioglitazcand glimepiridestandard. The parameters of system suitability
were checked.
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Assay calculation for metformin, pioglitazone and mepiride:

AT ws DT P
Assay %= = % s X wr

Avg Wt.

—X
Label Claim 100

100
Where

AT = average area counts of sample preparation.
AS = average area counts of standagdgvation.
WS = Weight of working standard takenrig.
WT =Weight of test taken in mg.
DS =Dilution of standard solution
DT =Dilution of sample solution
P = Percentage purity of working standard

System suitability results for metformin:
1) The Tailing factor obtained from the standanjédtion wasl.82.
2) The Theoretical Plates obtained from the stahiigection wa2178.

Assay result for metformin:
1609966 E 1 % 10 >(10

1603917 ~ 10~ 10~ 177 1

99.9
100

x 2841 100 = 100.17 %
500

System suitability results for pioglitazone:
1) The Tailing factor obtained from the standanjédtion wasl.48.
2) The Theoretical Plates obtained from the stahiigection wa2136.

Assay result for pioglitazone:
59426 ﬂ E 10 x 2 99.9
59046 100 10 17.7 1 100

x%x 100 = 100.44 %

System suitability results for glimepiride:
1) The Tailing factor obtained from the standanjédtion wasl.1.
2) The Theoretical Plates obtained from the stahohgection wa2120.0.

Assay result for glimepiride:
46432 ﬂ x 1 E 10 % 10

46688 ~ 100 10 10 177 1

99.9
100

x%x 100 = 99.25 %

VALIDATION DEVELOPMENT [21]

1. PRECISION: It is a measure of degree of repeatability of malyical method under normal operation and it is
normally expressed as % of relative standard devigt RSD). The standard solution was injectedifertimes and
measured the area for all five injections in HPTBe % RSD for the area of five replicate injectiaras found within the
specified limits. (Table no. 1)

Table no.1: Precision results for metformin, piogliazone and glimepiride

Injection Area for Metformin | Area for Pioglitazone | Area for Glimepiride
Injection-| 1597151 58685 46315
Injection-II 1598866 58640 46192
Injection-llI 1598299 58675 45767
Injection-IV 1601110 58325 46219
Injection-V 1603191 58936 46193

Average 159972: 5865: 4613;

Standard Deviatior| 2415.2 217.6 212.9
% RSD 0.15 0.37 0.46

Acceptance Criteria: The % RSD for the area of all the five injectiai®uld not be more than 2 %.

2. INTERMEDIATE PRECISION/RUGGEDNESS: To evaluate the intermediate precision (also kn@asn
Ruggedness) of the method, Precision was perfbromedifferent day by using different make colunfrsame
dimensions. The standard solution was injectefifertimes and measured the area for all fivectigas in HPLC. The
%RSD for the area of five replicate injections f@sd within the specified limits. (Table no. 2)
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Table no.2: Ruggedness results for metformin, pioghzone and glimepiride

Injection Area for Metformin | Area for Pioglitazone | Area for Glimepiride
Injection-| 1614551 59734 43144
Injection-II 1614906 60322 44138
Injection-llI 1619386 60157 44346
Injectior-1V 162224 6075: 4437*
Injection-V 1627787 60097 44152

Average 1619774 60213 44031

Standard Deviatior| 5509.7 3704 507.6

% RSD 0.34 0.62 1.15

Acceptance Criteria: The % RSD for the area of all the five injectieh®uld not be more than 2 %.

3. ACCURACY: The accuracy of an analytical procedure expressesloseness of agreement between the value
which is accepted either as a conventional taleevor an accepted reference value and value fotihd standard
solution with accuracy 50, 100 and 150 % were iefinto chromatographic systeand calculated the amount found
and amount added for metformin, pioglitazone anchgpiride and further calculated the individual oeery and
mean recovery values. (Table no. 3)

4.
Table No. 3. Accuracy results for metformin, piogtiazone and glimepiride
Drug % Concentration Area Amount Added (mg) | AmountFound (mg) | % Recovery| % Mean Recovery|

50 1615331 5.09 101.79

Metformin 100 3148969 10 9.92 99.21 99.82
150 4687647 15 14.77 98.46
50 61553 5 4.91 98.17

Pioglitazone 100 127647 10 10.18 101.79 99.33
150 184429 15 14.71 98.04
50 51839 5 4.98 99.60

Glimepiride 100 103820 10 9.97 99.74 99.93
150 156844 15 15.07 100.45

Acceptance Criteria: The % Recovery for each level should be betweed ©8102.0 %.

5. LINEARITY: It is the ability of the method to elicit test witsthat is directly proportional to analytic
concentration within a given range. It is generadlported as variance of slope or regression lins. determined

by series of three to six injections of five of matandards. Different levels of solution were pred and injected

to the chromatographic system and the peak areaneasuredPlotted a graph of peak area versus concentration
(on X-axis concentration and on Y-axis Peak ared)aalculate the correlation coefficient. The aaliton curve is
represented in fig. no. 4, 5 and 6. (Table no. 4)

Table No. 4. Linearity curve for metformin, pioglitazone and glimepiride

Linearity Level Metformin Pioglitazone Glimepiride
Conc. (ug/mL) Area Conc. (ug/mL) | Area | Conc.(ug/mL) | Area
| 80 1308806 2.4 47835 0.16 374%6
1l 90 1441505 2.7 52947 0.18 41567
1} 100 1606101 3.0 59451 0.2 45375
\Y 110 1769282 3.3 64355 0.22 49579
\Y 120 1904680 3.6 69045 0.24 54745
Correlation Coefficient 0.998 0.996 0.996

Acceptance Criteria: The correlation coefficient should not be lessth®99.

6. LIMIT OF DETECTION: The detection limit of an individual analytical pexdure is the lowest amount of
analyte in a sample which can be detected butem#ssarily quantities as an exact value.

Limit of detection for metformin, pioglitazone and glimepiride: The lowest concentration of the sample was
prepared with respect to the base line noise arabuned the signal to noise ratio. Limit of detetti® the lowest
concentration of the substance that can be detewttdhecessarily quantified by the method. (Regoesstatistics)
The minimum concentration at which the analyte lsametected is determined from the linearity cloyepplying
the following formula.
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Limit of detection (LOD) =§ x 3.3

Where S - slope of the calibration curve
o — Residual standard deviation

Calculation of S/N Ratio for Metformin:

Average Baseline Noise obtained from Blank e 'c
Signal Obtained from LOD solution (0.26 % of targesay concentration) . 128 pv
SIN = 128/43 = 2.98

Calculation of S/N Ratio for Pioglitazone:

Average Baseline Noise obtained from Blank © pAB
Signal Obtained from LOD solution (0.62 % of targesay concentration) » 126 pv
SIN = 126/43 = 2.93

Calculation of S/N Ratio for Glimepiride:

Average Baseline Noise obtained from Blank . pAB
Signal Obtained from LOD solution (0.62 % of targesay concentration) » 127 pv
SIN = 127/43 = 2.95

Acceptance Criteria: The S/N Ratio value should be 3 for LOD solution.

7. LIMIT OF QUANTIFICATION: It is defined as lowest concentration of analyteaisample that can be
determined with acceptable precision and accuracl raliability by a given method under stated eipental
conditions. LOQ is expressed as a concentratianspecified signal to noise ratio.

Limit of quantification for metformin, pioglitazone and glimepiride: The lowest concentration of the sample
was prepared with respect to the base line noidereasured the signal to noise ratio. Limit of Qifimation is the
lowest concentration of the substance that carstimated quantitatively. It can be determined flamearity curve
by applying the following formula

Limit of Quantification (LOQ) -—-:- x10

Where S - slope of the calibration curve
o — Residual standard deviation

Calculation of S/N Ratio for Metformin:

Average Baseline Noise obtained from Blank D p48
Signal Obtained from LOD solution (0.62 % of targesay concentration) : 428 pV
SIN = 428/43 = 9.95

Calculation of S/N Ratio for Pioglitazone:

Average Baseline Noise obtained from Blank : p48
Signal Obtained from LOQ solution (2.0 % of targesay concentration) : 428uV
SIN = 428/43=9.95

Calculation of S/N Ratio for Glimepiride:

Average Baseline Noise obtained from Blank © p48
Signal Obtained from LOQ solution (2.0 % of targesay concentration) : 429uV
SIN = 429/43=9.98

Acceptance Criteria: The S/N Ratio value should be 10 for LOQ solution.

8. ROBUSTNESS As part of the robustness, deliberate change infldwe rate, mobile phase composition,
temperature variation was made to evaluate the dmpa the method. The standard and samples of matfp
pioglitazone and glimepiride were injected by clingghe conditions of chromatography. There wasigaificant
change in the parameters like resolution, tailexgfdr, asymmetric factor, and plate count.
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a. The flow rate was varied at 0.8 mL/min to 1.2 mL/mi.: The standard solution of metformin, pioglitazone
and glimepiride was prepared and analysed usingahied flow rates along with method developed fiate. On
evaluation of the above results, it was concludet the variation in flow rate does not affected thethod
significantly. Hence it was indicated that the nogethwvas robust even by change in the flow rate. IfT&lo. 5).

Table No. 5 System suitability results for metform, pioglitazone and glimepiride (change in flow rag)

. System Suitability Results
Name of the drug | Flow Rate (mL/min.) USP Plate Count| USP Tailing

0.8 2109 1.91

Metformin 1.0 2178 1.82
1.2 2158 1.71

0.8 2018 1.53

Pioglitazone 1.0 2136 1.48
1.2 2085 1.50

0.8 2116 1.2

Glimepiride 1.0 2120 1.1
1.2 3229 1.18

b. The Organic composition in the mobile phase was ved from 65 % to 85 %.: The standard solution for
metformin, pioglitazone and glimepiride was prepaesnd analysed using the varied mobile phase cadtigpos
along with the actual mobile phase composition. évaluation of the above results, it was concludet the

variation in 10 % organic composition in the molgplease does not affected the method significahténce it was
indicated that the method was robust even by chamtfe mobile phase +10. (Table no. 6)

Table No. 6 System suitability results for the drug metformin, pioglitazone and glimepiride (change %composition in organic phase)

. . o . System Suitability Result:
Name of the drug | Change in Organic composition inite Mobile Phase USP Plate Count| USP Tailing
10 % Less 2064 1.9
Metformin Actual 2178 1.82
10 % More 2147 1.86
10 % Les: 205t 125
Pioglitazone Actual 213¢ 148
10 % More 2082 1.36
10 % Less 2477 111
Glimepiride Actual 2120 1.1
10 % More 2443 1.17

RESULTS AND DISCUSSION

The present work was undertaken with the aim tcelibgwvand validate a rapid and consistent RP-HPL&hauk
development in which the peaks will be appear wsitiort period of time as per ICH Guidelines. Theppsed
method was simple, fast, accurate and precise mdtirathe quantification of drug in the pharmacealtidosage
form, bulk drug as well as for routine analysisqmality control. Overall the proposed method wasnfbto be
suitable and accurate for the quantitative deteation of the drug in tablet dosage form. The metivad simple,
precise, accurate and sensitive and applicabl¢hforsimultaneous determination of metformin, pieglone and
glimepiride in bulk samples and in combined dos@agms. The High performance liquid chromatograpHP(C)
methods was developed and validated for simultamestimation of metformin, pioglitazone and glimia in
bulk samples and in combined dosage forms. The HEdp2ration was achieved on an XTerga(@.6 x 150 mm,
5 um, Make: Thermosil) or equivalent in an Isocratiod¢. The mobile phase was composed of phosphafter buf
(25 %) whose pH was adjusted to 3.0 by using gptimsphoric acid and methanol (75 %) [HPLC Graded flbw
rate was monitored at 1.0 mL per min. The wavelemgis selected for the detection was 254 nm. Theime was
7 min. The retention time found for metformin, gditazone and glimepiride were 1.993,238 and 4.042 min
respectively.
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Fig. 4 Chromatogram for metformin, pioglitazone andglimepiride (optimized)

The precision data for metformin, pioglitazone agliinepiride are represented in table no. 1. The $©Ror
sample should be NMT 2. The % RSD for the standatdtion was found 0.15, 0.37 and 0.46 for metformi
pioglitazone and glimepiride respectively, which igthin the limits hence the method, was precisehew
metformin, pioglitazone and glimepiride were analyzby the proposed method in the intra and intgr-da
(Ruggedness) variation, a low coefficient of vaoiatwas observed it is represented in table nahzch shows that
the developed RP-HPLC method was highly precis& %RSD was found 0.34, 0.62 and 1.15 for metformin
pioglitazone and glimepiride respectively, whicle avithin the limits. The standard solution with @@y -50, 100
and 150 % were injected into chromatographic syséer calculated the amount found and amount added for
metformin, pioglitazone and glimepiride and furtloadculated the individual recovery and mean reppwalues
(Table no. 3). The % recovery was found 98.46-1®for metformin. The % recovery was found 98.04-701for
pioglitazone. The % recovery was found to be 99.60:45 for glimepiride. In order to test the lingaof the
method, five dilutions of the working standard siminos for metformin, pioglitazone and glimepiridere prepared.
The linearity was established in the range of 80-18/mL for metformin and 2.4-3.6 pug/mL for piogltbne and
0.16-0.24 pg/mL for glimepiride. The data are esgnted in table no.4. Each of the dilution wasditgd into the
column and the linearity curves are representdidimo.5, 6 and 7.

2500000 ~
2000000 -
y =15195x + 86550
R? =0.9985
$ 1500000 -
<
® & Seriesl
& 1000000 -
Linear (Seriesl)
500000 -
0 T T 1
0 50 100 150
Conc. (ug/mL)

Fig. No. 5 Calibration curve for metformin
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80000 -~
70000 -
60000 - y =17943x + 4899.4
2 _
s 50000 - R? = 0.9967
< 40000 -
© & Seriesl
& 30000 - . .
Linear (Seriesl)
20000 -
10000 -+
0 T T T 1
0 1 2 3 4
Conc. (ng/mL)
Fig. No. 6 Calibration curve for pioglitazone
60000 -
50000 - y =212950x + 3154.4
R? =0.9967
40000 -+
©
g
< 30000
© & Seriesl
&
20000 - ——Linear (Series1)
10000 -+
0 T T 1
0 0.1 0.2 0.3
Conc. (ug/mL)

Fig. No. 7 Calibration curve for glimepiride

The correlation coefficient @ should not be less than 0.999. The correlatigffimient obtained was 0.999 which
was in the acceptance limit. The limit of detectand limit of quantification of the method were adhted basing
on standard deviation of the response and the $&)p&f the calibration curve at approximate levaflshe limit of
detection and limit of quantification. The LOD faretformin, pioglitazone and glimepiride were Q.0707 and
0.006 pg/mL respectively. The LOQ for metforminpglitazone and glimepiride were 0,2824 and 0.02 pg/mL
respectively. The signal to noise ratio should er3.OD. The results obtained were within the limiihe signal to
noise ratio should be 10 for LOQ solutidrhe results obtained were within the limit. The Bsimess of the method
was found out by testing the effect of small delfibe changes in the chromatographic conditionshia t
chromatographic conditions and the correspondirak peeas. The factors selected for this purpose few rate
and percentage composition variation in phosphaféeband methanol [HPLC Grade] in the mobile phalee
method was found to be robust enough that the peak was not apparently affected by small variatiothe
chromatographic conditions. The system suitabgédyameters were within the limits and shown indat®. 5 and 6
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CONCLUSION

Development of new analytical methods for the debeation of drugs in pharmaceutical dosage is irgwrin

pharmacokinetic, toxicological biological studidBharmaceutical analysis occupies a pivotal rolestatuary
certification of drugs and their formulations eithxy the industry or by the regulatory authoritiesindustry, the
quality assurance and quality control departmelatg major role in bringing out a safe and effectitag or dosage
form.

The current good manufacturing practices (CGMP) tiiedFood Drug Administration (FDA) guidelines istsfor
adoption of sound methods of analysis with greagarsitivity and reproducibility. Therefore, the quexity of
problems encountered in pharmaceutical analysis thi¢ importance of achieving the selectivity, shdew cost,
simplicity, sensitivity, specificity, precision aratcuracy in estimation of drugs. It was conclutted the proposed
new RP-HPLC method developed for the quantitatisteminination of metformin, pioglitazone and glintége in
bulk as well as in its formulations was simple,estive, sensitive, accurate, precise and rapid. mbthod was
proved to be superior to most of the reported nith®he mobile phases were simple to prepare aombedcal.
The sample recoveries in the formulation were imdyagreement with their respective label claims #rely
suggested non-interference of formulation excigéntthe estimation. Hence the method can be eaditpted as
an alternative method to report routine determamatf metformin, pioglitazone and glimepiride degieig upon
the availability of chemicals and nature of othegridients present in the sample. The method atsis fuse in
clinical, biological and pharmacokinetic studies floe drug metformin, pioglitazone and glimepiridée method
was validated as per ICH guidelines, and validatioceptance criteria were met in all cases.

Future Aspect
The proposed method can be use in future for timécal, biological and pharmacokinetic studies oftfarmin,
pioglitazone and glimepiride.
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