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ABSTRACT

A reverse phase high- performance liquid chromatographic (RP-HPLC)
method in gradient mode has been developed and evaluated for its ability
to simultaneously establish the level of known impurities as well as the
unknown impuritiesin pioglitazone and glimepiride tablets. The best sepa-
ration was achieved on Eclipse XDB-C8, 5um, 4.6 x 150mm column. Use of
0.1N sodium dihydrogen phosphate dihydrate buffer pH 3.0, acetonitrile
and methanol, asmobile phase at flow rate of 1.2 mL min? enabled accept-
ableresolution of pioglitazone and glimepiridefrom possibleimpurities.UV
detection wasperformed at 230nm. The devel oped method wasvalidated in
term of selectivity, linearity, accuracy using spiked levelsof impurities, pre-
cision (repeatability and reproducibility), limit of detection, limit of quantifi-
cation and ruggedness. Overall, the proposed method was found to be
highly sensitive, suitable and accurate for quantitative determination of
known and unknown impurities in dosage form without any interference
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fromthe excipients.
1.INTRODUCTION

Many patientswith type 2 diabetesrequiretreat-
ment with more than one antihyperglycaemic drug to
achieveoptima glycaemic control. Pioglitazone, 5-[[4-
[2-(5-ethylpyridin-2-yl)ethoxy]phenyl|methyl]
thiazolidine-2,4-dione,belonging to the thiazolidine
dionesisoneof thenove ord antihyperglycaemicdrug
that improveglycaemic control primarily by decreasing
insulinres sanceby sengitizingtheskdetd muscle, liver
and adiposetissueto theactionsof insulin. Glimepiride,
1-[[4-[ 2-(3-Ethyl-4-methyl-2-0x0-3-pyrroline-1-
carboxamido)-ethyl]sulphonyl]-3-trans-(4-methyl
cyclohexyl)ureaisan third generation sulphonyl urea
used to reduce blood glucoselevelsby stimulating in-
aulin secretionsfrom the betacells of pancreasand dso
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knowntoincreaseperiphera insulin sengitivity thereby
decreasing insulin resistance.Pioglitazone as mono
therapy and in combination with sulfonyureasnot only
reduce glycosylated hemoglobin levels, but a so effect
changesin blood lipid concentrations and havethe po-
tentid toamdioratecardiovascular diseaserisk™, hence
necessitates the devel opment of combi nation dosage
forms.

Further, an safety of adrug isdependent not only
onthe toxicologica propertiesof the active substance
itself, but aso onits pharmaceutica impurities, which
consist of reaction by-products, generated during syn-
thesis of drug substances and degradation products
formed during theformul ation manufacturing process
and/or storage of drug substances or formulated prod-
ucts. Impurity profilingisincreasingly viewed asavau-
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ableand essentia part of quality requirement. Estab-
lishment of monitoring methodsfor impuritiesand deg-
radation products during pharmaceutical development
isnecessary because of their potentia toxicity!?3. HPLC
is an extensively used techniquein the pharmaceutical
industry dueto theavailability of fully automated sys-
tems, excellent quantitative precision, accuracy, broad
linear dynamicrangeand availability of awidevariety
of column stationary phases. Theaim of thisstudy was
to develop LC method for s multaneousdetermination
of known, unknown and degradation impuritiesin
pioglitazone and glimepiri de combination pharmaceuti-
cal drug product.

Glimepirideisofficidly recognizedinthe European
and United states Pharmacopeiain the pureformand
not inthe dosage form®, whereas Pioglitazoneis not
officid inany. Anaytical method hasbeen reported for
determination of relaedimpuritiesaswel| asdegradants
inglimepirideactive®?, Literaturesearch alsoreveded
methodsfor the determination of pioglitazoneandits
metabolitesaswell asimpuritieson HPLC!"8, Deter-
mination of pioglitazoneand glimepirideindividudly and
incombinationwith other drugsby HPLC hasa so been
reported’®!2. However, to our knowledge, there are
no published reports on quantitative analysisof poten-
tid impuritiesin Pioglitazoneand Glimepiride combina
tion dosage form. The Pharmacopeia impurities of
dlimepirideexamined wereglimepiridesulfonamide(GS)
denoted as Glimepiride Related compound B , glime
pirideurethane (GU) denoted as Glimepiride Related
compound C and glimepiride -3- Isomer (GS) de-
noted as GlimepirideReated compound D alongwith

Glimepiride

the pioglitazoneimpurity, (5-[4-{ 2-(5-ethyl-2-pyridinyl)
ethoxy} benzyl]-2, 4-thiazolidinedione (Figure1).This
paper describes accurate quantification of theseimpu-
ritiesin pharmaceutical dosage form aong with the
method validation as per the ICH norms. Thedevel-
oped and validated method i s specific, precise, accu-
rateand stablewith improved sensitivity

2.MATERIALSAND METHODS

2.1 Chemical and reagents

USP reference standard of glimepiride(G),
glimepiride Ortho Isomer (GlI),glimepiride Urethane (
GU) and glimepiride Sulphonamide (GS), working
standard of pioglitazone (P) anditsrelated impurity (5-
[4-{2-(5-ethyl-2-pyridinyl) ethoxy} benzyl]-2, 4-
thiazolidinedione (Pl) weresupplied by Ipcalaborato-
riesLtd.Mumbai. Pioglitazoneand Glimepiridetablets
R and D sample manufactured IpcaLaboratoriesLtd
were used for investigations.One tablet contains30mg
of Pactiveand 2 mg of G activeadongwith other ingre-
dients. Theaveragemassof tablet was270mg. HPLC
grade of Acetonitrile, Methanol and AR grade of So-
dium dihydrogen phosphatedihydrate, ortho phospho-
ricacid AR grade (88%) were procured from Merck.
Milli-Q water was used. GF/C filter paper was ob-
tained fromWhatmann. All dilutionswere preparedin
standard volumetricflasks.

2.2. Instrumentation and chromatographic
conditions

Chromatography was performed using HPL C of
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Waters 2695 Alliance separation module system, We-
ters 2996 with PDA detector and column oven. Chro-
matograms and datawere recorded by means of Em-
power softwareversion 2.10. Separation wasachieved
on Eclipse XDB-C8,(150mm x 4.6mm dimensions)
having particlesize 5um, withflow rateas 1.2mL min't
and column oven temperature as 50°C. The mobile
phaseconsists of 0.1N Sodium dihydrogen phosphate
dihydrate buffer, pH adjusted to 3.0 with ortho phos-
phoric acid, methanol and acetonitrile.Theisocratic
gradient was 50% buffer and 50% methanol for initia
15min, then decreaseto 5% of methanol with increase
inacetonitrileto 45% for further 10mins. Theinjection
volumewas 20ul and the detection wavelength was
230nm. A typical HPL C chromatogram obtained for
simultaneous determination of PI, GS, GU, Gl along
withPand Gisshowninfigure2.

2.3. Diluent
Prepare asol ution of 80% acetonitrilein water.
2.4.Sandard preparation

Prepare astandard sol ution containing Pand G of
concentration 1.5g mL* and 0.2ug mL™ respectively
indiluent.

2.5. Samplepreparation

Fivetabletswerewe ghed and transferred in 100mL
volumetricflask containing about 70mL of diluent. The
flask was sonicated for about 15 minuteswith intermit-
tent shaking alowing thetabletsto disintegrate, cooled
to room temperature and diluted to themark with the
diluent. Filtered thesolution through GF/C.

3.RESULTSAND DISCUSSION

Theoptimization of the proposed method wasstud-
ied to examine conditionsthat would affect theresults.
For thispurpose, theinfluence of column type, mobile
phase composition, buffer type, buffer pH, columnoven
temperature and flow ratewas systematically investi-
gated™. Pharmacopoeia methodswere utilized for the
development. Also referenceslisted in thispaper were
taken asabase. In case of reversephase-HPLC, vari-
ouscolumnsareavail able of which C8 columnwaspre-
ferred over the other columnsto achievethe best sepa-
ration. Agilent’s Zorbax Eclipse XDB-C8 having less
carbonloading and pore size gave abetter separation
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especially between GSand P ascompared to other C8
columns. The next goa was to improve chromato-
graphic performance with respect to peak shape and
resol ution. Thecombined effect of pH and mobilephase
compositionson reverse phaseliquid chromatographic
behavior of RG anditsimpuritieswereaso studiedin
therange of conditions providing acceptableretention,
resolution, tailing factor and number of theoretical
plates.pH between 2.6 to 3.2 had no effect on the
results.Optimum pH was 3.0, because higher pH re-
sulted inlow sengitivity. The preliminary experiments
carried out with only sodium dihydrogen phosphate di-
hydrate buffer and acetonitrile/ methanol in different
ratio werenot successful in the separation of theimpu-
rities. Hence, gradient program combined with column
oven temperature was introduced and optimized to
achieveresol ution between GS and GU aswell asbe-
tweenPand Pl ininitid 15minswith methanol and then
the separation between G and Gl wasachieved by in-
troducing acetonitrilea ong with methanol .Wavelength
was sdl ected by scanning both thedrugsand theknown
impuritiesover thewiderange of wavelength 200nmto
400nm. All the components show reasonably good re-
sponseat 230nm (Figures 2 and 3).

Hence, after studying different column makeand
composition of mobile phase of buffer, methanol and
acetonitrile, the above method has been finalized to
optimizetheretentiontimeof P, Gaongwithitsrelated
impurities
4. Method validation

Validation of method establishesthat its perfor-
mance characteristics are adequate for the intended
purpose. The study was performed as per the ICH
guiddinesfor impurities'*, takinginto consideration
thespecified limitsfor GSas0.4%, GU as0.1%, Gl as
0.2% as per the USP monograph, for Pl as0.1% and
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Figure2: Chromatogram showing the separ ation between
known impuritiesand theactives
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Figure3: SpectrumIndex plot of G, GS, GU, G, PI, Pwith
HPL C chromatogram
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Figure5: Chromatogram of placebo

for snglemaximum unknown impurity as0.1%.
4.1. System suitability

System suitability wasperformed by injecting Rela-
tiveretentiontimesolution and determining resolution
between closdly duting peaksof GSand GU, GU and
P and between G and GI. Also the RSD of peak re-
sponsesof Pand G in standard solution in six repli-
cates, dongwiththetailing factor and theoreticd plates
wascaculated (TABLE1).

4.2. Specificity

The specificity of the method was studied by in-
jecting the placebo (containing dl theingredients of the
formulation except the analytes) of the tablets as per

TABLE 1: Resultsof system suitability

Parameter Value
Resol ution between GS and GU 2.78
Resol ution between GU and P 3.14
Resol ution between G and Gl 2.24
% RSD of P 0.24
% RSD of G 0.47
Tailing Factor / Theoretical plates of P 0.80/6241
Tailing Factor / Theoretical platesof G~ 0.90/106925

TABLE 2: Rdativeretention timeand responsefactor

Component Retgntion Rellativg Response
time retention time factor
P 5.03 1.0 1.00
G 21.49 1.0 1.00
GS 2.89 0.13 271
GU 3.83 0.18 0.42
Gl 22.07 1.03 0.68
1.86 (with 0.74 (with
P 9.35 respecttoP)  respect to P)

the procedure applied to sample solution. Individual
impurities, activesand the mixturewereanayzed. No
peak was detected at the retention time of P, G and
their related impurities hence proving the specificity of
themethod (figures4 and 5).

Further forced degradation of P and G drug sub-
stances and drug product was carried out under ther-
molytic, photolytic, acid/base hydrolytic and oxidative
stressconditions.

For thermal stress, samplesof drug substancesand
drug product were placed in acontrolled temperature
oven at 55°C for 7 days. For photolytic stress drug
substances and drug product were exposed to light of
not lessthan 1.2 million lux hoursand an integrated
near ultraviolet energy of not lessthan 200 watt hours/
sguare meter@,

Duringtheinitia forced degradation experiments, it
was observed that acidic hydrolysiswith 0.5N hydro-
chloricacid wasafast reactionfor G Thus, hydrolytic
degradation for drug substances and drug product was
carried out using 0.1N hydrochloricacidand 0.1N so-
dium hydroxidesolution at 100°C for 1 hr.For oxida
tivestress, activesand drug product weretreated with
10% of hydrogen peroxide sol ution and kept on stand-
ing for 30mins. Forced degradation study showed the
major formation of GSbothin Gaoneaswell indrug
product concluding GS asthemain degradant (Figures
6 and 7). The peak purity of both thedrugsand their
related impuritiesin the degraded sampleswas estab-
lished fromthe purity plot, peak angleand pesk thresh-
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oldindicating no other co-eluting peak wasfound prov-
ingitsspectral homogeneity and thestability indicating
nature of themethod.

4.3. Response factor

Response factor for Gl, GS, GU and Pl was de-
termined by injecting sol ution containing mixtureof al
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Figure 6: Chromatogram of forced degradation of
Glimipirideactiveshowingtheformation of GS
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Figure7: Chromatogram of for ced degradation of Pand G
tablet showingtheformation of GS
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known impuritiesand actives at same concentration.
TheresultsarelistedinTABLE 2.

4.4.Linearity

Linearity wasevd uated by analyzing different con-
centration levelsfrom 10-200% of the specified limit
for related impuritiesand 0.1% limit for boththeactives.
Theregression dataobtained arelistedin TABLE 3.

45.LODandLOQ

Thelimit of detection and limit of quantitation of the
knownimpuritiesand activeswere established from the
standard deviation of the response and thedope of the
corresponding calibration curve (LOD =3g/n; LOQ =
10s/n) (TABLE 3).

4.6. Accuracy

The accuracy of the method was checked by re-
covery study using standard addition method, at three
different concentration levelsi.e. multilevel recovery
study.The pre-anayzed sampleswere spiked with the
Gl, GU, GSand Pl at the specified limit at 80,100 and
120%level (Figure 7). The mean recoveriesof theim-
purities were found to be in the range of 99 -101%
(TABLE 4) indi cating that the method enableshighly
accurate estimation of the impurities from the drug
product.

TABLE 3: Linearity, LOD and LOQ results

Analyte  Linearity range Slope Intercept Correlation coefficient LOD(in pgmL™) LOQ(in pgmL™)
P 0.90ppm- 2.10ppm  48286.04 79.79 0.9991 0.12 0.41
G 0.12ppm - 0.28ppm  79837.53 77.52 0.9994 0.02 0.05
GS 0.48ppm - 1.12ppm 145393.3 11394.5 0.9898 0.07 0.22
GU 0.12ppm - 0.28ppm  113402.9 81.266 0.9994 0.01 0.04
Gl 0.12ppm - 0.28ppm  40828.54 99.56 0.9992 0.04 0.11
Pl 0.90ppm - 2.10ppm 37951.87  -555.68 0.9989 0.04 0.13
TABLE4: Summary of theresultsof amount added vs. amount recover ed
g GS GU Gl PI
= o < > < < > < o > < o >
e © $BEYBE .0 2BEYbE _UYBEY8E P 2BF Lh7 U
B BEEBs¥ 53 BEFT2I5383582 5% BgEoe FG
s e¥8:s g T8 gttt g T T8 4
1 0.637 0639 997 0156 0.157 994 0.319 0.320 1003 1.236 1218 985
80 2 0.635 0623 981 0158 0.159 1006 0.324 0.322 994 1149 1158 100.8
3 0.639 0.640 100.2 0.166 0.163 982 0.326 0.323 991 1.190 1195 1004
1 0.794 0.797 1004 0.196 0.198 101.0 0.398 0.399 100.3 1.479 1490 100.7
100 2 0.798 0.799 100.1 0202 0.201 995 0.390 0.395 1003 1.470 1485 1010
3 0.818 0809 989 0192 0.194 101.0 0.396 0.398 1005 1542 1521 986
120 1 0.946 0.953 100.7 0.247 0.243 983 0489 048 992 1774 1787 100.7
2 0.939 0949 101.1 0246 0.243 98.8 0484 0482 996 1.753 1776 1013
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TABLE 5: Resultsof precision and ruggedness

GS GU GI PI Unknown

impurity
RSD (Precision) 2.61 2.67 NIL 4.69 3.26
RSD(Ruggedness) 2.56 2.85 NIL 4.58 3.52

4.7.Precision

Precision study was assessed by injection repesat-
ability and samplerepeatability. Injection repeatability
was confirmed by performing replicateinjection of the
standard sol ution and cal culating the % RSD of the pesk
arearesponses for both the content. The data show
good precision of the system with the RSD = 2.0%
(TABLE 1). The samplerepesatability was studied by
andyzingthesame samplefor six timesand caculating
the%impuritiesand RSD.Refer TABLEDS.

4.8. Solution stability

Thegability of theandytica solutionsof themethod
was studied by analyzing the standard and sampl e so-
Iutionimmediately aswdll astill 24 hrswith twointer-
mediatetime point. Thestability was assessed by com-
paring the arearesponsefor standard preparation and
% impurity in case of sample preparation. Thesample
resultswerefound within+ 0.05% of the initial value
indi cates that sampl e solution can be considered stable
under theconditioninvestigated.

4.9. Ruggedness

Theruggednessstudy was carried out by analyzing
samesamplesx timesby different anayst, ondifferent
day using differentinstrument (TABLED5).

5.CONCLUSION

The proposed method for the simultaneous detec-
tion and quantitation of GI, GU, GS, Pl and unknown
impuritiesin Pand Gtabletsishighly sengtive, accurate
and precise. Thisprocedure can beeasily adopted for
theroutinequaity control analysisof tablet dosageform
without any interference from the excipientsor each
other. Method wasvalidated for its performance pa-
rameterssuch as Specificity (placebointerference), Lin-
earity and range, Recovery, LOD, LOQ Precisonand
Ruggedness. The specificity of themethod provesthat
themethodisstability indicating. It was concluded that
the developed method offers several advantages such
assingle chromatographi c condition for thedetermina-
tion of impurities of two drugs, simple mobile phase

and sample preparation steps, improved sensitivity
makesit specificand reliablefor itsintended use.
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