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ABSTRACT

High performance reverse phase liquid chromatography (HPLC) method
was developed for quantification of impurities of pioglitazone hydrochlo-
ride from active pharmaceutical ingredient (API). Pioglitazone hydrochlo-
ride and its impurities were separated using reverse phase gradient HPLC
method. The experimental procedure involved variable wavelength detec-
tor (at 230nm), the mobile phases consisting of mobile phase A of phos-
phate buffer and mobile phase B of acetonitrile and methanol mixture (65:35)
were used. The flow rate of the mobile phase was adjusted to 1.0mL per
minute on an Inertsil ODS 3V, C-18 (250mm x 4.6mm, 5u size) column. A
calibration curve showed good linearity within the LOQ to 0.4% of the test
range (ie0.2 ppmto 4 ppm). Therecoveriesranged from 93%to 105%. The
% RSD for repeatability was 2.5. The HPL C method is capabl e of detecting
all processrelated impurities, which may be present inthe API. The method
was validated and from the results obtained it can be concluded that the
method is suitable for the intended purpose of separation and quantifica-
tion. © 2009 Trade Sciencelnc. - INDIA
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Although several methodsincluding high perfor-

Pioglitazone hydrochloride (RS)-5-{ 4-[ 2-(5-ethyl
pyridin-2yl) ethoxy] benzyl} -2-4 thiozolidinedione hy-
drochlorideisan anti-diabeti c drug (thiazolidinedione-
type, dso caled “glitazones”) used along with a proper
diet and exerciseregimeto control high blood sugar in
patients with type 2 diabetes (non-insulin-dependent
diabetes). It works by helping to restore the body’s
proper responsetoinsulin, thereby lowering blood sugar.
Effectively controlling high blood sugar hel ps prevent
heart disease, strokes, kidney disease, blindness, blood
circulation problemsaswell assexud impai rment prob-
lems(impotence). The product isdevel oped by Takeda
chemicag*2.

manceliquid chromatography, Spectrophotometry and
TLC etcareavailablefor determination of impurities
from pioglitazone hydrochl oride Formulation and AP
(8 no referenceisfound for simultaneous determina-
tion of 5-{ 4-[ 2-(5-Ethyl pyridin -2yl) propoxy] ben-
zyl}-2,4-thiazolidinedione (Impurity I) and 5,5°(4,4°-
(2-(5-ethyl pyridin-2-yl)propane-1,3-diyl) bis(oxy)
bis(4,1-phenylene) bis(methylene) dithiazolidine-2,4-
dione (Impurity 11) along with 5-Ethyl-2-(2-(4-
bromophenoxy) ethyl) pyridin (Impurity 111) and 5-{ 4-
[2-(5-Ethyl pyridin-2-yl) ethoxy] benzyl} -3-{4-[2(5-
ethyl-pyridin-2-yl) ethoxy | phenyl} -1,3 thiazolidine-
2,4 dione (Impurity 1V).
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Sructureof pioglitazonehydrochlorideand related
impurities
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5-{4-[2-(5-Ethyl pyridin-2-yl) ethoxy] benzyl}-3-{4-
[2(5-ethyl-pyridin-2-yl) ethoxy ] phenyl} -1,3
thiazolidine-2,4dione

Theforce degradation study showed degradation
of pioglitazonehydrochloridein akaineconditions. Im-
purities| and Il are generated from theraw material,
Impuritiesil and IV are generated during synthesis.
Theratio of mobile phaseA and mobilephase B was
adjusted in such away that degradentsand aboveim-
puritieswerewell separated from pioglitazone hydro-
chloridepeak.

Theproposed method isvalidated accordingto ICH
guiddlines Q2A and Q2B¥. Themethod hasbeen ap-
plied satisfactorily for the determination of impuritiesof
pioglitazonehydrochl oridein active pharmaceuticd in-
gredient, with satisfactory results.

EXPERIMENTAL

Instrumentation

A liquid chromatography system consisted of HP
1100 seriesequipped with degasser, aquaternary sol-
vent ddivery pump, autosampler, columnthermodtat and
photodiode array detector. The system was controlled
by chemstation B.03.01 software. For chromatographic
analysisan Inertsil ODS 3V, C-18 column (250mm x
4.6mm, 5u Size) was used.

Materials used

Standard pioglitazonehydrochlorideand impurities
from Invent FarmaPvt. Ltd., acetonitrile, methanol and
triethylaminewereof HPLC gradefrom Qualigens, po-
tass um hydrogen phosphate and orthophosphoric acid
wereof anaytica gradefrom Merck and HPLC grade
water purified by Mill QAcademic (USA).

Procedure
Chromatogr aphic conditions
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Column : Inertsil ODS 3V C-18, (250mm x
4.6mm, 5u size)

Fow rate : 1.0mL per minute

ColumnOven  :25°C

temperature

Detector : UV at 230nm.

Injectionvolume :10uL

Runtime - 45 minutes

MobilePhaseA : Potassum phosphate buffer
MobilePhaseB :Acetonitrile: Methanol (65:35)

Gradient program

Time(min.) Mobilephase A% Maobile phase B%
0 40 60
10.0 40 60
20.0 25 75
35.0 25 75
40.0 40 60
45.0 40 60

Preparation of buffer

1.369 of potassium dihydrogen phosphate was ac-
curately weighed and transferred to 21000 mL stan-
dard volumetricflask. About 800 mL of purified water
and 1mL of triethylaminewere added, thepH wasad-
justed to 6+0.05 with dilute orthophosphoric acid and
diluted upto themark with HPL C gradewater and fil-
tered through 0.45y, Ultipore N Nylon 6,6 membrane,
degassed in ultrasonic bath.

Validation of method®
Prepar ation of system suitability

The system suitability experiment was carried out
by injectingthemixtureof dl impuritiesand pioglitazone
hydrochloride into the chromatographic system
(1000ppm of pioglitazone hydrochlorideand 2 ppm of
al impurities). Theoretical plates(N), Tallingfactor (T)
and Resolution(R) arelistedin TABLE 1.

Specificity
To demondratethespecificity of themethod, diluent

—— Fyll Peper

was injected into the chromatographic system and
checked for interference at retention time correspond-
ing to theretention of pioglitazone hydrochloride and
itsimpurities (methanol was used asdiluent for prepa-
ration of standard and sample solution). Accelerated
degradation studieswere a so carried out to demon-
stratethevalidity of the method. The samplewasre-
fluxed with 0.1N HCI. Exposureto temperature and
UV light did not giveany degradationimpuritiesbut the
sample exposed to 0.1N NaOH completely decom-
posed to give degradation products. The sample after
exposureto 0.1N HCI, 0.1N NaOH, UV, oxidation
and heat waschecked for the peak purity of pioglitazone
hydrochloride by photodiode array detector. Itiscon-
cluded that pioglitazone hydrochloride peak had no
detectable impurity embedded in and wasfree of co-
el uting degradation compounds. The diluent and de-
graded compound does not interfere with the
pioglitazone hydrochlorideand impurity pesks (Figures
1-4).

Limit of detection and quantification

Thelimit of detection (LOD) and limit of quantifi-
cation (LOQ) were determined using Standard devia-
tion of theresponse and s ope of thecalibration curve
technique (TABLE 2).

Linearity of detector response

Thelinear working range was sel ected depending
upon the nature of application. Inthisexperiment the
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Figurel: Typical chromatogram

TABLE 1: Dataof pioglitazonehydrochloride (System suitability)

Pioglitazone Impurity | Impurity Il Impurity I11 Impurity 1V

Parameters Hydrochloride  (RT -13.624) (RT -15.190) (RT -25.487) (RT -31.190)

(RT -9.547) (RRT -1.43) (RRT -1.59) (RRT -2.67) (RRT -3.27)
Theoretical Plates 13056 14828 18434 75875 49487
Peak symmetry 0.862 1.052 1.075 0.998 1.038
Resolution - 10.413 3.495 25.146 12.233
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TABLE 2: Satistical dataof pioglitazonehydrochloride (LOD, LOQ and Linearity)

Parameters hslo?rg(igrizo?rilge Impurity | Impurity Il Impurity 11 Impurity IV
LOD (ug/mL) 0.015 0.12 0.14 0.07 0.11
LOQ (ng/mL) 0.05 0.39 0.46 0.24 0.35
Range (ug/mL) 0.2t00.4 0.189t03.785 0.188t03.765 0.21t04.21 0.215to0 4.306

Slope 30.421 22.345 20.815 32.604 26.503
% Intercept 0.3148 1.1411 0.6319 1.0182 2.031
Correlation coefficient(r) 1.000 0.9995 0.9992 0.9998 0.9997
TABLE 3: Satigtical dataof pioglitazone hydr ochloride (Recovery)
Parameters Impurity | Impurity 11 Impurity 111 Impurity 1V
%R.S.D. of replicate standard 1.06 0.92 111 1.26
%Recovery at three levels 96.41 -102.96 93.34 -100.90 96.86 -104.87 95.61 -104.39

Figurei: UV Spectrum of pioglitazonehydrochloridear_wd
impurities
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Figure 3 : Typical chromatogram of system suitability
solution

Hydrochiords

" Figure4: Typical chromatogram of assuch sample -

method was applied for thedetermination of impurities
and hence detector response was checked from LOQ
t00.4% of theworking concentration of the pioglitazone
hydrochloride. For present study, the working concen-
tration of pioglitazone hydrochloridewas 1 mg/mL.
Sevenlevelswereprepared and each level wasinjected
in duplicateinto the chromatographic system. Mean
peak areaof eachlevel wasca culated. Graph of mean
peak areavs. concentration was plotted and the best-
fit linewas determined by linear regression. % Inter-
cept and Correlation coefficient (r) obtained aregiven
inTABLE2.

Recovery studies

The experiment was carried out at four different
levelsi.e. LOQ, 0.1%, 0.2% and 0.4% of the concen-
tration of pioglitazone hydrochloride (Img/mL). The
impurity standard at thesefour levelswasadded to the
active pharmaceutical ingredient. From the amount
found, the % recovery was cd culated. Theresultsob-
tainedarelistedin TABLE 3.

Precision repeatability |

Accuratey weighed 1gmof pioglitazonehydrochlo-
ridewastakeninaround bottom flask and 20 ml each
of stock solution of impurities prepared in methanol
(0.1mg/mL) were added, and the mixture was soni-
cated to dissolve the sample. Methanol was evapo-
rated by vacuum ditillation. The samplewasdried un-
der vacuum at 60°C. About 50 mg of dried samplewas
weighed accurately and transferred to a50 mL stan-
dard volumetricflask. 25 mL of methanol was added.
The mixturewas sonicated for 10 minutesfor dissolu-
tion, diluted up to the mark with methanol and mixed.
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TABLE 4: Satigtical dataof pioglitazone hydrochloride (Precision Repeatability I, || and solution stability)

Parameters Impurity | Impurity Il Impurity 111 Impurity 1V
%RSD of precision repeatability | 121 191 2.18 191
%RSD of precision repeatability 11 0.92 1.28 0.91 1.98
%RSD of precision repeatability | and Il 1.26 1.55 1.60 211
Solution stability (Ratio) 1.01 1.00 1.003 1.020
RRF 0.735 0.684 1.071 0.871

The solution wasthen filtered through 0.45u Ultipore
N, Nylon 6,6 membrane and injected into the chro-
matographic system. Theamount of eachimpurity was
calculated against theimpurity standard and dsowith
pioglitazone hydrochloridelow load using RRF. The
RRF isratio of peak response per unit concentration
for each impurity to the peak response per unit con-
centration for the reference compound (pioglitazone
hydrochloride). Thisprocedurewasrepesated six times
weighing thesampleindividudly eachtime. The% RSD
for repeatability of eachimpurity and RRF valuesare
listedinTABLE 4.

Precision repeatability ||

Sameprocedurewasfollowed asper Precisonre-
peatability | on the next day using the same system.
Sampleand standard werefreshly prepared.

% RSD of Precision Repeatability | and Precision
Repeatability Il was found to be less than 2.5
(TABLE4).

Solution stability

Solution stability of precisionrepeatability | sample
was checked for 24 hoursat room temperature by com-
paring the assay values after 24 hourswith theinitial
assay vaue against thefresh standard. Ratio of there-
sultsof samplesafter 24 hoursto that of initial results
werewithintherangeof 1+ 0.5 which indicate satis-
factory solution stability (TABLE 4).

Optimisation of parameters
Sdlection of detection conditions

Aliquot of 100ppm concentration wasinjectedinto
the chromatographic system. Using diode array detec-
tor, the standard sol ution was scanned from 200nm to
400nm. Two maximae were seen and the maximum
absorption wasobserved at 230nm.

Optimisation of extraction conditions
The extraction conditions including extraction

N L |

F]gure5 : Typical chromatogram of degraded samplei.n
0.1NaOH

method, extraction solvent and extraction timewere
tested. Aspioglitazone hydrochlorideispracticaly in-
solubleinwater and sparingly solublein methanol and
acetonitrile, methanol was sel ected as extraction sol -
vent.

Optimisation of separation conditions

Thechromatographic conditionswereoptimizedto
obtain good resol ution, tailing factor and theoretical
plateswithin shortest possible analysistime. Various
buffersand mobile phaseratiosweretried out to sepa
rateal theimpuritiesand theretentiontimewas also
checked using agradient program. Influence of mobile
phasepH intherangeof 2.5t0 6 on resolution of impu-
ritieswas checked. It was observed that therewasno
impact of mobile phasepH ontheresolution. Different
typesof columnssuch as PeerlessC-18, Zorbax C-18
and Inertsi| ODS 3V C-18 weretried out. Inertsil ODS
3V C-18wasfound to bemost suitable.

RESULTSAND DISCUSSION

For interday precision and intraday precision %
RSD waslessthan 2.5%for al impurities, which shows
high precision. Percentagerecovery in between 93%
t0105% from LOQ level t00.4% leve indicates speci-
ficity and accuracy of themethod.
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CONCLUSION

The HPLC method has been devel oped for quan-
titative determination of pioglitazone hydrochlorideim-
puritiesin active pharmaceutical ingredient. Thedeve-
oped HPL C method was found to be specific, sensi-
tive, accurate and precise. Hence the method can be
used for routine determination of impuritiesin active
pharmaceutical ingredient.
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