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ABSTRACT

A simple and rapid specific stability-indicating high-performance liquid
chromatographic (HPLC) method developed for a leading anti diabetic
drug substance namely Pioglitazone hydrochloride. The developed method
is very much compatible with LC-M S and shows the superior resolution
between the Pioglitazone, its process related impurities and as well the
degradation products generated from the forced degradation studies in-
cludes hydrolysis, oxidative, photolytic and thermal degradation. The
method was devel oped using Zorbax bonus RP column with water/aceto-
nitrile/trifluoroaceti c acid asamobile phase using asimplelinear gradient.
The detection was carried out at 225 nm. The method was validated with
respect to linearity, precision, accuracy, specificity and robustness. The
limit of detection and the limit of quantification for the Pioglitazone and its
process related impurities were established. The devel oped method was
found to be suitable to check the quality of bulk samplesof Pioglitazone at
the time of batch release and also during its storage.
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INTRODUCTION

Pioglitazone hydrochloride] (+)-5-[[4-[2-(5-ethyl-
2-pyridinyl)ethoxy] phenyl]methyl]-2,4-] thiazolidine
dione monohydrochloride belongsisan antidiabetic
agent that actsprimarily by decreasinginsulinres stance.
It isused inthe management of type2 diabetesmellitus
known as non-insulin-dependent diabetes mellitus
[NIDDM)] or adult-onset diabetes. It has adifferent
pharmacological action than the sulfonylureas,
metformin or the a-glucos daseinhibitors. Pharmaco-
logical studiesindicatethat ACTOSimprovessengitiv-
ity toinsulinin muscleand adiposetissueand inhibits

hepatic gluconeogenesis. Pioglitazoneimprovesglyce-
mic control whilereducing circulatinginsulinlevelg¥.
Sofar few articles were published on analytical
method of Pioglitazone hydrochlorideand its metabo-
litesforitshiologica studies?34567, Somepaperswere
published on theana ytical methodsfor the bulk drug
and formulation of pioglitazone hydrochlorideand its
combination with Glimepiride and M etformin(&°10.14,
Two different techniques on the related substance
method of pioglitazone hydrochl oride have been pub-
lished in the year 20021*2, One of the published paper
describesthe stability-indicating HPL C method for the
formulated Pioglitazone hydrochloride®®. Theprimary
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objectiveof the current research work isto develop a
LC-MS compatible, rapid stability- indicating method
for the Pioglitazone hydrochloride bulk drugwhichis
superior in system suitability parameters. The current
articledealsonly with devel opment and stability- indi-
cating capability of method and itsvalidation. Thede-
vel oped method gives superior LOD and LOQ values
for theimpuritiesand better tailing factor when com-
pared to theearlier reported methodg?34567891011.12.13
Forced degradation was performed by hydrolysisin
acid, dkaline, oxidation in peroxide, stressed in pho-
tolyticandtemperatureto provethestability- indicating
capability of the devel oped method. The samemethod
wasvalidated asper ICH requirements.

EXPERIMENTAL

Chemicalsand reagents

Pioglitazone hydrochlorideanditsrelated impuri-
tieswererece ved from Process Research Department
of Custom Pharmaceutical Services of Dr. Reddy’s
LaboratoriesLimited, Hyderabad, India. Sodium hy-
droxide, hydrochloric acid (Rankem, New Delhi, In-
dia) and Hydrogen peroxide (S.D. Fine Chem.,
Mumbai, India) wereused. HPLC-gradeAcetonitrile
(Rankem, New Delhi, India), Acrossmakeof trifluoro
acetic acid were used. High purewater was prepared
by usngMilliporeMilli Q pluspurification system

Equipment

Themethod devel opment and forced degradation
sudiesweredoneusingAgilent 1100 seriesHPLC sys-
temwith diodearray detector. The datawere collected
and the peak purity of the pioglitazone peak was
checked using chemstation as software. Thephotolytic
degradation was carried out using Binder KBS240
photolytic chamber. Thepeak homogeneity of degraded
sampleswerestudied inAgilent LCM S 6410 instru-
ment with triplequadrgpole. Thechromatographic sepa:
rationswereachieved on Zorbax BonusRP18 (Agilent,
Milford, USA) column (150mmx4.6mmi.d., witha
particlesizeof 3.5u).

Samplepreparation
For the related substance method, pioglitazone hy-
drochloridewas prepared 0.25mg/ml inwater : aceto-
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nitrilein theration of 60:40(v/v) asadiluent. For the
assay determination the concentration wasfixed as50
pg/ml by diluting the related substance solution.

Chromatogr aphic conditions

Linear gradient & ution wasemployed in Zorabax
BonusRP18 columnwith water :trifluoroaceticacidin
theratio of 100:0.05(v/v) asamobilephase-A and ac-
etonitrile:trifluoroaceticacidintheratio of 100:0.05(v/v)
asamobilephase- B. Thegradient program: time/% of
MP-B is0/10, 12/65,16/65, 17/10 with post run5min.

Theflow rate of the mobile phasewas 1.0ml/min.
The column was maintained at 30°C and the wave-
length was monitored at awavelength of 225nm. The
injection volumewas 10ul.

Generation of stress samples for establishment
of stability-indicating assay

Stock solutions of pioglitazonewere prepared in
different stressed solutionsand further diluted to nomi-
nal concentration each timebeforeinjectingthemin
HPL C4151617.18] The degradation was attempted at
0.5N Hydrochloricacid, 0.5 N Sodium hydroxideand
5%wi/v hydrogen peroxidefor the 2.5mg/ml solutions.
The stressed sol utionswereinjected after further dilu-
tionto get 0.25mg/ml. The stress conditionswere as
follows
(1) Stressstudy under hydrolytic condition : Acidic hy-
drolyss Stressed solutionin0.5N HCl wasstudied for
10 daysat ambient temperature. Alkalinehydrolyss:
Stressed solutionin 0.5N NaOH was studied for 48 h
at ambient temperature.

(i1) Stress study under oxidative condition :Stressed
solutionin 5.0% w/v H,O, wasstudied for 10 daysat
ambient temperature.

(i) Stressstudy under light: Bulk drug wasexposed to
UV and fluorescent light as| CH-recommended condi-
tiong® for 11 days.

(iv) Thermal stress: Bulk drug was subjected to dry
heat at 60°C for 10 days.

Separ ation studies

Theinitid analysesof different stressed samplesfor
pioglitazone hydrochloride wasperformed on HPLC
system using reported C-18 columnwith linear gradi-
ent with the mobile phase described in the chromato-
graphic conditions.
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Optimization studies

The system suitability parameterswereimproved
draméticdly usng Zorbax BonusRP column. Thesepa
rationsof Pioglitazonefrom the r degradation products
were optimised by changing thegradient program asit
describedin the chromatographic conditions. Usingthe
optimized condition, thespecificity of the pioglitazone
peak was checked in DAD for the study period. The
peak homogeneity wasalso studied by LCM S by ex-
tracting the mass number under the Pioglitazone peak.

Validation of the developed method
1. System suitability

Thepioglitazone hydrochloridewas spiked with the
Imp-F and Imp-G and the USP resol ution of each peak
was checked. Also the capecity factor, theoreticd plates
on tangent method and the USP tailing of each peak
wasrecorded

2.Precision

Theprecision of therel ated substance method was
checked by injecting six individual preparations of
(0.25mg/ml) pioglitazone hydrochloride spiked with
0.15% of the potential impuritiesimp-D, Imp-E, Imp-
F and Imp-G. The%RSD of area% of each impurity
wascalculated. The precision of theassay inthedeve -
oped method was evaluated by carrying out six inde-
pendent assaysof test sampleat S0pg/ml of Pioglitazone
hydrochloride against qudified reference standard and
caculated the%o RSD of assay. Theintermediate preci-
sion of the method was al so evaluated using different
andys and adifferent instrument inthe samel aboratory.

3. Limit of detection (LOD) and limit of quantifi-
cation (LOQ)

TheLOD and LOQ for Imp-D, Imp-E, Imp-Fand
Imp-G were determined at asignal-to-noiseratio of
3:1and 10:1 respectively, by injecting aseriesof dilute
solutionswith known concentration®. Precision study
wasaso carried at theLOQ leve by injectingsix indi-
vidual preparationsof Imp-D, Imp-E, Imp-Fand Imp-
Gandcdculatingthe% R.S.D. of thearea.

4.Linearity

Thelinearity of the method was assessed by |east
sguareslinear regression anadysisin the concentration
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versestheresponse of compounds. Test solutionsfor
related substance method were prepared by diluting
theimpurity stock solution to thesix different concen-
trationlevelsfrom LOQ to 200% (i.e. 0.30% with re-
spect to pioglitazone hydrochl oride) of the specifica
tion. Test solutionsfor assay were prepared at five con-
centration levels from 25ug/ml to 75ug/ml of
pioglitazone hydrochloride. Thecdibration curvewas
drawn by plotting the concentration of theimpurities
versus corresponding peak area. Theslopeand Y-in-
tercept of thecdibration curvewas calcul ated.

5.Accuracy

The bulk sample provided by process research
department of Custom Pharmaceutical Servicesdoes
not show the presence of any of the processrelated
impurities. Standard addition and recovery experiments
were conducted to determine accuracy of therelated
substance method for the quantification of potentia im-
puritiesin bulk drug samples. Thestudy wascarried
outintriplicateat 0.075, 0.15 and 0.225% of theandyte
concentration (0.25mg/ml). The percentages of recov-
eriesfor impuritieswere ca culated fromthedopeand
Y-intercept of thecdibration curve obtainedin linearity
section of related substances. The accuracy of theas-
say method wasevauated intriplicateat three concen-
tration levels, i.e. 25, 50 and 75 pg/ml in bulk drug
sample. Thepercentagesof recoverieswere cal culated
fromthedopeand Y-intercept of thecalibration curve
obtained in linearity section of assay.

6. Robustness

To determine the robustness of the developed
method, experimentd conditionsweredeliberately al-
tered and the resol ution between pioglitazoneand the
degradation impurity whichiseluting closely wasre-
corded. To study the effect of flow rate on theresolu-
tion, it was changed by 0.1 unitsi.efrom 0.9to 1.1ml/
minwhiletheother chromatographic conditionswere
held constant. Theeffect of changeinthegradient of
mobile phase-B was checked by changing the sameto
+ 5% (i.e MP-B ends with 65+4%). The effect of col-
umn temperature on resol ution was studied at 25 and
35°C instead of 30°C while the other chromatographic
conditionswereheld constant.

7. Solution stability and mobile phase stability
s Analytical CHEMISTRY
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The solution stability in the assay method was car-
ried out by leaving both thetest solutionsof sampleand
reference standard intightly capped volumetric flasks
at room temperaturefor 48h. The same sample solu-
tionswereassayed for every 6 hinterva up tothe study
period. Themobile phase stability wasa so carried out
by assaying thefreshly prepared samplesol utionsagainst
freshly prepared reference standard solutionsfor 6 h
interval up to 48h. Mobile phase prepared was kept
constant during the study period. The% R.S.D. of as-
say of Pioglitazone hydrochloride was cal cul ated for
the study period during mobile phase and sol ution sta-
bility experiments. The solution stability of therelated
substance method was established by analysing the
sample solution spiked with theimpuritiesin tightly
capped volumetricflask at room temperaturefor 2 days.
Content of Imp-D, Imp-E, Imp-F and Imp-G were
determined for every 6 hinterval up to the study pe-
riod. Mobile phase stability wasa so carried out for 2
dayshby injecting thefresnly prepared samplesolutions
for 6 hinterva. Contentsof Imp-D, Imp-E, Imp-Fand
Imp-G were checked in the test solutions. The pre-
pared mobile phase was kept constant during the study

period.
RESULTSAND DISCUSSION

Development of optimized stability-indicating
methods

The system suitability parametersin Zorbax XDB
C18 column®! weregood when compared to the other
reported methodswith C-18 columns(234567891011,12.13]
But by changing the column to Zorbax BonusRPwhich
ishaving tripleend capping, the peak width, USPtail-
ing factor and theoretica plat countsweretill improved
significantly. Trifluoroacetic acid used hereasnot only
avolatile buffer, but it acts as very good additive or
modifier. Duringtheinitia runsthelinear gradient ends
with more% of mobile phase-B asausua practiceto
elutethenon polar impuritieswithin short runtime. But
it ledtotheresolution of closeduting dkainedegrada
tionimpurity at around 2.0. Considering thelong term
QC runsto get baseto base separation of closeduting
impurity, the gradient program was optimized and the
resol ution wasachieved >3.5.

Hnalytical CHEMISTRY o

The results of forced degradation studies were
shown that there was no degradation in the acid hy-
drolysis, therma and photol ytic stressed conditionsas
per ICH. Thepesk purity of stressed sampleindl above
conditionswerechecked usng DAD after 10days. The
peak homogeneity in LCM Swas checked and it was
proved that no additiona massnumber werethereun-
der the peak of Pioglitazone other than pioglitazone
mass. The base hydrolysis shows significant degrada-
tion and number of unknown peaksformed during the
stress period. Major degradant formedinthe RRT of
1.05intherange of 10% a/a. Apart from that 4 more
significant impuritiesformedintheleve of 1-3%a/a.
The peak purity in DAD and homogeneity inLCM S
were confirmed that therewere noimpuritiesunder the
peak of Pioglitazone. Mild degradation observed in
oxidativestressstudy and asmall impurity et RRT 1.44
wasraised inthelevel of 0.25% aa (TABLE1). The
peak purity in DAD and homogeneity inLCM Swere
confirmed that therewere noimpuritiesunder the peak
of Pioglitazonein the oxidativeforced degradation.

Validation of the developed stability-indicating
methods

TABLE 1: Summary of forced degradation results
Purity of

Stress . pioglitazone Area% of
.. Duration maj or Remarks
condition after degr adant
degradation
No
Acid degradation
hydrolysis 10 days 99.9 products
formed
Major
degradant
formed at the
hyg'r"z‘f;gs 48h 79.9 97  tailingof
Pioglitazone
peak at the
RRT of 1.05
Mild
Oxidation 10days 99.5 0.25 degradation
observed
No
Therma degradation
(60 °C) 10 days 99.9 products
formed
No
Photolytic degradation
asper ICH 11 days 9.9 products
formed
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TABLE 2: System suitability results

_ . . No. of
Capacity Resoluti USP tailing theor etical
Compound factor on factor
T plates
(n=3) (N) tangent
1)
(k (Rs) (T) method
Pioglitazone 4.3 11 89155
Imp-F 4.9 7.9 0.9 46689
Imp-G 5.6 7.3 1.1 100065

TABLE 3: Resultsof LOD and L OQ concentrations
LOD concentration L OQ concentration

Compound

In ng/ml In ng/ml
Imp-D 43 128
Imp-E 35 93
Pioglitazone 22 58
Imp-F 23 61
Imp-G 31 85

TABLE 4 : Results of accuracy for related substances

Recovered

Level Spiked quantity ..~ Recovery
Compound "oy " y/mi) (n=3) q(‘;‘;‘mlt)y in%
0.075 175.3 169.5 96.7
Imp-D  0.150 350.6 333.8 95.2
0.225 525.9 523.3 99.5
0.075 1735 1775 102.3
Imp-E  0.150 347.0 335.1 96.6
0.225 520.5 513.2 98.6
0.075 168.7 170.7 101.2
Imp-F  0.150 337.4 349.3 103.5
0.225 506.1 527.9 104.3
0.075 172.65 169.0 97.9
Imp-G 0.150 345.3 334.3 96.8
0.225 517.95 498.8 96.3
TABLE 5: Results of accuracy for assay
Compound Level Spiked quantity Res:gxﬁrted Recovery
P %)  (gmh)@=3) TR ind%
50 24.3 24.1 99.2
Pioglitazone 100 48.6 48.5 99.8
150 72.9 73.8 101.3

Themethod wasvalidated for parameterssuch as
linearity, precision, accuracy, specificity and robustness.
Theresultsof system suitability test performed for each
parameter wasquit well. Theaveragesof theresult was
tabulated. (TABLE 2)

1. Precision

The% RSD of area% of impuritiesin related sub-
stance method precision study werewithin 3.2% and
the% RSD of assay results obtained in assay method
precison study waswithin 1.0%. The%o RSD of ares%
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of impuritieswasbe ow 4.5%intheintermediate pre-
cision representing good precision of the devel oped
method. The2 RSD of assay resultsobtained ininter-
mediate precision study was a so below 0.9%.

2. Limit of detection (L OD) and limit of quantifi-
cation (LOQ)

Thelimit of detection (LOD) and limit of quantifi-
cation (LOQ) for impuritieswereranging from 22to
128ng/ml for 10ul injection volume(TABLE 3). The
method precisionfor theimpuritiesat LOQ level was
below 8.7% RSD.

3.Linearity

Linear cdlibration plot for related substance method
was obtained over the calibration rangestested, i.e.
LOQto 0.3% for eachimpuritieswith correlation co-
efficient greater than 0.999. Linearity waschecked for
related substance method over the same concentration
rangefor three consecutive days. TheY-Intercept value
of each impurity is less than 3.2% of responses at
0.15% level isindicating that the plot isgoing amost
through the originwhich will minimisetheerror inre-
covery calculation. Theresultsshowsthat an excel lent
correlation existed between the peak areaand concen-
tration of impurities.

Linear calibration plot for assay method was ob-
tained over the calibration rangestested, i.e. 25 pug/ml
to 75ug/ml for pioglitazone hydrochloride; the corre-
sponding linear regression equation wasy = 7.6633x +
583.06 with correlation coefficient greater than 0.999.
Theresultsshowsthat an excellent correlation existed
between the peak area and concentration of
Pioglitazonehydrochloride.

4. Accuracy

Thepercentagerecovery of impuritiesinbulk drugs
sampleswereranged from 95.2t0 104.3 (TABLE 4).
The percentage recovery of pioglitazone hydrochloride
in bulk drug sampleswereranged from 99.2to0 101.3
(TABLED).

5. Robustness

Indl thedeliberate varied chromatographic condi-
tions (flow rate, gradient program, column tempera-
ture) theresol ution between pioglitazoneandthecl osdy
eluting impurity during theforced degradationinNaOH

—— a%a['yttaa[’ CHEMISTRY
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2-(5-Ethyl-pyridine-2-yl)- 2-(5-Ethyl-2- pyrldyl)ethanol 5- (4 Hydroxy benzilidene)- 2,4-Thiazolindione

propanelp:\% diol 24-th|azoI|d|nd|one
Imp-

4-[2-(5-Ethyl-2- (Z) -5-(4-(2-(5-ethylpyridin-2-yl)ethoxy)
Pyridyl)ethoxy]benzaldenyde benzylidene)thiazolidine-2,4-dione 5-[4-
2-(5-Ethyl-2-pyridyl)ethoxy]-benzilidin-

2,4-thiazolidinone
Imp-E Imp-F Imp-G
Figure1: Chemical structuresof impuritiesof pioglitazone hydrochloride

A validated specific stability-indicating RP-HPLC ACAIJ, 7(4) January 2008

ImpB Imp-D

5 (4 Hydroxy benzyl)-
2,4-thiazolidindione

—a i I Faglars. Toared mormd

I 18 T T

)

I

LY

Figure5: : Chromatogram of stressed samplein photolytic

E S iy oy condition
P e
i i g e et
I T I I 1 I I =l H
Figure2: Chromatogram of blank and system suitability
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Abundance vs. Mass-to-Charge (m/z)
Figure 6: Chromatogram of stressed sample by acid
hydrolysisand peak homogeneity by LCM S

Figure4: Chromatogram of stressed samplein temper a-
ture

wasgreater than 3.2, illustrating the robustness of the
method.

6. Solution stability and mobile phase stability
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Thesolution stability and mobile phasestability ex-
periments data confirmsthat Pioglitazone hydrochlo-
ride sampl e sol utions and mobile phase used during
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Figure7: Chromatogram of stressed sampleby oxidation
condition and peak homogeneity by LCM S
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Figure8: Chromatogram of stressed sampleby basehy-
drolysisand peak homogeneity by LCM S

assay and rel ated substance determination were stable
for at |east 48h.

CONCLUSION

Validated LCM S compatible and rapid stability-
indicating HPL.C methodswasdeve oped for Pioglitazone
hydrochl oride after subjecting the drug to | CH-recom-
mended stress conditions. The method wasvalidated

—= Fyl] Paper

for linearity, precision and accuracy inthe studied con-
centration range quantitatively. Themethodswerefound
to be ‘specific’ to the drug as the peaks of the degrada-
tion productsaswell asthe processrelated impurities
did not interferewith the drug pesks. Theabovemethod
can beusedinthequality control |aboratory during the
testing and release of Pioglitazone hydrochloride bulk
samples. Theabovevalidated method can be conve-
niently used for assess ng the storage stahility of bulk
samples.
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