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ABSTRACT

Two simple, selective, rapid, accurate, precise and cost-effective spectro-
photometric methods for the determination of Pioglitazone Hydrochloride
(PIO) in bulk drug and in tablets have been developed and validated. First
method (method A) is based on the measurement of absorbance of PIO in
methanol: 0.1M HCI: water (1:3:1) by cosolvancy technique at 269.2 nm.
The second method (method B) is based on the measurement of absor-
bance of bluish green coloured chromogen complex at 765 nm which is
formed by reaction of PIO with ferric chloride and potassium ferricyanide
(redox technique). Beer’s law was obeyed over the ranges 10-45, 50-350
pg/mL for method A and method B respectively. The limit of detection
(LOD), limit of quantification (LOQ) and sandell’s sensitivity values are
reported. All the methods were validated in accordance with ICH guide-
lines. The results of the analysis have been validated statistically. The
methods have been successfully applied in the analysis of marketed for-
mulations. No significant interference was observed from the excipients
commonly used as pharmaceutical aids with the assay procedure.
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Pioglitazone Hydrochloride (PIO) belongsto the
classof thiazolidinediones. Chemicallyitis(£)-5-[p-
[2-(5-ethyl-2-pyridyl) ethoxy] benzyl]-2, 4-
thiazolidinedionemonohydrochloride”. PlOisapotent
and highly selective agonist for the peroxisome
proliferator activated receptor-gamma (PPAR). It
improvesinsulinresponseto target cellswithincreasng
the pancreatic secretion of insulin. Literature survey
revedled HPLC*57 HPTLC®, Colorimetricd® and UV
methodsin bulk drug and pharmaceutical dosageforms.

The chromatographi ¢ techniqueswerethemost widely
used. Although, the procedures are specific, most of
the described methods aretime consuming. Ontheother
hand, the reported spectrophotometric methods suffer
from one or the other disadvantage such as poor
sengitivity, scrupulouscontrol of experimentd variables
and specid equipment.

The present study reports the development,
vaidation and estimation of PIO pureformanditssolid
dosageforms. The devel oped methodswerefound to
posses severd advantagesintermsof sengitivity, speed
and cost-effectiveness compared to the reported
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spectrophotometric methods.

EXPERIMENTAL

I nstr ument

Double-beam  Shimadzu UV-Visible
Spectrophotometer 1800, with spectral bandwidth of
1.0 nm, wavelength accuracy + 0.1 nm and a pair of
1cm path length matched quartz cells were used to
measure absorbance of the resulting sol ution.

Materials

Standard gift sampleof PioglitazoneHydrochloride
was provided by

M/s. Aarti Drugs Ltd., Mumbai, India. The
pharmaceutical dosage forms (tablets) - Pioglar-
Ranbaxy (30 mg), PATH — Lupin (30 mg), were
purchased from loca market.

Reagentsand solutions

All the chemicalsused were of analytical reagent
grade. Ditilled water was used throughout the study.

(&) Hydrochloricacid (0.1 M)

Prepared by successive dilutions of appropriate
volume of concentrated acid (SD Fine Chemicals,
Mumbai, India) inwater.

(b) Hydrochloricacid (1M)

Prepared by successive dilutions of appropriate
volume of concentrated acid (SD Fine Chemicals,
Mumbai, India) inwater.

(c) Potassium ferricyanide (0.3%)

Potassium ferricyanide (0.3%) was prepared by
dissolving 0.3gmsof potassum ferricyanidein 100 ml
of water.

(d) Ferricchloride(3%)

Ferric chloride (3%) was prepared by dissolving 3
gmsof ferric chloridein 200 ml of water.
General procedures

(@) Method A

10 mg of PIO pure drug was accurately weighed
and dissolvedinminimumquantity of methanol: 0.IMHCI:
water (1:3:1) and diluted to 20 ml withsamesolvent. 1.0
ml of thissolution wasagain diluted to 10 ml with the
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samesolvent. Suitableaiquotsof thestandard solution
of PIO (1.0 - 4.5 ml) weretaken in 10 ml volumetric
flasks. The volumewasthen made upto themark with
methanol:0.1IMHCl:water (1:3:1) to prepareaseriesof
Sandard solutionscontaining 10 - 45 ng/ml. Absorbance
was measured at 269.2 nm against blank Figure 1.
Linearity was checked, theconcentrationsranging from
10- 45 pg/ml obeys Beer’s law@ Figure 2.
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Figurel: Absorption spectraof PIO in methanal: 0.1M HCI:
water (1:3:1)
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Figure 2 : Calibration curve (Linearity) of pioglitazone
hydrochloridein methanol: 0.INHCI: water (1:3:1) at 269.2
nm

(b) Method B

10 mg of PIO puredrug was accurately weighed
and dissol ved in minimum quantity of methanol and
diluted to 10 ml with samesolvent. 1.0ml of thissolution
wasagaindilutedto 10 ml with thesamesolvent. Suitable
aliquots of the standard solution of PIO (0.5-3.5ml)
were taken in 10 ml volumetric flasks and to these
solutions 3% ferric chloride (0.5 ml), 0.3% potassium
ferricyanide (0.5ml) and 1M hydrochloricacid (0.5
ml) were added. The volumewasthen made upto the
mark with water to prepareaseriesof sandard solutions
containing 50-350 pg/ml. Absorbance was measured
at 765nm againg blank Figure 3. Linearity was checked,
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the concentrationsranging from 50-350 pg/ml obeys
Beer’s law, Figure 4.
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Figure3: Absorption spectraof'PIO in 3% ferricchloride,
0.3% potassum ferricyanideand 1M hydrochloricacid
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Figure 4 : Calibration curve (Linearity) of pioglitazone
hydrochlorideat 667 nm with potassumferricyanide

In both the methods, calibration curves were
prepared and the concentration of theunknownwasread
fromthecdibration graph or computed from therespective
regression equation derived using Beer’s law data.

Procedurefor estimation of PIO in tablets

(@) Method A

Twenty tablets (of same respective batch number)
of two pharmaceutical companies Pioglar (Ranbaxy),
PATH (Lupin) wereaccuratel y weighed and powdered.
WEeight of powdered tabletsequiva ent to 10 mg of drug
wastakeninfew ml of methanol:0.IMHC|:weter (1:3:1)
and vigoroudy shaken for 10 minutes, filtered through
whatmann filter paper No.41 and madeupto10ml. 1
ml of the above solution was diluted to 10 ml with
methanol: 0.1IMHCI: water (1:3:1).
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3.0 ml of above solution wastransferred into a
seriesof 10 ml volumetric flasksand thefinal volume
was brought to 10 ml with methanol: 0.1IMHCI: water
(1:3:1). The absorbance was measured at 269.2 nm
against methanol: 0.1MHCI: water (1:3:1) asblank
and theamount of PIO present inthe sample solution
was cd culated. Theexperiment wasrepesated Sx times
for each brand of tablets. Drug content in each brand
of tablet was calculated and theresultsare givenin
TABLE 1.

(b) Method B

Thequantity equivdent to 10mgof activeingredient
was dissol ved in methanol and the volumewas made
upto 10 ml to get astock solution. Subsequent dilutions
of thissolution weremade, to it aqueoussol ution of 3%
ferricchloride (0.5ml), 0.3% potassium ferricyanidein
distilled water (0.5 ml) and 1M hydrochloric acid (0.5
ml) were added. The solutionswere kept asidefor 10
minutes and stirred occasionally. The solutionswere
made upto the mark with distilled water and the
absorbance of the bluish green col oured chromogen
was measured at 765 nm against the corresponding
reagent blank. Drug content in each brand of tablet was
calculated and theresultsaregivenin TABLE 1.

TABLE 1: Resultsof analysisof PIO tablet formulations

Label % Label claim
Method Tablet claim per estimated %
formulation tablet (mean + standard RSD
(mg) deviation)*

A | 0 99.18+0.1803 0.181
I 0 99.73+0.1479 0.148
5 | 0 99.96 + 0.2902 0.2901
1 0 101.26+ 1.5885 1.5687

* Aver age of six determinations; %RSD = percentage relative
standard deviation

The content of PIO in method A and method B
was cd culated by using the below formula
Content of PioglitazoneHydrochloridein averageweight of
eachtablet =

Aver age weight
of tablet

Test absor bance N Standard dilution N
Standar d absorbance Test dilution

METHOD VALIDATION®

Accuracy
Accuracy of the methods was determined by
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recovery experiments. Totheformulation, thereference
standard of therespectivedrug wasadded at thelevel
of 80,100,120% to theformulation and further diluted
by procedure as followed in the estimation of
formulation. The concentration of the drug presentin
the resulting sample sol ution was determined by using
assay method TABLE 2.

Precison

Theassaysdescribed under generd procedureswere
repeated six times within the day to determine the
repestability (intraday precison) andsix timesondifferent
daysto determinetheintermediate precision (interday
precision) of themethods. Theresultsof thisstudy were
summarizedinTABLE 3.

TABLE 2: Resultsof accuracy (Recovery) studies

Method A M ethod B
Tablets % ;:vel Amount of PIO pure % % Amou_nt of the PIO % %
Used thedrugin drug added recovery oo« drugintablet Puredrug recovery oo«
recovery tablet Powder (mg) (mg) estimated powder (mg) added (mg) estimated

80 30 24 100.11 0.63 15 12 100.33 0.50

|
(Pioglar) 100 30 30 100.01 0.34 15 15 100.03 0.43
120 30 36 100.09 0.58 15 18 100.21 0.87
80 30 24 100.11 0.94 15 12 99.88 0.56

1]
(PATH) 100 30 30 100.18 0.16 15 15 99.93 0.46
120 30 36 100.12 0.11 15 18 99.93 0.09

* Average of six determinations; %RSD = percentage relative standard deviation

TABLE 3: Resultsof precision

Method A
Intra-day Precision Inter-day Precision
Concentration (n=6) (n=6)
(ng/ml) Amount Amount
Found SD %RSD* found SD % RSD*
(ng/ml) (ng/ml)
10 1092 0.138 1.263 10.83 0.028 0.258
20 20.33 0.05 0.245 2040 0.023 0.112
30 30.60 0.051 0.166 30.64 0.057 0.186
Method B
Intraday Precision Inter-day Precision
. (n=6) (n=6)
Con(czr;:rrlle;non Amount Amount
n found SD %RSD* found SD %RSD*
(ng/ml) (ng/ml)
100 101.47 0.849 0.836 101.22 0.856 0.845
200 201.10 2.225 1.106 201.10 0.555 0.275
300 301.17 0.453 0.150 300.89 0.320 0.106

n = number of measurements; SD = standard deviation; % RSD
= percentage relative standard deviation; *Average of six
determinations

Linearity

From the standard stock solutions, suitably mixed
standard solutionswere prepared. The solutionswere
examined by theassay procedure. Thecdibration curves
were plotted using concentration Vs absorbance of the

standard sol ution. Thed opeand correlation coefficient
vaueswere ca culated. The corrd ation coefficient of

PIOin method A and method B werefound to be0.999
at 269.2nm and 765nm respectively. Thecalibration
curvewas plotted using concentration Vs absorbance
of thestandard solution. The calibration graph showed
that alinear response was obtained over the range of
concentrationsusedin theassay procedure. Thesedata
clearly demonstratesthat the devel oped method has
adequate sensitivity to the concentration of theandytes
inthesample.

Limit of Detection (L OD) and Limit of Quantification
(LOQ)

The LOD and LOQ were separately determined
and reported, based onthecdibration curve of sandard
solution. Thereativestandard deviation of theregresson
line or the standard deviation of y — intercepts of
regression lines may be used to calculate LOD and
LOQ. TheLOD and LOQ of the developed methods
were determined by analyzing progressively low
concentration of the standard solutions using the
developed methods. The LOD is the lowest
concentration of the analyte that givesameasurable
response (signa to noiseratio of 3.3). TheLOQ isthe
lowest concentration of the analyte, which gives
responsethat can be accurately quantified (signal to
noise ratio of 10). The values were summarized in
TABLEA4.
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TABLE 4: Resultsof optical characteristics

Parameter Method A Method B
Mrrex 269.2nm 765nm
Beer'slaw limit (ug/ml) 10-45 50-350
Regression equation (Y) 0.021x +0.014 0.025x+0.006
Slope (m) 0.021 0.025
Intercept (C) 0.014 0.006
Correlation coefficient (r?) 0.999 0.999
Limit of Detection (ug/ml) 0.3259 0.9166
Limit of Quantification (ug/ml) 0.9876 27777

Molar absorptivity (mol/lit‘cm)  0.9591x 10*  0.9677x10*

Sanddll’s sensitivity
(ug/ml 0.001 abs unit) 0.046128 0.5466

RESULTSAND DISSCUSION

Thesolubility of PIO wasdeterminedin avariety
of solventsusing Schefter and Higuchi method. The
proposed methods are simple and precise and do not
auffer from any interference dueto common excipients
of tablets. Methodswerevaidated intermsof accuracy,
precision, LOD, LOQ and linearity. The accuracy of
the methods were proved by performing recovery
studiesinthe commercially available formulations.
Vaues greater than 99 % indicate that proposed
methodsareaccuratefor theandysisof drug. Theresults
for raw material and formulations in the proposed
methodswerefound to be satisfactory. Inan over view
theresultsindicatethat the methods are preciseenough
for theanaysisof thedrug.

Method A

PIO is insoluble in water hence cosolvancy
technique has been employed. Inthistechnique, water
insolubl e drugs can be made sol uble by combining two
(or) more solvents. Stability has been maintained by
addingan acid.

Method B

PIO exhibitsreducing property dueto the presence
of functional moieties (one or more) vulnerable to
oxidation sdectively with oxidizing agentssuch asferric
chloride. Under controlled experimenta conditionswhen
treated with known excess of oxidant, PIO undergoes
oxidation, giving products of oxidation (inclusive of
reduced form of oxidant Fe (I) from Fe(l11)) besides
unreacted oxidant. It is possible to estimate the drug
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content colorimetricaly, whichisequivaent to either
reduced oxidant or reduced form of oxidant formed.
Thereducedformof Fe(ll1) i.e.,, Fe(Il) hasatendency
to give ablue green coloured complex on treatment
with potass um ferricyanide. The absorbanceof bluish
green coloured complex formed was measured at 765
nm agai nst the corresponding reagent blank.
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