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RESEARCH ARTICLE

Electrochemical Evaluation of Pioglitazone HCl and its 
Determination in Pharmaceutical Dosage Forms
Summary

Electrochemical Evaluation of Pioglitazone HCl and its 
Determination in Pharmaceutical Dosage Forms

The voltammetric behavior of Pioglitazone was studied using 
cyclic, linear sweep, differential pulse (DPV) and square wave 
voltammetric (SWV) techniques. The oxidation of Pioglitazone 
was irreversible and exhibited a diffusion-controlled process 
dependent on pH. The dependence of peak current and potentials 
on pH, concentration, scan rate, and nature of the buffer was 
investigated. Different parameters were tested to optimize the 
conditions for the determination of Pioglitazone. According to 
the linear relation between the peak current and the concentration, 
DPV and SWV methods for its quantitative determination in 
pharmaceutical dosage forms were developed. The optimum 
conditions for analytical applications were obtained. Using 
optimized DPV and SWV techniques, the current was linear 
within a concentration range of  6x10-6 M and 2x10-4 M with 
a detection limit of 1.66x10-6 M and 1.12x10-6M, respectively, 
in pH 3.16 phosphate buffer. The repeatability, reproducibility, 
precision and accuracy of the methods were also investigated. 
These methods were utilized for the determination of Pioglitazone 
in tablets.  No electroactive interferences from the excipients were 
found in the pharmaceutical dosage forms. The results obtained 
from tablet dosage forms were compared with each other and 
found in a good agreement between DPV and SWV techniques.
Key Words: Pioglitazone, voltammetry, oxidation, pharmaceutical 
analysis, validation.
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INTRODUCTION

Pioglitazone HCl (Pioglitazone) is an oral antidiabetic 

agent that acts primarily by decreasing insulin resis-

tance. Pioglitazone tablets are a clinically proven, 

once-a-day medicine that belongs to a class of pre-

scription oral diabetes drugs called thiazolidinediones, 

also known as insulin sensitizers. They are used in 

the management of type 2 diabetes mellitus. Along 

with diet and exercise, Pioglitazone helps lower blood 

glucose levels1-3.

Pharmacological studies indicate that Pioglitazone 

improves sensitivity to insulin in muscle and adipose 

tissue and inhibits hepatic gluconeogenesis. Pioglita-

*
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zone improves glycemic control while reducing cir-

culating insulin levels1-3.

Pioglitazone HCl [ (±)- 5- [ [ 4 - [2 - (5- ethyl- 2- 

pyridinyl ) ethoxy ] phenyl ] methyl ]-2, 4-] thiazo-

lidinedione monohydrochloride, a member of the 

drug group known as the thiazolidinediones or insulin 

sensitizers, is not chemically or functionally related 

to the alpha-glucosidase inhibitors, the biguanides, 

or the sulfonylureas1-3. Pioglitazone targets insulin 

resistance and, hence, is used alone or in combination 

with insulin, metformin, or sulfonylureas as an an-

tidiabetic agent1-3.

Pioglitazone has been studied and determined as a 

single compound by a few procedures such as 

spectrophotometry4,5, high performance liquid chro-

matography (HPLC) methods with UV detection6-10, 

micellar electrokinetic chromatography (MEKC)10, 

high-performance liquid chromatography mass spec-

trometry (LC-MS-MS)11,12 and high performance 

thin layer chromatography (HPTLC)13  methods. Due 

to the widespread use of this compound, fast and 

sensitive analytical techniques are required to assay 

the presence of the drug in pharmaceutical dosage 

forms. The published methods are time-consuming 

and contain complicated extraction, evaporation or 

separation procedures. There is also no written infor-

mation concerning the electrochemical (EC) oxidation 

behavior or analytical assay from pharmaceuticals 

using voltammetric techniques. Consequently, quan-

titative determination of this drug using EC technique 

is a non-explored matter to date except for the oscil-

lopolarographic method14. 

Electroanalytical methods have proved to be useful 

for the development of very sensitive and selective 

methods for the determination of organic molecules, 

including drugs and related molecules15-19. Another 

application of EC is the determination of electrode 

mechanisms. Due to the existing resemblance between 

EC and biological reactions, it can be assumed that 

the oxidation/reduction mechanisms taking place at 

the electrode and in the body shar e similar principles. 

Biologically important molecules can be investigated 

electroanalytically in order to determine the molecule 

in different ways. Redox properties of organic mole-

cules can give insights into their metabolic fate or 

their in vivo redox processes or pharmacological 

activity20.

The goal of this study was to develop a new, fully 

validated, rapid and selective voltammetric method 

for the simple and direct determination of Pioglitazone 

in raw materials and pharmaceutical dosage forms 

without any time-consuming extraction or separation 

steps prior to drug assay. This work was directed to 

study the voltammetric behavior of Pioglitazone, 

owing to the high sensitivity and simplicity of the 

voltammetric techniques and lack of literature data 

on the EC behavior of Pioglitazone. This study will 

also establish the experimental conditions to investi-

gate the voltammetric behavior of Pioglitazone using 

cyclic, linear sweep, differential pulse (DPV) and 

square wave voltammetric (SWV) techniques. The 

proposed methods might be alternatives to the HPLC 

techniques in therapeutic drug monitoring, and the 

experimental data might be used for the development 

HPLC-EC method.

2. EXPERIMENTAL

2.1. Apparatus

All voltammetric measurements at glassy carbon 

electrode were performed using a BAS 100 W (Bioan-

alytical System, USA) EC analyzer. A glassy carbon 

working electrode (BAS; 3mm diameter), an Ag/AgCl 

reference electrode (BAS; 3M KCl), platinum wire 

counter electrode, and a standard one-compartment 

three-electrode cell of 10 ml capacity were used in 

the experiments. 

The glassy carbon electrode was polished manually 

with aqueous slurry of alumina powder (Ø: 0.01µm) 

on a damp smooth polishing cloth (BAS velvet pol-

ishing pad) before each measurement. All measure-

Scheme 1: The chemical structure of Pioglitazone HCl.



135

FABAD J. Pharm. Sci., 31, 133-141, 2006

ments were realized at room temperature.

The pH was measured using a pH meter Model 538 

(WTW, Austria) using a combined electrode (glass 

electrode – reference electrode) with an accuracy of  

± 0.05 pH.

Operating conditions for SWV were: pulse amplitude, 

25 mV; frequency, 15 Hz; potential step: 4 mV; and 

for DPV were: pulse amplitude, 50 mV; pulse width 

50 ms; scan rate, 20 mVs-1.

2.2. Reagents

Pioglitazone and its pharmaceutical tablet dosage 

form were kindly provided by Bilim Pharm. Comp. 

(Istanbul, Turkey). All chemicals for preparation of 

buffers and supporting electrolytes such as H2SO4, 

H3PO4, NaH2PO4, Na2HPO4, CH3COOH, NaOH 

were of reagent grade (Merck or Sigma).

Stock solutions of Pioglitazone (1x10–3 M) were pre-

pared in methanol and kept in the dark in refrigerator. 

Four different types of supporting electrolytes were 

used in this study. Working solutions under voltam-

metric investigation were prepared by dilution of the 

stock solution and contained 20% methanol. 0.1 M 

H2SO4, 0.2 M phosphate buffer at pH 1.60-7.74, 0.04 

M Britton-Robinson buffer at pH 2.00-10.0, and 0.2 

M acetate buffer at pH 3.60-5.51 were used for sup-

porting electrolyte. Standard solutions were prepared 

by dilution of the stock solution with selected sup-

porting electrolyte to give solutions containing Piogl-

itazone in the concentration range of 6x10–6 to      

2x10-4M. The calibration equation for DPV and SWV 

was constructed by plotting the peak current against 

Pioglitazone concentration. 

2.3. Validation of the methods

The ruggedness and precision were checked on the 

same day (n=5) and three different days (n=5) over 

a week. The precision, accuracy and ruggedness of 

analytical methods are described in a quantitative 

fashion by the use of relative standard deviation 

(RSD%) and relative errors (Bias%). One example of 

relative error is the accuracy, which describes the 

deviation from the expected results.

All solutions were kept in the dark and were used 

within 24h to avoid decomposition. In any case, 

voltammograms of the sample solutions recorded 

one week after preparation did not show any appre-

ciable change in assay values.

2.4. Pharmaceutical dosage forms assay procedure

Ten tablets of Glifix® (each tablet containing 30 mg 

Pioglitazone) were accurately weighed and finely 

powdered by pestle in a mortar. An adequate amount 

of this powder, corresponding to a stock solution of 

1x10–3 M concentration, was weighed, transferred 

into a 50 ml-calibrated flask, and completed to the 

volume with methanol. The contents of the flask were 

sonicated for 10 min to achieve complete dissolution. 

Analyzed solutions were prepared by taking aliquots 

of the clear supernatant and diluting it with the 

selected supporting electrolyte to provide a constant 

amount of methanol as 20% in the final solution. 

This solution was then transferred to a voltammetric 

cell.  Next, DP and SW voltammograms were record-

ed. The drug content in one tablet was determined 

referring to the related regression equations. 

2.5. Recovery studies

Since other components of the matrix of tablet dosage 

form may interfere with the analysis or accurate 

quantitation of the analyte, potential effects from 

matrix components must be investigated. If the pro-

posed method is used to measure an analyte in a 

complex sample matrix (e.g., a pharmaceutical for-

mulation), a standard addition recovery method can 

be used. Recovery experiments are performed in the 

presence of the matrix21,22.  To study the accuracy 

and reproducibility and to check the interference of 

the excipients used in the formulations, recovery 

experiments were carried out using the standard 

addition method. For this, known amounts of the 

pur e Pioglitazone were added to the pre-analyzed 

tablet dosage form. The mixtures were analyzed by
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both proposed techniques. The recovery results were 

obtained after five repeated experiments for both 

techniques.

3. RESULTS and DISCUSSION

Pioglitazone appears to be an electroactive drug. No 

previous EC data were available concerning the solid 

electrode behavior of Pioglitazone. To demonstrate 

the usefulness of a solid electrode for the determina-

tion of Pioglitazone, which may offer advantages for 

the use of such electrodes as sensors, the EC behavior 

of Pioglitazone on a glassy carbon electrode was 

investigated in this study. Several measurements with 

different EC techniques (cyclic, linear sweep, DPV, 

SWV) were performed using various supporting 

electrolytes and buffers in order to obtain this infor-

mation. 

The cyclic, linear sweep, DPV and SWV behavior of 

1x10-4 M Pioglitazone solutions were examined with 

varyi ng pH over a wide range of values from acidic 

(pH 1.5) to alkaline (pH 10.00). Different supporting 

electrolytes such as sulphuric acid, Britton-Robinson, 

phosphate and acetate buffer solutions were used. 

Cyclic voltammetric measurements show the irrevers-

ible nature of the oxidation processes at the glassy 

carbon electrode for Pioglitazone (Fig. 1). Pioglitazone 

gave one oxidation peak or wave depending on the 

pH. At low pH values, the response was a sharp peak. 

At higher pH values (> pH 6), the anodic oxidation 

peak or wave totally disappeared. 

The peak potential of the oxidation process moves to 

less positive potentials with increasing pH. Potential 

pH diagrams are a convenient way of summarizing 

acid-base equilibrium information about reactions 

that take place in a solution. The peak potentials vary 

from +1.45 V (pH 1.50) to +1.25 V (pH 5.51) for the 

oxidation process. The variations in peak intensity 

and peak potential with pH for 1x10-4 M Pioglitazone 

solution were studied with all techniques between 

pH 1.50 –5.51. Similar graphs were obtained with all 

methods. For this reason, only SWV data and graph 

are given (Fig. 2). The following equations show the 

linear relation existing between the peak potential 

and the pH (Fig. 2a):

Figure 1.	 Multi sweep cyclic voltammograms of 1x10-4 M 			
Pioglitazone solutions in phosphate buffer solution at 	
pH 3.16 (20% methanol) (Scan rate 100 mVs-1). The 		
numbers indicate the number of scan.
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Figure 2.	 Effect of pH on 1x10-4 M Pioglitazone solutions, peak 	
potential (a) and peak current (b); (o) 0.1 M H2SO4; 		
(°) Britton-Robinson; (∆) phosphate; and (◊) acetate 		
buffers.
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Ep (mV) = 1491.89 – 30.09 pH;      r = 0.840 (between 

pH 1.50 and 4.00)

Ep (mV) = 1825.92 – 104.36 pH;    r = 0.997 (between 

pH 4.00 and 5.51)

The peak potentials of the oxidation step are shifted 

to less positive potentials by increasing the pH until 

about 5.51 and then the peak or wave totally disap-

peared. The intersection point of the curve can be 

explained by changes in protonation of the acid-base 

function in the molecule. By analyzing the evolution 

of peak current (Fig. 2b), it is possible to conclude 

that this parameter is affected by the pH value and 

buffer type with a clear change at about pH 3.16 

phosphate buffer for the oxidation process. This value 

was selected for further work because it not only gave 

the highest peak current but also gave the best peak 

shape. This oxidation process was chosen as indicative 

of the greatest analytical interest. 

The effect of the potential scan rate between 10 and 

1000 mVs-1 on the peak current and potential of 

Pioglitazone were evaluated. A 137 mV positive shift 

in the peak potential confirmed the irreversibility of 

the oxidation process. Scan rate studies were carried 

out to assess whether the processes at the glassy 

carbon electrode were under diffusion or adsorption 

control. When the scan rate was varied from 10 to 

1000 mVs-1 in 1x10-4 M solution of Pioglitazone, a 

linear dependence of the peak intensity ip (mA) upon 

the square root of the scan rate ν1/2 (mVs-1) was found, 

demonstrating a diffusional behavior. The equation 

below is in phosphate buffer, pH 3.16:

Ip (µA) = 0.376 ν1/2 (mVs-1) + 0.18

r = 0.999   (n=9)

A plot of logarithm of the peak current versus loga-

rithm of scan rate gave a straight line with a slope of 

0.539, close to the theoretical value of 0.5 that was 

expected for a process controlled by diffusion23. The 

equation obtained is:

log ip (mA) = 0.539 log ν  (mVs-1) – 0.537

r = 0.997 (n=9)

Even though the exact oxidation mechanism was not 

determined, some conclusions about the potentially 

electroactive centers under working conditions could 

be reached. Taking into account Pioglitazone at glassy 

carbon electrode, we suggest that the anodic reaction 

could be attributed to the oxidation of the nitrogen 

atom on the pyridinyl moiety in the molecule.

3.1. Analytical applications

3.1.1. Validation of the procedure

Once the most ideal and suitable chemical conditions 

and instrumental parameters for the voltammetric 

determination were established, a calibration plot for 

the analyzed drug was recorded to estimate the ana-

lytical characteristics of the developed method. In 

order to develop a voltammetric methodology for 

determining the drug, we selected the DPV and SWV 

mode. DPV and SWV are effective and rapid elec-

troanalytical techniques with well-established advan-

tages, including good discrimination against back-

ground currents and low detection limits (LOD)15,16. 

The advantages of SWV are greater speed of analysis, 

lower consumption of electroactive species in relation 

to the other electroanalytical techniques, and reduced 

problems with blocking of the electrode surface. SWV 

showed similar results with other techniques.

Various electrolytes, such as sulphuric acid, Britton-

Robinson, acetate and phosphate buffer were exam-

ined. The best results with respect to signal enhance-

ment and peak shape accompanied by sharper re-

sponse were obtained with phosphate buffer at pH 

3.16. This supporting electrolyte was chosen for the 

subsequent experiments. In order to develop a volta-

mmetric procedure for determination of the drug, we 

selected the DPV and SWV techniques, since the peaks 

were sharper and better-defined at lower concentra-

tion of Pioglitazone than those obtained by cyclic and 

linear sweep voltammetry, with a lower background 

current, resulting in improved resolution. In this 

study, SWV was proposed as an alternative method, 

since applying the wave form allowed a very rapid 

determination. Both the peak height and the peak 

shape were taken into consideration for choosing the 

supporting electrolyte. The results showed that phos-

phate buffer solution at pH 3.16 gave the best back-

ground and signal response (Fig. 3a and b). DPV and
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SWV are effective and rapid electroanalytical tech-

niques with well-established advantages, including 

good discrimination against background currents and 

low LOD15-17. Calibration graphs from the standard 

solution of Pioglitazone according to the procedures 

described above were constructed using DPV and 

SWV. A linear relation in the concentration range 

between 6x10-6 and 2x10-4 M was found, indicating 

that the response was diffusion-controlled in this 

range. The correlation coefficient was always deter-

mined to be greater than 0.999 for both methods. The 

calibration characteristics and related validation pa-

rameters are given in Table 1. The LOD and quantifi-

cation limit (LOQ) of the procedures (Table 1) were 

calculated according to the 3s/m and 10s/m criterion, 

respectively, where s is the standard deviation of the 

peak currents (five runs) and m is the slope of related 

calibration graph21,22.

The low values of standard error SE of slope and 

intercept and greater than 0.999 correlation coefficient 

in nearly all media established the precision of the 

proposed method.

The stability of the reference substance and sample 

solutions was checked by analyzing prepared standard 

solution of Pioglitazone in supporting electrolyte 

aged at +4 ˚C in the dark against the freshly prepared 

sample. The results demonstrated that the working 

reference solutions were stable for at least up to 7 

days. The Pioglitazone response for the assay reference 

solutions over 7 days did not change considerably.

The developed methods were validated according to 

the standard procedures such as linearity and ranges, 

LOD and LOQ calculations, accuracy, precision, 

etc.21,22 and the results obtained are shown in Table 

1. The precision and reproducibility of the proposed 

method were assessed by performing replicate anal-

ysis of some selected standard solution concentrations 

in supporting electrolyte within calibration curves; 

the selected concentrations were prepared in all media 

and assayed with related calibration curves to deter-

mine within day (repeatability) and between day 

(reproducibility) variability. Good precision and re-

producibility were demonstrated, as shown in Table 

1.

3.1.2. Determination of Pioglitazone in tablet dosage 

forms

When working on standard solutions and according 

to the obtained validation parameters, results encour-

age the use of the proposed method described for the 

assay of Pioglitazone in tablet dosage forms. On the 

basis of the above results, both DPV and SWV meth-

ods were applied to the direct determination of Piogl-

itazone in tablet dosage forms after adequate dilutions, 

using the related calibration straight lines without 

any sample extraction or filtration steps. The results 

show that the proposed techniques were successfully 

applied for the assay of Pioglitazone in its tablet 

dosage forms (Table 2). The accuracy of the methods 

was determined by its recovery during spiked exper-

iments. Recovery studies were carried out after addi-

Figure 3.	 Differential pulse (a) and square wave (b) 			
voltammograms obtained for the determination of 		
Pioglitazone in phosphate buffer solution at pH 3.16 		
(20% methanol). 	
(B) Blank (supporting electrolyte); (1) 2x10-5 M; (2) 		
6x10-5 M; and (3) 1x10-4 M Pioglitazone.
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Table 2.	 Results from commercial tablet dosage	
forms and mean recoveries obtained for the	
determinations of Pioglitazone in spiked	
Glifix“ tablets

DPV

30.0

29.93±0.12

0.89

15.00

14.95±0.033

99.67±0.22

0.49

0.33

0.36

0.95

* Each value is the mean of five experiments.

DPV: Differential pulse voltammetry. SWV: Square wave voltammetry. 

RSD%: Relative standard deviation. Bias%: Relative errors.

SWV

30.0

29.85±0.08

0.60

15.00

15.07±0.063

100.48±0.42

0.94

-0.62

ttheoretical 2.31 (p:0.05)

Ftheoretical 2.60 (p:0.05)

Labeled claim (mg)

Amount found * (mg)

RSD%

Added (mg)

Found (mg)

Recovered *

RSD% of recovery

Bias%

tcalculated

Fcalculated

Table 1.	 Regression data of the calibration lines for	
quantitative determination of Pioglitazone	
in phosphate buffer solution at pH 3.16	
(20% methanol) using DPV and SWV

Working electrode potential (V)

(vs Ag / AgCl)

Linearity range (M)

Number of data points

Slope (µAM-1)

Intercept (µA)

Correlation coefficient

SE of slope

SE of intercept

LOD

LOQ

Repeatability of peak current

(RSD%)*

Reproducibility of peak current

 (RSD%)*

Repeatability of peak potential

(RSD%)*

Reproducibility of peak potential

 (RSD%)*

* Each value was obtained from 1x10-4 M Pioglitazone 

solutions (n=5).

DPV: Differential pulse voltammetry. SWV: Square wave voltammetry. 

LOD: Limit of detection. LOQ: Limit of quantification. 

RSD%: Relative standard deviation. SE: Standard Error.

DPV

1.32

6x10-6-2x10-4

9

1.78x104

0.0028

0.999

3.03x102

0.0252

1.66x10-6

5.54x10-6

1.82

2.01

0.17

0.25

SWV

1.35

6x10-6-2x10-4

9

2.12x104

0.103

0.999

2.52x102

0.021

1.12x10-6

3.74x10-6

1.74

1.98

0.16

0.30

tion of known amounts of the pure drug to various 

pre-analyzed formulations of Pioglitazone. Recovery 

experiments using the developed assay procedure 

further indicated the absence of interference from 

commonly encountered pharmaceutical excipients 

used in the selected formulations (Table 2). There is 

no official method in any pharmacopoeias (e.g. United 

States, British or European) related to pharmaceutical 

dosage forms of Pioglitazone. To prove the absence 

of interferences by excipients, recovery studies were 

carried out. The results demonstrate the validity of 

the proposed method for the determination of Piogl-

itazone in tablets. These results reveal that both meth-

ods had adequate precision and accuracy and conse-

quently can be applied to the determination of 

Pioglitazone in pharmaceuticals without any interfer-

ence from the excipients. 

Table 2 also compares the results of the analysis of 

Pioglitazone between the two proposed electroana-

lytical methods. Both methods showed similar accu-

racy and precision. According to the Student’s t- and 

F test, the calculated t and F values did not exceed 

the theoretical value for a significance level of 0.05. 

Statistical analysis of the results showed no significant 

difference between the performances of the proposed 

methods with regard to simplicity. 

4. CONCLUSION

The EC behavior of Pioglitazone on glassy carbon 

electrode was established and studied for the first 

time. Pioglitazone is irreversibly oxidized at high 

positive potentials. Two voltammetric techniques 

have been developed for the determination of Piogl-

itazone in pharmaceutical formulations. The results 

obtained show the above-described methods are 

useful not only for Pioglitazone determination in 

conventional electrolytes, but also in more complex 

matrices such as dosage forms. The principal advan-

tages of DPV and SWV techniques over the other 

techniques are that they may be applied directly to 

the analysis of pharmaceutical dosage forms without 

the need for separation or complex sample preparation 

since there was no interference from the excipients. 

These methods are rapid, requiring less than 5 min
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to run sample. The proposed DPV and SWV tech-

niques for the determination of Pioglitazone in phar-

maceutical dosage forms was found to be simple, 

selective, rapid, less expensive and fully validated. 

Consequently, the above-presented techniques are 

good analytical alternatives for determining Pioglita-

zone in pharmaceutical dosage forms. The proposed 

methods might be alternatives to the LC techniques 

or the experimental data might be used for the devel-

opment of a HPLC-EC method.
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