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INTRODUCTION 
Pioglitazone (PGZ) is a thiazolidine dione 

antidiabetic agent, chemically it is (Rs)-5-(4_[2-5-
ethylphyridin-2-yl) ethoxy] benzyl) thiazolidine - 2,4-
dione. Pioglitazone modulates the transcription of the 
insulin sensitive genes involved in the control of 
glucose and lipid metabolism in the muscle, adipose 
tissue and in the liver. It is used in the treatment of 
type-1 diabetes mellitus. Pioglitazone targets insulin 
resistance and, hence, is used alone or in combination 
with insulin, metformin, or a sulfonyl urea as an 
antidiabetic agent [1]. PGZ decreases the plasma 
glucose concentrations insulin concentrations, and 
glycosylated hemoglobin. Additional favorable 
metabolic effects include decreased hepatic glucose 
output, lower free fatty acid concentrations, and 
improved lipid profiles. Thiazolidine diones such as 
pioglifazone help insulin to work more effectively [2].  

 
Several spectrophotometric methods have 

been reported for the estimation of PGZ including ion-
pair complex formation with bromothymol blue, 
bormo phenol blue and bromocresol purple and 
chlorophenol red as well as interaction with diazotized 
sulfanilic acid Chromatographic methods have been 
reported such as very rapid separation and 
quantification of PGZ HCl in the presence of metformin 
HCL on monolithic column as well as a stability 
indicating densitometric RP-TLC method [3-8]. Flow 
injection analysis, voltammetry, derivative 
spectrophotometry and capillary electrophoresis 
methods have been reported [9-14]. 

 
Carbon paste electrodes (CPEs) represent one 

of the most frequent types of working electrodes. A  

 
simple method of direct mixing of a solid modifier to 
the paste which was the commencement of explosive 
research activity in this field. Quite a few reviews are 
exclusively devoted to CPEs [15-21]. Carbon paste 
electrodes (CPEs) belong to promising electrochemical 
or bioelectrochemical sensors of wide applicability. The 
base of modified carbon pastes is usually a mixture of 
powdered graphite and nonelectrolytic binder.  

 
Figure 1: Structure of pioglitazone 
  

However most of these methods are time 
consuming therefore, focus of the present study was 
to develop an accurate, precise and robust 
voltammetric method for the determination of 
pioglitazone hydrochloride in pharmaceutical and urine 
samples. In the present work focused on an 
electrochemical analysis of PGZ in human urine samples 
with CPE. Therefore, a rapid and sensitive voltammetric 
method has been applied for the determination of PGZ 
in pharmaceutical and human urine samples. 
 

MATERIALS AND METHODS 
 The voltammetry experiments performed with 
auto Lab PG STAT 101 supplied by Metrohm Autolab 
B.V., The Netherlands. A Three electrode system 
comprising of a Carbon paste electrode (CPE) as  a 
working electrode, a saturated Ag/Agcl/Kcl as a 
reference electrode and Pt wire as a counter electrode 
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obtained from local scientific labs.  An Elico LI-120 PH 
meter supplied by Elico LTD, Hyderabad, India was 
used to determine the pH of the buffer solution. All the 
solutions examined were carried out at room 
temperature 25+20C. 
 
Reagents and solutions 

Solutions were prepared in double distilled 
water pioglitazone Hydochloride active pharmaceutical 
ingredient were supplied by Hetero pharma, 
Hyderabad.  A standard stock solution was prepared by 
dissolving an accurately weighed amount pioglitazone 
Hydrochloride drug in DMSO. The solution was stored 
under room temperature. More dilute solutions of the 
drug were prepared in volummetric flask by diluting 
the stock solution with buffer to get desired 
concentration. The Britton-Robinson buffer was 
prepared by using 0.2 M boric acid, 0.05M citric acid 
and 0.1M trisodium orthophosphate and pH were 
adjusted by 0.2 mol L-1 NaOH for the use of supporting 
electrolytes. Desired concentration of solution was 
prepared from stock solution. 
 
Preparation of working electrode 
 The carbon paste was prepared by thoroughly 
mixing 5 gm of graphite powder with 1.8 ml of paraffin 
oil in a mortar with pestle. The carbon paste was 
packed into the hole of the electrode body and 
smoothed on a clean paper until it had a shiny 
appearance. The electrode body was constructed by 
pressing a small rode of stainless steel (diameter 3mm) 
inside a micropipette tip (1 ml volume capacity) leaving 
a depression at the surface tip approximately 1mm for 
housing the carbon paste, and a thin wire was inserted 
through the opposite end to establish electrical 
contact. The carbon paste electrode was immersed in 
the supporting electrolyte placed in the cell and several 
sweeps were applied to obtain a low background 
current. 
 
Recommended procedure for the analysis 
 An accurate volume (10mL) of the BR buffer at 
the required pH was transferred to the electrochemical 
cell and the electrodes were immersed in test solutions 
through which a stream of nitrogen is purged for 15 
min before recording the voltammograms. The scans 
were initiated in the negative direction of the applied 
potential from +0.V to -2.0 V. After recording the 
voltammogram of the blank solution, an accurate 
volume (0.505.0ML) of the drug solution was added. 
The cathodic potential sweep was then recorded under 
different operating conditions of pH, sweep rate. And 
pulse amplitude. The effect of scan rate on the 
voltammograms was determined using the same 
solution. 
 

RESULTS AND DISCUSSION 
Cyclic voltammetric (CV) behaviour of PGZ 

A single, fine clear reduction peak was 
obtained for PGZ (6.25x10-5 molL-1) involving four 
electrons four proton reduction of the carbonyl group. 
In the reverse scan, on anodic peak was observed 
indicating the irreversibility of the reduction reaction 
(Fig.2) Using carbon paste electrode (CPE) at different 
pH values, the CV scan generated relatively low peak 
currents at higher cathodic potentials of -1.80 V vs. 
Ag/AgCl. Catalytic activity of CPE was demonstrated 
cyclic voltammetry. The increase in the peak current 
response and decrease in reduction potential 
demonstrates the synergistic effect on the electron 
transfer rate due to enhanced surface area of the 
electrode and the catalytic activity of the carbon paste 
electrode. Possible reduction mechanism of PGZ was 
shown in scheme 1. 

 

 
Figure 2: Typical cyclic Voltammograms of PGZ 
(6.25x10-5M) at different pH values on  CPE with 
scan rate of 0.1V/s. 

 
Scheme 1: Electrochemical reduction mechanism of 
pioglitazone 
 
Effect of accumulation conditions and pH  
 The accessibility of the protons is significant 
parameter in the electrochemical reduction studies. 
The peak current decreased when the change in pH 
was from 2.0 to 10.0, a well-defined reduction peek was 
observed at pH 6.0, and hence, pH 6.0 was selected as 
optimum pH based on sharp, reproducible peak signal. 
As pH increases, peak potential shifted to negative 
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values indicting proton participation in the 
electrochemical reduction of PGZ. A plot of Ep vs. pH 
gives a slope of 32m V/pH indicating proton electron 
equivalence (Fig.3). Further maximum peak signals of 
PGZ were observed with the electrode at an 
accumulation potential of -1.80 V and accumulation 
time of 100 sec. 
 

 
Figure 3: The plot the of current vs pH of PGZ in BR 
buffer solution, concentration: 6.25x10-5M at CPE in 
different pH values from pH 2.0 to pH 10.0. 
 
Effect of scan rate 
 The effect of scan rate (V) on the peak current 
and peak potential of PGZ at carbon paste electrode 
shown in Fig.4. The influence of the square root of the 
scan rate on the peak current showed a linear 
relationship between –25 to -100 mVs-1, which is of 
typical diffusion controlled process. The slope of the 
theoretical value and expected value is close to each 
other. This indicates that the electrode process was 
controlled by diffusion controlled process. The peaks 
are shifted to negative values with increasing the scan 
rates.  

 
Figure 4: Linear plot of current Vs scan rate for 6.25x10-

5M of PGZ at CPE in BR buffer of pH 6.0 
  
Differential pulse voltammetric (DPV) determination of 
PGZ 
 A working standard of PGZ (6.25x10-5 molL-1) 
was prepared for the standard solution using double 
distilled water. 10mL of test solution consists of 1.0 mL 
of the working standard and 9.0 mL of the BR buffer of 

pH 6.0 was taken into the electrolytic cell and the 
solution was purged with nitrogen gas for 15 minutes. 
The potential of the working electrode was scanned 
from 0 to -100 mV/s vs. Ag / AgCl. The compound gave 
single, well defined peak signal at -1.80V. DPV signals 
for PGZ at CPE for a series of concentrations 6.25x10-5 
molL-1 to 3.25x10-3 molL-1 were recorded under identical 
conditions (Fig.5). Enhanced peak current responses 
and reduced peak potentials were observed for the 
studied compound at CPE, the increased electrical 
conductivity and fast electron transfer rate of CPE. 

 

 
Figure 5: DPV curves using CPE for PGZ at 
concentrations, 3.25x10-3M to 6.25x10-5M  
 
Calibration plot 
 A calibration plot was drawn between the 
concentration and peak current of PGZ over the range 
1x10-3 molL-1 to1x10-5 molL-1. It was shows that the peak 
current increases linearly with the concentration of 
PGZ. The linear regression equation as given by:                         
Y= -0.489x+0.4776 with a correlation coefficient of 
0.9989. The limits of detection (LOD = 3s/m) and limits 
of quantization (LOQ = 10s/m were calculated as 
2.65x10-9 molL-1 and 3.72x10-7 molL-1. Where’s’ is the 
standard deviation of the intercept and ‘m’ is the slope 
of the calibration curve and also recovery study of PGZ. 
 

 
Figure 6: Calibration plot of the PGZ in BR solution of 
pH6 at different concentrations from 3.25x10-3M to 
6.25x10-5M at CPE, scan rate 100 mV/s 
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Table 1: Determination of PGZ in Pharmaceutical 
samples and Urine samples 

 
 

CONCLUSION 

The electrochemical determination of PGZ in 
pharmaceutical and human urine samples at carbon 
paste electrode was examined in BR buffer over the pH 
range from 2.0 to 8.0 by differential pulse 
voltammetry. The drug exhibits lower current and 
negative potentials with lower detection limit of 
6.25x10-9 molL-1. The simple, sensitive, selective, fast 
and low cost voltammetric method was developed for 
the determination of PGZ in pharmaceutical 
formulation and spiked serum samples. 

 

REFERENCES 

1. Atalla A, Breyer-Pfaff U, Maser E, 2000. Purification 
and characterization hof oxidoreductases-
catalyzing carbonyl reduction of the tobacco-
specific nitrosamine 4-methylnitrosamino-1-(3-
pyridyl)- 1- butanone (NNK) in human liver cytosol. 
Xenobiotica 30:755–769. 
 

2. Atanasov AG, Nashev LG, Schweizer RA, 2004. 
Hexose-6- phosphate dehydrogenase determines 
the reaction direction of 11betahydroxysteroid 
dehydrogenase type 1 as an oxoreductase. FEBS 
Lett 571:129–133. 
 

3. Azuma Y, Nishinaka T, Ushijima S, 2004. 
Characterization of htAKR, a novel gene product in 
the aldo-keto reductase family specifically 
expressed in human testis. Mol Hum Reprod 
10:527–533. 
 

4. Bae JW, Park YS, Sohn UD, 2006. HPLC 
determination of tolperisone in human plasma. 
Arch Pharm Res 29:339–342. 
 

5. Balasubramanian j, Azhagesh raj K, Vijaya kumar N, 
Pragadeesh k, Tamil Selvan R. Discovery 
Biotechnology 2012, [1], 5-17. 
 

6. Shrotric K, sathe PA, Rege P. V IJ PBS, Volume 
2/issue 1 / 2012 / 211-217 
 

7. M Chennaiah, T Veeraiah, TC Singh and G 
Venkateshwarlu, Extractive pectrophotometric 
methods for determination of PGZ using acidic 
triphenylmethane dyes, Asian Journal of Research 
in Chemistry, vol. 4, no. 6, pp. 971–975, 2011.  
 

8. ZH Qin, GM Shen, YS Liu, and HS Luo, 
Spectrophotometric method for determination of 
PGZ with eosin Y, Qinzonghui Fenxi Shiyanshi, vol. 
27, no. 10, pp. 15–18, 2008.  
 

9. RS Mehta, DM Patel, KK Bhatt and MB Shankar, UV 
and visible spectrophotometric analysis of 
pioglitazone hydrochloride in bulk and tablets, 
Indian Journal of Pharmaceutical Sciences, vol. 67, 
no. 4, pp. 487–489, 2005.  
 

10. Abdelmonem GH Ragab, H Hashem and EA Bahgat, 
High performance liquid chromatographic and 
spectrophotometric determinations of PGZ-HCl 
either alone or in combination with Metformin-HCl, 
Journal of Liquid Chromatography & Related 
Technologies, vol. 35, pp. 2706–2723, 2012.  
 

11. Shirkhedkar and S Surana, Application of a stability-
indicating densitometric RP-TLC method for 
analysis of pioglitazone hydrochloride in the bulk 
material and in pharmaceutical formulations, 
Journal of Planar Chromatography: Modern TLC, 
vol. 22, no. 3, pp. 191–196, 2009. 
 

12. Siddartha and B Sudheer, Analytical method 
development and method validation for the  
estimation of PGZ in tablet dosage form by RP-
HPLC, International Journal of Pharmacy and 
Pharmaceutical Sciences, vol. 5, no. 3, pp. 770–774, 
2013.  
 

13. NA Al-Arfaj, EA Al-Abdulkareem and FA Aly, Flow-
injection chemiluminometric determination of 
pioglitazone HCl by its sensitizing effect on the 
cerium-sulfite reaction, Analytical Sciences, vol. 25, 
no. 3, pp. 401–406, 2009 
 

14. NA Al-Arfaj, EA Al-Abdulkareem and FA Aly, A 
validated adsorptive stripping voltammetric 
determination of antidiabetic agent pioglitazone 
HCl in tablets andbiological fluids, International 
Journal of Biomedical Science, vol. 4, no. 4, pp. 
310–318, 2008.  
 

15. K Sujana, K Abbulu, O Bala Souri, B Archana, M 
Sindu, and G Swathi Rani, Difference 
spectrophotometric methods for pioglitazone 
hydrochloride and metform in hydrochloride, 
Journal of  Pharmaceutical Sciences and Research, 
vol. 3, no. 4, pp. 1122–1126, 2011. 

http://www.ijbio.com/


 Vishnu Priya M et al., Int. J. Bioassays, 2015, 4 (06), 3985-3989 

www.ijbio.com   3989 

 
16. E Tahmasebi, Y Yamini, and A Saleh, J Chromatogr 

B, 877 (2009) 1929. 
 

17. Jamali GC, Theill and LL Sorensen, J Chromatogr A; 
1049 (2004) 187. 
 

18. B Du, L Pang, Y Yang, G Shen and Z Zhang, J. 
Chromatogr. B Analyt. Technol. Biomed. Life 
sci.952 (2014)143. 
 

19. K Kalcher, Electroanalysis 2 (1990) 419. 
 

20. Švancara, K Vytras, F Renger, MR Smyth, Sb. Ved. 
Pr., Vys. Sk. Chem.-Technol, Pardubice 56 (1992/93) 
21. 
 

21. Kalcher XH. Cai, G Koelbl, I Švancara, K Vytras, Sb. 
Ved. Pr., Vys. Sk. Chem.   
Technol., Pardubice 57 (1994) 5. 
 

 
 
 
 
 
 
 
 
 
 

Source of support: Nil 
Conflict of interest: None Declared 

CITE THIS ARTICLE AS:  
Vishnu Priya M, Siva Prasad M, Sri Vidya D and NY 
Sreedhar, Voltammetric Determination of Pioglitazone 
In Pharmaceutical And Human Urine Samples Using 
Carbon Paste Electrode, International Journal of 
Bioassays, 2015, 4 (06), 3985-3989. 

  
 

http://www.ijbio.com/

