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Novel simple, selective and sensitive poly(vinyl chloride) membrane sensors are developed for the 

determination of pioglitazone in biological samples (urine) and pharmaceutical preparations. 

Potentiometric measurements were based on iodobismuthite-drug ion-pair as novel electroactive 

materials incorporating a plasticized PVC membrane with o-nitrophenyl octyl ether or dioctyl 

phthalate. Each sensor was conditioned for at least two days in 0.1 M drug solution before use. It 

exhibited fast and stable Nernstian response for pioglitazone over the concentration range of 1.0x10
-7

–

1.0x10
-2

 M, pH range of 3.0–7.0 pioglitazone sensors. Results with an average recovery not more than 

100.4% and a mean standard deviation less than 1.0% of the nominal were obtained for the two 

sensors. The sensors showed reasonable selectivity towards investigated drugs in presence of many 

cations. 

 

 

Keywords: Novel potentiometric sensors, Ion pairs, Biological samples, Pharmaceutical analysis, 

Pioglitazone hydrochloride. 

 

 

 

1. INTRODUCTION 

Pioglitazone hydrochloride (PG-HCl) (Scheme 1),
 

((±)-5-{p-[2-(5-ethyl-2-pyridyl)ethoxy] 

benzyl}-2,4-thiazolidinedione hydrochloride) is an oral antidiabetic agent used in the treatment of type 

2 diabetes mellitus (also known as non-insulin-dependent diabetes mellitus (NIDDM) or adult-onset 

diabetes). Pioglitazone decreases insulin resistance in the periphery and liver, resulting in increased 

insulin-dependent glucose disposal and decreased hepatic glucose output. Currently, it is marketed  

under the trad name Actos
® 

[1]. An Actos
® 

30 mg tablet encapsulated in a gelatin capsule filled with 

lactose was developed for use as a placebo in clinical safety and efficacy studies. 

http://www.electrochemsci.org/
mailto:amrlotfy2000@yahoo.com
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Scheme 1. Chemical structure of pioglitazone hydrochloride 

 

The assay of the drug in pure and dosage forms is, as far as we know, not official in any 

pharmacopoeia, and therefore requires much more investigation. The different analytical methods that 

have been reported for determining pioglitazone hydrochloride in tablets [2-9] by HPLC and also 

quantitative determination of pioglitazone in human serum by direct-injection HPLC mass 

spectrometry and its application to a bioequivalence study has been reported [10]. Yamashita 

determined pioglitazone and its metabolites in human serum and urine [11] and also Zhang and 

Lakings reported an assay method for pioglitazone alone in dog plasma [12]. LC|MS [13-16], TLC 

[17], HPTLC [18-20]. In the literature, only few spectrphotometric [21-25], and separation  of drug 

enantiomers by capillary electrophoresis [26-28] methods have been reported. Drug determination is 

one of the important tools for drug quality control and the development of potentiometric ion-selective 

electrodes (ISEs) is an area of interest. When compared with other analytical methodologies, ion 

selective electrodes are simple, relatively inexpensive, robust, durable and ideal for their use in field 

environments. Some other advantages involve that they can be used very rapidly, are invaluable tools 

for continuous monitoring, they measure the activity rather than the concentration and are not affected 

by turbidity or sample colour. It is well known that ISE are one of the few techniques that can measure 

both positive and negative ions depending on the nature of the ionophore. 

Therefore, focus of the present study was to develop an accurate, precise and robust 

potentiometric method for the determination of pioglitazone hydrochloride in tablets and urine 

samples. Electrochemical performance characteristics of the proposed sensors were evaluated 

according to the IUPAC recommendation guidelines [29] using a standard PG stock solution. One 

sensor or potentiometric method for determination of pioglitazone has been reported in the literature to 

date [30]. This study also includes development of a new potentiometric sensor based on reaction 

between sodium iodobismuthite (Na2BiI5.4H2O) and pioglitazone hydrochloride to form ion pair 

complex as a novel electroactive material incorporating in poly(vinylchloride) matrix membrane 

plasticized with either o-nitrophenyl octyl ether or dioctyl phthalate for determination of pioglitazone. 

The sensors offer a new, fast and accurate method for routine quality control analysis of pioglitazone 

in various pharmaceutical preparations. 

 

2. MATERIAL AND METHODS 

2.1. Materials 

Pure PG-HCl was purchased from Uni Pharma company, El Obour City, Cairo-Egypt. Actos 

tablet consists of 30 mg of PG-HCl was purchased from the market. Grade 1 water was obtained from 
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a Milli-Q ultrapure water purification system (Millipore, Bedford, MA, USA). Bismuth(III) iodide, 

sodium iodide and tetrahydrofuran (THF) were obtained from Aldrich Chemical Co. (Milwaukee, 

USA). PVC (Breon S 110/0P) was obtained from BP Chemicals International (Barry, UK), o-

nitrophenyl octyl ether (o-NPOE) was purchased from Fluka (Buchs, Switzerland) and dioctyl 

phthalate (DOP) from BDH (Poole, England).  

 

2.2. Instrumentation  

Electrochemical measurements were made at room temperature (25±1 
o
C) with a PTI-15 digital 

pH meter using iodobismuthite-pioglitazone membrane sensor in conjunction with a double-junction 

Ag-AgCl reference electrode (Orion Model 90-02) containing 10% (w/v) potassium nitrate in outer 

compartment. A glass Ag-AgCl combination electrode (consort, S 210 B BB5) was used for pH 

measurements. The ISE internal reference solution was a silver-silver chloride in 0.1 M pioglitazone 

solution. 

 

2.3. Pioglitazone PVC Membrane Sensor 

Pioglitazone sensor was assembled as described previously [31,32]. In a representative 

example, the ionophore is made by adding 5 mL of 0.06 M BiI3 (bismuth(III) iodide) to 10 mL of 0.06 

M NaI (sodium iodide) to form sodium iodobismuthite on heating (2 NaI + BiI3 → Na2[BiI5]).  Then 

36 mL of 0.05 M concentration pioglitazone is added, forming a solid ion-pair complex that 

precipitates. The resulting precipitate was filtered, washed with cold water, allowed to dry at room 

temperature and grounded to fine powder. By way of further example, 40 mg of the iodobismuthite-

pioglitazone precipitate just described was combined with 360 mg of ortho-nitrophenyl octyl ether (or 

360 mg of dioctyl phthalate) and 170 mg of poly (vinyl chloride) to form a plasticized polymer 

membrane suitable for use in an ion selective membrane (ISE) in a potentiometric sensor. The sensor 

was conditioned by soaking in 0.1 M pioglitazone solution for at least two days before use and was 

stored in the same solution when not in use. 

 

2.4. Sensor Calibration 

The sensor was calibrated by spiking with successive aliquots of standard solution into a 10
-8 

M 

solution of the calibrant. Alternatively, the calibration was carried out by immersing the sensor into a 

50-mL beakers containing 20 mL of aliquots of standard 1.0 × 10
-8 

- 1.0 × 10
-2

 M pioglitazone solution 

starting from low to high concentrations. The electromotive force (e.m.f.) was plotted as a function of 

the logarithm of the pioglitazone concentration. The calibration graph was used for subsequent 

determination of unknown concentration of pioglitazone. 

 

 

http://en.wikipedia.org/wiki/Sodium_iodide
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2.5. Selectivity Coefficient 

Potentiometric selectivity coefficients KPG.,B were evaluated using the separate solution method 

in which the potential of a cell comprising the membrane electrode and a reference electrode is 

measured with two separate solutions, one containing the PG ion of the activity aPG (but no B) and the 

other containing the interfering ion B of the same activity aPG = aB (but no PG). Here the measured 

potential values are expressed by ED and EB, respectively. Different interfering anions of a 

concentration of 1×10
-2

 mol l
-1

 at pH 5 are utilized and the results are obtained using the equation: 

PG

B

PGPGBpot

BPG., a
Z

Z1

S

EE
k log log)(





  

 

where  pot

BPG.,k  is the potentiometric selectivity coefficient, S the slope of the calibration plot, 

aPG the activity of pioglitazone, and ZPG and ZB are the charges on PG and the interfering anion, 

respectively. 

 

2.6. Conditioning of membranes and EMF measurements 

The prepared membranes were equilibrated for 2 days in different concentrations of outer 

(1.0×10
−2

 to 1.0×10
−7

 mol l
-1

) with side by side inner solution of different concentration range 

(1.0×10
−1

 to 1.0×10
−3

 mol l
-1

) pioglitazone solution. The potentials were measured by varying the 

concentration of pioglitazone in test solution in the range of 1.0×10
−7

 to 1.0×10
−2

 mol l
−1

. The standard 

pioglitazone solutions were obtained by the gradual dilution of 0.1 mol l
−1

 pioglitazone stock solution. 

The best results were obtained when the concentration of inner electrolyte was 10
−2

 mol l
−1

. 

All the EMF measurements were carried out with the following assembly: 

Ag–AgCl/ internal solution (1.0×10
−2

 mol l
−1

 pioglitazone)/PVC membrane/sample solution/ 

Ag-AgCl reference electrode. PTI-15 digital pH meter was used for potential measurements at 25±1 

◦C. 

 

2.7. Determination of Pioglitazone in Pharmaceutical Preparation 

Five tablets of Actos drug (30 mg PG/Tablet) were weighed and the average weight was 

calculated. The tablets were crushed to furnish a homogeneous powder and a quantity equivalent to 

one tablet (0.2442 g) which contains 30 mg of (PG) was weighed in a 100-mL volumetric flask, 

dissolved in methanol, and filtered through 0.45-mm (HVLP, Germany) membrane filter. The pH was 

adjusted to (5.0) then the potential of the sensor was measured and compared with the calibration 

curve. A standard additions technique was also used to confirm the accuracy and precisions. 

 

2.8. In Vitro Determination of Pioglitazone in Urine 

4.5 mL of the pH-adjusted urine was transferred into two stoppered shaking tubes, then 0.5 ml 

of 10
-2

 and 10
-3

 M pioglitazone hydrochloride were added separately and shacked. The membrane 



Int. J. Electrochem. Sci., Vol. 9, 2014 

  

4378 

sensor was immersed in conjunction with the single junction reference electrode in these solutions. The 

membrane sensor was washed with water between measurements. The emf produced for each solution 

was measured by the proposed electrodes then the concentration of pioglitazone hydrochloride was 

determined from the corresponding regression equations. 

 

 

 

3. RESULTS AND DISCUSSION 

 
 

Figure 1. Potentiometric response of pioglitazone PVC matrix membrane sensors. 

 

Plasticized PVC membrane sensor incorporating iodobismuth-drug ion pair was prepared with 

suitable solvent mediators and electrochemically evaluated as membrane sensors for pioglitazone 

under static mode of operations according to IUPAC recommendations [29]. The membrane was 

prepared using a casting solution of the composition 7 : 63 : 30 wt % of ion pair, o-nitrophenyl octyl 

ether or dioctyl phthalate and PVC, respectively. The two plasticizers have different dielectric 

constants [34]. The sensors were soaked in drug solution and tested as drug sensors. Table 1 

summarizes the potentiometric response characteristics of the sensors. It was found that the drug 

sensors plasticized with the two different plasticizers have almost the same characteristics. The sensors 

show Nernstian response over the concentration range of 1.0 × 10
-8 

- 1.0 × 10
-2

 M with cationic slopes 

of 58.98 and 60.40 mV decade
-1

 for o-NPOE and DOP based sensor, respectively. The detection limit 

is 6.0 × 10
-8 

M and 7.0 × 10
-8 

M with o-NPOE and DOP, respectively. Least squares analysis of the 

data give the relationships:           

E (mV) = (-58.98  0.2) log [PG] - 159.42 and E (mV) = (-60.40  0.2) log [PG] – 205.97 

for o-NPOE and DOP based membrane sensors, respectively. Typical calibration plots of the 

sensors are shown in Fig. 1.  
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Table 1. Performance characteristics of pioglitazone PVC matrix membrane sensors 

 
Parameter Value 

o-Nitrophenyloctylether  Dioctylphthalate 

Slope (mV decade
-1

) 58.98  0.2 60.40  0.2 

Intercept (mV) 159.42  0.2 205.97  0.2 

Correlation coefficient (r) 0.994 0.988 

Linear range (mol l
-1

) 1.0×10
−7

 - 1.0×10
−2

 1.0×10
−7

 - 1.0×10
−2

 

Lower limit of detection (mol l
-1

) 6 × 10
-8

 7 × 10
-8

 

Working pH range 3 - 7 3 -7 

Response time for 10
-3

 mol l
-1

 (s) 8 10 

Life span  (week) 8 10 

Accuracy (%) 100.2 99.4 

Repeatability (CVw(%)) 0.5 0.6 

Between-day-variability (CVb(%)) 0.8 0.7 

Standard deviation (%) 0.91 0.78 

 

The sensors displayed constant and stable potential readings within 0.2 mV from day to day 

and the calibration slope did not change by more than 1.0 mV decade
-1 

over a period of 8 weeks for o-

NPOE and 10 weeks for DOP sensors.  

 

3.1. Effect of pH 

 
 

Figure 2. pH-potential Profile of pioglitazone PVC matrix membrane sensors. (A) o-NPOE and DOP 

based membrane sensors for (10
-2

 M)  (B) o-NPOE and DOP based membrane sensors for (10
-3

 

M).  
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Influence of pH on the potentiometric response of the sensor was studied [36] using 10
-3 

and 

10
-2 

M of pioglitazone solutions (Fig. 2). From pH-potential profiles, it is evident that the potential 

readings are constant over the pH range 3.0 - 7.0. Within this acidic range, PG is completely soluble, 

dissociated and sensed as a monovalent charged ion. At pH values lower than 3.0, the potential 

readings decreased due to interference by H
+
 ions. At higher pH values (>7.0), progressive 

precipitation of the drug was observed. 

 

3.2.Effect of foreign Ions 

The potentiometric response of Iodobismuth-PG-PVC membrane sensor was tested in the 

presence of several inorganic cations. Potentiometric selectivity coefficient KPG,B was used to evaluate 

the degree of interference. The data given in Table 2 were obtained using the separate solutions 

method [33] at 10
-2 

M pioglitazone solution. It is clear that the sensor is highly selective for PG ions 

compared with some common cations. Pharmaceutical excipients and diluents (e.g., glucose, maltose, 

manitol, starch, talc powder and magnesium stearate) at concentration as high as 400-fold molar excess 

over pioglitazone did not interfere. The o-NPOE based sensor was generally more selective than the 

DOP based sensor. 

 

Table 2. Potentiometric selectivity coefficients  pot

BPG,k  of pioglitazone PVC matrix membrane sensors 

 

Interferent, B log pot

BPG.,k  

o-NPOE DOP 

D-Glucose -2.39 -2.30 

Fructose -2.52 -2.40 

Sucrose -2.39 -2.22 

Lactose -2.40 -2.39 

Maltose -3.52 -3.00 

Ascorbic acid -3.30 -3.15 

Starch -2.80 -3.22 

Ca
+2

 -2.39 -2.20 

NH4
+
 -3.52 -3.69 

Na
+
 -3.00 -2.70 

Mg
+2

 -2.22 -2.39 

Urea -3.69 -3.40 

Cu
+2

 -2.22 -2.10 

Zn
+2

 -2.09 -2.39 

Ni
+2

 -2.04 -2.09 

Cr
+3

 -2.04 -2.39 

hydroxypropylcellulose -2.10 -2.52 

carboxymethylcellulose calcium -2.22 -2.22 
magnesium stearate -2.39 -2.15 

 

pot 
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3.3. Determination of pioglitazone 

The evaluation of the pioglitazone-PVC membrane sensor for the determination of pioglitazone 

was assessed by determining 3.9 µg - 3.9 mg mL
-1 

standard PG solutions using the calibration graph 

method. The results obtained showed an average recovery of 99.8 % and a mean standard deviation of 

0.85 % (n=5) using both solvent mediators based sensors. Pioglitazone (as antidiabetes) in different 

pharmaceutical preparations was also determined (Table 3). Average recoveries of 100.1 % and 99.9 % 

of the nominal and mean standard deviation of 0.73 % and 0.72 % for the o-NPOE and DOP based 

sensors were obtained, respectively. 

 

Table 3. Determination of pioglitazone in pharmaceutical preparations using pioglitazone PVC matrix 

membrane sensors 

 

Trade name 

 

Nominal content 

(mg/tab.) 
Recovery

*
, (%)SD 

o-NOPE DOP HPLC method
+
 

Actos 15 99.8  0.70 100.2  0.79 100.3  0.62 

Actos 30 100.1  0.88 99.7  0. 82 99.8  0.41 

Actos 45 100.3  0.61 99.8  0.58 99.8  0.58 
*
Average of 5 measurements 

+ 
Ref. 35. 

 

3.4. Application to urine samples 

Table 4. Determination of pioglitazone hydrochloride in spiked human urine by the proposed 

electrodes 

 

 

Concentration (M) 

 

 

 

 

 

Recovery %
a
 of pioglitazone hydrochloride 

 

o-NPOE                                       DOP                       HPLC method+ 

 

1 x 10
-2 

1 x 10
-3 

 

100.22±0.3 

100.17±0.3 

 

99.8±0.3                        99.9±0.1      

100.23±0.3                    100.1±0.1 
a
 Average of three determinations. 

+ 
Ref. 35. 

Statistical evaluation of the results of analysis of PG in pharmaceutical preparations and 

biological fluids such as urine by the proposed electrodes and the reported HPLC method [35] showed 

that there is no significant difference between the proposed and reported method in terms of accuracy 

and precision (Table 4).  
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4. CONCLUSION 

The present work involves the preparation of new sensors using novel ionphore for the 

determination of PG.HCl drug. The new electrodes were characterized and optimized with respect to 

the main experimental parameters affecting the electrode performance, including composition, pH, 

response time and interference. The electrodes showed good selectivity for pioglitazone hydrochloride 

(PG.HCl) with respect to some inorganic cations, sugars, cellulose derivatives, magnesium stearate and 

ascorbic acid. The developed electrodes have been used successfully for the determination of 

pioglitazone hydrochloride in pharmaceutical preparation and urine using calibration methods. The 

obtained results were in good agreement with those obtained using the HPLC method. According to 

the results obtained, the potentiometric sensors can be applied successfully for the routine analysis of 

this drug.  
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