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Pramipexole is one of the prescribed medication for Parkinson's disease, which is a dopamine agonist 

of the non-ergoline class. Due to the importance of the drug, the analysis of its active ingredient in 

formulation is of great importance. Here, a PVC membrane sensor was made for the measurement of 

Pramipexole active ingredient in some pharmaceutical tablets. The PVC membrane containing ion-pair 

compound of Pramipexol-tetraphenyl borate as a sensing material was placed at the end of a plastic 

tube (as symmetric electrode) and coated on a graphite and a copper wire electrodes (as asymmetric 

electrodes). The polymeric membrane was plasticized by dibutyl phthalate (DBP). A wide linear range 

of 1.0×10
-6

-1.0×10
-1

 mol L
-1

 were provided by three sensors. Applicable pH range of the sensor is 3.0–

6.8. Finally, the method was validated in the analysis of Pramipexole in pharmaceutical formulation. 

 

 

Keywords: Pramipexole, Potentiometry, PVC membrane, Sensor, Coated wire electrode, Coated 
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1. INTRODUCTION 

Pramipexole (Fig. 1) is a Parkinson medication that binds with high affinity to both native and 

expressed dopamine D2 family receptors [1]. It is a dopamine agonist of the non-ergoline class. 

Because of the significant of this drug in treatments of Parkinson disease, analysis of pharmaceutical 

formulation is of great importance. Pramipexole dihydrochloride is used as the active ingredients of the 

formulations. Tablets of 0.7 mg, 0.18 and 0.35 mg are dosage form of this drug in Iran. Generally 

chromatographic methods are dominant methods in analysis of drugs especially in biological fluids 

because of their high accuracy and precision. Pramipexole also analyzed by high performance liquid 

chromatography (HPLC) methods [2-4]. By progress in electrochemical techniques in analysis of 
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drugs, some of them played an important role in pharmaceutical analysis due to their advantages of 

ease, speed and inexpensively over spectrophotometric and chromatographic methods [5-11]. 

Determination of drug molecules by potentiometric sensors can be a new way in pharmaceutical 

analysis [12-19].  

 

 

NH

N

S

NH2

 

 

Figure 1.  Chemical structure of Pramipexole 

 

The simplicity of working with potentiometric electrodes, make them suitable devices in 

analysis of various species [20-23]. Based on the method which the polymeric membrane is 

immobilized on the electrode, symmetric and asymmetric sensors can be made. In general PVC 

membrane electrodes (PMEs) which are so common, there is a need to an internal reference electrode 

and internal filling solution. In fact, the membrane was placed between two solutions from both sides. 

In this way, the probability of the leaching of the membrane ingredients to the aqueous solution are 

increased. Also, the mechanical stability of the indicator electrode is decreased. While, by coating the 

polymeric membrane on to the surface of a conducting wire or graphite rod [24-26], there is no need to 

the internal reference electrode as transducer. Removal the internal solution also decreases the leaching 

process and reduce the lower detection limit. Perhaps, only the weakness of the asymmetric electrodes 

are lack of response in high concentrations of the analyte. Both electrodes with each others can provide 

a wide linear range.  

In designing a drug potentiometric sensor, an ion-pair complex of the drug ions with a suitable 

ionic additive are used. The response mechanism is based on an ion-exchanging. In the present work, a 

Pramipexole potentiometric membrane electrode is developed based on ion-pair compound of 

Pramipexole-tetraphenylbroate (PXL-TPB) as a sensing substance in the membrane. Pramipexole 

dihydrochloride was interacted by sodium tetraphenyl borate to form the ion-pair which was then 

applied in the membrane [16-18]. The membrane was plasticized with a suitable plasticizer and then 

placed on the plastic tubes, copper wire and graphite rode to make the polymeric membrane sensors. 

The performance of both kinds of sensor were considered in analysis of Pramipexole in some tablets. 

 

 

2. EXPERIMENTAL SECTION 

2.1. Apparatus 

Two Ag/AgCl reference electrode from Azar electrode (Iran) were used as internal and external 

reference electrodes. To measurement the potentials, both reference and indicator electrodes were 
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linked to a multi-meter having a volt-meter with ±0.1 mV precision (Japan). The measurement cell was 

assembled as follow: 

 

Symmetric Sensor: Ag-AgCl || internal solution, 1×10
-3

 mol L
-1

 pramipexole.2HCl | PVC 

membrane | sample solution || Ag-AgCl, KC1 (satd.) 

 

Asymmetric Sensor: Coated graphite or wire-PVC membrane | sample solution || Ag-AgCl, 

KC1 (satd.) 

 

2.2. Materials 

Analytical reagent grade of the materials including high-molecular weight poly(vinylchloride) 

(PVC) (Fluka Co., USA), dibutyl phthalate (DBP), nitrobenzene (NB), benzyl acetate (BA), 

tetrahydrofuran (THF) (Merck Co., Germany) and sodium tetraphenyl borate (NaTPB) were used. 

Pramipexole ((S)-2-Amino–4,5,6,7–tetrahydro–6-(propylamino)benzothiazole) and its pharmaceutical 

formulation were obtained from local pharmaceutical manufacturer (Tehran, Iran) as gift samples. 

 

2.3. Synthesis of the Sensing-material 

As mentioned above, ion-pair compound of Pramipexole-tetraphenylborate (PXL-TPB) was 

used as a sensing material in the polymeric membrane. To preparing the compound, about 20 mL of 

0.01 mol L
-1

 solution of tetraphenyl borate was added to 10 mL of 0.01 mol L
-1

 solution of 

Pramipexole dihydrochloride in water. The result participate were filtered, washed with distilled water 

and dried to be used as sensing material. 

 

2.4. Preparation of the Electrodes 

For making PVC membrane electrode, the ion-pair compound, PVC with a plasticizer and ionic 

additive, with the ratio presented in Table 1, were dissolved in tetrahydrofuran (THF), and the solution 

was mixed into a small beaker of 2 cm diameter. Then, THF was gradually evaporated up to a honey 

concentrated solution was achieved.  

Now for general PVC membrane electrode, the membrane placed at the end of a plastic tube 

(about 3mm o.d.) by dipping the tube head into the prepared solution for about 10 s till a transparent 

membrane of about 0.3 mm in thickness was formed at the end. Then the plastic tube was kept at room 

temperature for about 5 h. Next, the tube was filled with 10×10
-3

 mol L
-1 

of Pramipexole solution. 

After for 51 h conditioning by soaking in the 10×10
-3

 mol L
-1

 solution, the indicator electrode is ready 

to measure.  

For Wire coated electrode, the same honey solution of membrane ingredients was prepared. 

Then, a copper wire was dipped into the mixture for about 5 s to form a transparent membrane at the 
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end surface. After drying at room temperature for at least 5 h, it was soaked in a 1.0×10
-3

 mol L
-1

 of 

Pramipexole dihydrochloride solution for 24 h.  

In case of coated graphite electrode, the polymeric membrane coated on a graphite rods of 3 

mm diameter and 15 mm long by dipping method. The working surface of the electrode was polished 

with fine alumina slurries on a polishing cloth, sonicated well in distilled water and dried in room 

temperature. The membrane which was formed on the graphite surface, dried in the air for 5 h and the 

electrode was finally conditioned for 24 h by soaking in a 1.0×10
-3

 mol L
-1

 solution of Pramipexole.  

 

2.5. Standard Pramipexole Solutions 

Pramipexole dihydrochloride Monohydrate is soluble in aqueous solutions. A stock solution of 

0.1 mol L
-1

 Pramipexole.2HCl was prepared by dissolving appropriate amount of pure drug in 100 mL 

distilled water. The standard solutions (1.0×10
-7

 to 1.0×10
-2

 mol L
-1

) were then prepared by proper 

dilution of the stock solution with distilled water. 

 

2.6. Sample Preparation 

 

For the preparation of the tablet solution, 10 tablets (0.7 mg Pramipexole in each tablet) were 

thoroughly powdered and mixed. Then, apportion amount equal to the average weight of one tablet, 

was carefully weighted, move in to a 10 ml volumetric flask and diluted by adjusting the pH to 4.5. 

This solution was completely stirred for 15 min and then filtered. 

 

 

3. RESULTS AND DISCUSSION 

Response of a potentiometric PVC membrane sensor significantly depends on the composition 

of the polymeric membrane as a sensing element and the transducer used to transduce the chemical 

signal to electrical ones. After finding the best composition and the response, the analytical 

performance of the prepared sensor is studied.  

 

3.1. Sensing Element Composition  

The sensing element of the proposed sensors is a polymeric matrix contain ion-pair compound. 

PVC was used as a best polymer for the matrix since introducing the PMEs. 30%wt. PVC was selected 

for all PMEs [27-31]. The most important element of the membrane, which plays a main roles in 

potential response of the sensor, is the amount of the ion-pair. The plasticizer generally acts as a 

solvent mediator, tolerating uniform dispersion and moving of the ion-pair inside the membrane. The 

type and the quantity of the plasticizer must be appropriately controlled. Three plasticizers were tested, 

dibutyl phthalate (DBP), nitrobenzene (NB) and benzyl acetate (BA), as shown in Table 1. Among 

them, DBP, having a rather lower dielectric constant provided the best plasticizing role. Addition of 

3% ionic additive to the composition of the membrane improves the potential response of the sensor 
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remarkably. Also, the presence of ionic additive to the membrane can decrease the Ohmic resistance of 

the membrane significantly. As it is obvious from Table 1, the presence of 3% NaTPB provided the 

electrode with a nice Nernstian potential response.  

 

Table 1. PVC membrane ingredients optimization 

  

No. 
PXL-TPB 

(%wt.) 

PVC 

(%wt.) 

Plasticizer 

(%wt.) 

NaTPB 

(%wt.) 

Linear range  

(mol L
-1

) 

Slope 

(mV/decade) 
R

2 

1 4 30 66 DBP 0 1×10
-5

-1×10
-1 

16.5±0.6 0.983 

2 5 30 65 DBP 0 1×10
-5

-1×10
-1 

18.0±0.7 0.987 

3 6 30 64 DBP 0 1×10
-5

-1×10
-1 

15.0±0.6 0.974 

4 5 30 64 DBP 1 1×10
-5

-1×10
-1 

21.6±0.5 0.978 

5 5 30 63 DBP 2 1×10
-5

-1×10
-1 

22.4±0.7 0.991 

6 5 30 62 DBP 3 1×10
-5

-1×10
-1 

26.1±0.4 0.994 

7 5 30 62 NB 3 1×10
-5

-1×10
-2

 10.24±0.3 0.993 

8 5 30 62 BA 3 1×10
-4

-1×10
-2

 7.84±0.5 0.985 

9 0 30 67 DBP 3 1×10
-4

-1×10
-3

 3.95±0.6 0.978 

 

In conclusion, the membrane no. 6 with the composition of 30% PVC, 5% ion-pair, 3% NaTPB 

and 62% DBP was selected as the optimum amounts for the preparation of the sensor. The membrane 

having no ion-pair compound (membrane no. 9), has the lowest response.  

 

3.2. Coated Wire Electrode 

To enhance the linear range of the Pramipexole sensor, the best composition of the membrane 

was immobilized on the surface of the copper wire. In this way, i.e. the asymmetrical electrode, one 

side of the membrane is in contact with a solid state while the other side is encountered to the aqueous 

solution. The membrane which was used for PMEs, also was used for coating on the copper wire.  

 

Table 1. Optimization of the membrane ingredients for wire coated electrode 

 

No. 
PXL-TPB 

(%wt.) 

PVC 

(%wt.) 

DBP 

(%wt.) 

NaTPB 

(%wt.) 

Linear range 

(mol L
-1

) 

Slope 

(mV/decade) 
R

2 

1 4 30 66 0 1×10
-5

-1×10
-2

 13.7±0.7 0.963 

2 5 30 65 0 1×10
-5

-1×10
-2 

24.2±0.3 0.987 

3 6 30 64 0 1×10
-5

-1×10
-2 

19.8±0.5 0.984 

4 5 30 64 1 1×10
-6

-1×10
-2 

26.3±0.3 0.989 

5 5 30 63 2 1×10
-6

-1×10
-2 

27.7±0.4 0.994 

6 5 30 62 3 1×10
-6

-1×10
-2 

24.6±0.5 0.993 

 



Int. J. Electrochem. Sci., Vol. 11, 2016 

  

7995 

However, to find a best response in case of CWE, amount of ion-pair and ionic additive was a 

little bit changed. The obtained results were listed in Table 2. As it can be seen from Table 2, the 

sensor can detect lower concentration of Pramipexole. Lower amount of ionic additive, NaTPB, used 

in the membrane may decrease the effect of other interference.  

Finally, the membrane no. 5 with the composition of 30% PVC, 5% ion-pair, 2% NaTPB and 

63% DBP was the optimum one for the CWE.  

 

3.3. Coated Graphite Electrode 

Another choice for making an asymmetric potentiometric sensor is using graphite rod as 

transducer. The membrane, like coated wire, can placed at the end of a graphite rod [32, 33]. The same 

best membrane composition was applied in this case too. However, to find a better performance of the 

indicator electrode, a small changes in ingredients ratio was done. The characteristics of several 

membranes having various ingredients are summarized in Table 3.  

 

Table 2. Membrane ingredients optimization for coated graphite electrode 

 

No. 
PXL-TPB 

(%wt.) 

PVC 

(%wt.) 

DBP 

(%wt.) 

NaTPB 

(%wt.) 

Linear range 

(mol L
-1

) 

Slope 

(mV/decade) 
R

2 

1 4 30 66 0 1×10
-5

-1×10
-2 

24.6±0.3 0.989 

2 5 30 65 0 1×10
-5

-1×10
-2 

28.5±0.5 0.985 

3 6 30 64 0 1×10
-5

-1×10
-2 

25.5±0.5 0.994 

4 5 30 64 1 5×10
-6

-1×10
-2 

26.5±0.4 0.982 

5 5 30 63 2 5×10
-6

-1×10
-2 

28.7±0.4
 

0.971 

6 5 30 62 3 1×10
-6

-1×10
-2 

28.4±0.6 0.992 

  

It was found that membrane no. 6 with the composition of 30% PVC, 5% ion pair, 62% DBP, 

and 3% NaTPB results in the best sensitivity with a Nernstian slope of 28.4 mV per decade 

concentration of Pramipexole over a very wide dynamic range. Using graphite rode in the sensor, 

causes an improvement in the Nernstian response and increase the mechanical stability of the sensor. 

 

3.4. Calibration Curves 

Linear range of a the membrane sensor is indicate by the linear section of the calibration curve 

as can be seen in Figure 2, 3 and 4 for Pramipexole determination by PME, CWE and CGE, 

respectively. The slope for PME is obtained 26.1 mV per decade of the Pramipexole concentration and 

a standard deviation of ±0.4 mV for five replicants (Figure 2). The obtained linear range for 

Pramipexole was 1.0×10
-5

-1.0×10
-1

 mol L
-1

. In case of CWE, calibration graph slope was 27.7 mV per 

decade of Pramipexole concentration in the range of 1.0×10
-6

-1.0×10
-2

 mol L
-1

 (Figure 3). The slope 

for coated graphite electrode was 28.4 mV per decade in the linear range of 1.0×10
-6

-1.0×10
-2

 mol L
-1
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(Figure 4). Here, detection limit of PME was 1.0×10
-5

 mol L
-1

, CWE was 1.2×10
-6

 mol L
-1

 and in case 

of coated graphite electrode was 1.0×10
-6

 mol L
-1

 which was determined by extrapolation of two parts 

of the calibration graph. 

 
 

Figure 1. Calibration curve of PME for determination of Pramipexole (membrane no. 6) 

 

 
 

Figure 2. Calibration curve of CWE for determination of Pramipexole (membrane no. 5) 
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Figure 3. Calibration curve of CGE (membrane no. 6) 

 

3.5. Response Times of the Sensors 

Response time is one of the required parameter for characterization of each sensor. It is 

indicated as the time needed the potential response to achieve values within ±1 mV of the final 

equilibrium potential [34-37]. It is obtained by recording the potential changes of the Pramipexole 

series of standard solutions while recording the time. All three sensors were able to quickly reach its 

equilibrium response in the whole concentration range. The average time in the whole concentration 

range for coated wire electrode was about 15 second, graphite coated electrode was about 18 s and for 

PVC membrane electrode was about 20 s. 

 

3.6. pH study 

pH effect on three types of electrodes responses was tested as follow: the potential was 

determined at a specific concentrations of the Pramipexole solution (1.0×10
-3

 mol L
-1

) from the pH of 

2.0 to 10.0 (the pHs was adjusted by concentrated NaOH or HCl solutions). The results showed that 

the potential is constant in the pH range of 3.0 to 6.8, which showed the performance of the sensors in 

this pH range. The fluctuations above the pH value of 6.8 might be justified by removing the positive 

charge on the drug molecule and removal of the ion-pair in the membrane. Variations below the pH 3.0 

were because of the removing the analyte in the test solution and response to proton ions. In all three 

types of sensors the same trend were observed. 

 

3.7. Selectivity 

Selectivity of the sensor is the indicator electrode response to the target ion in the presence of 

interfering ions. It is the most important characteristic of the sensor. The selectivity coefficients of the 
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Pramipexole sensors were evaluated by the well-known Matched Potential Method (MPM) [38-40]. 

The resulting values of the selectivity coefficients are shown in Table 4.  

 

Table 4. Selectivity coefficients of various interfering species for Pramipexole sensors 

 

 

 

In MPM, the selectivity coefficient is the activity ratio of the primary ion (A, 10
-4

 mol L
-1

 

Pramipexole ions) and the interfering ion (B = 10
-4

–10
-2

 mol L
-1

) which gives the same potential 

change in a reference solution (1.0×10
-5

 mol L
-1

 Pramipexole ions). Accordingly, first the change in 

the potentials, upon changing the primary ion activity is measured, and then the interfering ion is 

added to an identical reference solution until the same potential change is obtained. The selectivity 

coefficient KMPM is obtained as: 

KMPM= ΔaA/aB 

where ΔaA=a՛A-aA, aA is the initial primary ion activity and a´A the activity of A, in the presence of 

interfering ion, aB. 

 

3.8. Stability and Lifetime of the Sensors 

The stability and lifetime of the sensors were studied. Three similar sensors from each types 

were selected and their slopes and detection limits were recorded within 10 weeks. The obtained 

results revealed that the PME can be used for at least 6 weeks without significant change in its slope, 

in case of CWE and CGE was 7 weeks. After this time reduction in the Nernstian slope and increase in 

detection limits was observed. 

 

3.9. Real Sample Analysis 

The proposed sensors were used for measuring the active ingredients of Pramipexole 

dihydrochloride in some pharmaceutical Tablets (Table 5).  As it can be seen from Table 5, the results 

obtained by graphite coated electrodes have the better recoveries values.   

 

log KMPM interference 

-2.65 Ca
2+

 

-2.66 Mg
2+

 

-2.63 K
+

 

-2.67 NH4
+ 

-2.65 Na
+

 

-2.67 NO3
-
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Table 5. Analysis of Pramipexole in pharmaceutical formulations by the proposed sensors 

 

Sample 

Stated Content 

(mg/tablet) 

 

Found 

(mg/tablet)* 

RSD% 

 

Sample 1 0.7
 

PME: 0.730 

CWE: 0.728 

CGE: 0.724 

PME: 4.3% 

CWE: 4.0% 

CGE: 3.4% 

Sample 2 0.7 

PME: 0.727 

CWE: 0.725 

CGE: 0.724 

PME: 3.8% 

CWE: 3.6% 

CGE: 3.4% 

Sample 3 0.7 

PME: 0.675 

CWE: 0.678 

CGE: 0.681 

PME: 3.6% 

CWE: 3.1% 

CGE: 2.7% 

                      *The results are average of three replicates measurements 

In the next experiment, to test the accuracy of the proposed drug sensor, two samples from a 

same batch was taken, analyzed by the CWE and by HPLC method [41]. Then, the results were 

compared by student t-test. According to this statistical test, there is no significant changes between the 

results of two methods by confidence interval of 95%.  

Also, to test repeatability of the proposed sensors, 3 standard solutions of Pramipexole were 

measured each one for five times by a same sensor. The RSD values by PME were 4.3%, CWE 3.8% 

and 3.5%. For reproducibility of the methods was done by making the sensors from each types for 

three times and analyzed a standard solution of Pramipexole for five times. The RSD values for the 

assays did not exceed 4.7% for each type of sensors.  

 

 

 

4. CONCLUSION  

In this work, three kinds of potentiometric sensors was produced for determination of 

Pramipexole dihydrochloride. Pramipexole is a medication for Parkinson's disease, which is a 

dopamine agonist of the non-ergoline class. Because of the significance of the drug, the analysis of its 

active ingredient in formulations is of great importance. Three kinds of PVC membrane sensors were 

made for the measurement of Pramipexole ingredient in some pharmaceutical tablets. The PVC 

membrane having Pramipexol-tetraphenyl borate ion-pair was placed at the end of a plastic tube (as 

symmetric electrode) and coated on a graphite and a copper wire electrodes (as asymmetric 

electrodes). A wide linear range of 1.0×10
-6

-1.0×10
-1

 mol L
-1

 were provided by three sensors. 

Applicable pH range of the sensor is 3.0–6.8. Finally, the method was validated in the analysis of 

Pramipexole in some tablets. 
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