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Abstract.1 A cyclic voltammetric technique was used for 
electropolymerisation of proline on the surface of carbon 
paste electrode and for individual and concurrent deter-
mination of dopamine (DA) and uric acid (UA). The 
surface morphology of the developed electrode was 
studied by using field emission scanning electron 
microscopy. The modified electrode showed a high 
current response towards DA as compared to the bare 
electrode. The modified electrode shows good catalytic 
activity with a different oxidation potential of dopamine 
and UA. The electrode process was found to be adsorption 
controlled. The developed method shows very good 
stability and reproducibility. Under the optimized 
conditions, the concentration range is (1–2)∙10-4 M and the 
observed detection limit was 4.7∙10-6 M. The developed 
sensor was applied for the determination of DA in the real 
sample with a good recovery.  
 
Keywords: dopamine, uric acid, proline, electropoly-
merization, cyclic voltammetry. 

1. Introduction 
Dopamine (DA) and uric acid (UA) are two 

important neurotransmitters distributed in mammals. DA 
is an essential molecule of catecholamine present in the 
mammalian central nervous system for the transfer of 
signals. Its deficiency leads to brain disorders such as 
Parkinson’s disease and schizophrenia [1-3]. UA is the 
primary final product of purine metabolism found in urine 
and blood. Its significant concentration in human body is 
the indication of a number of diseases such as 
hypothyroidism, gout, lactic acidosis, and hyperuricemia 
[4-8]. It is essential to develop sensitive and selective 
methods for the detection of DA and UA. Different 
electrodes have been used to study these biological 
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molecules from a long time. A lot of advantages were 
found in polymer modified electrodes (PMEs) because of 
their sensitivity, selectivity, and homogeneity in electro-
chemical deposition, strong adherence to the electrode 
surface and stability [9-10]. To study the electrochemical 
oxidation of DA and UA, various PMEs are used. Cyclic 
voltammetric (CV) technique provides a simple and fast 
way of analyzing biological and environmentally impor-
tant molecules [11-17]. For instance, a glassy carbon 
electrode (GCE) modified with poly(N, N-dimethyl-
aniline) could simultaneously identify ascorbic acid and 
DA, which coexist in true solution [18]. It is also found 
that glutamic acid [19], aminobenzoic acid [20], and  
p-nitrobenzo resorcinol [21] as an electropolymerized 
layer are used to modify GCE for the identification of DA. 
The conducting polymer with nanoparticles of metallic or 
semiconducting materials finds a number of applications 
in electronics, sensors, and catalysis [22-24]. They have 
synergistic physical and chemical properties based on the 
constituent polymer and introduced metal. Thus, setting a 
polymer with nanoscale material, it is possible to develop 
nano-electronic sensors with the superior performance 
[25-27]. 
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Fig. 1. The oxidation mechanism of DA and UA 
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This work involves the development of 
poly(proline) on the surface of a carbon paste electrode 
(CPE) by CV technique. The polymer was found electro-
catalytically active for the electro-oxidation of DA. The 
oxidation potential of DA could distinguish from UA with 
its good sensitivity, selectivity, and stability. Recently a 
lot of work has been performed on the topic [28-37]. The 
scheme for the oxidations of DA and UA is shown in Fig. 
1 [29]. 

2. Experimental 

2.1. Apparatus and Reagents 

The CV experiments were performed with a model 
of EA-201 Electro analyzer (Chemilink systems, India) 
connected to a personal computer for the control and data 
storage. A standard three-electrode cell is used to carry 
out all electrochemical experiments. The bare (BCPE) or 
poly(proline) modified CPE (PPMCPE) was used as a 
working electrode, platinum wire – as a counter electrode 
and saturated calomel electrode (SCE) – as a reference 
electrode. 

DA, UA, and proline were obtained from Himedia 
chemicals, Bangalore, India and used. The other solutions 
were of analytical grades: phosphate buffer solutions 
(PBS, 0.2M) prepared by mixing standard solutions of 
0.2M disodium hydrogen phosphate and sodium 
dihydrogen phosphate. For all the experiments, freshly 
prepared solutions of DA (25∙10-4 M) and UA (25∙10-4 M) 
are used. The stock solution of proline (25∙10-3 M) and 
other solutions were prepared in distilled water. 

2.2. Preparation of BCPE 

CPE was prepared by hand mixing of silicone oil 
and graphite powder in the ratio of 30:70 (w/w) in an 
agate mortar until a homogeneous paste is produced. The 
prepared carbon paste was packed tightly into a Teflon 
tube (3 mm internal diameter) and the electrical contact 
was provided by a copper wire connected to the paste at 
the end of the tube. 

2.3. Preparation of PPMCPE 

1 mM proline solution was placed in an electro-
chemical cell containing 0.2 M PBS (pH 7.4). The 
poly(proline) modified CPE was prepared by scanning the 
proline solution in the potential range from -1300 to 
1800 mV at the scan rate of 100 mV/s for five times. The 
prepared electrode is rinsed with water to remove 
unreacted proline monomer and used for the 

determination of DA and UA. The cyclic voltammograms 
are shown in Fig. 2. 

 

 
 

Fig. 2. CVs for the electropolymerization  
of 1 mM proline at BCPE in 0.2M PBS (pH 7.4)  

at the scan rate of 100 mV/s 

3. Results and Discussion 

3.1. Characterization 

Fig. 3 shows the characteristic surface morpho-
logies BCPE and PPMCPE by using Field Emission 
Scanning Electron Microscopy (FE-SEM). It is seen that 
the surface of BCPE (Fig. 3a) have irregular shaped 
carbon flakes. But, PPMCPE has a symmetrical 
arrangement of poly(proline) layer on the surface of 
BCPE (Fig. 3b). It shows that the surface of BCPE is 
covered by poly(proline) film. 

3.2. Electrochemical Investigation of 

Potassium Ferrocyanide at PPMCPE 

To study the electrochemical behavior of 
PPMCPE, potassium ferrocyanide K4[Fe(CN)6] was 
used as electrochemical redox probe (Fig. 4a). The 
cyclic voltammograms of K4[Fe(CN)6] show that the 
redox peak current increases compared to bare CPE. 
The cyclic voltammogram of K4[Fe(CN)6] (solid line) 
at the bare is 230 mV, and the peak potential at the 
cathode is 159 mV in 1M KCl. PPMCPE shows a pair 
of redox peaks (dashed line). The anodic peak 
potential was found to be at 230 mV and the cathodic 
peak potential – at 175 mV. It showed an excellent 
catalytic activity of PPMCPE . The cyclic 
voltammogram of K4[Fe(CN)6] at different scan rates 
from 100 to 250 mV/s is shown in Fig. 4b. It is 
observed that the peak current of PPMCPE increased 
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much higher than that of BCPE. Due to the increase in 
peak current at the modified electrode, it indicates that 

the modified electrode possesses the highest 
electrocatalytic activity.  

 

  
a) b) 

 
Fig. 3. FE-SEM image of BCPE(a) and PPMCPE (b) 

 

  
a) b) 

 
Fig. 4. CVs for the electrochemical responses of K4[Fe(CN)6] at bare (solid line)  

and PPMCPE (dashed line) in 1M KCl containing 1 mM of at the scan rate of 100 mV/s (a);  
CVs  of K4[Fe(CN)6]  at PPMCPE with different scan rates (100–250 mV/s) (b) 

 

3.3. Electrochemical Response of DA at 
PPMCPE 

Fig. 5 shows the voltamogramms of blank solution 
(PBS, pH 6.5), and no peak is observed for blank (solid 
line). However, when DA (1∙10-4) M is added to the 
solution (dashed line), a standard peak is observed at the 
potential of 168 mV (Epa) with the peak current (Ipa) of 

16.32 µA and 137 mV (Epc) with the peak current (Ipc) of 
10.12 µA. Such significant increase in the peak current 
gives evidence of electrocatalytic effect. 

The CVs of DA is shown in Fig. 6 at BCPE (solid 
line) and PPMCPE (dashed line). The peak current at the 
modified electrode is much higher than that of the bare. 
This shows that the electrochemical oxidation of DA is 
improved at PPMCPE. 



Edwin S. D’ Souza et al.   

 

156 

 

 
 

 
Fig. 5. Cyclic voltammograms of DA (1∙10-4 M, 0.2M PBS,  

pH 6.5) at PPMCPE (dashed line) and blank solution (solid line)  

 
Fig.6. Cyclic voltammogram of DA (1∙10-4 M, 0.2M PBS,  
pH 6.5)  at BCPE (solid line) and PPMCPE (dashed line) 

 
3.4. Effect of Scan Rate on the Peak 
Currents of DA 

Scan rate can affect the current responses of DA, 
and corresponding parameters could be obtained from the 
relationship between the scan rate and the current 
reactions of DA. The effect of scan rate of 
electrooxidation of DA at PPMCPE in 0.2M PBS (pH 6.5) 
is shown in Fig. 7a. It is observed that as the scan rate 
increases, the oxidation peak current increases too. The 
peak current of DA shows a linear relationship with scan 
rate in the range of 100–250 mV/s with regression 
equation Ipa (µA) =3.79 + 0.213v and the correlation 
coefficient of 0.998 (Fig. 7b), which confirms that the 
electrode process is adsorption controlled. 

3.5 Effect of pH Value on DA Behavior 

Effect of pH on DA at PPMCPE in the pH range of 
6–8 is depicted in Fig. 8a. The maximum peak current is 
seen at pH 6.5 (Fig. 8b). For the better sensitivity and 
selectivity pH of 6.5 is taken as optimum for the 
determination of DA. The peak potential was shifted to 
lower positive side with higher buffer pH, showing that 
the proton takes part in the electrode reaction and obey the 
equation Epa (mV)= 625 – 67.8pH with the correlation 
coefficient of 0.978 (Fig. 8c). The slope of the equation 
was found to be -67.8 mV/pH. The obtained graph is very 
close to the expected theoretical value of -59 mV/pH, 
which suggests that the number of electrons transferred is 
equal to the number of hydrogen ions taking part in the 
electrode reaction. 

 

      
a) b)  

Fig. 7. CVs of DA (1∙10-4 M, 0.2M PBS, pH 6.5) at PPMCE at scan rates  
of 100, 125, 150, 175, 200, 225 and  250 mV/s (a); Anodic peak current vs. scan rate (b) 
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a) b) 

Fig. 8. CVs of DA (1∙10-4 M) at PPMCPE 
in 0.2M PBS at pH values of 6.0, 6.5, 7.0, 7.5 and 8.0 (a);  

Anodic peak current vs. pH (b); Potential vs. pH (c) 

 
c) 

 

3.6. Calibration Plot and Limit  
of Detection for DA    

CV was a sensitive electrochemical method  used 
to determine the linear range and the limit of detection. 
The CV of DA at PPMCPE in the concentration range 
from 1∙10-4 to 2∙10-4 M in PBS (pH 6.5) is determined. 
Fig. 9 shows the relation between the peak current and 
DA concentrations. A linear calibration curve is obtained 
according to the linear equation Ipa (A)= 3.15∙10-6 + 0.01C 
(M) and the correlation coefficient is 0.99. The detection 
limit (LOD) and limit of quantification (LOQ) were 
calculated by the simple equation LOD = 3S/N and  
LOQ = 10S/N, where S is the standard deviation of the 
blank solution and N is the slope of the calibration curve. 
The values obtained are 4.7∙10-6 M and 15.7∙10-6 M, 
respectively.   The detection  limit  values  compared  with  

some modified electrodes are represented in the Table 
[38-40]. 

 

 
 

Fig. 9. Calibration plot for the determination of DA  
at PPMCPE in 0.2M PBS (pH 6.5) at the scan rate of 100 mV/s 

 

Table 

Comparison of PPMCPE with some modified electrodes for the determination of dopamine 
Electrode Analyte Linear range, M Detection limit, M Ref. 

Sodium dodecyl sulphate/carbon nanotube 
paste electrode DA 1∙10-6 to 2.8∙10-5 3.3∙10-7 [38] 

Glassy carbon electrode/poly(caffeic acid) DA 1∙10-6 to 4∙10-5 4∙10-7 [39] 
Indole-3-carboxaldehyde/glassy carbon 

electrode DA 10∙10-6 to 10∙10-4 17∙10-7 [40] 

PPMCPE DA 1∙10-4 to 2∙10-4 4.7∙10-6 This work 
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3.7. Electrochemical Behavior of UA  
at PPMCPE 

Fig. 10a represents the electrochemical oxidation of 
1∙10-4 M UA at BCPE (solid line) and PPMCPE (dashed 
line). The anodic peak potential for the oxidation of DA is 
291 mV with the peak current of 1.48 µA for BCPE while 
for PPMCPE the peak potential is 302 mV with the peak 
current of 14.06 µA. Thus, it is evident that the PPMCPE gives 
increased peak current and shows strong electrocatalytic effect. 

The experiment was conducted at different scan 
rates to study the electrode reaction, and the CVs of  
1∙10-4 M UA at PPMCPE is shown in Fig. 10b. Peak 
current increases with the increase in the scan rate. This 
indicates the electron transfer between UA and the 
modified electron surface. The scan rate in the range 
of 100–250 mV/s with a linear regression of  
Ipa = -9.25 + 0.05v (Fig. 10c) and correlation coeffi-
cient of 0.976 shows that it is adsorption controlled 
electrode reaction. 

3.8. Simultaneous Determination  
of DA and UA at PPMCPE by CV  
and Differential Pulse Voltammetry (DPV) 

DA and UA exist together in the extracellular fluid 
of the central nervous system. The oxidative potentials of 
both are very close to one another. Simultaneous deter-
mination is the primary purpose of the study. Fig. 11a 
represents the CVs of DA (1∙10-4 M) and UA (1∙10-4 M) in 
0.2M PBS (pH 6.5) at the scan rate of 100 mV/s. A well 
defined two oxidation peaks are obtained at 148 and 
281 mV for DA and UA, respectively. Thus, PPMCPE 
was effectively used for the separation of DA in the 
presence of UA. The results of DPV studies of DA and 
UA in the mixture are shown in Fig. 11b and a well-
separated peak for DA and UA at PPMCPE is observed. 
Therefore, PPMCPE was effectively used to separate DA 
in the presence of UA. 

 

  

a) b) 

 
 

c)  

Fig. 10. CVs of UA (1∙10-4 M) at BCPE (solid line) and 
PPMCPE (dashed line) in 0.2M PBS, pH 6.5 (a); CVs of UA 
(1∙10-4 M) at PPMCPE in 0.2M PBS, pH 6.5 at the scan rates  

of 100, 125, 150, 175, 200, 225 and 250 mV/s (b); Anodic peak 
current vs. scan rate (c) 
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a) b) 

Fig. 11. CVs (a) and DPV (b) obtained at the PPMCPE  
of a solution containing DA (1∙10-4 M) and UA (1∙10-4 M) in 0.2M PBS (pH 6.5) 

 

3.9. Stability, Reproducibility and Real 
Sample Analysis 

Stability and reproducibility of the modified 
electrode are carried out to determine the performance of 
the sensors. The modified electrode stability is checked by 
detecting 1∙10-4 M DA on 40 consecutive cycles. A good 
electrocatalytic response is shown by the sensor, and it 
confirms that the modified electrode has an excellent 
stability of 95.69 % current retention. The relative 
deviation was found to be 3.32 % (4 runs) showing that 
the modified electrode has good reproducibility. 

To revise the application of DA in a real sample, 
DA injection was purchased from the nearest medical 
store. The experimentation was carried out by the typical 
standard addition technique. It was found that the 
recovery was in the range of 98.40–102.75 %. The results 
showed that the developed electrochemical sensor is very 
useful for the resolution of DA in the pharmaceutical 
sample. 

4. Conclusions 

A sensor was developed using PPMCPE for the 
determination of DA in the presence of UA. The method 
used is direct, sensitive, and cost-effective. Sophisticated 
instruments are not required. The electropolymerization of 
proline on carbon paste electrode produces a stable 
polymeric film. PPMCPE exhibits unusual activity 
towards the DA oxidation, and two well defined 
voltammetric peaks of DA and UA are obtained. Thus, it 
is expected that PPMCPE could hold a number of 
applications in the field of electroanalytical chemistry and 
biosensors. 
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ЕЛЕКТРОХІМІЧНЕ ВИЗНАЧЕННЯ ДОПАМІНУ 
ТА СЕЧОВОЇ КИСЛОТИ З ВИКОРИСТАННЯМ 

ВУГІЛЬНО-ПАСТОВОГО ЕЛЕКТРОДУ, 
МОДИФІКОВАНОГО ПОЛІПРОЛІНОМ. 

ЦИКЛІЧНЕ ВОЛТАМЕТРИЧНЕ ДОСЛІДЖЕННЯ 
 
Анотація. За допомогою циклічної вольтаметрії прове-

дено електрополімеризацію проліну на поверхні вугільно-
пастового електроду та для індивідуального та одночасного 
визначення допаміну та сечової кислоти. Морфологію поверхні 
розробленого електрода вивчено методом емісійної скануючої 
електронної мікроскопії. Виявлено, що модифікований елект-
род виявив високу чутливість струму на допамін порівняно з 
оголеним електродом. Доведена висока каталітична актив-
ність розробленого модифікованого електроду з різним потен-
ціалом окиснення допаміну та сечової кислоти. Встановлено, 
що перебіг електродного процесу контролюється адсорбцією. 
Показана достатньо непогана стабільність та відтворю-
ваність розробленого методу. За оптимальних умов діапазон 
концентрацій становить від 1∙10-4 до 2∙10-4 М, а межа ви-
явлення 4,7∙10-6 М. Проведені реальні випробовування розроб-
леного електроду із задовільним результатом. 

 
Ключові слова: допамін, сечова кислота, пролін, 

електрополімеризація, циклічна вольтаметрія. 
 


