Tanuja et al., J Anal Bioanal Tech 2016, 7:1
DOI: 10.4172/2155-9872.1000297

Journal of
Analytical & Bioanalytical Techniques

Research Article Open Access

Electrochemical Response of Dopamine in Presence of Uric Acid at
Pregabalin Modified Carbon Paste Electrode: A Cyclic Voltammetric Study

Tanuja SB, Kumara Swamy BE* and Vasantakumar Pai K

Department of Postgraduate Studies and Research in Industrial Chemistry, Kuvempu University, Shimoga, Karnataka, India

Abstract

The electrochemical analysis of dopamine and uric acid was performed at Pregabalin modified carbon paste electrode by cyclic
voltammetry in 0.2M phosphate buffer solution of pH 7.5 at scan rate 100 mV/s. The Pregabalin modified carbon paste electrode
showed an increase in anodic peak current as compared to the bare carbon paste electrode. The pregabalin modified carbon
paste electrode showed excellent electrocatalytic activity for selective determination of dopamine and uric acid by differential pulse
voltammetry technique. Several elctrochemical parameters like effect of pH, Scan rate, different concentrations of dopamine and
uric acid were studied at Pregabalin modified carbon paste electrode. The modified Pregabalin carbon paste electrode behaves like
selective electrochemical sensor for detection of dopamine and uric acid.
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Abbrevations: DA: Dopamine; UA: Uric acid; CV: Cyclic
voltammetry; DPV: Differential Pulse Voltammetry

Introduction

Drug is a chemical substance used in the treatment, prevention and
diagnosis of disease and it is used to enhance physical or mental well-
being. Anticonvulsants are commonly known as anti-epileptic drugs
and they are used in the treatment of epileptic seizures. Pregabalin is an
anti-epileptic drug and is used for the treatment of diabetic neuropathy
and post-herpetic neuralgia [1]. Preclinical and clinical studies have
shown the effectiveness of pregabalin in managing the neuropathic
pain. Clinical studies have also shown the efficacy and dose dependent
effects of pregabalin either as monotherapy or in combination with
analgesics in relieving pain and related symptoms [2,3].

Neurotransmitters are important biological key molecules.
Dopamine is a unique neurotransmitter compound extensively
distributed in the brain for message transfer in the mammalian central
nervous system. 3,4-Dihydroxyphenyl ethylamine, is commonly
known as dopamine, which plays a very important role in the function
of central nervous, endocrine function and cognition systems. It
affects brain processes that control movement, emotional response,
and ability to experience pleasure and pain. High level concentration
of dopamine causes euphoria. Any fluctuation in level of dopamine
is very effective toward brain tissues, whereas low level causes many
neurological disorders such as Parkinson’s disease, schizophrenia, HIV
infection [4,5] and Huntington’s disease, Senile dementia [6-8].

Uric Acid (UA) (2,6,8-trihydroxypurine) is electroactive
biomolecule, a white crystalline powder, soluble in water and is one
of the important final end products of purine metabolism in the
human body. In healthy persons the concentration of uric acid in
urine is around 2mM and in the blood it is in the range of 120mM to
450mM. Normally, healthy human beings excrete about 400 to 700 mg
through urine per day [9]. Abnormal levels of uric acid are symptoms
of several physiological disorders [10]. High levels of uric acid cause
hyperuricemia, excess serum accumulation of uric acid in the blood can
lead to arthritis (gout) [11]. The low concentration of uric acid leads to
hyperuricemia and other diseases such as Lesch-Nyhan syndrome and
heavy hepatitis [12]. Uric acid is also a marker for the renal failure. Its
quantitative determination in body fluids is necessary for the treatment
of diseases.

Dopamine and uric acid are the two significant biomolecules for
physiological processes in human metabolism. Their irregular levels
lead some disorders, it is a great important task to design simple and
sensitive methods for the determination of their concentrations. There
are a number of analytical methods were developed for the detection
of dopamine [13-16]. Electrochemical methods have been widely
used to quantify the dopamine detection with several advantages like
simple design, sensible and cost effective, fast response as compared
to conventional analytical methods [17]. Dopamine, uric acid usually
coexist in physiological samples, dopamine normally present at low
concentration along with uric acid which is at higher concentration. The
simultaneous determination of these compounds is a special interest
in the development of electrochemical sensors [18]. The successful
route to overcome the problems of selectivity is to modify the carbon
paste electrode surface, because the modified electrode could decrease
the over voltage, improve the velocity of mass transfer effectively and
enhances the selectivity of the analyte [19]. The modification can be
done by using organic and inorganic substances and biomoecules
[20,21].

The modified carbon paste electrodes are gaining prominence
because of their biocompatibility and good electron transfer. The
present work describes the fabrication of the modified carbon
paste electrode by modifying the carbon paste electrode using drug
pregabalin for the determination of dopamine and uric acid using
cyclic voltammetry and differential pulse voltammetric techniques.
This modified electrode shows better selectivity for the determination
of dopamine in presence of uric acid. No literature was found for the
determination of dopamine by using pregabalin modified carbon paste
electrode (Scheme 1).
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Scheme 1: The structure of pregabalin.

Experimental
Reagents and chemicals

Pregabalin was received from Srini Pharmaceuticals Ltd. (AP,
India) Dopamine (DA) was obtained from Himedia chemical company
with analytical grade used without further purification. Dopamine stock
solution was prepared in 0.1M Perchloric acid, potassium ferrocyanide
and KCl were prepared in double distilled water. Graphite powder of
50 mm size was purchased from Loba and silicon oil was purchased
from Himedia. The chemicals for preparation of buffer solution were
purchased from Merck. Phosphate buffer (0.2M pH 7.5) was used as
supporting electrolyte.

Instrumentation

Cyclic voltammetric experiments were performed using a model
CHI-660c (CH Instrument-660 electrochemical workstation). All
experiments were carried out with a conventional three electrode cell.
The electrode system contained a bare carbon paste electrode (BCPE)
pregabalin modified carbon paste electrode (MCPE) as working
electrode, platinum wire as a counter electrode and saturated calomel
as a reference electrode.

Preparation of bare carbon paste electrode

The bare carbon paste electrode was prepared by graphite powder
and silicon oil at the ratio of 70:30 (w/w) in an agate mortar by hand
mixing to get homogenous paste. The prepared carbon paste was
tightly packed into the cavity of a homemade carbon paste electrode
then polished the surface by rubbing on a weighing paper.

Preparation of modified carbon paste electrode

The modified carbon paste electrode was prepared by using 5 mg of
Pregabalin, graphite powder and silicon oil at a ratio of 70:30 (w/w) in
an agate mortar by hand mixing to get homogenous paste. The modified
carbon paste was tightly packed into the cavity of a homemade carbon
paste electrode then polished the surface by rubbing on a weighing

paper.
Results and Discussion

Influence of modifier concentration on the surface of carbon
paste electrode

The electrochemical response of the carbon paste electrode
is mainly depends upon the properties and concentration of the

modifying species [17,22-26], In our study pregabalin was used as a
modifier, Pregabalin modified carbon paste electrode was prepared by
adding a different ratio of pregabalin to the carbon paste electrode. The
concentration of pregabalin varied from 2 to 11 mg by increasing the
concentration of pregabalin in the modification of electrode the anodic
peak current (Ipa) and cathodic peak current (Ipc) goes on increasing
from 2 mg to 5 mg with negligible change in redox peak potentials as
shown in Figure 1 further increase in the quantity of pregabalin both
anodic and cathodic peak current was decreased, better and acceptable
voltammogram was obtained with 5 mg Pregabalin modified carbon
paste electrode, Hence 5 mg Pregabalin was chosen to fabricate
modified carbon paste electrode and modified pregabalin electrode was
used for further investigation of dopamine.

Cyclic voltammetric studies of K4Fe(CN)6 at Pregabalin
MCPE

Potassium ferro cyanide is always used as an electrochemical query
to evaluate the electrochemical properties of a modified carbon paste
electrode. The Cyclic voltammogram of potassium ferrocyanide at
Pregabalin modified carbon paste electrode in 0.1mM [K,Fe(CN) ] and
1M KCl as a supporting electrolyte with scan rate 100 mV/s as shown
in Figure 2. The cyclic voltammogram of potassium ferrocyanide at the
bare carbon paste electrode shows low current signal, The voltammetric
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Figure 1: Graph of current v/s quantity of pregabalin in carbon paste electrode.
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Figure 2: Cyclic voltammogram of 0.1mM [K,Fe(CN),] at BCPE (solid line),
Pregabalin MCPE (dashed line) in 1M KCI scan rate 100 mV/s.
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response was improved at the modified Pregabalin carbon paste
electrode which is revealed by the enrichment of both anodic and
cathodic peak current (dashed line) as compared to the bare carbon
paste electrode (solid line). The electrochemical surface area of carbon
paste electrode and pregabalin modified carbon paste electrode were
calculated using Randles-Sevick’s equation was found to be 0.0240 cm?
and 0.0280 cm? respectively.

Electrochemical responses of Dopamine at pregabalin
modified carbon paste electrode

Figure 3 shows the cyclic volatammograms obtained for the
electrochemical response of dopamine at Pregabalin modified carbon
paste electrode (dashed line) and bare carbon paste electrode (solid
line) in 0.2M PBS at pH 7.5 containing 0.05mM DA scan rate 100 mV/s.
The cyclic voltammogram obtained at the bare carbon paste electrode
exhibited poor current signal. However, the voltammertric response
of dopamine at pregabalin modified carbon paste electrode showed a
good increment in redox peak current as compared to the bare carbon
paste electrode. The AEp was found to be 52 mV. The significantly
enhanced redox peak current shows the enhanced electrochemical
property of pregabalin modified carbon paste electrode towards the
dopamine detection.

Effect of scan rate at Pregabalin modified carbon paste
electrode

According to Randles-Sevick’s equation, peak current was directly
proportional to scan rate. The different scan rate study exhibits a
reflective effect on the oxidation peak current of dopamine. The scan
rate observation was used to understand the electrode process. The
Pregabalin modified carbon paste electrode showed an increase in
redox peak current with an increase in scan rate from 50 to 350 mV/s, It
indicates that direct electron transfer between dopamine and modified
carbon paste electrode. The cyclic voltammograms for dopamine at
different scan rates on Pregabalin modified carbon paste electrode at
pH 7.5 was shown in Figure 4a. The graph of anodic peak current (Ipa)
versus square root of scan rate was plotted as shown in Figure 4b. The
graph showed a linear relationship of anodic peak current and scan
rate with correlation coefficient 0.9944, this indicates that the electrode
process was diffusion controlled [23,27-29].

Effect of Dopamine concentration at pregabalin modified
carbon paste electrode

Figure 5a shows that the electrochemical investigation of different
concentration of dopamine at Pregabalin modified carbon paste
electrode. The redox peak current of dopamine was increased linearly
with increasing the concentration of dopamine from 50 to 300 uM.
The Figure 5b shows the graph of anodic peak current (Ipa) versus
concentration of dopamine. The result shows gradually increase in
anodic peak current and cathodic peak current with slightly shifting
of anodic peak potential (Epa) towards positive direction and cathodic
peak potential (Epc) towards the negative direction with an increase in
dopamine concentration.

Influence of pH on Pregabalin modified carbon paste
electrode

The effect of pH on the electrochemical response of Pregabalin
modified carbon paste electrode towards dopamine was investigated.
The Figure 6a demonstrates the pH dependence of dopamine
electrochemical response at Pregabalin modified carbon paste
electrode with scan rate 100 mV/s. The anodic peak current increase
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Figure 3: Cyclic voltmmogram of 0.05mM DA in 0.2M phosphate buffer solution

pH 7.5 at BCPE (solid line) and Pregabalin MCPE (dotted line) with scan rate
of 100 mV/s.
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Figure 4a: Cyclic voltmmogram of dopamine at different scan rate.
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Figure 4b: Graph of current v/s square root of scan rate.
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Figure 5a: Cyclic voltammogram of different concentration of DA at Pregabalin
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Figure 5b: Graph of current V/S concentration of DA at scan rate
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Figure 6a: Cyclic voltammograms of 0.05 mM DA for

different pH (from 6 to 8 pH) at pregabalin MCPE.

with increasing pH as shown in Figure 6b. The anodic peak current
increases with an increment of pH value up to 7.5, then it showed a
decrease in current signal. The pH 7.5 leads to the highest peak current.
Therefore, pH 7.5 was selected for all successive electrochemical
analysis of dopamine and uric acid. The anodic peak potential of
dopamine shifted from 263 to 145 mV with an increase in the pH 6-8.
The potential diagram Figure 6c was constructed by plotting the graph
of anodic peak potential (Epa) versus pH of the solution. The graph
shows good linearity with a slope of 60 mV/pH this behavior is nearly
obeyed the Nernst equation for equal number of electron and proton
transfer reaction [30].

Simultaneous determination of Dopamine in presence of uric
acid

Selectivity is a very important aspect of modified carbon paste
electrode so commonly co-existing species like dopamine and uric
acid was chosen to evaluate the selectivity of modified carbon paste
electrode. Differential Pulse Voltammetry offers a much interest due to
their high current sensitivity and better resolution so for simultaneous
determination of dopamine and uric acid was carried out by using
differential Pulse Voltammetric technique. The resolution of dopamine
and uric acid in the mixture of solution was investigated at Pregabalin
modified carbon paste electrode by varying the concentration of one
species and keeping the concentration of other species constant. The
pregabalin modified carbon paste electrode has achieved the separation
of two analytes in the mixture. The Figure 7 shows that the peak current
of dopamine is proportional to the concentration of dopamine. The
peak current of dopamine was increased linearly with increasing the
concentration of dopamine from 5 uM to 25 pM, while keeping the
concentration of uric acid fixed (8 uM). The change in concentration of
dopamine did not show any substantial influence on the peak current
of uric acid. The Figure 8 shows the oxidation peak current of uric acid
increased linearly with an increase in the concentration of uric acid
form 10 uM to 50 uM while keeping the other analyte concentration
constant. The change in concentration of uric acid has no significant
influence on the peak current of dopamine. The above results confirm
that the electro oxidation peaks of dopamine and uric acid at Pregabalin
modified carbon paste electrode peaks are well separated from each
other. Therefore, it is possible to determine dopamine and uric acid in
the mixture samples using Pregabalin modified carbon paste electrode
by differential pulse voltammetry technique. The prepared pregabalin
modified carbon paste electrode has detection limit of 2.0 x 10° M and
3.7 x 10° M for dopamine and uric acid respectively. The detection
limit was calculated by using the formula (1) [31] where S is the
standard deviation and M is the slope obtained from the calibration
plot (Table 1).

LOD=3S/M (1)
Conclusion

The present work demonstrates that the modified pregabalin carbon
paste electrode can be used for the electrochemical determination of
dopamine in the presence of uric acid. The pregabalin is a drug used as
the modifier to check the sensor properties of dopamine. The modified
Pregabalin carbon paste electrode shows an excellent electrocatalytic
activity for the oxidation of dopamine and uric acid. The anodic
peak current was enhanced dramatically as compared to bare carbon
paste electrode. The proposed methods were successfully applied
for the simultaneous determination of electrocatalytic oxidation of
dopamine and uric acid using cyclic voltammetry and differential pulse
voltammetric methods, both individually and simultaneously with low
detection limit, good sensitivity and selectivity.
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Analyte Electrode Method | Detection limit (uM) References
DA |Ag/Ag2S-CNT-Nafion DPV 4.7 [32]
DA SWCNT/GCE DPV 7.0 [33]
DA Fc-MCPE Ccv 9.4 [34]
DA P/MCPE DPV 2.0 Present Work
UA a-CD/CNT/CPE DPV 5.0 [35]
UA CNT/PEDOT DPV 10.0 [36]
UA P/MCPE DPV 3.7 Present Work

Table 1: The Detection limit for DA and UA previous work and present work.
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Figure 6b: Graph of Ipa v/s pH.
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Figure 7: Differential pulse voltammograms of dopamine different
concentration (from a to e): 5 yM, 10 uM, 15 uM, 20 uM, 25 uM in Phosphate
buffer solution at pH 7.5 in presence of 8 uM Uric acid at Pregabalin modified
carbon paste electrode with a scan rate 100 mV/s.
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Figure 8: Differential pulse voltammograms of uric acid different
concentration (from a to e): 10 uM, 20 pM, 30 pM, 40 uM and 50 uM UA

in Phosphate buffer solution at pH 7.5 in presence of 20 uM Dopamine
at Pregabalin modified carbon paste electrode with a scan rate 100 mV/s.
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