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Abstract

A poly rutin carbon paste electrode (CPE) was successfully The prepared modified electrode exhibited good
fabricated by the electro polymerization process and Stability, high sensitivity, better reproducibility, low
characterized in this study by using cyclic voltammetry detection limit towards the determination of uric acid
(CV) and differential pulse voltammetry (DPV). This (UA).

modified carbon paste electrode has exhibited a good

electro catalytic activity towards the determination of uric Keywords: Rutin, Uric acid, Dopamine, Ascorbic
acid (UA) in 0.1M phosphate buffer solution (PBS) at pH acid, cyclic voltammetry, Differential pulse

7.0.The effect of pH, scan rate and the concentration of UA voltammetry

on anodic peak current were investigated. The poly rutin

modified electrode was successfully used as a sensor for *Correspondence

the selective determination of UA in presence of dopamine Author: G. Madhavi

and ascorbic acid without any interference. The modified Email: gmchem01@gmail.com

electrode showed a good detection limit of 2.25 uM over

the linear dynamic range of 1.24x10°M to 2.43x10°M,

which is superior to many reported methods in the

literature.

Introduction

Presently chemically modified electrodes have attracted a lot of interest. The modified electrode surface includes
composite generation and polymer coating techniques. Electro polymerization of carbon paste electrodes is an
attractive research area in modern electro analytical chemistry especially due to various potential application
possibilities of modified electrodes in electro analysis and chemical sensors due to the relative ease of electrode
preparation and regeneration [1-5].

Uric acid (2, 6, and 8 — trihydroxy purine UA) is the final product of metabolic [6] breakdown of purine and is
excreted in urine. In human blood plasma, the reference range of uric acid is typically 0.18-0.39 mM, in urine it is in
between 1.49 mM to 4.46 mM [7]. Uric acid may be a marker of oxidative stress and may have a potential therapeutic
role as an antioxidant.JUA is a risk factor for cardio vascular disease ,it is also affecting the circulatory system
including the heart, lungs, brain, kidneys and other parts of the body [8-9] Therefore, the determination of UA
concentration is helpful for the diagnosis of some diseases such as Lesch-Nyhan syndrome, gout, hyperuricaemia,
hypouricemia, pneumonia, fatal poisoning, and toxaemia of pregnancy when its level goes extremely abnormal [10],
which makes determination of UA concentration in urine very important.

Dopamine (3,4-dihydroxyphenylethylamine) functions as a neurotransmitter in brain. In blood vessels, it
inhibits norepinephrine release and acts as a vasodilator. Deficiency of DA can lead to several neurological disorders
such as Parkinsonism (is a chronic and progressive movement disorder), Schizophrenia (is a mental disorder),
Huntington's  disease (is a neurodegenerative genetic  disorder), Toilette’s syndrome (inherited
neuropsychiatric disorder), prone to drug addiction, HIV infection and senile dementia [11-13] DA act as a
cholinergic drug, it is widely applied to the treatment of circulatory collapse syndrome caused by heart attack, trauma,
renal failure, cardiac surgery.
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Ascorbic acid [vitamin C] is a water-soluble cellular anti-oxidant. It plays a significant role in the growth and
repair of tissues. Vitamin C is needed for repairing and for healing wounds rand maintaining bones and teeth. It also
helps the body to absorb iron. AA can inhibit viral infectivity by inactivating viruses and by affecting viral replication
and it is used in the treatment and prevention of vitamin C deficiency (scurvy) that is characterized by bleeding and
slow healing of wounds. Abnormal levels of AA causes depression, thinking problems, dementia (hardening of the
arteries in the blockage in blood flow in brain.), Alzheimer’s disease, physical and mental stress, stomach ulcers, skin
infections, infections of the bladder and prostate [14, 15].

Earlier, electrochemical techniques have been extensively used for the simultaneous determination of UA, DA
and AA including capillary electrophoresis [16], chromatography [17, 18], fluorescence [19], spectrofluorometry
[20], enzymatic methods [21, 22] and chemiluminescence [23]. But, above techniques often require expensive
instruments and more time for analysis. However, the key problems for monitoring UA and DA oxidation potentials
always are close, so therefore, it is a significant attempt to separate the peak potentials of oxidation between DA and
AA, or UA. Using the modified electrode, the oxidative potentials of DA and UA were separated successfully,
thereby enabling the independent determination of DA in the presence of UA. The poly rutin modified electrode
provides a clear advantage such as selectivity, sensitivity, and reproducibility.

HO
OH

Chemical Structure of Rutin

Rutin (C27H30016) is one of the most abundant bioactive flavonoid and it is a derivative of catechol. It is the main
active ingredient in Sophora japonica L Known as vitamin P, rutin has been widely used as a therapeutic agent and
more than 130 preparations containing rutin are registered as drugs worldwide and has a broad range of physiological
activities such as anti-inflammatory [24, 25] antiviral [26] anti-oxidant [27], hypertension [28] and anti-depression
[29], and it has the potential to treat diabetes [30], commonly found in orange, grapefruit, lemon, berries and often
present in human diet. Electrochemical behavior of rutin is characterized by two oxidative signals corresponding to
two electron oxidation of —OH groups at positions 3” and 4’ forming an o-quinone. Poly rutin is used because of its
electrochemical activity.

The focus of the work is to fabricate a stable and selective biosensor by the electro polymerizing of CPE modified
with poly rutin using cyclic voltammetric technique. The Poly rutin not only exhibited strong electro catalytic activity
for oxidation of UA, DA and AA, but also resolved their voltammetric responses into three well-defined peaks. This
modified electrode showed an excellent sensitivity, selectivity, stability, and reproducibility of the developed method
for the detection of UA at the poly rutin/CPE in the presence of DA and UA at the physiological pH of 7.0.

Experimental
Instrument

Voltammetric measurements were performed with CH-Instrument Model No. CHI1610D Electrochemical work station
is a conventional three electrode cell, which includes a working CPE, a platinum wire as counter electrode and
saturated calomel electrode as a reference electrode. Bare CPE was prepared by grinding graphite powder of 70% and
silicon oil of 30% in an agate mortar by hand mixing for about 30 min to get the homogenous graphite paste. A bare
carbon paste electrode (3.0 mm diameter) / and poly (Rutin) MCPE was used as the working electrodes. The paste
was packed into the cavity of CPE and smoothened on a weighing paper to obtain smooth surface.
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Reagents

Rutin, Dopamine hydrochloride, ascorbic acid, uric acid, sodium dihydrogen phosphate (NaH;PQO4) disodium
hydrogen phosphate (Na;HPO.) and silicon oil was supplied by Himedia Chemicals. Fine graphite powder (particle
size <20um) were procured from Sigma-Aldrich Chemicals. All chemicals were of analytical grade and were used
without further purification. Dopamine stock solution was prepared by dissolving in 0.1 M perchloric acid and
ascorbic acid in double distilled water. The stock solution of uric acid (25 mM) was prepared by dissolving in 0.1 M
sodium hydroxide solutions. The supporting electrolyte used was Phosphate buffer (pH 7.0) and was prepared with
0.1 M NaH2PO4 and 0.1 M Na;HPOQO,. The stock solution of AA (25 mM) was prepared with water purified with a
Millipore Milli-Q system the pH values were measured with Elico Li 120 pH meter. All measurements were carried
out under room temperature.

Preparation of bare carbon paste electrode and Poly rutin modified carbon Paste electrode

The bare carbon paste electrode was prepared by adding the graphite powder and silicon oil in the ratio of (70:30%) in
an agate mortar to obtain a homogenous carbon paste. The polymer film modified CPE was prepared by the
electrochemical polymerization of Rutin on a carbon paste electrode in 0.1M phosphate buffer solution of pH 7.0
containing 1.0 mM of rutin with cyclic voltammetric sweeps in the potential range of -0.8V to 1.2V at the scan rate of
50 m V/s. Subsequently, the modified electrode was rinsed with water and placed in a buffer solution (pH 7.0) to test
its electro catalytic behavior

Results and Discussion
Electrochemical polymerization of rutin on carbon paste electrode

To investigate the possible mechanism of rutin polymerization on the carbon paste electrode (CPE), the effect of the
number of potential recycles during the preparation of the modified electrode in cyclic voltammetric responses was
studied. For this propose, poly rutin was prepared from 1.0 mM solution of rutin at pH 7.0 using a different number of
potential cycles. Electropolymerisation was carried out between the potential —100mV and 150 mV at a scan rate of
100 m V/s in 30 cycles and is shown in Figure 1. During the polymerization process, the cyclic voltammograms
showed an anodic oxidation peak potential at 369 mV was obtained. The oxidation peak is directly proportional to the
number of cyclic voltammetric scans, indicating that an electro-conductive polymer film was fabricated on the
electrode surface.
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Figure 1 Cyclic voltamogramme for the electrochemical polymerization of 1.0 mm Poly rutin on a CPE at the scan

rate 50 mV s

Rutin was oxidized to form the free radical at the surface of CPE which combines with the surface of CPE

quickly, indicating that the poly (rutin) undergoes addition polymerization with CPE. The electro polymerisation
procedure was completed and the modified carbon paste electrode was rinsed with Millipore water.
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Electrochemical oxidation of UA at the poly rutin

Figure 2 depicts the CV of a bare CPE (dashed curve ‘a’), poly rutin (dotted curve ‘b’) in presence of 25 mM UA in
the PBS of pH 7.0 with the scan rate of 50 mV/s. On bare CPE UA was oxidized at 276 mV with an anodic
(oxidation) peak current of 60 pA, where as in the reverse scan no cathodic peak was observed. After the modification
of CPE with poly rutin the peak current of UA increases to 146 pA. AEpa was also increased from 272 m V to 352 m
V for poly rutin/CPE respectively.

20 4

0

-20 - \"'-._.
-40
1 Ipa

) A (OO . SR . \

-80

Current (pA)

-100

-120

-140 Ipa

i I Epa

160 . ' . r . r .
-0.2 0.0 0.2 0.4 0.6
Potential (V vs.Ag/AgCl)
Figure 2 Cyclic voltamogramme of bare (dotted line), poly rutin MCPE using 0.1 mm UA in 0.1 M PBS (pH=7.0) at
the scan rate 50 mV s*

The peak potential difference (EP) 80 mV was obtained and indicates the same number of electrons and protons
are involved in the reaction mechanism [31]. This concludes that the poly rutin modified carbon paste electrode (Solid
line) exhibited an excellent sensitivity for the determination of UA.

The electro catalytic activity of rutin is due to the presence of electron releasing groups such as -CHs and -OH on
the surface of CPE. Due to the existence of electron rich groups, poly rutin shows a good affinity towards the UA and
it can easily undergo oxidation by exchanging positive ions with the electron rich groups in Poly rutin MCPE.

Effect of scan rate

Figure 3a illustrates the CV response for the electro catalytic oxidation of UA in the presence of poly (rutin) at
different scan rates between 50 and 500 mVs-1. The scan rate depending on the peak current in 25mM of UA was
studied. Figure 3b represents the Calibration plot of anodic peak current. A good linear relationship between the
anodic peak current of UA and the square root of scan rate (vV'?) with a correlation coefficient of R = 0.9901 was
obtained. This indicates that the electrode reaction of UA is diffusion controlled process [32].

Effect pH of the solution

To analyze the effect of pH of PBS on the anodic peak current and the peak potential 0.1PBS containing 25 mM of
UA was studied at poly (rutin) by employing CV technique. It is revealed from Figure 4 that the experiment was
conducted in the pH range from 5.0 to 8.0 the anodic peak current of UA increases with increase of pH and the anodic
peak current gradually increase from 5.0 to 7.0 and then there was a decrease in the anodic peak current at the pH of
more than 7.0.Furthermore, the anodic peak potential shifts towards more negative as the pH of the solution was
increased from 5.0 to 8.0. This indicates the participation of protons in the electrochemical oxidation of UA at poly
(rutin). The peak potential shows the linearity in the pH range of 5.5 to 8.0 with a slope of 50mV/pH and the linear
regression equation is given by

Epa (MV) = 761.59-64.57 pH (R? = 0.9822)
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Figure 3 (a) Cyclic voltamogramme of poly rutin CPE in the presence of 0.1 mm UA in 0.1 M PBS (pH=7.0) with
various scan rates (50, 100, 150, 200, 250, 300, 350 mV s), (b) Calibration plot of anodic peak current Vs square
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Figure 4 Effect of pH on anodic peak current (IPa), anodic peak potential (EPa) of 0.1 mm UA in 0.1 M PBS
Effect of UA concentration

It involves the determination of the detection limit of UA in the presence of poly rutin MCPE. From Figure 5 it can
be revealed that the anodic peak current observed at the modified CPE at various concentrations of UA by using DPV
technique. The graph of IPa Vs concentration of UA is shown in inset, showing the linear dynamic range
from1.24x10°M to 2.43x10°M.The detection limit is 2.25 uM was calculated by using the following equation:

DL=3 X SD/B
Where SD= Standard deviation, B is the slope obtained from the calibration plots The linear regression equation

for UA is expressed as Ipa (LA) = 0.1022+1.42(uA) (R?=0.9944).The low detection limit were calculates here more
sensitive than the values reported earlier.
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Figure 5 Cyclic voltammograms of UA at poly rutin MCPE at different concentration in 0.1M PBS at pH 7.0. Inset is
the plot of the anodic peak current versus the concentration of UA.

Simultaneous determination of AA, DA and UA

In human body DA, AA and UA coexist in biological fluids.CV was carried out for the simultaneous determination of
AA, DA and UA at a poly rutin/CPE in 0.1 M PBS (pH 7.0) .The different concentrations of 2.5 mM of AA, 0.025
mM of DA and 0.25 mM of UA in the mixture at poly rutin/CPE, gave three well prominent oxidation peaks and all
peak currents were increased linearly with increase in the concentration of AA, DA and UA.The concentration of UA
was increased in the presence of high concentration of 5.0 mM of AA and 0.025 mM of DA,a good selectivity was
observed by the poly rutin/CPE as there was no obvious change in the AA and DA peak current as a consequence of
dismissing its tendency to interfere with AA and DA.

The cyclic voltammograms response of the bare CPE (dotted curve, a), and Poly rutin/CPE (Solid curve, b),
toward DA, AA and UA are shown in Figure 6. The bare CPE failed to resolve the voltammetric response of DA and
AA. Whereas poly rutin/CPE is succeeded in resolving the overlapped voltammetric response. Three distinct peaks at
70.5, 261 and 455 mV for AA, DA and UA were observed at poly rutin/CPE.Due to the Electrostatic attraction of
AA, DA and UA are more effective surface area of modified electrodes poly rutin/CPE results in enhanced current
sensitivity.
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Figure 6 Cyclic voltammograms for simultaneous determination 2.5 mM of AA, 0.025 mM of DA and 0.25 mM of
UA at bare carbon paste electrode (dotted line) and Poly(rutin)/CPE (solid line) in 0.1 M PBS of pH 7.0
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Figure 7 Differential pulse voltammograms for the simultaneous determination of 2.5 mM of AA, 0.025 mM of DA
and 0.25 mM of UA at Bare carbon paste electrode (dotted line) and Poly(rutin)/CPE (solid line) in 0.1 M PBS of pH
7.0.

DPV responses of the mixture of DA, AA and UA at bare CPE (dashed curve), and at the poly rutin (solid curve)
are shown in Figure 7. The oxidation peaks of AA, DA and UA at the poly rutin/CPE are 30 mV, 199 mV and 357
mV respectively, shows three well defined peaks compared to bare CPE .The results demonstrate that the poly
rutin/CPE have an excellent electro catalytic activities toward the oxidation of AA,DA and UA.

Conclusion

The reported, poly (rutin) modified CPE acts as an biosensor for the detection of Uric acid (UA). The poly (Rutin)
film coated CPE had increased the anodic current remarkably. The poly (Rutin) film coated CPE showed an excellent
selectivity and electro catalytic activity towards the oxidation of UA in the presence of DA and AA. The poly (Rutin)
film coated CPE has showed satisfactory results with the detection limit of 2.25 uM. Hence, poly (rutin) modified
CPE is acting as an excellent sensor for the simultaneous determination of UA, DA, and AA.
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