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A polymerized film of acid red 176 was prepared on glassy carbon electrode (GCE) in neutral buffer
solution by cyclic voltammetry (CV). The poly(acid red 176) film-coated GCE (PARGCE) exhibited
excellent electrocatalytic activity towards the oxidation of dopamine (DA) and uric acid (UA) in the
presence of ascorbic acid (AA). The electrochemical oxidation signals of DA, UA, and AA were well
resolved into three distinct peaks with peak potential separations of 180, 176 and 356 mV between
AA-DA, DA-UA, and AA-UA in differential pulse voltammograms (DPVs), respectively. A linear
range of 1 to 70 pM and a detection limit of 4.9x107 M were observed in pH 6.47 phosphate buffer
solutions (PBS). Moreover, PARGCE efficiently eliminated the interference of a high concentration of
AA in the determination of DA and UA with high sensitivity, selectivity, and good reproducibility.
The modified electrode was also successfully applied for the determination of DA in human urine
samples with satisfactory results. The proposed method provides a significant method for selective
detection of DA from the interferences by AA and UA.
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1. INTRODUCTION

Dopamine (DA) is an important biomolecule in biological fluids and widely distribute in the
body of many mammals [1, 2]. It exhibits vitally physiological functions, such as message transfer in
the brain and defense against disease [3, 4]. However, it is generally shown that the reversibility of DA
at bare electrode is not obvious and high overpotentials are required for amperometric detections [5].
Moreover, the oxidation potentials of DA and the interferences of ascorbic acid (AA) and uric acid
(UA) are too close to be separately determined at bare electrodes. Furthermore, the concentration of
AA and UA are generally much higher than that of DA (100-1000 times) and hence they offer greater
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interference in the determination of one in the presence of the other two [6]. Therefore, it is important
to develop sensitive and selective methods for the detection of DA in the presence of UA and AA. In
the past decades, various chemically modified electrodes have been used to overcome the problems.
Among these methods, polymer modified electrodes have many advantages in the detection of
biomolecules because of their selectivity, sensitivity and homogeneity in electrochemical deposition,
strong adherence to the electrode surface, and chemical stability of the film [7, 8]. Loads of
concentrations have been given to fabricate polymers by employing various materials such as 3,4-
ethylene-dioxythiophene [9], evans blue [10,11], 5-amino-1,3,4-thiadiazole-2-thiol [12], acid chrome
blue K [13], 3,3’-bis[N,N-bis(carboxymethyl)aminomethyl]-o-cresolsulfonephthalein [14], p-
xylenolsulfonephthalein [15], and tiron [16] as an electropolymerized layer to modify GC electrode for
the detection of DA.

In the present work, we electrodeposited acid red 176 on GCE in neutral solution to enhance
the sensitivity toward the oxidation of DA and explored the properties of PARGCE for the detection of
DA and UA in the presence of AA.

2. EXPERIMENTAL

2.1. Reagents

Acid red 176, dopamine, uric acid, ascorbic acid, NaH,PO, and Na,HPO, were purchased from
Sigma-Aldrich. All reagents were of analytical reagent grade and used as received unless otherwise
noted. Phosphate buffer solutions were prepared from stock solutions of 0.1 M NaH,PO, and 0.1 M
Na,HPOQO,. Distilled water (Zhengzhou Xuefeng Water Treatment Company, China) was used for
preparation of all solutions. All experiments were performed at room temperature.

2.2. Apparatus

Electrochemical experiments were performed with a CHI760C electrochemical workstation
(Chenhua Instruments, China). A conventional three-electrode system was used where glassy carbon
electrode (GCE, 3 mm diameter) or the modified GCE, a platinum wire, and a Ag/AgCl (3 M KCI)
electrode were used as working, counter, and reference electrodes, respectively. All potentials in this
study referred to this reference electrode. DPVs were obtained by scanning the potential from —0.2 to
0.4 V with the following pulse amplitude: 100 mVs™, pulse width: 2 ms, and pulse period: 1000 ms.
All electrochemical experiments were performed in 0.1 M PBS unless otherwise noted.

2.3. Electrode preparation

GCEs were polished with 0.05 uM alumina/water slurry (Buehler, USA) on a polishing cloth to
a mirror-like finish, followed by sonication and then rinsed with distilled water. Subsequently, the
polished and cleaned GCEs were subjected to electropolymerization by sweeping the potential
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between —0.4 and +1.0 V in a phosphate buffer solution (pH 7.0) containing 1 mM acid red 176 and
finally a red-blue colored uniform PAR film was formed on the GCE surface. Then, the poly(acid red
176) modified GCE (PARGCE) was thoroughly washed with water, transferred to 0.1 M PBS (pH

7.0), and scanned until a stable voltammogram appeared, with the purpose to remove the unreacted
monomer.

3. RESULTS AND DISCUSSIONS

3.1 Effect of pH on the oxidation of DA

Effect of pH on peak current and potential for the oxidation of DA at PARGCE is displayed in
Figure 1. The oxidation peak current of DA increased first with the increase of pH and reached the
maximum at pH 6.47 then declined. Besides, with the pH value increasing, the oxidation shifted
negatively. According to the Nernst equation, the slope of —55.4 mV pH ' (Fig.1(b)) reveals that the
same number of the electron and proton involved in the reaction [17]. As DA oxidation is a two-
electron process, the number of protons involved is also predicted to be two. Therefore, a mechanism
for the DA oxidation can be proposed similarly as described elsewhere [18, 19, 20].
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Figure 1. Effect of pH on peak current (a) and peak potential (b) for the oxidation of 50 uM DA at
PARGCE.

3.2 Effect of scan rate on the peak current of DA

The effect of scan rate on the peak current of DA was investigated as shown in Fig.2. It showed
that Ipa increased gradually with increasing the scan rates. The Ipa was directly proportional to the
square root of scan rates in the range of 20-200 mVs™, which suggested that a diffusion-controlled
process of DA on the modified GCE surface. The linear regression equations were 1pa=0.23869 VY-
0.67705, r*=0.99389 (inset of Fig.2).
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Figure 2. Cyclic voltammograms of 50 uM DA at PARGCE in pH=6.47 PBS. Curves (a) to (j)
correspond to 20, 40, 60, 80, 100, 120, 140, 160, 180 and 200 mVs™, respectively. Inset: plot of
peak current vs. square root of scan rates.

3.4 Electrochemical response to DA, UA, and AA at PARGCE

AA, DA and UA coexist in extra cellular fluid of the central nervous system and serum. In
order to establish a sensitive and selective method for the quantification of AA, DA and UA, the ability
of the modified electrode to promote the voltammetric resolution of AA, DA and UA was investigated.
The cyclic voltammetric response to a mixture of 1 mM AA, 10 uM DA and 20 uM UA at bare GCE
and PARGCE in pH 6.47 PBS are shown in Fig.3(A).
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Figure 3. CVs (A) and DPVs (B) of 1 mM AA, 40 uM DA and 100 uM UA at (a) bare GCE and (b)
PARGCE in pH 6.47 PBS.

The CV obtained at PARGCE exhibits three well-separated oxidation peaks other than one
broad oxidation peak at bare GCE. The differential pulse voltammetric responses to a mixture of 1 mM
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AA, 10 uM DA, and 20 uM UA at bare GCE and PARGCE in pH 6.47 PBS are shown in Fig.3(B).
Similarly, the indistinguishable peak potentials of AA, DA, and UA did not appear when DA was
oxidized on the modified GCE. Three peaks can be defined well into on the PARGCE at potentials
around 24, 204, and 380 mV for AA, DA, and UA, respectively. These separations, 180, 176, and 356
mV between AA and DA, DA and UA, and AA and UA, are large enough to achieve the simultaneous
detection of these three compounds in a homogeneous solution. Furthermore, at PARGCE, as high as 1
mM AA did not give high signal compared to low concentration of DA, indicating that the PARGCE
may be successfully used for quantitative determination of DA in the presence of excess amount of
AA.

3.5 Determination of DA

Since DPV has a much higher current sensitivity and better resolution than CV, it was used in
the determination of DA concentrations at PARGCE and the estimation of the lower limit of detection.
The Ipa of DA was measured in pH 6.47 PBS, and plotted against the bulk concentrations of DA after
background subtractions of DA was in a good linear relationship in the range of 1-70 uM. The linear
regression equation was expressed as Ipa(puA)=0.03283C(uM) +0.1828, r=0.9932 (inset of Fig.4). The
detection limit(S/N=3) was 4.9x10”" M.
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Figure 4. DPVs of DA at modified electrode in pH 6.47 PBS. DA concentration (uM): (a) 1; (b) 5; (c)
10; (d) 20; (e) 30; (f) 40; (g) 50; (h) 60; (i) 70. (Inset) Plots of Ipa vs.C.

3.6 Detection of DA in the presence of AA and UA

As shown in Fig.5, various concentrations of DA in the presence of 1 mM AA and 20 uM UA
exhibited good DPV response, while keeping the responses of AA and UA almost constant, indicating
that the responses of AA, DA, and UA at PARGCE were relatively concentration-independent. In the
presence of AA and UA, the peak current measured by employing DPV in pH 6.47 PBS was in a good
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linearship with the concentration of DA. The linear regression equation was expressed as
Ipa(pA)=0.03473C(uM)+0.621, ’=0.9800 (inset of Fig.5). The detection limit (S/N=3) of 4.96x107" M
was obtained. We also carefully examined the oxidation currents of AA and DA at PARGCE in the
presence of increasing concentration of UA (Fig.6). No obvious change in the AA and DA oxidation
currents was observed while varying the concentration of UA, and the peak current of UA increased
linearly with increasing UA concentration with a correlation coefficient of 0.9923(inset of Fig.6). It is
very interesting to note that the oxidation processes of AA, DA and UA at PARGCE are independent
and simultaneously without interference from each other.
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Figure 5. DPVs at PARGCE in pH 6.47 PBS containing 1 mM AA and 40 uM UA in the presence of
different concentrations of DA. DA concentrations (uM): (a) 5; (b) 15; (c) 25; (d) 35; (e) 45; ()
55. (Inset) Plots of Ipa vs.C.
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Figure 6. DPVs at PARGCE in pH 6.47 PBS containing 100 uM AA and 40 uM DA in the presence
of different concentrations of UA. UA concentrations (uM): (a) 10; (b) 20; (c) 30; (d) 40; (e)
50; (f) 60; (g) 70. (Inset) Plots of Ipa vs.C.
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3.7 Stability and reproducibility

The PARGCE could be stored stably for 2 weeks in 0.1 M PBS (pH 6.47) at 4 °C in a
refrigerator after finishing above experiment. The DPVs for different concentrations of DA in the
presence of 2 mM AA and 60 uM UA in 0.1 M PBS were recorded. It was found that there was no AA
signal appearing and DA anodic peak currents retained linearship to the concentration of DA in the
rage 1 to 70 uM with nearly constant peak current of UA. However, the current responses decreased
about average 8% of its previous responses recorded in Fig.4 after three weeks storage. Further, the
redox reaction of 50 uM DA was repeated 35 cycles by applying cyclic voltammetry at PARGCE. We
obtained the standard deviations of 2.12% for the oxidations of DA. The above results displayed
acceptable reproducibility and stability for the present PARGCE.

3.8 Real samples analysis

Most of the previously modified electrodes were reported on the detection of DA in dopamine
hydrochloride injection [21, 22]. However, it is significative of applying modified electrode for the
determination of DA in real sample [6, 19] such as human urine [9, 23]. A feasibility study of the
application of the proposed PARGCE as the electrochemical sensor to determine DA in human urine
was performed by DPV also. In this method, known amounts of analytes were added to pH 6.47 PBS
containing deliberate amounts of fresh urine sample which was kindly denoted by one of my lab
members. The R.S.D of each sample for three times parallel detections was less than 3.17%. In
addition, the recovery ratios on the basis of this method were investigated and the values were between
96 and 99% (Table 1). The recovery ratios show that the determination of DA by using the present
electrode is effective, accurate and very reproducible. In light of these results, the prepared electrode
was very reliable and sensitive and can readily be applied to determine DA in real samples.

Table 1. Determination of DA in human urine samples

Samples Spiked (uM)  Found (uM)  R.S.D. (%) Recovery (%)

1 S) 4.95 2.77 99
2 10 9.8 2.84 98
3 15 14.4 3.17 96

4. CONCLUSION

A highly sensitive poly(acid red 176) film-coated GCE was fabricated for the selective and
guantitative detection of DA in the presence of UA and high concentration of AA. Moreover, excellent
catalytic activity and reversibility for the electrochemical redox reaction of DA was achieved and the
detection limit of 4.9x10”7 M was obtained at PARGCE. Also, compared to other methods by using
MWCNT, composite films and others else [24, 25, 26], the present poly(acid red 176) modified GCE
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is simply and easily fabricated and it shows good sensitivity, selectivity and stability for the selective
detection of DA.
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