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ABSTRACT

Hollow gold nanospheres (HGNSs) were generated onto pencil graphite electrode (PGE) by electrodeposition and
subsequent displacement reaction between the cobalt nanoparticles and Au** ions. HGNS/PGE displayed excellent
electrochemical catalytic activities towards dopamine (DA), uric acid (UA) and ascorbic acid (AA). Differential
pulse voltammetry was used for the simultaneous determination of DA, UA and AA. The peak separation between
UA and DA, DA and AA was 132mV and 157mV, respectively. The lowest detection limits (SN= 3) were 0.2, 0.7
and 2.5 1M for DA, UA and AA respectively. With good selectivity and sensitivity, the present method has been
applied to the determination of DA in injectable medicine and UA in human urine and serum samples.
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INTRODUCTION

Development of electrochemical techniques for tetection of ascorbic acid (AA), dopamine (DA) antt wacid
(UA) in human urine samples and blood serum haweived considerable attention in the literatur8J1AA is a
very common electroactive biological molecule, whis very well known to prevent scurvy, and is Mitamaintain
good immune response and assist wound healingUJ&]is the primary end product of purine metaboligth
Abnormal level of UA is a pathological indicator sgveral disease conditions, such as gout, immdicgetey, and
Lesch-Nyan syndrome [5]. DA, the most important aghthe class of catecholamine and it plays vitéd o the
functioning of the central nervous, renal, hormoaatl cardiovascular systems [6-7]. Therefore, gdsential to
develop a simple, rapid and reliable method fotineuquantitative analysis of these molecules élibdy fluids.

In the determination of UA or DA, a major obstaakuially encountered is the interference of AA, \hig usually
present in high concentrations in the body fluidd @an be oxidized at a potential close to that/Afand DA.
Various approaches have been attempted to minithizanterference of AA, such as electrodes modifigith
polymers [8], enzymes [9-10], and dye doped solfbE] etc. Nanostructured materials have becomenprent in
recent years due to their practical applicationdivierse fields, such as electronic nanodevicedeentar catalysts,
and biosensors [12-14]. Gold nanoparticles Haseinating optical, electronic, and catalytic prdjes suitable for
several biomedical applications [15-17]. More intpatly, gold nanoparticles are complete biocompeatéind
stable of in-vivo.

Hollow metallic particles have been found to beaative as drug carriers, electrocatalytic matsyiatc., owing to
the distinctive advantages of low density, highc#je surface area, and reduced material costs.liggdpon of
hollow nanospheres in biosensor fabrication hasmuede a beginning. Shufeng Liu et al. [18] haveorged the
fabrication of DNA biosensor using hollow gold napberes (HGNs). Usually, these prepared HGNs #mehatd
to the surface of gold electrode through thiol éigks.
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In the present study, we have fabricated HGNs dtatteed them on to pencil graphite electrode (PS&HEface
using a displacement reaction between the cobalbpwticles and HAu@l The current research focuses on the
determination of DA, UA and AA on the HGNs modifigdaphite electrode. We report here that, this @gqin
provides biosensor for the three vital excellesthemical molecules mentioned above.

EXPERIMENTAL SECTION

2.1. Apparatus and reagents

All the chemicals were of analytical-reagent gradel were used as received without any further igatibn.
Dopamine hydrochloride, Potassium ferrycynide weuechased from Sigma-Aldrich. Uric acid, Ascorbitida
Cobaltous chloride and Chloroauric acid were pusedairom S.D. Fine Chem. Ltd. All the solutions avéeshly
prepared with double distilled water. The 0.1M gitee buffer solutions were prepared from potasgibosphate
and the different pH of solutions were adjustedubing HPO, or NaOH. A working PGE was constructed with a
2B graphite pencil rod (0.5 mm diameter) from Canhlid. was placed into a plastic tube filled withogy resin.

All the voltammetric experiments were performedngsCHI660D electrochemical work station (CH Instants,
USA) with a conventional three electrode systematiflim wire and Ag/AgCl/saturated KCI electrodegavased
as auxiliary and reference electrodes respectidye or gold modified graphite electrode was uaedvorking
electrode. The surface morphology of the modifietteode was characterized by SEM (FEI-Quanta 200).

2.2. Preparation of HGNs modified pencil graphiteelectrode

The modified electrode was prepared by electrodgposof cobalt particles on graphite electrodenfrad0 mM
CoClL.6H,0 solution at the potential —1.0 V for 4 minute$tef electrodeposition the electrode was dippetinmm
HAuUCI, solution for 10 min then washed with water. The ified electrode was activated in 0.2 M$0O, by cyclic
voltammetry (10 cycles) in the potential range -10.3-0.7 V. Then electrode was stored in phospbafter of pH
7.0. The nitrogen gas was bubbled before electmgitpn and continued during the reaction in oreavoid the
oxidation of cobalt particles by dissolved oxygerhe solution.

RESULTS AND DISCUSSION

3.1.Morphological characterization of the PGE and HGNs/PGE

The surface morphology of PGE and HGNs/PGE wasacharized by scanning electron microscope (SEM). As
shown in Fig. 1A, smooth surface was observed enutimodified PGE surface. The Fig 1B is the SEMgea
shows the formation of HGNs on the surface of PGe figure also reveals that under the processimglitions

the HGN particles distort to nearly spherical getsgne

3.2. Electrochemical behavior of [Fe(CN)g] */[ Fe(CN)g] * couple

Figure 1C shows the cyclic voltammograms of 5 mjpR€(CN;)] in 0.1M KCI solution at PGE, HGNs/PGE and
pure gold electrode. The cyclic voltammograms dfoR8s]*/[Fe(CN)]* couple show a peak to peak separation of
77.5 mV at PGE, 57 mV at HGns/PGE and 129.4 mVold glectrode. The peak current intensity at HGIE&P
was 1.9 times higher cathodically and 2.0 time$idiganodically than that of gold and PGE electrotibe increase
in the peak current and reduction of peak to peglation potentail is observed at HGNs/PGE atiithuo the
large surface area and good electrocatalytic a&gtvi the HGNs. The capacity of electron transférdiferent
electrodes was also investigated using electrod@nmpedance spectroscopy [Fig. 1D]. Nyquist ple¢se almost
completely lines suggesting that for the PGE amdii@ gold electrode the electron transfer is vizharacteristic
mass diffusion process. In the case of HGNs/PGEZthZ' curve is significantly non-linear with an initiglrapid
raise of Z.
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Fig. 1: SEM images of PGE (A) and HGNs/PGE (B); Cylic voltammograms (C) and Nyquist plots (D) at golclectrode (a), PGE (b) and
HGNSs/PGE (c), in 5 mM Ks[Fe(CN)] + 0.1M KClI solution. (C) scan rate 50mV3; (D) frequency range: 10 kHz-0.01Hz.

3.1. Electrochemical oxidation of DA, AA and UA

Figure 2A shows the cyclic voltammograms of AA &P and HGNs modified PGE in phosphate buffer sofuti
The oxidation peak of AA at the HGNs modified PG&earred at a lower potential of —0.016 V. Ther¢hiss a
238 mV negative shift and is also associated witheahanced anodic peak current t0l1.5 times. The leege
negative shift in the oxidation potential of AA ddibe explained on the basis of electrostatic atttéon between
AA and HGNs of modified electrode.

Electrochemical oxidation of DA at bare PGE and HGModified PGE are shown in Fig. 2B. At PGE the
electrochemical response is evidently very poonvelcer the oxidation peak was observed at 0.17 PBE and at

a slightly reduced potential (30mV) for HGNs/PGHeTsharp oxidation peak and increase in the peighteere
observed at the potential 0.14V for DA, attributedhe large surface area of HGNs/PGE. This resuifirms the
fact that the oxidation reaction of DA at HGNs/P{SEnore selective.

Figure 2C shows the oxidation reaction of UA at P&l HGNs/PGE. The oxidation peaks of UA were olestat
0.274 V and 0.285 V respectively at PGE and HGN&PThe oxidation peak current of UA was increased 4
times at HGNs/PGE than that of PGE. The enhancenmerthe oxidation peak current confirms the good
electrocatalytic activity of HGNs.
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Fig. 2. Cyclic voltammograms of 40AM AA, 100uM DA and 100uM UA at bare (a), and HGNs/PGE (b) in 0.1M PBS (pH.0). Scan
rate: 50mvs?
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3.2 Simultaneous determination of AA, DA and UA
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Fig. 3. Cyclic voltammograms of 50@umol L™ AA, 100umol L™ DA and 100umol L™ UA at (a) gold electrode (b) PGE and (c)
HGNs/PGE in 0.1M PBS (pH 7.0) and scan rate 50 mV's

Figure 3 shows the oxidation of AA, DA and UA misdat the surface of PGE and HGNs/PGE. The PGHEretkc
shows only two oxidation peaks, which may be afteld to (AA+DA) center around 0.16 V and UA ceraesund
0.27 V respectively. The oxidation peaks of AA @4bV), DA (0.142V) and UA (0.274V) are completely
separated by the modified electrode. These shifhénpeak potentials and enhanced peak currenksGivs/PGE
indicate an excellent electrocatalytic activity e modified electrode and higher surface arealablai for
oxidation of AA, DA and UA.

Figure 4 shows the differential pulse voltammogran{®PV) for the oxidation of AA, DA and UA by vang the
concentration of one species while the concentratf the other two species are kept constant.4Agshows the
peak current of AA increased with increasing itea@mtration, but those of DA and UA had no sigaificchange.
Simillar results were observed for the effects & Bnd UA concentrations, when AA and UA or AA and D
concentrations remained constant as indicated gs.FB and 4C, respectively. The increase in DAU@
concentrations led to the increase of their peakeats but had no significant influence on the peatdents of other
two compounds. Thus, it is possible to determine, M and UA simultaneously in their mixture solutiat
HGNs/PGE without significant cross interferencele peak current of AA increases linearly with imwe in AA
concentrations from 50 to 6QM (1, (uM) = — 0.0018c |iM) — 1.214) (R = 0.991) and a detection limit of 28/
(S/N = 3). Similarly, the currents correspondingthe oxidation of DA increased linearly with incseain DA
concentration in the range of (2RO uM. The linear regression equation may be expreaseld (uM) = — 0.03c
(UM) — 0.998 (B = 0.995) and the detection limit is OM. The oxidation current peaks of UA increases with
increase in the concentration of UA in the rang@f120 pM and the linear regression equation which fits the
current behaviour is given by (uM) = — 0.053c M) -0.273 (R = 0.996), the detection limit of 0jaM was
obtained. Together the results confirm that it gsgible to determine AA, DA and UA simultaneousiythe real
samples using HGNs/PGE.
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Fig. 4. Differential pulse voltammograms at HGNs/P& in 0.1M pH 7.0 PBS: (A) containing 40 uM UA and 6 pM DA and different
concentrations of AA: 50, 150, 300, 450, 600 uM (Bpntaining 300 uM AA, 40 pM UA and different concatrations of DA: 20, 40, 60, 80,
100, 120 uM and (C) containing 300 uM AA, 40 uM DAnd different concentrations of UA: 20, 40, 60, 8,00, 120 uM

3.3. Effect of PH

The effect of pH on the DPV signals for AA, DA ahbh at the HGNs/PGE was examined, and the resuéts ar
shown in Fig. 5A. It can be seen that oxidationkppatentials of AA, DA and UA are uniformly shiftedwards
more negative potentials with increase in pH fraB&0. These results confirm that the peak paenfiAA, DA

828



Y. Arthoba Naik et al J. Chem. Pharm. Res., 2014, 6(12):823-831

and UA depend on the pH of the solution. Furtheat the redox couples of AA, DA and UA include potransfer
in the redox process. The slopes from the plotpf/&rsus pH are -46, -68, and -70 mV/pH unit of A% and UA
respectively, which are very close to the anti@gdtlernstian value for a two-electron and two-pngicocess.

It can be seen from Fig. 5B that the peak currém decreases with increasing pH from 4.0; and thfaUA
increases with increasing pH value until it reach€s and then it decreases when the pH increasén®f. For DA,
the maximum peak current is obtained at pH 5.% Well known that AA (pKa = 4.10), UA (pKa = 5.@Xxist as
anionic forms, whereas DA (pKa = 8.87) exists @®o& form in acidic solutions [19-20]. In view sfmultaneous
determination of AA, DA and UA, it is obvious thatidic solution is favorable for higher sensitivityd selectivity.
However, in order to maintain the physiological ieomment, pH 7.0 was chosen in our present study.
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Fig. 5. Effect of pH on the peak potential (A), angeak current (B) for the oxidation of AA, DA and UA. Concentrations: AA: 400uM;
DA: 40uM; UA: 60 uM

3.4. Interferences, Stability and reproducibility

For investigating the anti-interference ability tbE HGNs/PGE, several co-existing substances wedegted. No
significant interference for the detection of AABQM), DA (30 uM), and UA (40 uM) was observed frone
following compounds (pM): NaCl (4000), KCI (500@aC} (4000), ZnCJ( 4000) and glucose (900). The stability
of the electrochemical sensor was also testedr Afasurements, the modified electrode was storgdhdosphate
buffer at 24C. The peak current intensity only decreased 7.5.88% and 4.5% for AA, DA and UA after 10 days,
respectively. In addition, this electrochemicalp@sse has good stability, as the peaks remain ngelhafter
successive 100 cyclic voltammetric scans. As thletedde fabrication is very easy and low cost, phesent
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modified electrode seems to be of great utility fmaking a voltammetric sensor for the detection of
neurotransmitters.

3.5. Real sample analysis

Determination of DA in dopamine hydrochloride injedions

Five milliliters of dopamine hydrochloride injectiosolution (40mg/mL) was diluted to 500 mL with dbde

distilled water. Then 0.2 mL of this diluted sobrtiwas injected into 10 mL volumetric flask and magh to the
volume with the 0.1M phosphate buffer solution (p). This solution was transferred into the etsdtemical cell
for the determination of DA using the DPV technigU#e results are presented in Table 1. The resuks
satisfactory, showing that the proposed methodkldme efficiently used for the determination of [rAinjections.

Determination of AA in vitamin C tablet

For tablet analysis, a tablet of vitamin C (labelé® mg) was finely ground and dissolved in 100 aiidistilled
water. After filtration, 1.0 mL of the solution wd#uted with 49mL of the buffer solution (pH 7.@)d the resulting
solution was used for analysis. Then 10mL of thema solution was transferred into the electrocleaincell for
DPV scan. The results are listed in the Table ® dVerage determination result of AA in vitaminablet is 157.9
mg per tablet, which is in agreement with the latalalue. To ascertain the validity of the propogestedure, the
sample was spiked (supplemented by the furthertiadyliwith standard AA solution and then the tatatount of
AA was measured. The enhanced signal intensityagassalent to 100.53% of the added AA solution.

Table 1.Determination result of DA in injections, AA in Vitamin C tablets, UA in human Urine and blood serum samples

Samples Analyte Detected Spiked Found Recovery

(M) EM)  (uMm) %
Vitamin C AA 179.33 100 280.82 101.49
Dopamine injection DA 50.22 15 65.75 103.5
Urine 1(patient) UA 55.76 40 92.23 91.2
Urine 2 (healthy) UA 30.64 30 54.25 94.4
Blood serum 1 UA 12.47 10 22.07 96.0
Blood serum 2 UA 12.04 10 20.48 84.4

Determination of UA in human urine and blood serum

In order to assess its potential application, tiBN<d/PGE was used to detect the contents of UA maruurine and
blood serum samples. The urine samples were cetldodbm the lab personnel, and the blood serum kesmpere
obtained from the affiliated Health Centre of KuyamUniversity. Urine samples were analyzed direetiter
dilution by 50 times with the buffer solution (pHOJ without any treatment. To ascertain the cormess$ of the
results, the samples was as before spiked withl fac@ounts of UA and then total values were dete€lathle 1).
The recovery rates of the spiked samples weremeted and found in the range 91.2 - 94.4 %.

Human serum samples were selected for analysibdpioposed method using the standard additionadetn

order to avoid the interferences of the real sammddrix and fit into the linear range of UA. Only20mL of the
serum was added to the electrochemical cell cangim mL of buffer (pH 7.0) solution. The determinessults are
listed in Table 1. The recovery of the spiked s@splanged between 84.4% and 96%, indicating thectien

procedures are free from interferences from otberponents of the serum sample.

CONCLUSION

In the present work HGNs have been generated ocencilpgraphite electrode by displacement reactietwben

cobalt nanoparticles and Au (1) ions. This modifielectrode exhibited high electrocatalytic aci@attowards the
oxidation of DA, UA and AA by significantly decreagi their oxidation over potentials and enhancirg pleak
currents. Large peak separation between DA, UAMAAdould be obtained using CV or DPV, indicatingtlthe

HGNs/PGE facilitated their simultaneous determovatiMoreover, the proposed method has been apfdidde

determination of AA, DA and UA in real samples wa#tisfactory results. The high surface area andsteuctures
of HGNs make it a promising candidate for electatatytic and biomedical applications.
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