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A stable layer of gold nano particles (AuNPs) was deposited on the surface of indium tin oxide (ITO)
and was used as an electrode for the detection of norepinephrine (NE) by square wave voltammetry
(SWV) and cyclic voltammetry (CV). This modified electrode exhibits potent and persistent electron-
mediating behavior and a well-defined oxidation peak towards NE was observed. The peak potential
of NE was observed at less positive potential with increase in peak current as compared to bare ITO
and bare gold electrodes. NE exhibited two quasi-reversible couples at AuNPs modified ITO over the
anogold particles
ndium tin oxide
orepinephrine
quare wave voltammetry

potential range from −0.6 to 0.8 V in phosphate buffer solution (PBS) (pH 7.2). At optimal experimental
condition, the catalytic oxidative peak current was responsive with the NE concentrations ranging from
100 nM to 25 �M. The detection limit was found to be 87 nM. Also, the effect of pH revealed that the
oxidation of NE at the AuNPs modified ITO involved the transfer of equal number of protons and electrons.
The interfering effect of common coexisting metabolites in blood and urine has also been reported.

xhibi
atog
The modified electrode e
performance liquid chrom

. Introduction

Norepinephrine (NE) (I) is a crucial catecholamine neuro-
ransmitter in the mammalian central nervous system. It is an
ndogenous hormone exuded by the adrenal medulla, and relin-
uished as a metabotropic neurotransmitter from nerve endings

n the sympathetic nervous system and some areas of the cere-
ral cortex. Its aftermath may be excitatory or inhibitory. Low

evels of NE are associated with depression. Its release is elevated
y amphetamines and its dispatch from synapses is occluded by
ocaine. NE is also a significant transmitter in many parts of the
entral nervous system, where it is engrossed in emotional arousal,
lood pressure regulation, and mood disorders [1]. Ratiocination
f systemic changes in levels of NE in animal models is a substan-
ial step in the process of discovery and evaluation of new drugs
n many disease areas such as diabetes, heart disease, pain, anxi-
ty, and other neurological disorders [2–5]. For example, systemic

hanges in this catecholamine typify a counter regulatory response
nduced by hypoglycemia, which is helpful for understanding
iabetes [6]. In addition, quantification of catecholamine concen-
rations in plasma and urine is considered clinically important

∗ Corresponding author. Tel.: +91 1332 285794/274454; fax: +91 1332 284361.
E-mail addresses: rngcyfcy@iitr.ernet.in, rngcyfcy@rediffmail.com (R.N. Goyal).

925-4005/$ – see front matter © 2010 Elsevier B.V. All rights reserved.
oi:10.1016/j.snb.2010.10.041
ted high stability and reproducibility. A comparison of results with high
raphy (HPLC) signalizes a good agreement.

© 2010 Elsevier B.V. All rights reserved.

for diagnosis and for evaluating hemodynamic function in inten-
sive care patients [7,8] of pheochromocytoma, paraganglioma, and
neuroblastoma. Recent reports have indicated that NE enhances
adhesion of human immunodeficiency virus-1-infected leukocytes
to cardiac microvascular endothelial cells and also accelerates HIV
replication via protein kinase [9]. NE is a drug belonging to the stim-
ulants that are on the World Anti-Doping Agency’s 2005 prohibited
list.

Hence, it is very necessary to develop sensitive, selective, and
reliable methods for the direct determination of trace NE due to its
physiological function and the diagnosis of some diseases in clini-
cal medicine. Generally, the determination of NE is carried out by
various methods, including high performance liquid chromatogra-
phy [10,11], gas chromatography [12], ion chromatography [13],
spectrophotometry [14] and capillary electrophoresis [15]. Nev-
ertheless, most of these methods have several inconveniences,
such as the necessity of previously treating the sample or the
chromatographic separation by ion pair reagents, which typically
hinder gas chromatography–mass spectrometry detection. HPLC-
based methods have several disadvantages since they often require

a derivatization to convert the neurotransmitter into a fluorescent
molecule [16] and a previous extraction for concentrating or previ-
ous purification of the sample [17]. Till date, very few publications
concerning the electroanalytical determination of NE in nanomo-
lar concentrations is accessible in the literatures [18,19]. Therefore,

dx.doi.org/10.1016/j.snb.2010.10.041
http://www.sciencedirect.com/science/journal/09254005
http://www.elsevier.com/locate/snb
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t would be ideal to ascertain simple, fast and reliable methods
or the determination of catecholamines and neurotransmitters at
anostructured modified ITO.

Nanostructured materials have aroused dramatic interests and
ave become an intensive research area for the past decade due
o their finite small size, high specific surface area, high poros-
ty, and unique physical and chemical properties. The enamouring
roperties and functions related to the size effect incur intrigu-

ng applications in many fields [20,21]. In recent years, AuNPs
odified electrodes have received much attention owing to their

ascinating electrocatalytic properties [22–24]. Among the differ-
nt AuNPs modified electrodes for the determination of NE, the
uNPs modified ITO electrode has several advantages over car-
on based electrodes [25,26]. Multiwall carbon nanotube/nanogold
lectrode, gold–platinum hybrid film, gold electrodes modified
ith mercapto compounds have been used for the determination

f NE [27–30]. Since ITO can be used in a wide potential window
nd possesses stable electrochemical property, it can be served as
n excellent working electrode substrate for the fabrication of elec-
rochemical sensors [31]. In nanostrutured network with unusual
harge/mass transport mechanisms, nanoparticles could improve
harge and mass transfer [32,33]. To the best of our knowledge,
o study has reported the electrocatalytic determination of NE by
sing AuNPs modified ITO electrode. Thus, in the present work, we
ave described initially the preparation and suitability of AuNPs
odified ITO electrode as a new electrode in the electrocatalysis

nd determination of NE in an aqueous buffer solution, then we
valuated the analytical performance of the modified electrode in
uantification of NE in the presence of ascorbic acid, uric acid and
opamine.

. Experimental

.1. Apparatus and procedure

The square wave voltammetric experiments were carried out at
oom temperature (27 ± 2 ◦C). Initially the experiments were car-
ied out in the temperature range of 25–35 ◦C. As peak current
as essentially similar in this temperature range, the studies were
erformed at room temperature. Three electrode single compart-
ent cell equipped with a AuNPs modified ITO working electrode,

latinum wire counter electrode and Ag/AgCl (3 M NaCl) reference
lectrode (Model BAS MF-2052 RB-5B) was used. Phosphate buffers
n the pH range 2.4–11.0 (� = 0.5 M) were prepared according to
he method reported by Christian and Purdy [34]. BAS (Bioanalyti-
al Systems, West Lafayette, USA) CV-50 W voltammetric analyzer
ontrolled via a computer by its own software was used for electro-
hemical measurements. The pH measurements were performed
sing a Century India Ltd. Digital pH-meter (Model CP-901) after
ue standardization with 0.05 M potassium hydrogen phthalate
pH 4.0 at 25 ◦C) and 0.01 M borax (pH 9.2 at 25 ◦C). HPLC studies
ere performed on Shimadzu LC-2010A HT system with RP-18e

5 �m) column. The mobile phase used for HPLC experiment was a
ixture of acetonitrile:water (80:20) at a flow rate of 1.2 mL min−1

nd detection was carried out at 210 nm.
The parameters for square wave voltammetry were optimized

y recording voltammograms at different conditions. Initially
oltammograms of NE were recorded from −0.2 to +1.0 V at dif-
erent square wave amplitude (Esw) in the range 5–100 mV. The
est peak was noticed at 25 mV square wave amplitude. Similarly

otential step was varied between 4 and 25 mV and finally square
ave frequency was changed between 5 and 200 Hz. The conditions

t which well-defined peak was noticed were selected as opti-
ized parameters. As there was no peak after +600 mV, the curves
ere recorded up to 600 mV. Optimized square wave voltammetry
Fig. 1. A FE-SEM image of the surface of a densely coated AuNPs modified ITO
electrode.

parameters used in the present studies were: initial E: −200 mV,
final E: 600 mV, square wave amplitude (Esw): 25 mV, potential
step (E): 4 mV, square wave frequency (f): 15 Hz. Cyclic voltammo-
grams were recorded in the sweep rate 10–1000 mV s−1 with initial
sweep to positive potentials. The solutions were deoxygenated by
bubbling high-purity nitrogen for 12–15 min before recording the
cyclic voltammograms. Working solutions of NE were prepared by
adding required volumes of the respective stock solution (1 mM) to
the phosphate buffer solution and then the voltammograms were
recorded. Urine and blood samples were received from laboratory
personnel. The blood sample with EDTA as anticoagulant was cen-
trifuged and the supernatant was taken for analysis.

2.2. Reagents

ITO spurted glass sheets with resistivity 30 � cm−2 were
obtained from Geomatec, Japan. Cetyltrimethylammonium bro-
mide, HAuCl4 and ascorbic acid were purchased from Aldrich
(USA). Norepinephrine bitartarate salt monohydrate is incurred
from Sigma–Aldrich Chemie, Stenhein, Germany. All other solvents
and chemicals used were of analytical grade.

2.3. Fabrication of gold nanoparticles modified ITO electrode

For preparing the AuNPs on ITO electrode, initially the ITO sheet
(1 cm2) was immersed in 2.5 ml solution of 1.34 mM HAuCl4 (aq.) in
a test tube. Then 2.5 ml of 10 mM solution of ascorbic acid (aq.) was
added to the reaction mass at room temperature. Afterward, the
mixed solution was heated at 75 ◦C for 15 min. After washing with
water, the AuNP-attached ITO was dried at 40 ◦C. The details of this
preparation method will be published elsewhere. A FE-SEM image
of nano gold modified electrode is shown in Fig. 1 and clearly shows
deposition of nano gold particles at the surface of ITO. The size of the
nano particles was in the range 20–40 nm and the effective surface
coverage based on two-dimensional SEM was found to be 8%.

AuNPs modified ITO sheet was then connected to a thin cop-
per strip and molded between two pieces of scotch tape of size
50 mm × 12 mm. The contact of the electrode to the solution was
provided with the help of a 2 mm dia. hole on one side of tape. The
electrode is then ready for use. Thus, the exposed area of ∼3 mm2
contacted the solution as working electrode and diffusion of species
from the solution to the electrode surface will be chiefly linear. The
prepared electrode was stored in air with contact side upwards.



234 R.N. Goyal et al. / Sensors and Actuators B 153 (2011) 232–238

F
I
(

3

3

i
c
I
e
o
O
w
t
O
a
p
a
r
n
a
H
t
r
r

current response and the negative shift of the oxidation peak poten-
ig. 2. Cyclic voltammograms obtained for 25 �M NE at pH 7.2 at (a) AuNPs modified
TO (—), (b) bare ITO (- - -) and (c) background PBS at pH 7.2 at AuNPs modified ITO
· · ·) at 20 mV s−1.

. Results and discussion

.1. Cyclic voltammetry

The electrochemical response of NE at bare ITO and AuNPs mod-
fied ITO electrode was characterized by CV as shown in Fig. 2. The
yclic voltammograms recorded for 25 �M NE at AuNPs modified
TO in 1 M phosphate buffer solution at pH 7.2 illustrated that NE
xhibited two quasi-reversible couples of well-defined redox peaks
n AuNPs modified ITO over the potential range from −0.6 to 0.8 V.
n the first positive scan, only one peak (Ia) appeared at 218 mV,
hich corresponds to the electrochemical oxidation of NE (I) to

he open-chain norepinephrine quinone (II) as shown in Scheme 1.
n the reverse potential scan, the reduction of this quinone was
gain observed at 137 mV indicated by peak Ic, and another cathodic
eak IIc is also obtained at −206 mV. On the second positive scan,
new anodic peak (peak IIa) at −131 mV emerged and other peaks

emain same. Fig. 3 presents a CV with two complete cycles and no
ew peaks were observed. The quasi-reversible couple, peaks IIa
nd II are obtained by the interconversion of 2,3,5,6-tetrahydro-1
c

-indole-3,5,6-triol (III) which is obtained by the cyclization reac-
ion of (II) and 3-hydroxy-2,3-dihydro-1 H-indole-5,6-dione (IV) as
eported earlier [35]. To ascertain the nature of the reaction, sweep
ate studies were performed in the range 10–1000 mV s−1. Fig. 4

N
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OH

HO

Peak I
a

Peak I
c

(I)

Peak II
c

Peak II
a

O

O

H

OH

(IV)

Scheme 1. Tentative redox mechanism propo
Fig. 3. Cyclic voltammogram of 25 �M NE at pH 7.2 at AuNPs modified ITO showing
two complete cycles.

presents effect of sweep arte on peak Ia of NE at different sweep
rates. The analyte peak current was found to increase with increas-
ing sweep rates and the plot of ip/v1/2 versus log v clearly indicated
that the electrode process is adsorption controlled [36,37].

3.2. Square wave voltammetry

In order to illustrate the electrocatalytic effect of AuNPs mod-
ified ITO electrode towards NE, the square wave voltammograms
of NE at three different working electrodes were recorded. Fig. 5
shows the square wave voltammograms obtained at the bare ITO,
bare gold (Au) and AuNPs modified ITO electrode for 15 �M NE
in 1 M phosphate buffer solution of pH 7.2. At bare ITO electrode
surface, a broad oxidation peak with low current was observed
at 314 mV. Under identical conditions, the oxidation peak of NE
increases slightly at bare gold electrode with peak potential at
251 mV. However, the oxidation peak current of NE at the AuNPs
modified ITO electrode increases significantly and the peak poten-
tial shifts negatively from 314 to 137 mV, in comparison to that
at the bare ITO electrode. The remarkable enhancement in peak
tial support the fact that the gold nanoparticles act as a very
efficient promoter to enhance the kinetics of the electrochemical
process. Thus, the AuNPs modified ITO shows electrocatalytic activ-
ity towards the oxidation of NE. The most likely reasons for such

N
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O
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sed for the oxidation of norepinephrine.
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protons are involved in the electrode reaction. The detailed studies
for analysis were carried out at pH 7.2, which is close to physiolog-
ical pH.
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(a)
ig. 4. Effect of sweep rate observed on peak Ia of 25 �M NE at pH 7.2 in cyclic vol
c) 50 mV s−1; (d) 100 mV s−1; (e) 250 mV s−1 and (f) 500 mV s−1.

lectrocatalytic activity of AuNPs is their high specific surface area,
uperhydrophobicity and surface enhanced Raman scattering [38].

.3. Effect of pH

SWV measurements were performed for NE oxidation at AuNPs
odified ITO electrode over the pH range 2.4–11.0 and the relation-

hip between pH value and the oxidation peak potential (Ep) was
nvestigated. It was found that the peak potential of NE was found
o be dependent on pH and shifted to less positive potential with
ncreasing pH from 2.4 to 11.0 at AuNPs modified ITO electrode as
hown in Fig. 6(a). The dependence of Ep on pH at AuNPs modified

TO electrode using linear regression analysis can be expressed by
he relation:

p(pH 2.4–11.0) = [592–58.839 pH] versus Ag/AgCl

ig. 5. Comparison of square-wave voltammograms of 15 �M NE (pH 7.2) at (a)
uNPs modified ITO (—), (b) bare gold (– · – · –), (c) bare ITO (- - -) and (d) background
BS at pH 7.2 at AuNPs modified ITO (· · ·).
etry at AuNPs modified ITO. Curves were recorded at (a) 10 mV s−1; (b) 20 mV s−1;

Having correlation coefficient ∼0.992. The observed slope of
∼59 mV/pH clearly indicates that equal number of electrons and
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Fig. 6. (a) Observed dependence of peak potential (Ep) on pH for 15 �M NE at AuNPs
modified ITO. (b) Ep versus log f plot observed for 15 �M NE at AuNPs modified ITO
at pH 7.2. (c) Linear dependence of peak current (ip) on square wave frequency for
15 �M NE at pH 7.2 at AuNPs modified ITO.
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Fig. 7. Square wave voltammograms recorded for (a) phosphate buffer solution
(background) at AuNPs modified ITO (· · ·) and (b) increasing concentration of NE
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t the modified electrode (—) [curves were recorded at (i) 0.1 �M; (ii) 0.5 �M; (iii)
�M; (iv) 5 �M; (v) 10 �M; (vi) 15 �M and (vii) 25 �M concentration in phosphate
uffer solution of pH 7.2]. The linear calibration plot at AuNPs modified ITO at pH
.2 is presented in inset.

.4. Effect of square wave frequency

The effect of square wave frequency on the oxidation of NE was
tudied in the frequency range 5–200 Hz. The peak potential of NE
as found to shift towards more positive potentials with increase

n square wave frequency (f). The plot of Ep versus log f was linear
s represented in Fig. 6(b). The dependence of Ep on log f can be
epresented by the relation having correlation coefficient 0.993:

p (mV) = 100.87 log f + 19.82

The effect of square wave frequency on the peak current of ana-
yte was also studied in the square wave frequency range 5–200 Hz.
he oxidation peak current of NE was found to increase with
ncrease in square wave frequency as shown in Fig. 6(c). The depen-
ence of peak current on square wave frequency was linear and can
e expressed by the relation:

p (10−5A) = 0.0609 f + 0.023

Having correlation coefficient 0.996. These observations are in
greement with a reversible, adsorption controlled electrode reac-
ion [39–41] which supports the inferences obtained from cyclic
oltammetric studies.

.5. Calibration plot

The quantitative determination is based on the dependence of
he peak current (ip) on concentration of NE. The current values are
btained by subtracting the background current at peak potential
nd are reported as an average of three replicate determinations.
ig. 7 depicts the set of square wave voltammograms with increas-
ng concentration of NE in 1 M phosphate buffer solution (pH 7.2).

ith increasing concentration of NE, the peak current was found to
ncrease in the range 100 nM to 25 �M at AuNPs modified ITO elec-
rode at pH 7.2. The plot of ip versus concentration was linear and
resented as inset in Fig. 7. The dependence of peak current (after
ackground current correction in peak current) can be expressed
y the equation:

p (10−5A) = 0.1011 C (mM) + 0.2559
here C is the concentration (�M) having correlation coefficient
f 0.989 with sensitivity of 0.1011 × 10−5 A �M−1 at AuNPs mod-
fied ITO electrode. This behavior indicated that NE can be safely
stimated in the concentration range 100 nM to 25 �M at AuNPs
Fig. 8. Square wave voltammogram observed for a mixture of ascorbic acid,
dopamine and uric acid at pH 7.2.

modified ITO electrode. The detection limit (3�/b), where � is the
blank standard deviation and m is the sensitivity, was found to be
87 nM.

3.6. Stability and reproducibility of the modified electrode

The reproducibility and stability of the AuNPs modified ITO for
the determination of NE was investigated. The stability of the modi-
fied electrode was evaluated by measuring the current response at a
fixed concentration of 5 �M of NE over a period of 10 days. The elec-
trode was used daily and stored in the air. The experimental results
indicated that the current response deviated intraday by 1.8% and
interday by 3.7%, suggesting that the modified electrode possesses
good stability. To characterize the reproducibility of the modified
electrode, repetitive determinations of NE were carried out at 5 �M
concentration at pH 7.2. The results of six replicate measurements
showed a relative standard deviation of 1.4% indicating that the
results are reproducible. Thus, the AuNPs modified ITO electrode
exhibits good stability and reproducibility for the determination of
NE.

3.7. Specificity

The specificity of the optimized procedure for the assay of NE
was investigated by observing any interference encountered from
endogenous substances present in complex matrices such as bio-
logical fluids (e.g. urine and plasma). The effect of the interferents
(viz. uric acid, ascorbic acid and dopamine) was examined by carry-
ing out the determination of 0.5 �M NE in the presence of different
concentrations of the interferents. The tolerance limit was defined
as the concentrations of foreign substances, which gave an error
less than ±5.0% in the detection of the drug. It was observed that up
to 100-fold excess of each of the interferents there was no remark-
able change in the peak current response of NE. A square wave
voltammogram of mixture of ascorbic acid, dopamine and uric acid
is presented in Fig. 8 and three peaks at Ep ∼ −50, 70 and 260 mV are
observed corresponding to the oxidation of ascorbic acid, dopamine
and uric acid. A typical voltammogram of NE in presence of inter-
ferents is shown in Fig. 9. It was found that a clear peak at Ep 137 mV
was observed at pH 7.2 corresponding to oxidation of NE. in addi-
tion to peaks at Ep ∼ −50, 70 and 260 mV. The oxidation peaks of
these interferents did not interfere with peak of NE up to 100-fold

concentration of NE. As square wave voltammogram of the modi-
fied electrode in PBS containing uric acid, dopamine and ascorbic
acid is able to adequately identify the three species, thus, the devel-
oped sensor can also be used for the simultaneous determination
of NE, uric acid, dopamine and ascorbic acid. This indicates that
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Fig. 9. Voltammograms observed for (a) background pH 7.2 (· · ·), (b) 0.5 �M NE in
presence of interferents ascorbic acid, dopamine and uric acid (—) and (c) normal
human urine sample spiked with 15 �M NE (- - -).

Table 1
Recovery data of NE added to human blood plasma.

Added (�M) Found (�M) Recovery (%)a

Sample 1
5.0 4.92 98.40
15.0 15.37 102.47
25.0 24.84 99.36

Sample 2
5.0 5.19 103.80
15.0 14.74 98.27
25.0 25.27 101.08
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Table 3
A comparison of observed concentration of NE in human blood plasma and urine
sample 1 at AuNPs modified ITO electrode and by using HPLC.

Spiked (�M) Observed (�M) by SWV Observed (�M) by HPLC

Human blood plasma
Sample 1

5.0 4.92 4.97
15.0 15.37 15.30
25.0 24.84 24.82

Human urine
Sample 1
5.0 5.14 102.80
15.0 15.19 101.27
25.0 24.75 99.00

a The R.S.D. value for determination was less than 2.1% for n = 3.

he method can be safely applied to the determination of NE in
iological fluids in presence of these interferents.

.8. Recovery test

To study the accuracy of the proposed method, attempts were
ade to obtain samples of blood and urine from the patients

ndergoing treatment with NE. However, due to major use of this
ompound as a life saving drug, no samples could be obtained
nspite of our best efforts. Therefore, recovery experiments were
arried out by standard addition method in biological samples
btained from healthy volunteers. Fig. 6 depicts a voltammogram
btained for normal human urine sample spiked with 15 �M of

E. The results observed are listed in Tables 1 and 2 for blood
nd urine samples, respectively. The recoveries for the peak var-
ed in the range from 98.27% to 103.80% in the case of human
lood plasma and from 99.40% to 104.47% in the case of urine
amples. Thus, it is quite evident that the recovery data lie in the

able 2
ecovery data of NE added to human urine samples.

Spiked (�M) Detected (�M) Recovery (%)a

Sample 1
5.0 5.15 103.00
15.0 15.67 104.47
25.0 24.85 99.40

Sample 2
5.0 5.09 101.80
15.0 14.93 99.53
25.0 25.16 100.64

a The R.S.D. value for determination was less than 3.5% for n = 3.
5.0 5.15 5.10
15.0 15.67 15.64
25.0 24.85 24.88

acceptable range and the sensor can be used for such determina-
tions.

3.9. Comparison by HPLC

To prove the reliability of data obtained, the results obtained
by the voltammetric method were compared with HPLC analysis.
Initially, various concentrations of NE were analyzed using HPLC
and the peak area was calculated. A well defined peak is obtained
at Rt ∼ 4.665 min in the standard sample of NE. Blood plasma and
urine sample of normal person used as control was then injected in
HPLC and the peak of NE was found to be absent. The plasma and
urine sample of control was then spiked with known concentration
of NE. A calibration curve was obtained by plotting the peak area of
the analyte peaks against the analyte concentration. The resulting
calibration plot was linear. A comparison of the values obtained by
HPLC and the proposed voltammetric method (as listed in Table 3)
clearly indicated that the results obtained by two methods are in
good agreement.

4. Conclusions

The present work reveals the fact that nano-sized Au deposited
on ITO shows a high electrocatalytic activity over earlier reported
nanogold modified ITO electrode with about 5% coverage [42–44].
The voltammetric behavior of NE was studied at bare ITO, bare Au
and Au-nanoparticles deposited electrode in PBS (pH = 7.2). It was
found that performance degradation of the ITO electrode towards
the oxidation of NE can be suppressed by modifying the electrode
surface with densely coated gold nanoparticles, which were formed
on ITO electrode. Compared with bare ITO electrode, AuNPs modi-
fied ITO electrode demonstrates electrocatalytic activity because
the peak potential of NE was observed at a less positive value
when densely coated AuNPs modified ITO electrode was employed.
The densely coated AuNPs modified ITO electrode demonstrates
unique catalytic behavior and stability towards the oxidation of NE.
The response of AuNPs modified ITO electrode on the oxidation of
related catecholamine and neurotransmitter was also examined.
Epinephrine and dopamine showed oxidation peaks at ∼125 and
∼70 mV confirming thereby that this voltammetric sensor is spe-
cific for the oxidation of NE at ∼137 mV.

The NE species as detected by SWV shows the dependence of
anodic peak current on concentration and is linear from 100 nM to
25 �M with a detection limit of 87 nM. The advantage of the present
electrode lies in the fact that the electron transfer for the oxida-
tion of NE is a surface-adsorption controlled process and it shows

excellent sensitivity and good selectivity. The method described
above requires less time and is easy to perform. A comparison of
the results with HPLC indicates that the method is sensitive and the
results are comparable. This electrode can detect NE at the nanomo-
lar level in presence of ascorbic acid, uric acid and dopamine. The
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ormal concentration of NE in blood and urine is 1.2 and 120 nM,
espectively. The concentration of NE rises abnormally in trau-
atic brain injury to a concentration of 500 nM which can be easily

etected at AuNPs modified ITO by using SWV. Thus, in the present
tudy, the potential application of densely coated nano-sized gold
or the fabrication of a voltammetric NE sensor is reported.
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