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ABSTRACT

Electrochemical properties of terbutaline sulfate (TBS) at the glassy carbon electrode modified with multi-walled car-
bon nanotubes (MWNTs) were explored by cyclic voltammetry (CV) and differential pulse voltammetry (DPV). The
response was evaluated with respect to pH, scan rate and other variables. Some electrochemical parameters, such as the
charge number and proton number, were calculated. The results indicated that TBS underwent irreversible oxidation at
the modified electrode, which was an adsorption-controlled process with two protons and two electrons. The reductive
peak current of TBS significantly increased and the peak potential shifted negatively at the modified electrode, thus
resulting in an electrode for TBS. The current was proportional to the concentration of TBS over 1.12 and 141 uM with
a detection limit of 0.34 uM (at S/N = 3). The modified electrode showed good sensitivity, selectivity and stability for

the determination of TBS in pork sample.
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1. Introduction

Terbutaline sulfate (TBS), S-[(tert-butylamino) methyl]-
3,5-dihydroxy-benzyl alcohol (C1,HsNO3), is a f,-ago-
nist that is widely used as a bronchodilator in acute and
long-term treatment of chronic bronchitis, emphysema
and other chronic obstructive pulmonary diseases [1]. In
the livestock industry, TBS has been used as growth
promoters. Researchers showed that it could increase
muscle mass, and improve growth rate and feed conver-
sion when fed to animals [2,3]. However, the drug resi-
dues in animal tissues may pose a potential risk, such as
muscular tremors, vomiting, nervousness, and cardiac
palpitations. Therefore, the determination of such drug is
important for quality assurance in pharmaceutical prepa-
rations and level assay in biological fluids.

Various analytical methods have been developed for
the determination of TBS, including spectrophotometry
[4], chemiluminescence [5], liquid chromatography [6],
and immunoassay with polyclonal or monoclonal anti-
bodies [7]. However, spectrophotometry and chemilu-
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minescence usually require complex sample pre-treat-
ments, which can be laborious and time-consuming, due
to the interference caused by the compounds that are
frequently found along with TBS in pharmaceutical
preparations and biological fluids. Liquid chromatogra-
phy is time-consuming and may lead to variability in the
results [8]. Cost must be considered when determining
TBS with immunoassay. Therefore, an alternative ana-
lytical method which is rapid, cheap and convenience is
urgently required.

Electrochemical methods have many advantages such
as short run time, instrumentation simplicity and mini-
mum operation cost. They have been proven to be the pre-
ferred techniques for the analysis of S,-agonists, because
most of the f,-agonists can be oxidized at bare or modi-
fied electrodes. Voltammetric methods based on nafion
modified electrodes [9,10], carbon nanotubes modified
electrodes [11,12], imprinted polymer-modified elec-
trodes [13], and C4 modified electrodes [14] have been
developed for the determination of clenbuterol and sal-
butamol, which also belong to f,-agonists drug. However,
very litter work has been performed on the determination
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of TBS by the direct electrochemical measurement with
the solid-electrodes. Yilmaz ef al. [15] have investigated
the oxidation of terbutaline at an activated naked glassy
carbon electrode, and a relativity weak peak current at
about 0.8 V was aroused. Shen et al. have evaluated the
voltammetric characteristics of several f,-agonists drug
using graphite nanosheet modified GCE. They signed
with only a cursory glance at TBS in their report.

Since the discovery of multi-walled carbon nanotubes
(MWNTs) by Iijima in 1991 using transmission electron
microscopy [16], MWNTs-modified electrode has at-
tracted enormous interest. The interest is due to their
unique chemical, electronic, mechanical and structural
properties, which differ greatly from those of the bulk
material. There are four main advantages for a nanotube-
modified electrode compared with a macroelectrode [17,
18]. The large effective surface area affords a large
number of active sites. The small dimensions of nanopar-
ticles result in a high rate of mass transport to the elec-
trode surface. The catalytic properties of some nanotubes
can cause a decrease in the overpotential [19]. MWNTs
have relatively high electrical conductivity due to the
outer shell which is usually much larger in diameter than
SWNTs [20]. Present work is focused on MWCN due to
their high electrical conductivity and low price as com-
pared to SWNTs.

In the present paper, MWNTs-GCE was prepared and
used for investigating the electrochemical properties of
TBS. To the best of our knowledge, a systematic study of
the electro-oxidation behaviors of TBS at modified elec-
trode has not been reported so far.

2. Experimental
2.1. Reagents and Apparatus

TBS was purchased from Shanghai Boyun Biotech. Co.
Ltd (Shanghai, China) and used as received. MWNTs
(95% purity) with an average diameter of 30 nm were
purchased from Chengdu Organic chemicals Co. Ltd.
(Chengdu, China), Chinese Academy of Sciences. Phos-
phate buffer (PBS) was comprised with Na,HPO, and
NaH,PO,. The pH value was adjusted with NaOH and
H;PO,4. All other chemicals were of analytical-regent
grade. All solutions were prepared with double-distilled
water.

Electrochemical measurements were performed by a
model CHI 630A electrochemical workstation (CH In-
struments, Chenhua Co., Shanghai, China) controlled by
a personal computer. A standard three-electrode system
was used comprising a MWNTs-GCE as the working
electrode, a saturated calomel electrode (SCE) as the
reference electrode and a platinum wire as the auxiliary
electrode. All the following potentials reported in this
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work are against SCE. Unless otherwise stated, meas-
urements were carried out in PBS (0.1 M, pH 6.0). The
pH value of electrolyte was determined by using a pHS-
25 acidity meter (Weiye, Shanghai). The data were ob-
tained at room temperature.

2.2. Preparation of MWNTs-GCE

MWNTs crude materials were agitated in an ultrasonic
bath with 3 M nitric acid for 1 hour. Then it was refluxed
in 5 M HCI solution for 4 h at 110°C. After acid treat-
ment, MWNTs were calcined in static air for 2 h at
350°C. Here, 0.5 milligram of purified MWNTs was dis-
persed in 1 mL of SDS solution (0.5 mM) and the mix-
ture was agitated in an ultrasonic bath to achieve a well-
dispersed suspension. A cleaned GCE was coated by
casting 15 puL of the black suspension of MWNTs-SDS
and dried in the air for 8 h to remove the solvent. Then
MWNTs modified GCE was prepared. The surface areas
of the bare GCE and MWNTs-GCE calculated to be
0.0598 cm” and 0.6236 cm’, respectively [21]. Obviously,
the MWNTs modified electrode increased by nearly 10
times in area.

3. Results and Discussion

3.1. Cyclic Voltammetric Behavior of TBS at the
MWNTs/GCE

Cyclic voltammograms (CVs) of TBS in 0.1 M PBS (pH
6.0) at MWNTSs-GCE and bare GCE were shown in Fig-
ure 1. At the GCE (Figure 1(b)), a weak oxidative peak
at about 0.86 V can be observed in the presence of TBS.
In comparison with GCE, at the MWNTs-GCE (Figure
1(d)), the oxidative peak current increased greatly with
the peak potential shifted negatively to 0.71 V. The oxi-
dative peak current at MWNTs/GCE was obvious larger
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Figure 1. CVs at a bare GCE (a, b) and a MWNTSs-GCE (c,
d) in the absence (a and c) and in the presence (b and d) of
4.60 x 10> M TBS in 0.1 M PBS (pH = 6.0). Scan rate: 0.1
Vs, Inset: the magnitude of (a, b).
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than that at bare GCE. The increase in the peak current
and negative shift of the peak potential at MWNTs-GCE
suggested that the carbon nanotubes has excellent elec-
trocatalytic effect on the oxidation of TBS and must pro-
vide a suitable environment for the TBS to transfer elec-
trons with underlying GC electrode. The excellent elec-
trocatalytic activity for the CNT-modified electrodes
may be due to the unique properties of CNTs, such as
high specific surface area, subtle electronic properties,
the presence of the functional groups and appropriate
pore structures [22,23]. There was no electrochemical
response at the modified electrode in the absence of TBS
(Figure 1(c)), suggesting that the peak at 0.71 V was
ascribed to the oxidation of TBS. The background cur-
rent became larger, which was attributed to the fact that
MWNT could increase the surface activity markedly.
Only oxidation peak was observed, which proved that the
oxidation process was a totally irreversible electrode
process. For a irreversible system, |E, — E,»| = 47.7/an,
where E, refers to peak potential, E,, half-wave potential,
o charge transfer coefficient, the electron transfer number
(n) of reduction step can be calculated to be about 2.

3.2. Effect of Scan Rate

The influence of scan rate on the oxidation of TBS at
MWNTs-GCE was studied by CV. The peak current was
proportional to the scan rate in the range 50 - 500 mV-s™'
(as shown in Figure 2 and the inset plot), the regression
equations were as follow: iy, = 6.84 x 107° v + 2.73 x
10°° (fpa: BA, Vi Vs ', R = 0.998). The results suggested
that the electrochemical behavior of TBS at MWNTs-
GCE was an adsorption controlled process.

3.3. Effect of pH

The oxidative potential shifted negatively as the pH in-
creased, indicating that the reaction was accompanied by
the proton transfer. The peak current reached its summit
at pH 6.0. So, pH 6.0 PBS (0.1 M) was employed as the
supporting electrolyte. The relationship between the po-
tential and pH was linear, and the regression equation
was as follow: £, (V) = 1.076 — 0.059 pH. The slope of
the above equation was very close to the anticipated
Nernstian value of 59 mV for electrochemical processes
involving the same number of protons and electrons [24].
As the electron transfer number of TBS was 2, the proton
number intervening with the redox process could also be
calculated to be approximately 2.

3.4. Effect of Accumulation Potential and
Accumulation Time

The effects of accumulation potential and accumulation
time were investigated by differential pulse voltammetry
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(DPV) in the presence of 4.6 x 10> M TBS from 0.4 to
0.7 V and 0 to 150 s, respectively. When accumulation
potential was 0.5 V and accumulation time was longer
than 120 s, the peak current tended to be constant. So 0.5
V was chosen as accumulation potential and 120 s was
chosen as accumulation time for subsequent analysis.

3.5. Analytical Applications

DPV was employed for the determination of TBS at the
MWNTs-GCE because of its higher current sensitivity
and better resolution than CV (Figure 3). It was found
that the oxidation peak current increased with the con-
centration of TBS. A calibration curve of I versus log ¢ (I
(HA) = 7.66 x 10°° logc (M) + 4.61 x 107°) was obtained
in the concentration range of 1.12 uM to 141 pM. The
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Figure 2. CVs of 1.00 x 105 M TBS in 0.1M PBS (pH = 6.0)
at MWCNT-GCE over a range of scan rates (a — h: 50, 100,
150, 200, 250, 300, 350, 400 mV-s_l). Inset: The relationship
between the peak currents and scan rates.
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Figure 3. DPVs for TBS present at different concentrations
in 0.1IM PBS at MWCNT-GCE (a to i): 1.12, 1.57, 2.00, 3.82,

8.67, 23.8, 34.6, 98.7, 141 pM. Insert: Linear relationship
between I and log [C] in the range of 1.12 and 141 pM.
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detection limit (three times the signal blank/slope) is up
to 0.34 uM. The detection limit was lower than the
valves of 6 uM at the activated GCE.

In order to evaluate the reliability of the proposed
method for the determination of TBS, a recovery test was
carried out by adding known amounts of a TBS standard
to the pork sample. To prepare pork sample, 5.0 g of
shredded pork was set into a polypropylene centrifuge
tube and mixed with 10 mL standard phosphate buffer
solution. After the addition of 50 uL f-glucuronidase, it
was mixed thoroughly and kept at 37°C for 10 h. After
and, methanol was added and the mixture was centri-
fuged at 12,000 rpm for 15 min. Then, the obtained de-
proteinized pork was diluted to 100.0 mL by PBS. As
shown in Table 1, the recoveries obtained ranged from
94.0% to 111.3%, indicating that the modified electrode
is reliable for the quantification of TBS.

A period of 2 months was subsequently employed to
verify the storage stability of the MWNTs-GCE. The
electrode was stored in dry state when not in use. It can
retain 67% of the initial signal after 2 months. The rela-
tive standard deviation (RSD) of ten successive detec-
tions of 10.00 uM TBS using one single modified elec-
trode was 1.1%. The RSD of ten detections of 10.00 uM
TBS by different MWNTSs-GCE fabricated independently
was 9.6%. These results indicate that the modified elec-
trode has good stability and reproducibility.

Possible interference with the detection of TBS at the
MWNTs-SDS-GCE was investigated by adding various
ions to PBS in the presence of 10.00 uM TBS. Common
ions such as Na®, Ca*", Zn*", Fe’", CI, SO;, Glucose at
a 1000-fold concentration did not show any interference
with a TBS detection. While a 10-fold concentration of
ascorbic acid, dopamine or salbutamol produced serious
interference.

4. Conclusion

MWNTs-GCE was prepared and used for the investiga-
tion of the electrochemical properties of TBS. The peak
current increased obviously and the peak potential shifted
negatively compared with GCE, indicating that MWNTs-
GCE has excellent electrocatalytic activity for the oxida-
tive reaction of TBS. The electrochemical reaction of

Table 1. Determination of TBS in pork sample.

Samples No.  Added (10° ¢/M) F"(ul’z)‘i j/s/i?'a Recoveries (%)
1 2.5 2.35+0.07 94.0
2 5.0 5.43+0.05 91.4
3 7.5 7.17 £0.08 95.6

S.D.: standard deviation (n = 3).

Copyright © 2013 SciRes.

TBS was a adsorption-controlled process with two pro-
tons and two electrons. The MWNTs-GC showed good
sensitivity, a low detection limit and reproducibility.
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