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An electrochemical sensor for determination of ceftazidime (CFD) was fabricated by polymerizing
crystal violet (PCV) and platinum nanoparticles (nanoPt) on a glassy carbon electrode (GCE). The
nanoPt/PCV composite film exhibited excellent catalytic performance toward CFD. On this modified
electrode, the CFD had an irreversible oxidation peak at 0.8 V with a dramatically amplified current
value. The electrochemical behaviors of CFD and the conditions that may affect these behaviors were
investigated detailedly on the nanoPt/PCV/GCE. Under the optimized conditions, the sensor showed a
wide linear range over the concentration of CFD from 0.25 to 10 uM. The detection limit was 0.01
HMM. The sensor can be applied for detecting the content of CFD in meat samples with good selectivity
and stability. The recovery was between 97.8% and 103%.
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1. INTRODUCTION

Ceftazidime (CFD, Fig. 1) is a kind of cephalosporin antibiotic. It is highly stable to most of 3-
lactamases produced by gram-negative and gram-positive bacteria [1]. CFD has been widely used in
the treatment of susceptible infections including respiratory-tract infections, such as pneumonia and
lung infections, skin and soft tissue infections, and other many abdominal infections [2]. Due to its
excellent control effect, CFD is also applied to poultry breeding to prevent and cure animal’s disease.
In the past years, this application has made a great contribution to the development of poultry
husbandry industry [3, 4]. However, its use inevitably leads to antibiotics residue in meat food, and
these antibiotics residue can be accumulated in body after long-term consumption and threaten to
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human’s health [5, 6]. So the detection of CFD residues in meat food has attracted more and more
attentions from society and researchers.
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Figure 1. The structure of Ceftazidime (CFD)

Several analytical methods, including high performance liquid chromatography [7, 8],
electrophoretic [9-11], fluorescent method [12-14] and electrochemical methods [15, 16] have been
used for the detection of CFD. Among of these analytical methods, electrochemical methods,
especially the electrochemical biosensors, have been regarded as effective tools for determination of
antibiotics with easy, fast, simple operation, low cost advantages [17, 18]. To the best of our
knowledge, the electrochemical sensors that have been reported are mainly focusing on determination
of CFD in pharmaceutical and clinical preparations [15, 16]. The determination of CFD residue in
meat food has rarely been reported.

In order to fabricate a modified electrode with unique superiority in high sensitivity, selectivity,
reproducibility and stability, the electrochemical polymerization have been extensively used in
preparing modified electrode [19, 20]. Metal nanomaterials, such as platinum and gold, have also been
widely used in electrochemical field on account of their good electronic conductivity, catalytic activity,
good chemical stability and chemical inertness [21-24].

Here, crystal violet and platinum nanoparticles were successively electro-polymerized on a
glassy carbon electrode surface with a cyclic voltammetry. The modified electrode was applied to
investigate the electrochemical behaviors of CFD and to detect the residue of CFD in meat food.

2. EXPERIMENT

2.1 Reagents and Apparatus

The concentration of 1.0 x10° M CFD (Dalian Mellon biological technology co., LTD, China),
1.0 x 10* M crystal violet (Guangzhou Chemical Reagent Factory, China) and 2.0 mM H,PtClg
(Shanghai FanKe biological technology co., LTD, China) standard solutions were respectively
prepared in purified water. All other reagents of analytical grade were purchased from civil chemical
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reagent corporation. Ultrapure water from a KJY1002-UVF water prepared system was used
throughout the experiments. All experiments were performed at room temperature.

All electrochemical measurements were conducted on a CHI660D electrochemical workstation
(Shanghai Chenhua Co., China). A traditional three-electrode system was employed, with a modified
electrode as working electrode, a saturated calomel electrode as a reference electrode and platinum
wires as an auxiliary electrode. Scanning electron microscope (SEM) image was from a field emission
SEM Sirion 200 (FEI, America). Sonication was conducted using a KQ-600 ultrasonic cleaner
(Kunshan, China), and acidity was measured by a PHS-3G Precision pH meter (Shanghai, China).

2.2 Preparation of modified electrode

A bare glassy carbon electrode (3 mm in diameter) was polished with abrasive paper and
alumina power plasma in sequence, and then was sonicated in HNO3(1:1, V/V), ethanol, distilled
water respectively. After washing with water, the electrode was put into a beaker containing 12.0 mL
pH = 4.0 of phosphate buffer solution (PBS), 2.0 mL 1.0 x10™ M crystal violet solution and 6.0 mL
1.0 M KNOjs solution. The PCV/GCE electrode was obtained by a cyclic voltammetry at a scanning
rate of 100 mV-s™ in a potential range from 0 to 1.2 V for 10 cycles. Then, the nanoparticle platinum
was modified on the electrode in 2.0 mM H,PtClg solution with same cyclic voltammetry method to
get a nanoPt/PCV/GCE modified electrode.

2.3 Electrochemical measurement

A certain amount of 1.0x10° M CFD standard solution was mixed with PBS of pH 4.0 in a
20.0 mL electrolytic cell. The cyclic scans were conducted at a scan rate of 100 mV-s™ in the potential
range between 0.5 and 1.1 V with three-electrode system.

3. RESULTS AND DISCUSSION

3.1 The morphology of the modified electrode

In order to verify the electrode has been modified successively, the morphology of the modified
electrode surface was investigated by scanning electron microscopy (SEM) (Fig. 2). Fig. 2 A and Fig.
2 B are the SEM images of bare GCE and nanoPt/PCV/GCE, respectively. After the crystal violet and
platinum nanoparticles were electropolymerized on the glassy carbon electrode surface, a layer of
membrane with many bright spots (the red circle marked) were observed, revealing that poly crystal
violet and platinum nanoparticles were successfully modified on the surface.
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Figure 2. SEM images of the bare GCE (A) and nanoPt/PCV/GCE (B)

3.2 Electrochemical behaviors of CFD

The electrochemical behaviors of CFD were respectively investigated by cyclic voltammetry
(CV) at a bare GCE, PCV/GCE and nanoPt/PCV/GCE (Fig. 3). As can be seen from the curve a, CFD
had almost no electrochemical response on a bare GCE. When the PCV was modified on the GCE
surface, CFD had an oxidation peak current at about 0.82 V and no reduction peak current appeared
(curve b), the results are consistent with the reference of [25]. The electrochemical reaction of CFD on
the PCV/GCE was an irreversible process. On the nanoPt/PCV/GCE, the oxidation current value of
CFD was significantly improved compared with that at the other two electrodes, and the peak potential
shifted to 0.8 V simultaneously, which revealed that the nanoPt/PCV film has catalytic activity toward
the electrochemical reaction of the CFD.
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Figure 3. Cyclic voltammograms of 5.0 x 10° M CFD on a bare GCE(a), PCV/GCE(b) and
NanoPt/PCV/GCE(c) in pH 4.0 PBS with a scan rate of 100.0 mV-s™
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3.3 Optimizing the conditions for determination of CFD

3.3.1 The optimal pH of PBS

To investigate the pH effect of PBS on the electrochemical signals of CFD, the PBS in a
variety of pH was prepared. The pH of PBS had obviously influence on the redox reaction of CFD at
the nanoPt/PCV/GCE modified electrode in pH range from 2.2 to 7.0 (Fig. 4). The peak current
reached its maximum value when the pH of PBS was 4.0, therefore, the PBS of pH 4.0 was chosen as
the supporting electrolyte. In the reference of [25], the optimal pH value is 5.0.

Meanwhile, the oxidation peaks shifted negatively with the increase of the pH values, and a
linear relationship was obtained between the oxidation peak potentials (E) and pH values E(V) = 1.06 -
0.060 pH, R = 0.9986 (the inset of Fig. 4). According to the Nernst Equation, we can deduce that the
equal sum of electrons and protons were involved in the reactions from the slope value of 0.060.
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Figure 4. Cyclic voltammograms of 5.0x10 M CFD on nanoPt/PCV/GCE in different pHs (a—f: 2.2,
3.0, 4.0, 5.0, 6.0, 7.0) with a 100 mV-s™ scan rate. The inset: the plot of peak potentials versus
pHs

3.3.2 The optimal scan rates

Fig. 5 showed the influence of the scan rates on the electrochemical behaviors of CFD in the
scan rate range of 20-220 mV-s™. We can see that the oxidation potential (E) shifted positively and the
peak currents linearly increased with the increase of the scan rates. That is because the quantity of
hydroxyl radical generated on the surface of the anode increased with the increase of the scan rates,
whereas the oxidation of ceftazidime on the anode was affected by hydroxyl radicals [26]. The linear
regression equation can be expressed as | (mA) = -0.216 + 0.089v (mV-s™), R = 0.9985, which showed
that the oxidation processes of CFD at the modified electrode is adsorption controlled processes.
However, on the Pd—Au nanoparticle decorated carbon nanotube modified electrode, the peak current



Int. J. Electrochem. Sci., Vol. 13, 2018 1864

is linearly with the square root of the sweep rate, showing the oxidation processes of CFD is the
diffusion-controlled process[25].
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Figure 5. Cyclic voltammograms of 5.0 x10° M CFD on the nanoPt/PCV/GCE in pH 4.0 PBS with

scan rates of 20.0, 60.0, 100.0, 140.0, 180.0 and 220.0 mV-s™ respectively (from curve a to f).
Inset: the plot of the peak currents versus the scan rates
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Figure 6. The linear relationship of E and Inv

The relationship of the oxidation potential (E) with the Inv was also investigated and the results
were showed in Fig. 6. The plot of E vs. Inv can be expressed with the equation of E (V) = 0.0173Inv
(mV-s™) +0.801, R = 0.9921. According to equation of Laviron [27]:
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Where n is the number of electron transferred and « is the electron transfer coefficient, ks is the
apparent heterogeneous electron transfer rate constant. In most systems, « turns out to be between 0.3
and 0.7, and can be regarded as 0.5 in ideal condition, so the n = 5.8 = 6.0 was calculated.

3.3.3 Effect of the accumulation time

Because electrochemical reaction process of CFD at the modified electrode was an adsorption-
controlled process, the accumulation time may influence the electrochemical behaviors of CFD, so
different accumulation time was studied. The results showed that the peak current increased as the
accumulation time increased from 0 to 60 s and kept nearly unchanged when the accumulation time
was further increased. Therefore, the accumulation time of 60 s was chosen in all experiments.

3.4 The analytical performances of the sensor

3.4.1 Linear range and the detection limit

The determination of CFD was carried out by a CV method. The relationship of the oxidation
peak current and the concentration of CFD were shown in Fig. 7. As can be seen, the oxidation peak
current increased linearly with concentration of CFD from 0.25 uM to 10.0 uM. The linear regression
equation was | (uA) = 1.23 + 2.17¢ (uM), R = 0.9956. The detection limit was evaluated to be 0.01
MM,

Compared with other reports about CFD detection, this method has high accuracy and sensitivity with
a simple and easy preparation (Table 1).
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Figure 7. Cyclic voltammograms of different concentration of CFD (a—j: 0.25, 0.37, 0.50, 0.75, 1.00,
1.20, 2.50, 5.00, 7.50, 10.0 uM) on the nanoPt/PCV/GCE in pH 4.0 PBS at the scan rate of 100
mV-s™. Inset: the plot of the peak currents versus the concentrations of CFD
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Table 1. The comparation between this method and other reports

Method Detection Linear sample  Recovery
limit range (%)
This article Electrochemical 0.01 uM 0.25-10 uM  chicken  97.8-103
[28] HPLC-electrochemical 0.75 ug'ml  5-200 ug-ml plasma 96-105.8
[16] Electrochemical 1nM 0.05-50 uM  blood  99.1-104.4
[9] Electrophoretic Stacking 0.8 uM \ blood \

3.4.2 Reproducibility and interference test

The reproducibility was investigated by calculating the RSD of peak currents of 5.0 x10° M
CFD on five different modified electrodes that were fabricated independently with same procedures.
The RSD of the peak currents for the five electrodes was 3.2%.

The potential interferences for determination of CFD were investigated. The results showed
that there were no obviously influence on the oxidation peak of CFD in presence of 50-fold of K*, Na",
Mg®*, Ca**, NOs, glucose, folic acid, and 10-fold dopamine, ascorbic acid. These results indicated a
good selectivity of the sensor for determination of CFD.

3.4.3 Analytical application

The electrochemical sensor based on nanoPt/PCV/GCE was used for detection of the CFD in
meat food. Firstly, some chicken and duck purchased from local market was prepared and grinded with
a meat grinder. Then, five grams of meat was translated to a sample tube and ultrasonication extracted
for 1.0 h with 5.0 mL of methanol and acetone (4:1, V/V). After centrifuged, the supernatants were
taken out and filtered through 0.45 um membrane filter twice. The solution was then diluted with 5.0
mL pH 4.0 PBS. After that, the present method was used for the detection of CFD in the pretreated
samples and no peak current was observed in the samples. Finally, all these pretreated samples were
spiked with standard CFD solutions and the recovery was calculated (Tab. 1).

Table 2. Recovery measurements of the CFD in meat samples

Samples Added (M) Found (M) Recovery (%) RSD (%)
Chickenl 0.00 ND ND ND
5.00x10°’ 4.96x10°’ 99.2 3.32
1.00x10° 9.78x10” 97.8 2.97
5.00x10°® 4.99x10° 99.8 3.53
Chicken2 0.00 ND ND ND
5.00x10°’ 5.05x10” 101 2.84
1.00x10°® 1.03x10® 103 3.02
5.00x10°® 4.98x10°® 99.6 3.17
Duck 0.00 ND ND ND
5.00x107 5.02x10° 100.4 3.22
1.00x10°® 9.97x10” 99.7 3.56

5.00x10° 4.97x10° 99.4 3.09
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4. CONCLUSIONS

The modified electrode (nanoPt/PCV/GCE) was fabricated by electro-polymerizing crystal
violet and platinum on a glassy carbon electrode with cyclic voltammetry, and the electrochemical
behaviors of CFD at the modified electrode were investigated detailedly. CFD had an irreversible
oxidation peak at 0.8V with a dramatically amplified current value on the nanoPt/PCV/GCE, which
showed that the nanoPt/PCV composite film had excellent catalytic performance toward the oxidation
of CFD. Meanwhile, various factors that may affect the electrochemical behaviors of
nanoPt/PCV/GCE were optimized. Under the optimal conditions, the sensor showed a wide linear
range over the concentration of CFD from 0.25 to 10 puM with the detection limit of 0.01 puM.
Furthermore, the sensor was successfully applied to detect CFD in meat samples with good selectivity
and stability, and the recovery was between 97.8% and 103%.
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