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A molecularly imprinted electrochemical sensor was developed for the detection of pefloxacin. The
molecularly imprinted polymer (MIP) was prepared via electrodeposition on the surface of a gold
nanoparticles/reduced graphene oxide/single-walled carbon nanotubes modified glass carbon electrode
by incorporation of pefloxacin as a template molecule during the electrochemical polymerization of o-
phenylenediamine. The namocomposite of gold nanoparticals/reduced graphene oxide/single-walled
carbon nanotubes was obtained by one-step electrochemical reduction. Differential pulse voltammogram
(DPV) showed a linear pefloxacin concentration range from 5.0 x 10”7 mol/L to 2.0 x 10 mol/L, and
the detection limit was 1.6 x 10® mol/L. The sensor also showed high selectivity, stability and
reproducibility. Moreover, the sensor was successfully applied in the analysis of actual milk samples
with satisfactory recovery rates.

Keywords: molecularly imprinted polymer (MIP); electrochemical sensor; pefloxacin; gold
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1. INTRODUCTION

Synthetic fluoroquinolones (FQs) are an important class of antibiotics used to treat multiple
bacterial infectious diseases [1,2]. FQs kill bacteria by acting on two bacterial enzymes, DNA gyrase
(topoisomerase II) and topoisomerase IV, which control the synthesis and replication of bacterial DNA
[3,4]. Pefloxacin, [1-ethyl-6-fluoro-7-(4-methyl-piperazin-1-yl)-4-oxo-quinoline-3-carboxylic acid
mesylate], is a second-generation of fluoroquinolone antibiotics and has a broad antibacterial spectrum
and strong antibacterial activity [5,6]. Pefloxacin is used to treat respiratory, gastrointestinal and urinary
infectious diseases in humans and is also used in veterinary medicine to treat microbial infections in
livestock [7]. Unfortunately, as with other antibiotics, pefloxacin is misused or illegally used as a growth
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promoter in poultry due to its antibacterial effects and low price [8]. The abuse of pefloxacin leads to
high residues in animal products, wastewater, sewage sludge and soil,' which puts ecosystems as well
as animal and human health at risk due to the potential increase in bacterial resistance [5,9]. Resistant
bacteria can multiply in the human body or transfer resistance genes to other bacteria by means of the
food chain [10]. Antibacterial agents run the risk of efficacy losses due to this increased resistance.
Therefore, it is extremely important to develop a sensitive, low-cost and easy method for the rapid
detection of pefloxacin in different environments (wastewater, animal derived food, sediment, etc.).

Currently, several analytical methods have been proposed for pefloxacin detection, such as high-
performance liquid chromatography [11], ultrahigh performance liquid chromatography-tandem mass
spectrometry [12], fluorescence [13], chemiluminescence [14], longitudinal surface plasmon resonance
[15], capillary electrophoresis electrochemiluminescence [16] and electrochemical assay [17]. Among
these approaches, electrochemical assay is an attractive method that has been widely used in many fields
due to its simple operation, low cost, short analysis time and high sensitivity [18, 19]. Several reports
involving electroanalytical techniques used for the determination of other fluoroquinolones such as
ciprofloxacin, enrofloxacin, danofloxacin, levofloxacin, and ofloxacin, have been published [20, 21].
However, only adsorptive stripping voltammetry has been reported for the detection of pefloxacin [17].
Although the sensitivity of the abovementioned work for pefloxacin detection is high, routine use of the
technique may be limited due to the use of a toxic mercury working electrode as well as the need for
improvement in selectivity. Therefore, the development of an electrochemical method that is less toxic
or nontoxic and highly selective is crucial for pefloxacin detection.

Molecularly imprinted polymers (MIPs) are a type of synthetic material prepared by
copolymerization of a functional monomer, a cross-linker and a template molecule [22]. During MIP
synthesis, a crosslinked polymer network is formed by covalent and/or noncovalent interactions between
the functional monomer and the template molecule. After subsequent removal of the template molecules,
binding cavities that are complementary in size, shape and functional groups to the template molecules
are created within the network. The template can be the analyte itself, which generates molecular
memory in the polymer and allows them to rebind the analyte with very high specificity [23, 24]. MIPs
have been used widely in a variety of fields; the first report on molecularly imprinted sensing was
published in 1993, and MIPs have experienced wide and rapid exploration for sensor fabrication since
then [23, 25]. Compared with other recognition systems, molecularly imprinted polymers possess three
major advantages: structure predictability, recognition specificity and application universality [24]. In
particular, electrochemical synthesis of MIPs directly on the electrode surface has advantages, such as
simple and rapid preparation as well as tunable control of the film thickness [26, 27]. Commonly used
electroactive monomers for MIPs include, but are not limited to pyrrole, o-phenylenediamine, 4-
aminophenol and boronic acid [22].

To improve the sensitivity of molecularly imprinted electrodes, nanomaterials such as graphene,
carbon nanotubes and noble metal nanoparticles have been introduced to the MIP films [28]. Graphene,
a two-dimensional material with a honeycomb-like network structure, is attractive for the development
of electrochemical sensors by virtue of its unusual electrochemical properties, large surface area and
good biocompatibility [29]. Gold nanoparticles (AuNPs) have been widely used to modify electrodes
for amplifying signals in electrochemical sensors due to their excellent conductivity, easy synthesis and
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tunable dimensions [30]. Unfortunately, AuNPs usually tend to aggregate owing to their high surface
energy, so it is necessary to achieve a homogeneous distribution by introducing proper materials. Single-
walled carbon nanotubes (SWCNTSs) are composed of a single graphite sheet wrapped into a tubular
structure with nanometer diameters; they also possess unique electronic properties, large specific surface
areas, suitable mechanical properties and high chemical stability. These specific properties make
SWCNT material very attractive for a variety of fields, particularly for use as electrode material [31].
Nanocomposites of graphene-SWCNTSs not only prevent the formed reduced graphene oxide (RGO)
sheets from aggregation and restacking, but can also be used as a scaffold to disperse AuNPs
homogeneously [32].

The aim of this study was the development of a novel molecular imprinting electrochemical
sensor for the sensitive and selective detection of pefloxacin. Gold nanoparticles, reduced graphene
oxide and single-walled carbon nanotubes were introduced during the preparation of the imprinted sensor
to provide a high specific surface area, high electrical conductivity and adhesion to the electrode to
enhance its sensitivity. The sensing electrode was modified with gold nanoparticles/single-walled carbon
nanotubes/reduced oxide graphene by one-step electroreduction and subsequent electropolymerization
of o-phenylenediamine in the presence of pefloxacin. Importantly, the fabricated MIP sensor was used

to detect pefloxacin in commercial milk to evaluate its feasibility for practical applications.

2. EXPERIMENTAL

2.1 Reagents

Gold chloride trihydrate, o-phenylenediamine, pefloxacin mesylate dihydrate, enrofloxacin,
ciprofloxacin hydrochloride, ampicillin, tetracycline hydrochloride and glucose were purchased from
Aladdin Chemistry Co., Ltd. (Shanghai, China). Graphene oxide and carboxy-single walled carbon
nanotubes were obtained from Nanjing Xfnano materials Co., Ltd. (Nanjing, China). Potassium
ferricyanide (K3[Fe(CN)s]) and potassium ferrocyanide (K4[Fe(CN)s]) were purchased from Tianjin
Hengxing Chemical Reagent Co. Ltd. (Tianjin, China). An acetic acid buffer solution (pH 5.0, 0.1 mol/L)
was prepared by mixing the solutions of 0.1 mol/L acetic acid and 0.1 mol/L sodium acetate. All
chemicals were of analytical grade. All solutions were prepared with double-distilled water.

2.2 Preparation of MIP modified electrodes

Prior to use, glassy carbon electrodes were polished carefully with 0.3 pm and 50 nm alumina
powder to a mirror-like surface, and then washed successively with ultrapure water and ethanol. Scheme
1 outlines the fabrication procedure of the MIP-modified electrode. The clean glassy carbon electrode
was coated using 5 puL of 0.5 mg/mL carboxylated SWCNTSs and graphene oxide and then dried with an
infrared lamp. Then, the gold nanoparticles/single-walled carbon nanotubes/reduced oxide graphene
nanocomposite was electrodeposited onto the modified electrode surface by cyclic voltammetry (10
cycles) using a potential from -1.5 to 0.5 V, and a scan rate of 50 mV/s in 1 mmol/L HAuUCls. The MIP
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film was prepared by electropolymerization of a 0.1 mol/L acetate buffer solution containing 5 mmol/L
o-phenylenediamine and 10 mol/L pefloxacin using cyclic voltammetry (CV) from 0.2 Vto 1.8 V at a
scan rate of 50 mV/s for 15 cycles. The resulting pefloxacin-imprinted electrode was washed with
ultrapure water and dried with nitrogen gas. Finally, the template molecules (pefloxacins) were extracted
from the MIP film by submersion in a NaOH/ethanol (1:3, v/v) solution under slow stirring for 10 min
followed by washing with double-distilled water. The pefloxacin-imprinted electrode was fabricated and
used as the working electrode. A non-molecularly imprinted polymer (NIP) electrode was prepared under
the same conditions without pefloxacin.
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GCE GO/SWCNTs/GCE AuNPs/RGO/SWCNTs/GCE

Electropolymerization
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MIP/AuNPs/RGO/SWCNTs/GCE
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Scheme 1. Schematic illustration of the fabrication procedure for the MIP sensor and for pefloxacin
detection. Definition: GCE, glass carbon electrode; GO, graphene oxide; SWCNTs,
carboxylated-single walled carbon nanotubes; RGO, reduced graphene oxide; MIP, molecularly
imprinted polymer.

2.3 Electrochemical measurements

Electrochemical measurements of cyclic voltammetry (CV) and differential pulse voltammetry
(DPV) were performed using a CHI 660e electrochemical workstation (Chenhua, Shanghai, China) in a
conventional three-electrode cell with a modified MIP-GCE as the working electrode, a saturated
calomel electrode (SCE) as the reference electrode and platinum wire as the counter electrode. The MIP-
GCE was initially enriched using a selected concentration of pefloxacin solution for 14 min. Cyclic
voltammetry was conducted in a 0.1 mol/L KCl solution containing 2 mmol/L Kj3[Fe(CN)g]/
K4[Fe(CN)s] (1:1). The redox reaction of K3[Fe(CN)s]/K4[Fe(CN)s] occurred on the working electrode
surface. When pefloxacin was present in the detection solution, the MIP electrode could bind the
pefloxacin. The pefloxacins prevented the redox reaction from occurring, and the peak current reduction
was directly related to the pefloxacin concentration. DPV was used for quantitative detection of
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pefloxacin because it provided a higher resolution of the electric signal, minimized double layer effects
and enhanced sensitivity. In these analyses, the DPV potential range was 0.0-0.5 V, the amplitude was
0.05 'V, the potential increment was 0.004 V, and the pulse width was 0.05 s.

2.4 Detection of pefloxacin in milk samples

Milk samples were purchased from a local supermarket. A 2 mL milk sample was added to 8 mL
of an acetic acid buffer solution (pH 5.0) and vortexed for 1 min. The supernatant of the diluted milk
samples was collected by centrifugation at 10,000 rpm and filtered through a 0.22 pm Millipore
membrane. Next, 10 puL of varying pefloxacin concentrations were added to the milk samples and the
amount of pefloxacin was detected according to the procedure described in the electrochemical
measurement section in this article.

3. RESULTS AND DISCUSSION

3.1 Electropolymerization of the MIP electrodes

Cyclic voltammetry was used for electropolymerization of MIP and NIP films on the
AuNPs/RGO/SWCNTSs modified electrode in a 0.1 mol/L acetate buffer solution (pH 5.0). As shown in
Figure 1, there was no obvious difference between the MIP and NIP electrodes. Irreversible oxidation
was observed for both.

o+ B

>

=
T

Current/pA
Current/pA
&

[
T

[
T

(1] 3
0k

A L 'l ' 'S A A L _:'{" L A L A AL A L A
00 02 04 06 08 10 12 14 16 18 00 02 04 06 08 10 12 14 16 18
Potential/'V Potential’\

Figure 1. Cyclic voltammogram electropolymerization of (A) o-phenylenediamine in the presence of
pefloxacin onto AUNPS/RGO/SWCNT/GCE in a 0.1 mol/L acetate buffer solution (pH = 5.0);

(B) o-phenylenediamine onto AUNPS/RGO/SWCNT/GCE in a 0.1 mol/L acetate buffer solution
(pH=15.0)

The oxidation peak current decreased significantly as the number of scanning cycles increased,
implying that a polymer film had formed on the working electrode. The pefloxacin molecules were
trapped in the polymer film via the formation of hydrogen bonds and n-r interactions between pefloxacin
and o-phenylenediamine. After elecropolymerization, the MIP electrode with imprinted pefloxacin was
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prepared by further elution. The size and shape of the imprinted cavity were determined during the
imprinting procedure. The resulting special cavity selectively detected pefloxacin molecules.

3.2 CV characterizations of the different electrodes

The electrochemical behavior of electrodes modified with different materials was investigated

by cyclic voltammetry in a 0.1 mol/L KCI solution containing 2 mM [Fe(CN)s]>"*

, a scan rate of 100
mV/s and a potential range of -0.4—0.8 V, and those results are shown in Figure 2. Two well-defined,
reversible, [Fe(CN)s]*”* redox peaks were observed in the voltammograms of GO/SWCNTs/GCE
(curve a). After electroreduction of the AuNPs-RGO-SWCNTs nanocomposite on the GCE surface, both
peak currents in the anodic and cathodic curves increased slightly (curve b). This phenomenon was
attributed to the larger electrochemically active surface area and the higher conductivity of the AuNPs-
RGO-SWCNTs nanocomposite compared to GO-SWCNTs. However, the [Fe(CN)s]*"* redox peaks
clearly decreased (curve c) when the electrode was covered with a polymer film. The poor electrical
conductivity of the poly (o-phenylenediamine) and pefloxacin film prevented electron transfer of
[Fe(CN)s]>"* to the electrode surface. As shown in Figure 2 (curve d), the high current peak appeared
again after the polymeric membrane modified electrode was eluted with a 1 mol/LL NaOH and ethanol
solution (1:3, v/v) for 10 min, which confirmed the efficient removal of template molecules, promoting
the diffusion of [Fe(CN)s]*’* and subsequent electron transfer at the surface of the MIP
/AuNPs/RGO/SWCNTs/GCE. When the MIP electrode was incubated in pefloxacin for 14 min, a low
current signal was observed (curve e). This signal illustrated that the MIP electrode could rebind template
molecules, which can block electron transfer to the electrode surface. The peak current (curve e) was
larger than that after polymerization (curve c), because a small number of vacancies remained, which
led to adsorption but did not reach saturation.
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Figure 2. CV curves of different electrodes (a) GO/SWCNTSs/GCE; (b) AuNPs/RGO/SWCNTs/GCE;
(c) MIP/AuNPs/RGO/SWCNTs/GCE  without the extraction of pefloxacin; (d)
MIP/AuNPs/RGO/SWCNTs/GCE; (e) pefloxacin rebinding to the (d) after the detection process.
The measurements were conducted in a 0.1 mol/L KCI solution containing 2 mM [Fe(CN)s]*"+
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3.3 Surface characterizations of the modified electrodes

The surface morphologies of the stepwise-modified electrodes were characterized by scanning
electron microscopy (Hitachi SU8010, Japan) and are shown in Figure 3. Graphene oxide exhibits a
typical flake-like structure, and long and tubular SWCNTSs fill the graphene oxide sheets and form porous
hybrid nanostructures (Figure 3A). This nanocomposite can prevent the subsequently formed reduced
graphene oxide sheets from aggregating and restacking. Compared with the GO/SWCNTs modified
electrode, Figure 3B shows that many granular AuNPs were uniformly distributed on the surface of the
modified electrode following the electrochemical reduction. The electrode after electropolymerization
(Figure 3C) was clearly covered with the rough polymeric membrane and is different from that before
polymerization (Figure 3B). After removing the template molecules, the surface roughness of the MIP
electrode notably increased (Figure 3D), indicating successful fabrication of the pefloxacin-
imprinted electrode.

©

i A
500 nm 500 nm

Figure 3. SEM images of different modified electrodes: (A) GO/SWCNTS; (B) AuNPs/RGO/SWCNTs;
(C)MIP/AuNPs/RGO/SWCNTs before pefloxacin removal; (D) MIP/AuNPs/RGO/SWCNTs

3.4 Experimental parameter optimization for MIP sensor preparation

3.4.1 Optimization of the electroreduction and electropolymerization cycles

An investigation was conducted to determine how the electrical signal for the sensing of 1.0 x
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10° mol/L pefloxacin was affected by the number of electroreduction cycles. The results are shown in
Figure S1(A). The change in the intensity of the current generated by the AuNPs/RGO/SWCNTs/GCE
increased as the number of electroreduction cycles of the AuNPs was increased from 2 to 8. However,
when the number of electroreduction cycles exceeded 8, Al gradually decreased. Therefore, it was
concluded that 8 electroreduction cycles was the optimum number. The reason for this result might be
due to the decrease in the specific surface area of the electrode resulting from the aggregation of AuNPs
on the electrode surface.

The number of electropolymerization cycles is an important factor in the fabrication procedure
of a polymer membrane. The polymeric membrane thickness increased with the increasing number of
scan cycles, and this thickness can affect sensitivity. Electropolymerization cycles ranging from 5 to 15
were examined and the results are shown in Figure S1(B). The largest signal response was obtained for
10 cycles. For 5 or 8 electropolymerization cycles, the imprinted polymer film was thin, fragile and the
number of recognition sites was insufficient. However, too many cycles can also lead to a decrease in
the response signal and resulted a membrane that is too thick. The pefloxacin molecules were not
completely removed from the polymer matrix, which led to a decrease in the number of recognition sites.
Therefore, the optimum polymerization cycle was found to be 10.

3.4.2 Effect of pH

To investigate the effect of the buffer solution pH on the response of pefloxacin detection, the
sensor was tested in acetic acid buffer solutions with pH values varying from 3.0 — 7.0. As shown in
Figure S2, the Al of the sensor for pefloxacin increased as the pH increased from 3.0 to pH 5.0, but
decreased as the pH increased from pH 5.0 to 7.0. This behavior may be attributed to the weak
interactions between monomers and templates at inappropriate pH values. Therefore, pH 5.0 was chosen
as the optimum pH value for subsequent experiments.

3.4.3 Optimization of the incubation and elution times

The incubation time of the MIP sensor in the target molecule solution can affect the rebinding of
the template molecule. The MIP sensor was incubated in a 0.1 mol/L acetic acid buffer solution
containing 1 mmol/L pefloxacin; the response signal was recorded by the DPV. Peak currents were
measured after 2, 6, 10, 14, 16 and 18 min incubation times. As shown in Figure S3(A), the response
current decreased as the incubation time increased from 2 to 14 min. Incubation times longer than 14
min reduced and slowed the signal intensity change; this result indicated that the adsorption of pefloxacin
by this MIP sensor reached saturation after 14 min. Hence, 14 min was selected as the optimal incubation
time. It is very important to elute the template completely to obtain satisfactory sensitivity and
selectivity. To optimize the template removal time, the electrodes were immersed in 20 mL of a 1 mol/L
NaOH and ethanol solution (1:3, v/v) after electropolymerization for 2, 6, 10, 14 and 18 min. Figure
S3(B) shows that response current increased with increasing elution time and remained virtually
unchanged after 10 min, so this time was chosen as the suitable elution time for template removal.
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3.5 Analytical performances of the developed sensor

3.5.1Detection limit and linear range

Based on these optimized conditions, different concentrations of pefloxacin were detected using
the developed molecularly imprinted sensor, and the detection results are shown in Figure 4A. The peak
current for pefloxacin decreased gradually as the pefloxacin concentration increased, suggesting that
some of the cavities in the molecularly imprinted membrane were filled with pefloxacin template
molecules and prevented the diffusion and electron transfer of the redox probe. The number of cavities
bound to pefloxacin was expected to be proportional to the Al, which can be calculated using Equation
l:

Al=1p— 1 (1)

where io and 1 are the differential pulse voltammetry peak currents recorded by the same MIP
electrode detected in the absence and presence of pefloxacin, respectively. The plot of Al vs. pefloxacin
concentration is shown in Figure 4B. The linear range for pefloxacin detection was found to be from 5.0
x 107 mol/L to 2.0 x 10~ mol/L. The calibration curve between the reduction peak current (Al) and the
pefloxacin concentration (C) can be described by the equation Al (uA) = 1.32 C (uM) + 30.63, R? =
0.998. The relative standard deviations of three parallel experiments ranged from 1.2-3.6%, indicating
acceptable method repeatability. A detection limit of 1.6 x 10® mol/L was calculated as the ratio of three
times the standard deviation of the blank measurements divided by the sensitivity.
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Figure 4. (A) Differential pulse voltammetry curves of the molecularly imprinted sensor after incubation
with different concentrations of pefloxacin (a, 5.0 x 10”7 mol/L; b, 5.0 x 10 mol/L; ¢, 1.0 x 10
>mol/L;d, 1.25 x 10° mol/L; e, 1.5 x 10~ mol/L; f, 2x 10> mol/L) in 0.1 mol/L acetic acid buffer
solution (pH 5.0); (B) The calibration curve between the i, and concentration of pefloxacin.

The comparision of the proposed sensor with other reported pefloxacin sensors is shown in Table
1. Compared with the time-resolved chemiluminescence method proposed by Murillo Pulgarin et al.[33],
our sensor has the wider linear range and lower LOD for the detection of pefloxacin. The LOD of the
immunochromatographic assay is lower than ours, but the required antibody is not specific for



Int. J. Electrochem. Sci., Vol. 15, 2020 9692

pefloxacin [7]. As for Ahmed et al. proposed fluorescence assay [1], the parameters of the linear range
and the LOD were inferior to our results. But the same two parameters of the fluorescence sensor
developed by Du et al. were better than our results [35]. The detailed performance parameters of reported
near-infrared spectroscopy [36] were not studied. The sensitivity of the spectrophotometry based
methods [37,38] for the detection of pefloxacin was low, which could not meet the determination of
many actual samples. The LOD of the three methods of surface-enhanced raman [39], longitudinal
surface plasmon resonance [13] and capillary electrophoresis [40] was not detected. The LODs of the
adsorptive  stripping voltammetry proposed by Beltagi [17] and the differential pulse stripping
voltammetry developed by Zhu et al. [41] were lower than our result, but the selectivity of the methods
for the detection of pefloxacin was not as good as our sensor. This section is discussed in detail in the
next section. The limits of detection of the differential pulse voltammetry and square wave voltammetry
methods constructed by the Uslu [42] were 4.12x1077 mol/Land 1.54x1077, respectively, which were not
as good as our 1.6 x 10® mol/L. In summary, our proposed molecularly imprinted sensor showed a
high sensitivity for the detection of pefloxacin compared with most other sensing methods.

Table 1. Comparation of the proposed sensor with other representative sensing methods

Limit of detection Selectivity for

(LOD) pefloxacin Reference

Sensing method Linear/detection range

Time-resolved 25250 pg/L 13.7 ug/ L

chemiluminescence  (5.37x10%-5.37x107" mol/L) (2.94x10®mol/L) No mention [33]

Chemiluminescence

enzyme immunoassay No mention 0.23 pg/kg No [34]
Immunochromatograp 2.5-50 ng/mL 0.082 ng/mL No 7
hic assay (5.37x10°-1.07x10" mol/L) (1.76x10° mol/L)
Fluorescence 1.0x10-1.1x10"° mol/L 2.4x10" mol/L Yes [1]

4.0-900 ng/mL 0.8 ng/mL
Fluorescence (8.61x10°-1.93x10° mol/L) (L.7x10° mol/L) No [35]
Near-infrared No mention No mention No [36]
spectroscopy
Spectrophotometry ( 4_30x102_g_138_ gl%TOLS mol/L) No mention No [37]

No detection
1045 pg/mL 5.6 pg/mL
Spectrophotometry (2.2x10°-9.7x10° mol/lL)  (1.2x10 mol/L) 2‘;{%'?0‘;?2; [38]
gurface-enhanced No mention No mention No [39]
aman

Longitudinal surface 1-20 ng/mL No mention Yes [13]

plasmon resonance (2.2x10°-4.3x10®mol/L)
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Capillary . No mention No mention No [40]
electrophoresis
Adsorptive Stripping 4 107 1 ox109 ol 1.65x10-° mol/L No [17]
voltammetry
Differential pulse No detection

L 4.0x10®-2x10" mol/L 25x10°mol/L  of relevant [41]
stripping voltammetry antibiotics
(1) Differential pulse (1) 4.12x107
voltammetry % " mol/L
(2) Square wave 2.0x107°-2.0x10"* mol/L (2)1.54x107 No [42]
voltammetry mol/L
Differential pulse 7 9 8 .

5.0x107"-2.0x10~ mol/L 1.6 x 10° mol/L Yes This work

voltammogram

3.5.2 Selectivity, stability and reusability

To evaluate the selectivity of the proposed assay for detecting pefloxacin, interfering substances
such as enrofloxacin, ciprofloxacin, tetracycline, ampicillin and glucose, were detected using our
method. The concentration of all the detected antibiotics and glucose was 1.0 x 10-7 mol/L. There was
no obvious signal change in the current before and after the addition of these interfering substances
(Figure 5) except for pefloxacin, suggesting that the fabricated MIP sensor in this study possessed
satisfactory selectivity, which was attributed to the matched cavities for pefloxacin molecules imprinted
on the electrode surface of the sensor. From table 1, it can be see that only the fluorescence assay
proposed by Ahmed et al. [1], the longitudinal surface plasmon resonance developed by El-Kommos et
al. and our sensor can highly selective detection of pefloxacin. But the LOD of our sensing method is
the best among the three methods.

The sensor was stored at 4 °C when not in use. The response of the sensor to 1 pmol/L peflocxacin
was reduced by only 6.64% compared with the initial response after one month, indicating the high
stability of the sensor. The MIP/AuNPs/RGO/SWCNTs/GCE can be regenerated for pefloxacin
detection by elution with a 1 mol/L NaOH and ethanol solution (1:3, v/v) for 10 min. The developed
MIP sensor retained 96.5% of its initial response to pefloxacin after five runs.
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Figure 5. Changes in the current of the sensor in response to different interferences.
3.6 Analytical application

Table 2. Detection of pefloxacin in milk

Relative standard

Sample Added Found deviation Recovery
(UM) (UM) % %
1 1.00 0.87 3.25 87.0
2 5.00 4.55 0.70 91.1
3 10.00 9.62 0.77 92.0

To further evaluate the applicability of this method in practical sample analyses, different
concentrations of pefloxacin were added separately to the milk samples, followed by detection using the
developed sensor. The recovery rate of pefloxacin in the samples ranged from 87.0% to 92.0%, and the
relative standard deviation (n = 3) was less than 5.0% (Table 2). This indicated that the fabricated MIP
sensor could be successfully used for the detection of pefloxacin in milk.

4. CONCLUSIONS

In summary, a novel pefloxacin -electrochemical MIP sensor was developed by
electropolymerizing pefloxacin-imprinted poly(o-phenylenediamine) on a AuNPs/RGO/SWCNTs
modified GCE. The fabrication of the MIP sensor was a simple and low-cost process. The proposed
method provided a low detection limit and high pefloxacin specificity. Moreover, the sensor exhibited
high stability, high reusability and acceptable application in actual milk samples. Therefore, this
proposed method provides a new path for the specific detection of pefloxacin and potencial applications
in the food industry as well as in clinical and environmental fields.
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1. OPTIMIZATION OF THE ELECTROREDUCTION AND ELECTROPOLYMERIZATION
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Figure S1 Optimization of (A) the electroreduction cycles and (B) the electropolymerization cycles for

the detection of 1.0x 10 mol/L pefloxacin
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Figure S2. Effect of the pH on signal for the detection of 1.0x 10" mol/L pefloxacin
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3. OPTIMIZATION OF THE INCUBATION AND ELUTION TIMES
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Figure S3. Effect of (A) incubation and (B) elution times on response signal
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