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Therapeutic drug monitoring is mandatory for drugs with narrow therapeutic index and is an integral part of
the patient care standards, where drug concentration is measured in biological fluids to “personalize” patient’s
dosage. In this work a disposable electrochemical sensor has been developed for Levofloxacin (LEV) determi-
nation in human plasma. The selected substrate was pencil graphite electrode (PGE). To enhance the sensor
performance, the PGE has been modified with Au-NPs via electrochemical deposition. To achieve high selec-
tivity towards levofloxacin, the PGE/Au-NPs electrode has been further modified with molecularly imprinted
copolymer; poly(L-dopa)/poly(o-phenylenediamine), by anodic electropolymerization of the corresponding
monomers. The Levodopa not only acts as a functional monomer but moreover, a substrate for mussel-inspired
polymer. The sensor surface has been characterized using both scanning electron microscopy (SEM) imaging
and X-ray photoelectron spectroscopy (XPS) to investigate the morphology and elemental composition of
the modified PGE, respectively. To optimize the sensor performance, experimental variables were studied
and tuned to improve the outcomes. The sensor has a linear response in two concentration windows
(1.0 × 10−6

–1.0 × 10−4 mol/L) and (1.0 × 10−4
–1.0 × 10−2 mol/L) Levofloxacin, with a limit of detection

of 4.62 × 10−7 mol/L. Selectivity, repeatability, and low manufacturing cost are some benefits of the proposed
sensor. The sensor was successfully used to determine Levofloxacin in Tavanic® tablets and spiked plasma
samples.
1. Introduction

Personalized medicine, where the drug dosage is tailored for each
individual patient, ensures drug efficacy and safety. Pharmacogenetic
information and therapeutic drug monitoring (TDM) are the major
tools for personalized medicine. The pharmacogenetic data is based
on patient’s genome sequence and collected prior to drug administra-
tion to anticipate drug efficacy and safety, while TDM is performed
once the patient has started the treatment regimen to “individualize”
the dosing based on drug level in blood. Therapeutic drug monitoring
is not only employed for the proper medical care of each patient but,
can be applied to monitor patient’s compliance as well. Moreover,
some antibiotics treatment protocols require frequent sampling to
assure that drug level is maintained within the desired therapeutic
window and has maximum efficacy, as higher dose increases toxic side
effects, while sub-therapeutic antibiotic level potentially causes both
treatment failure and emergence of antibiotic bacterial resistance.
The broad-spectrum antibiotics; fluoroquinolones class, are very effec-
tive and used to treat severe and resistant bacterial infections in med-
ical practices since the late 1980s [1]. Levofloxacin (LEV), whose
chemical structure is presented in (Fig. 1(A)) with its closely related
interferants, is a third-generation fluoroquinolone antibiotic that is
used to treat bacterial infections of the prostate, kidneys, sinuses, skin,
and bladder [2]. For individuals with acute sinusitis, acute bronchitis
and uncomplicated urinary tract infections who can undergo other
treatment regimens, the substantial adverse effects associated with flu-
oroquinolones often outweigh the benefits [3]. As a result, assessment
of LEV in biological fluids and pharmaceutical formulations is crucial.

A. Levofloxacin, B. Gemifloxacin, C. Ciprofloxacin & D.
Flucloxacillin.

Several analytical techniques have been reported for LEV analysis
in biological fluids including capillary electrophoresis [4], high-perfor-
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Fig. 1. Chemical structures of Levofloxacin and its interferants.
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mance liquid chromatography [5], flow injection [6], electrochemilu-
minescence [7], spectrophotometric [8], and potentiometric [9] meth-
ods. Most of these methods are expensive, time consuming, and
require trained personnel, sample manipulations or derivatization
steps. Currently, there is an increasing interest to develop point-of-care
diagnostics electrochemical sensors for TDM applications due to sev-
eral advantages over the aforementioned methods such as simplicity,
low cost, and speed; recent progress in the electrochemical sensors
design for TDM applications has been recently reviewed [10–13]. Sev-
eral voltammetric methods for LEV determination have been reported
using bare or modified glassy carbon electrodes [14–19], multiwalled
carbon nanotubes [20,21], carbon nanotubes [22–24], molecularly
imprinted polymer (MIP) modified with gold nanoparticles electrode
[25], gold nanoparticles modified electrodes [26–28], molecularly
imprinted polymer (MIP) based electrodes [29], silver nanoparticles
modified electrode [30], boron doped diamond electrode [31,32],
pencil graphite electrode [33,34], reduced graphene oxide (rGO) mod-
ified electrodes [35–39], screen printed sensor [40], and moreover,
voltammetric techniques have been used for studying levofloxacin
electrochemical behavior [41].

A great attention is being paid to the development of affinity sen-
sors based on molecularly imprinted polymers (MIPs) nowadays
[42]. Molecularly imprinting polymerization is a technique of creating
three-dimensional recognition sites for a specific molecule on a syn-
thetic polymer. The recognition sites are designed to be complemen-
tary to the target molecule in terms of size, shape, and chemical
activities, making them extremely specific and selective for the target
analyte [43]. Electropolymerization has several merits over traditional
polymerization methods, including: electropolymerization does not
involve free radical initiators, light or oxidants, to initiate polymeriza-
tion; electropolymerization is carried out at room temperature. The
fabricated polymer produces adherent, uniform, dense, and conformal
films on the surface of electrode; the film characteristics, such as thick-
ness, can be controlled precisely and easily reproduced by optimizing
the electrochemical deposition conditions (such as voltage, number of
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cycles, current, and total polymerization time). Furthermore, polymer-
ization and detection are performed in aqueous media [44]. Finally,
the electropolymerization procedure is quick, and the electropolymer-
ized molecularly imprinted polymer can be generated in a matter of
minutes [45].

Polypyrrole, polythiophene, nanobiocomposite based on poly(1,10-
phenanthroline-5,6-dione), poly(9,10-phenanthrenequinone), poly
(pyrrole-2-carboxylic acid), carbazole, polyphenanthroline, azoben-
zene, and other conducting polymers can all be employed for elec-
tropolymerization [46]. MIPs-based on (o-phenylenediamine) [47] as
well as other phenylenediamine-derivatives [48,49] are extensively
used in pharmaceutical and analytical applications; for example,
molecularly imprinted (o-phenylenediamine) was used to determine
butyrylcholinesterase [50] and the anticancer Pemetrexed [51]. Fur-
thermore, noncovalent interactions such as stacking, electrostatic
interactions, and hydrogen bonding have been described for dopamine
as an electropolymerizable monomer with various templates [52]. Liu
and coworkers developed a capacitive sensor for nicotine detection in
human serum using molecularly imprinted ultrathin electropolymer-
ized polydopamine (ePDA) sheets in 2006 [53]. These (ePDA) films
obtained from the electropolymerization method have been used for
surface modification of a variety of biomaterials. Poly(levodopa),
being dopamine structural analogue, can have extra desired effects
due to its two hydroxyl groups and the primary amino group resulting
in thicker films which can influence the electrochemical deposition
behavior [54]. Poly(levodopa) has only been employed once as a
monomer in the development of a molecularly imprinted sensor [55].

One of the most challenging aspects of working with complicated
biological fluids is that the concentration of the target molecule in
complex biological fluids (such as urine, serum, saliva etc.) is fre-
quently relatively low compared to the enormous number of coexisting
background interferents (e.g., proteins, cells) that can non-specifically
adsorb onto a sensing interface. This may lead to major operational
issues like low signal-to-noise ratios, false positive results, and poor
specific recognition/response. A prominent challenge that faces the
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design of the electrochemical (bio)sensors for real-life applications is
“fouling” which is a key issue that hinders the practical utilization of
electrochemical (bio)sensors both in vitro and in vivo analysis as has
been reported in many recent reviews [56–61]. This can be avoided
by incorporating non-fouling chemistry into the assaying surface via
chemical modifiers that return the interface intensely hydrated with
highly polar, hydrated chemical groups/materials, which has been
linked to fouling resistance [60]. Recently, polymers derived from cat-
echolamines, such as dopamine and its natural analogues (i.e. levo-
dopa), have received a huge research attention as promising and
multifaceted functional materials in many fields such as chemical,
biomedical and material sciences. Polymers of catecholamines are
characterized with good adherence properties, high biocompatibility,
promising antifouling surface and high durability allowing their exten-
sive usage in surface modification and functionalization of several
materials. These mussel-inspired polymers possess high hydrophilicity
and inherent functional groups in their structure ranging from pheno-
lic hydroxyl, imine to amine [62–64]. In its zwitterionic state, poly
(levodopa) may be resistant to nonspecific protein adsorption, allow-
ing it to create stable antifouling surfaces for many biomedical
applications.

In the current contribution, a novel electrochemical sensor was
developed for fast measurement of LEV in plasma samples. The sensor
was designed by depositing gold nanoparticles to modify a pencil gra-
phite electrode (PGE). Since recently, nanoparticles have been assured
to be important additives to enhance the performance of electrodes
and reduce electrical resistance [65]. The molecularly imprinted
copolymer was electropolymerized onto Au-NPs modified PGE by elec-
trochemical co-deposition of o-phenylenediamine and Levodopa
monomers. The experimental variables (number of electropolymeriza-
tion cycles, supporting electrolytes, pH, and contact time) were stud-
ied and optimized. The sensor surface was characterized by SEM and
XPS. The suggested sensor was successfully used for voltammetric
assessment of LEV in pharmaceutical tablets and spiked human plasma
samples.
2. Experimental

2.1. Chemicals and reagents

Levofloxacin hemihydrate, gemifloxacin mesylate, ciprofloxacin,
flucloxacillin sodium and Levodopa were supplied from AMOUN phar-
maceuticals (Levofloxacin was labeled to be greater than 99% purity).
The monomer, o-phenylenediamine (oPD) with purity higher than
99% was purchased from (Oxford laboratory, Mumbai, India), Metha-
nol (Fisher Scientific, UK), Chloroauric acid (Sigma Aldrich, Ger-
many). All other chemicals and the apparatus used were supplied as
reported in the Supporting Information (SI).

2.2. Electrodeposition of the gold nanoparticles on PGE

The PGE was modified with Au-NPs as reported previously in the
literature [66], briefly, PGE was immersed in an electrolyte of
5x10−4 mol/L HAuCl4 in 0.1 mol/L KCl as supporting electrolyte,
and cyclic voltammetry was performed with a potential scanning
started at + 0.2 V, to potential: −1.0 V vs Ag/AgCl reference elec-
trode, for 10 cycles at scan rate of 50 mV/sec. For the next copolymer
electro-polymerization, the modified PGE was rinsed three times with
distilled water and dried under stream of N2 at ambient temperature.

2.3. Electropolymerzation of the molecularly imprinted copolymer poly
(oPD-co-L-Dopa) on PGE/Au-NPs

Au-NPs modified PGE was immersed in 25 mL phosphate buffer
(pH 7.0) containing the template; LEV 10 mmol/L, 5 mmol/L o-
3

Phenylenediamine, and 5 mmol/L Levodopa after their sonication
for 15 min. After a 10-minute Nitrogen purge, cyclic voltammetry
was used for the electrochemical polymerization of o-phenylenedi-
amine and Levodopa. LEV was encapsulated by a number of consecu-
tive cycles in the potential range of −0.2 to + 0.8 V at a scan rate of
50 mV/s, the effect of number of cycles on sensor’s performance was
studied. To remove the LEV template, the sensor was rinsed three
times (20 min each) with methanol: 1.25% acetic acid (1:1). Finally,
for Levofloxacin rebinding and subsequent measurements, the elec-
trode was incubated in LEV sample before measurement; the effect
of the incubation time was investigated and optimized.

2.4. Electrochemical detection of levofloxacin and calibrations

The DPV measurements were recorded by scanning potential over
range of 0.0 to 1.5 V, scan rate 15.0 mV s−1, pulse amplitude
50 mV, pulse width (modulation time) 50 ms. Measurements of LEV
in plasma samples are described in details in the Supporting Informa-
tion (SI).
3. Results and discussion

3.1. Characterization of PGE/Au-NPs/poly(oPD-co-L-Dopa) sensor – SEM
and XPS investigations

The scanning electron microscopy (SEM) images (Fig. S1) show the
surface morphology of both PGE/Au-NPs and the modified PGE/Au-
NPs/Levofloxacin imprinted copolymer, the images clearly indicate
the presence of uniformly distributed Au-NPs on PGE of an average
diameter approximately 84 nm as estimated by using the SEM soft-
ware. Although we can’t make a direct comparison, these results are
consistent with some extent to the literature where the AuNPs was
deposited onto GCE/modified with chitosan where AuNP has range
from 30 to 80 nm [66]. It should be noted that GCE is different from
PGE and also chitosan provides nucleation sites for Au-NPs formation.

The X-ray photoelectron spectroscopy (XPS) has been employed to
investigate the surface elemental composition. The XPS survey spec-
trum, (Fig. 2A), shows prominent peak of C(1s) around 286 eV, Au
(4f) peak around 85 eV, O(1s) peak around 533 eV, and another peak
signal around 401 eV for N(1s). Fig. 2B. is a high resolution spectrum
of C(1s) region, where deconvolution analysis was performed showing
three bands. The deconvoluted bands are around 285.1 eV, 286.8,
288.3 eV corresponding to CAC, CAN, O–C@O bonds, respectively
[67] Fig. 2C shows deconvolution of high resolution spectrum of N
(1s) region, the devolution shows one deconvoluted band at
400.4 eV corresponding to aromatic N atoms. Fig. 2D represent the
deconvolution of the high resolution spectrum of O(1s) region, the
two deconvoluted bands at 531.9 eV and 533.2 eV corresponding to
O-C@O, C@O respectively [67]. These results indicated the successful
modification of the surface with Au-NPs and the copolymer poly(oPD-
co-L-Dopa) layer.

3.2. Effect of supporting electrolyte and contact time

The pH selection is of great importance during the optimization of
the MIP sensor response. The fact that pH affects the protonation state
of both the monomer and MIP film, and consequently affects the re-
binding process via the hydrogen bonding and electrostatic interac-
tions. Moreover, the pH has been reported to affect the carbon elec-
trode surface functional groups [68] and can contribute to peak
shift. Not only the pH but also the type of buffer supporting electrolyte
itself has an effect on stabilization of the analyte molecules in solution
and hence electron transfer rate. Therefore, The supporting electrolyte
and pH had a marked influence on the modified electrode's response.
The optimization of pH and supporting electrolytes were accomplished



Fig. 2. X-ray photoelectron spectroscopic characterization of PGE/Au-NPs/Poly(o-PD-co-L-Dopa), (A) a survey spectrum of the modified electrode, (B) high-
resolution spectrum in C(1s) region showing peaks that correspond to CAC (blue curve), CAN (red curve), O–C@O (green curve) bonds at 285.1 eV, 286.8,
288.3 eV, respectively, (C) high resolution spectrum of N(1s) region, shows aromatic N atoms band at 400.4 eV, (D) high resolution spectrum of O(1s) region,
showing peaks corresponding to O–C@O (blue curve), C@O (red curve) at 531.9 eV and 533.2 eV respectively. (For interpretation of the references to colour in this
figure legend, the reader is referred to the web version of this article.)

Fig. 3. DPV voltammograms of 100 µmol/L Levofloxacin at pH 2, 4, 6, 8 and
10. The inset is a plot for the oxidation peak current of Levofloxacin at various
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through two steps. Firstly, different pHs were tested to determine the
optimum pH of the supporting electrolyte using phosphate buffer with
pH range (2–10), so any difference in peak current can be attributed to
pH change only rather than change of supporting electrolyte. As we
observed in (Fig. 3), the lower pH has a higher oxidation current peak
and pH 2 in phosphate buffer resulted in the highest response. Sec-
ondly, various buffers having acidic pH were tried as supporting elec-
trolytes as mentioned in the manuscript (sulphuric acid, phosphate
buffer, Britton Robinson buffer, and citrate buffer). Various molar con-
centrations of sulphuric acid were examined, namely, 0.01, 0.1,
0.2 mol/L and it was observed that 0.2 mol/L produces the highest
peak current and more importantly, more reproducible results. There-
fore, 0.2 mol/L proved to be the optimum choice for the study.

The diffusion of the Levo template into the ultrathin molecularly
imprinted film is a critical factor to ensure re-binding of the redox
active template and its accumulation within the 3D cavities to produce
optimum response. The optimal incubation time of the sensor
immersed in the sample was investigated by measuring the sensor
response as a function of time. The contact time has been noticed to
influence the sensitivity of the modified electrode, with the peak cur-
rent increasing as the incubation time was extended until 10 min, and
reaches a plateau after that, as shown in (Fig. S2). Therefore, the PGE/
Au-NPs/poly(o-PDA-co-L-Dopa) sensor has be incubated in the sample
solution for at least a 10 min period as “accumulation time” prior to
initiating the voltammetric measurements, presumably due to slow dif-
fusion and binding kinetics.
4

3.3. Electrochemical behavior of Levofloxacin at the modified PGE

The sp2 hybridized pencil graphite electrodes (PGEs) have recently
gained a lot of attention due to high conductivity, adsorption,
pH.
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improved sensitivity, low background current, ease of surface modifi-
cation, and commercial availability. Different PGEs were tested as sub-
strates such as (2B, HB, B). It was observed that 2B exhibited the
highest response and thus was used in this study. Cyclic voltammetry
was utilized to characterize the electrochemical behavior of LEV on
bare and modified PGE. Cyclic voltammograms were measured with
a potential range of 0 to 1.5 V and scan rate (ν) = 50 mV/s. The results
show an oxidation peak at 0.966 V vs Ag/AgCl reference electrode at
forward scan and no reduction peak at reverse scan, indicating that the
LEV oxidation process is irreversible. The electrochemical behavior of
LEV was then assessed using differential pulse voltammetry on a vari-
ety of working electrodes, including glassy carbon, screen printed, and
pencil graphite electrodes, in the presence of 1.0 × 10−4 mol/L LEV in
0.2 mol/L H2SO4, with the pencil electrode demonstrating higher cur-
rent response and thus being used for this study. Levofloxacin was
determined electrochemically by oxidation (at 0.966 V) at the surface
of PGE in 0.2 mol/L H2SO4. Fig. 4 shows differential pulse voltammo-
grams of 1.0 × 10−4 mol/L LEV on bare PGE, PGE/o-PD, PGE/poly(o-
PDA-co-L-Dopa), and PGE/Au-NPs/poly(o-PDA-co-L-Dopa) in 0.2 mol/
L H2SO4 (curves a, b, c, and d, respectively). The LEV oxidation peak
at the PGE was substantially improved by gold electrodeposition and
copolymer surface modification, as shown in Fig. 5. The results indi-
cate the beneficial effect of nanocomposite on the peak current
enhancement where the measured current for 1.0 × 10−4 mol/L
LEV on the bare PGE was 4.43 µA, 12.87 µA on PGE/o-PD, 16.52 µA
on PGE/poly(o-PDA-co-L-Dopa), and 18.90 µA on PGE/Au-NPs/poly
(o-PDA-co-L-Dopa). The increase of current peak upon PGE modifica-
tion with Au-NPS from 16.52 µA to 18.90 µA is attributed to the cat-
alytic activity of Au-NPs and increasing electrode surface area.

3.4. Optimization of electropolymerization conditions

For electropolymerization, o-phenylenediamine was utilized as the
monomer. Since the profusion of (bio)molecules in biological fluids
can remarkably hinder performance at the transducing interface,
where unspecified adsorption (fouling) can both obstruct specific sig-
nal (reducing sensitivity) and considerably decrease assay specificity
[60], as dopamine analog; Levodopa has been suggested in many
reports in the literature as antifouling and bio-compatible coating
[69–71] and hence was added in the current study to exploit its
antifouling characteristics. The ratio of monomer to template and
the ratio of the two monomers to each other were investigated. Two
Fig. 4. DPV voltammograms of 100 µM Levofloxacin in 0.2 mol/L sulphuric
acid using: (A) Bare PGE, (B) PGE/Levofloxacin imprinted o-PD only, (C) PGE/
Levofloxacin imprinted o-PD and (poly)levodopa, (D) PGE/Au-NPs/Levoflox-
acin imprinted o-PD and (poly)levodopa.
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ratios of both monomers oPD: L-dopa (1:0) and (1:1) (i.e with oPD
alone and both monomers in the ratio 1:1) were investigated. It was
observed that the oPD: L-dopa ratio of 1:1 had a “better” response than
oPD alone. Therefore, both oPD and Levodopa were mixed in the same
ratio (1:1) (5 mmol/L each), with the template (10 mmol/L) forming
acceptable recognition sites number. The number of electropolymer-
ization cycles was observed to alter polymer thickness and alter the
sensor response, with the response increasing with raising cycles num-
ber up to 5 cycles, which was chosen for the study as indicated in
(Fig. S3) and was in coincidence with [25] which prepared a MIP
for Levofloxacin using Pyrrole-Au nanoparticles and 6 cycles were
the optimum for polymerization. A potential explanation of difference
between 4 and 5 cycles with respect to the sensors response, might
stem from the fact that as we increase the number of electropolymer-
ization cycles the thickness of MIP increases, hence increase vacant
imprinted cavity recognition sites for the template; levofloxacin, but
there is a limit where increasing the thickness further, film thickness
might hinder diffusion of the levofloxacin to the electrode surface
and limit the electrochemical oxidation of levofloxacin and therefore,
decline the electrochemical response, as the excessive thickness with
less imprinted sites could arise thus, can hinder the diffusion of the
template to the electrode surface [72,73]. Hence 5 cycles were chosen
as the optimum number of cycles.
3.5. Quantitative determination of LEV under optimal conditions

The calibration curve was constructed by plotting the current peak
height vs LEV molar concentration as shown in (Fig. 5a). The response
of Levofloxacin was linear in two concentration ranges
(1.0 × 10−6

–1.0 × 10−4 mol/L) and (1.0 × 10−4
–1.0 × 10−2

mol/L) utilizing the modified electrode where current peak height is
proportional to LEV concentration under optimum conditions, as
shown in (Fig. 5b), with two linear regression equations. The first lin-
ear regression was ic (µA) = 356955C (mol/L) + 2.7441 and a corre-
lation coefficient r = 0.9989, and the second was ic (µA) = 61130C
(mol/L) + 42.362 with a correlation coefficient r = 0.9999. It should
be noted that in Fig. 5a there are two peaks, those peaks probably form
the supporting electrolyte “sulphuric acid”, which appear also if DPV
was performed for the supporting electrolyte alone. The LOD was cal-
culated to be 4.62 × 10−7 mol/L (3 σ/S), while, the LOQ was esti-
mated to be 1.38 × 10−6 mol/L (10 σ/S), where S is the calibration
curve slope and σ is the standard deviation of the blank [74,75]. Dif-
ferent validation parameters including accuracy, intraday and interday
precision were calculated as RSD% to be 5.92, 4.33 and 4.04%,
respectively.
3.6. Reproducibility, selectivity, and stability of the sensor

To test the reproducibility, ten independently fabricated PGE mod-
ified electrodes were tested in a 1.0 × 10−4 mol/L Levofloxacin solu-
tion. RSD was calculated to be 2.09%, indicating acceptable
reproducibility. The responses of LEV in the presence of interferants
such as Gemifloxacin Mesylate (chemical structure Fig. 1(B)), Cipro-
floxacin (chemical structure Fig. 1(C)), and Flucloxacillin sodium
(chemical structure Fig. 1(D)) were tested to investigate the selectivity
of the molecularly imprinted copolymer where they were measured at
concentration of 1 × 10−4 mol/L, each one alone without Levofloxa-
cin. Oxidation peaks were at 1.225 V for both Ciprofloxacin and Gemi-
floxacin and 1.219 V for Flucloxacillin. Structurally similar compounds
such as Ciprofloxacin, Gemifloxacin and Flucloxacillin exhibited oxi-
dation with peak currents of 28.77%, 20.84%, and 4.0% respectively
compared to that of LEV peaks, the results are summarized in Table 1.
Consequently, none of these analogues interfered with the voltammet-
ric detection of LEV, showing the sensor's high selectivity. The modi-
fied PGE's response was tested in a 1.0 × 10−4 mol/L LEV solution



Fig. 5. a. DPV voltammograms of Levofloxacin in two concentration ranges (1.0 × 10−6
–1.0 × 10−4 mol/L) and (1.0 × 10−4

–1.0 × 10−2 mol/L) by modified
electrode. 5b. Respective linear regression plot.

Table 1
Effect of various interferences on the oxidation peak current signals of 100 µM
Levofloxacin in 0.1 mol/L Phosphate buffer (pH 7.0) at PGE /AuNPs/o-PD/L-
DOPA.

Interferant Ratio of interferant oxidation peak (%)
compared to LEV peak

Ciprofloxacin 28.77%
Gemifloxacin 20.44%
Flucloxacillin 4%
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where Levofloxacin’s peak intensity did not change within one month
indicating its stability throughout this period.
3.7. Analysis of LEV in Tavanic® tablets and real human plasma samples

Table 2 shows that the modified PGE was used to analyze LEV con-
tent in Tavanic® tablets, with recoveries ranging from 90.37 to
105.63%. The approach was further tested on spiked blank human
plasma samples utilizing protein precipitation with acetonitrile, as
shown in (Table 2), the results ranging from 86.54 to 120.72% were
obtained. These results mean that the suggested sensor is suitable for
the selective and rapid determination of LEV in plasma sample.

In literature, the reported voltammetric approaches incorporating
gold nanoparticles and/or MIP have been proposed; these are outlined
in Table S1. In comparison to screen printed electrodes (SPE) or glassy
6

carbon electrodes (GCE), our sensor has the benefit of being cost-effec-
tive, commercially available (a simple pencil graphite), as well as hav-
ing antifouling capabilities due to the usage of Levodopa, which has
highly polar chemical groups linked with fouling resistance. The use
of gold nanoparticles raised the effective electrode surface area and
accelerated electron transfer, as demonstrated by a small increase in
LEV voltammetric responses when compared to the bare electrode.
3.8. Compliance of the LEV point-of-care (POC) diagnostic sensor with
WHO ASSURED criteria

Following the WHO guidelines [76], our suggested sensor virtually
meets the “ASSURED” criteria for ultimate POC diagnostics as being:
(a) low-cost: the proposed working electrode was pencil graphite elec-
trode. The PGE as a substrate is a cost-effective platform, with low cap-
ital costs (only 1 $ can be spent to create 10 sensing electrodes). (b)
sensitive: the LOD found was 4.62 × 10−7 mol/L, which could reach
c max easily in plasma samples. (c) selective: the sensor can detect LEV
quantitatively in the presence of its interferants, which will reduce
false positives. c) It is user-friendly: non-medical people can use the
sensor to detect LEV; (e) quick: the electrode has relatively quick
response in comparison to other analytical procedures; (f) Low-cost
equipment: On-site data analysis requires only a small amount of por-
table equipment. In contrast to other commonly used procedures that
necessitate complex equipment, (g) delivery is simple to end users.



Table 2
The analytical results of Levofloxacin in tablets and human plasma samples (n = 3).

Sample Added (mol/L) Found (mol/L) * Recovery RSD%**

Tavanic® tablets 1.0 × 10−6 9.69 × 10−7 96.90 2.34
1.0 × 10−5 1.0 × 10−5 100.00 1.98
1.0 × 10−4 1.05 × 10−4 105.00 0.68
1.0 × 10−3 1.01 × 10−3 101.00 1.79
1.0 × 10−2 0.9 × 10−2 90.00 2.05

Human plasma 1.0 × 10−6 1.20 × 10−6 120.00 3.45
1.0 × 10−5 8.65 × 10−5 86.50 2.71
1.0 × 10−4 9.19 × 10−5 91.90 1.49
1.0 × 10−3 1.22 × 10−3 122.00 1.73
1.0 × 10−2 9.5 × 10−3 95.00 1.25

* Average of 3 determinations.
**Average of 3 determinations.
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4. Conclusion

A unique selective sensor based on mussel-inspired poly(L-dopa)
polymer was established for the voltammetric determination of LEV
that is capable of LEV detection in complicated matrices. The sensor
used gold nanoparticles for enhanced electron transfer kinetics and
selectivity was based on molecular imprinting copolymerization with
o-phenylenediamine and levodopa as the functional monomers. In this
work, mussel-inspired “Levodopa” (a dopamine analogue) has been
copolymerized with oPD for the first time to fabricate a selective levo-
floxacin MIP sensor. Levodopa as a functional monomer offers many
advantages such as levodopa monomer has both phenolic and car-
boxylic functional groups that permit various interactions with the
template molecule. In accordance with the polymer's strong affinity
for LEV, the modified electrode showed a high selectivity. Over two
concentration ranges of (1.0 × 10−6

–1.0 × 10−4 mol/L) and
(1.0 × 10−4

–1.0 × 10−2 mol/L) LEV, a linear response was observed.
The electrode was used to determine LEV in Tavanic® tablets as well
as genuine human plasma samples with excellent results.
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