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Abstract: An innovative approach to imprinted nanoparticles (nanoMIPs) is represented by solidphase synthesis. Since the polymeric chains grow over time and rearrange themselves around the
template, the binding properties of nanoMIPs could depend on the polymerization time. Here
we present an explorative study about the effect of different polymerization times on the binding
properties of ciprofloxacin-imprinted nanoMIPs. The binding properties towards ciprofloxacin
were studied by measuring the binding affinity constants (Keq ) and the kinetic rate constants (kd ,
ka ). Furthermore, selectivity and nonspecific binding were valued by measuring the rebinding of
levofloxacin onto ciprofloxacin-imprinted nanoMIPs and ciprofloxacin onto diclofenac-imprinted
nanoMIPs, respectively. The results show that different polymerization times produce nanoMIPs
with different binding properties: short polymerization times (15 min) produced nanoMIPs with
high binding affinity but low selectivity (Keq > 107 mol L−1 , α ≈ 1); medium polymerization times
(30 min–2 h) produced nanoMIPs with high binding affinity and selectivity (Keq ≥ 106 mol L−1 , α < 1);
and long polymerization times (>2 h) produced nanoMIPs with low binding affinity, fast dissociation
kinetics and low selectivity (Keq ≤ 106 mol L−1 , kdis > 0.2 min−1 , α ≈ 1). The results can be explained
as the combined effect of rearrangement and progressive stiffening of the polymer chains around the
template molecules.
Keywords: molecularly imprinted polymer; solid-phase synthesis; nanoparticles; ciprofloxacin;
binding equilibrium; binding kinetics; binding selectivity
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Molecularly imprinted nanoparticles (nanoMIPs) present several advantages with
respect to bulk imprinted materials, but, when prepared by traditional methods, their usefulness is limited as the approaches are costly or require complex optimization steps, while
the purification from template molecules is challenging [1–3]. Solid-phase synthesis of
imprinted nanoparticles (nanoMIPs) represents an innovative approach to nanoMIPs [4,5].
The polymerization process, illustrated in Scheme 1, takes place in the interstitial space
between nonporous glass beads grafted with template molecules. Once the polymerization
process ends, unreacted monomers, polymerization by-products and low-affinity polymers
can be washed away, while the high-affinity nanoparticles bind strongly enough to be
retained by the solid phase. NanoMIPs are subsequently recovered by washing the solid
phase with a solution capable of breaking the noncovalent molecular interactions.

Attribution (CC BY) license (https://
creativecommons.org/licenses/by/
4.0/).
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confined on the surface of the beads, thus avoiding any health risks during synthesis and
successive use of the imprinted nanoMIPs [9]. The preparation of nanoMIPs by solid‐
phase synthesis has proven to be equally suitable for small molecules [10–12], peptides
and proteins [13,14], living cells [15] or viruses [16]. Furthermore, it seems to be very ver‐
satile, as the experimental conditions necessary for a successful imprinting process can be
2 of 9
changed according to current needs in a more flexible way than the solution synthesis
technique [15].

Scheme 1. Representation
Representation of the solid‐phase
solid-phase synthesis method.
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formation of insoluble polymer. Consequently, it could be interesting to check whether the
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polymerization time has an effect on the binding properties of nanoMIPs.
Here we present an explorative study about the effect of different polymerization
times—ranging from 15 min to 5 h—on the binding properties of ciprofloxacin-imprinted
nanoMIPs. This template was chosen as a system model as imprinted nanoparticles have
been extensively reported in the literature as synthetic receptors in sensing devices [19,20]
and solid-phase extraction [21]. Moreover, ciprofloxacin is strongly fluorescent, so it can be
detected at very low concentrations by HPLC, making it possible to determine the binding
isotherms in conditions of high dilution required by the equilibrium constants typical of
nanoMIPs prepared by solid-phase synthesis [22]. The binding properties were studied by
partition equilibrium and rebind kinetic experiments to measure the binding affinity and
the kinetic rate constants. Furthermore, selectivity and nonspecific binding were valued
by measuring the rebinding of levofloxacin onto ciprofloxacin-imprinted nanoMIPs and
ciprofloxacin onto diclofenac-imprinted nanoMIPs, respectively.
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2. Materials and Methods
2. Materials and Methods
2.1. Materials
2.1. Materials
Glass beads (Spheriglass‐2429, 70–100 μm average particle size, Potters, UK) were
Glass beads (Spheriglass-2429, 70–100 µm average particle size, Potters, UK) were
aminated as previously reported [22]. Acrylic acid (AA), 3‐(aminopropyl) trimethox‐
aminated as previously reported [22]. Acrylic acid (AA), 3-(aminopropyl) trimethoxysiysilane
(APTMS),ciprofloxacin
ciprofloxacin(CIP),
(CIP),N,N-dimethylaminopyridine
N,N‐dimethylaminopyridine (DMAP),
lane (APTMS),
(DMAP),1‐ethyl‐3‐(3‐
1-ethyl-3-(3dimethylaminopropyl)carbodiimide
hydrochloride
(EDC),
hexamethyldisilazane
dimethylaminopropyl)carbodiimide hydrochloride (EDC), hexamethyldisilazane (HMDS),
(HMDS),
N‐hydroxysuccinimide
(NHS), N‐isopropylacrylamide
(NIPAm), levofloxacin
N-hydroxysuccinimide
(NHS), N-isopropylacrylamide
(NIPAm), levofloxacin
(LEV), N,N 0 (LEV),
N,N′‐methylene‐bis‐acrylamide
(BIS),
morpholinethanesulfonic
acid
(sodium
methylene-bis-acrylamide (BIS), morpholinethanesulfonic acid (sodium salt, MES),salt,
sucMES),
succinic anhydride,
N‐tertbutylacrylamide
(TBAm), ammonium
(APS),
0 ,N 0 cinic anhydride,
N-tertbutylacrylamide
(TBAm), ammonium
persulfate persulfate
(APS), N,N,N
N,N,N′,N′‐tetramethylethylenediamine
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(Milan, Italy).
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1 mg of BIS (0.0065 mmol), 4.7 mg of AA (0.065 mmol), 11 mg of NIPAm (0.097 mmol) and
by mixing 1 mg of BIS (0.0065 mmol), 4.7 mg of AA (0.065 mmol), 11 mg of NIPAm (0.097
19.8 mg of TBAm (0.156 mmol, dissolved in 0.5 mL of ethanol). Then, 5 mL of the mixture
mmol) and 19.8 mg of TBAm (0.156 mmol, dissolved in 0.5 mL of ethanol). Then, 5 mL of
was added to 50 mL polypropylene SPE cartridges containing 2.5 g of functionalized glass
beads. The cartridges were purged with nitrogen for 5 min; 3 µL of TEMED and 100 µL of
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30 mg mL−1 aqueous solution of APS were added; and the polymerization was carried out
at room temperature for 15, 30, 45, 60, 120, 180 and 300 min in a roller-equipped incubator.
The supernatant was drained by vacuum aspiration, the dry cartridges were cooled to 4 ◦ C
and polymerization by-products and low-affinity nanoMIPs were washed with 10 × 2 mL
of ice-cold water. High-affinity nanoMIPs were collected by eluting the cartridges with
5 × 2 mL of hot water. The eluates were lyophilized, weighed and stored at 4 ◦ C. Size
distribution and polydispersity index were determined as previously reported [22].
Nonimprinted polymers (nanoNIPs) were prepared in the same experimental conditions in terms of composition of the polymerization mixture and polymerization time, but
using glass beads functionalized with diclofenac as solid phase [18].
NanoMIPs and nanoNIPs were grafted onto aminated glass beads in accordance with
the protocol previously reported [22].
2.4. Determination of Binding Properties
To measure equilibrium binding isotherms and kinetics, unbound fractions of fluoroquinolones were measured by reverse-phase HPLC analysis with fluorescence detection,
in accordance with previous literature [22]. Each experimental point was assessed as the
average of three repeated measures, and binding parameters were calculated in accordance with Langmuir binding isotherm and first-order kinetic models by nonlinear least
square fitting.
Binding selectivity, α, was calculated as follows:
α=

Keq( LEV )
Keq(CIP)

(1)

where Keq (LEV) and Keq (CIP) are the equilibrium binding constants measured for levofloxacin
and ciprofloxacin, respectively.
3. Results
To study the effect of the duration of the polymerization process, we considered
ciprofloxacin-imprinted nanoMIPs prepared by persulfate/TEMED-induced radical polymerization in water at room temperature. We have recently described these nanoparticles [22], reporting their good binding properties towards fluoroquinolones. Here, we
considered polymerization times ranging from 15 min to 5 h. Under all the experimental
conditions, the solid-phase synthesis produced nanoMIPs fully soluble in water, resulting
in transparent and colorless solutions, without any perceivable turbidity. Yields calculated
with respect to the amount of monomers in the polymerization mixtures were 1.0 mg (15%)
for 15 min, 1.4 mg (21%) for 30 min, 1.1 mg (17%) for 45 min, 1.8 mg (28%) for 1 h, 4.0 mg
(61%) for 2 h, 1.2 mg (18%) for 3 h and 3.5 mg (54%) for 5 h.
3.1. Dynamic Light Scattering
Dynamic light scattering measurements performed on nanoMIPs are reported in
Table 1. NanoMIPs prepared with a polymerization time of 15 min are characterized by
a very small mean diameter (12 ± 5 nm) and a relatively high polydispersity index of
0.44. Instead, nanoMIPs prepared with longer polymerization times show particles whose
diameters are of the order of magnitude of hundreds of nanometers and values for the
polydispersity index slightly lower and substantially constant. A progressive increase
in the average diameter is observed with the polymerization time, indicating that the
formation process of the nanoparticles is plausibly independent of the polymerization time
for times greater than 15 min.
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Table 1. Dynamic light scattering results for ciprofloxacin-imprinted nanoMIPs.
Polymerization Time

Diameter
(nm)

Polydispersity Index

15 min
30 min
45 min
1h
2h
3h
5h

12 ± 5
120 ± 41
165 ± 42
154 ± 37
234 ± 84
236 ± 87
268 ± 94

0.44
0.34
0.26
0.24
0.36
0.37
0.35

3.2. Determination of Binding Affinity
To correctly evaluate the binding properties of nanoMIPs towards ciprofloxacin, the
measurements of equilibrium binding isotherms and association kinetics require fast
separation between free and bound ligand. As ultrafiltration or dialysis are quite slow,
we chose to support the nanoMIPs on the same glass beads used for their synthesis in
order to easily separate by filtration the grafted beads—carrying the bound ligand—from
the solution containing the free ligand. Preliminary experiments showed that bare glass
beads and HDMS-silanized beads were unable to bind ciprofloxacin in water; therefore,
it is reasonable to assume that the existence of binding between ciprofloxacin and solid
phase can be attributed to the interaction with nanoMIPs.
The binding parameters obtained from binding isotherm measured for ciprofloxacin
and levofloxacin (Figure S1) are reported in Table 2. They confirm that nanoMIPs prepared
by solid-phase synthesis strongly bind the template ciprofloxacin and, to a lesser extent,
the related fluoroquinolone levofloxacin with equilibrium binding constants (Keq ) in the
range 106 –107 L mol−1 , with values progressively decreasing when polymerization time
increases. In contrast, the binding of ciprofloxacin to diclofenac-imprinted nanoMIPs
(Figure S2)—which can then be regarded as a measure of nonspecific binding—is always
low and essentially constant. A statistical comparison (t-test: α = 0.05, n = 10, t < 2.101)
of the equilibrium binding constants for ciprofloxacin between nanoMIPs and nanoNIPs
shows that when nanoMIPs are polymerized for times longer than 2 h, there is no difference
with respect to nanoNIPs.
Table 2. Equilibrium binding constants (±1 standard error unit) measured for ciprofloxacin and levofloxacin on ciprofloxacin-imprinted nanoMIPs and ciprofloxacin on diclofenac-imprinted nanoMIPs
(nanoNIPs). Underlined values: statistically indistinguishable from the corresponding results obtained on nanoNIPs.

1

Polymerization Time

CIP on nanoMIPs
(L mol−1 × 10−6 )

LEV on nanoMIPs
(L mol−1 × 10−6 )

CIP on nanoNIPs
(L mol−1 × 10−6 )

15 min
30 min
45 min
1h
2h
3h
5h

15.39 ± 2.14
8.48 ± 0.81
8.44 ± 1.75
8.84 ± 1.65
4.30 ± 0.60
1.74 ± 0.87
0.82 ± 0.33

13.54 ± 0.95
2.12 ± 0.86
1.32 ± 0.44
0.78 ± 0.30
0.77 ± 0.50
0.58 ± 0.65
0.60 ± 0.28

1.96 ± 0.38
2.25 ± 0.68
0.57 ± 0.22
0.82 ± 0.44
1.14 ± 0.21
1.21 ± 0.86
~1 1

Lack of fit, estimated only.

Concerning selectivity, as reported in Figure 1, nanoMIPs polymerized for very short
times are not able to discriminate between ciprofloxacin and levofloxacin, with a complete
lack of selectivity. As the polymerization time increases, the selectivity improves markedly,
reaching α ≈ 0.1 at 1 h and then worsening again for longer polymerization times. To
evaluate this trend properly, it is necessary to consider that the values of the equilibrium
binding constants for both ligands are high but statistically indistinguishable for short
polymerization times; therefore, their numerical relationship must be unitary. On the
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3.3. Determination of Binding Kinetics
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Table 3. Association and dissociation rate constants (±1 standard error unit) measured for
ciprofloxacin on ciprofloxacin-imprinted nanoMIPs.
Table 3. Association and dissociation rate constants (±1 standard error unit) measured for ciprof‐
loxacin on ciprofloxacin‐imprinted nanoMIPs.
kass
kdis
Polymerization Time
−1
−6
(L mol−1 min
(mink−dis1 )
kass × 10 )
Polymerization Time
−1 ±
−1 × 10−6)
−1)
(L mol
min
15 min
2.88
0.67
0.19(min
± 0.07
30
min
1.68
±
0.25
0.20
±
0.03
15 min
2.88 ± 0.67
0.19 ± 0.07
45 min
1.80
0.21
±±0.09
30 min
1.68±±0.41
0.25
0.20
0.03
1
h
1.75
±
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0.20
±±0.08
45 min
1.80 ± 0.41
0.21
0.09
2h
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1h
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3h
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2h
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The experimental results reported in this work confirm that the polymerization time
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in the solid-phase polymerization method has different effects on the binding behavior of
The experimental results reported in this work confirm that the polymerization time
the resulting nanoMIPs according to the temporal extent of the polymerization process:
in the solid‐phase polymerization method has different effects on the binding behavior of
(i) short polymerization times, with nanoparticles characterized by high binding affinity
the resulting nanoMIPs according
to the temporal extent of the polymerization process:
but low selectivity (Keq > 107 mol L−1 , α ≈ 1); (ii) medium polymerization times, with
(i) short polymerization times,
with nanoparticles characterized by high binding affinity
nanoparticles characterized by high binding affinity and selectivity (Keq ≥ 106 mol L−1 ,
but low selectivity (Keq > 107 mol L−1, α ≈ 1); (ii) medium polymerization times,
with nano‐
α < 1); and (iii) long polymerization times, with nanoparticles characterized by−1low binding
particles characterized by high binding affinity and selectivity (K6 eq ≥ 106−mol
L , α < 1);
affinity, faster dissociation kinetics and low selectivity (Keq ≤ 10 mol L 1 , k > 0.2 min−1 ,
and (iii) long polymerization times, with nanoparticles characterized by low dis
binding af‐
α ≈ 1).
finity, faster dissociation kinetics and low selectivity (Keq ≤ 106 mol L−1, kdis > 0.2 min−1, α ≈
To try to evaluate this complex behavior, it is necessary to consider that the nanoparti1).
cles continue to grow during the polymerization process, both when they are bound to the
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behavior,
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solid
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In the early
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polymerization,
ticles
continue
to
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the
polymerization
process,
both
when
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bound
it is plausible that the conformation of the growing polymeric chains is very flexibletoand
the able
solidto
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and rearrange
when theyand
are free
in solution.
In the earlywith
stagethe
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polymerization,
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maximize
the interaction
template
on the solid
it isphase.
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that
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the
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In these conditions, there are no binding sites with a stiff and defined
structure
ableyet,
to even
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and
maximize
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interaction
with
the
template
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if, once dissociated, nanoparticles are able to maintain—at least in part—the
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even
if,
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type-i binding
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high binding
affinity
and fast other
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a consequence,
nanoMIPs prepared in very short polymerization time show a type‐i bind‐
absent selectivity.
ing behavior,
high binding affinity
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kinetics
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the polymerization
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times, but
nanoparticles
become
selectivity.
larger and more structured, with restrained and intertwined chain conformation, leading to
binding sites that are well defined but stiffer and—after dissociation from the solid phase—
less accessible to ligands. In this condition, nanoMIPs show a type-ii binding behavior: the
association rate constant and the binding affinity decrease but selectivity increases.
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Further prolonging the polymerization time causes further growth of the nanoparticles.
Under these conditions, the polymer structure becomes more and more rigid, sterically
hindering the binding sites to the point that they cannot effectively bind the ligands during
the rebinding process. In this condition, nanoMIPs show a type-iii binding behavior: the
binding properties coincide with those of nonimprinted nanoparticles, no longer depending
on the presence of accessible binding sites but only on the presence of randomly dispersed
functional groups on the surface of the nanoparticles.
5. Conclusions
The results reported in this work show that polymerization time plays a pivotal
role in determining the binding properties of nanoMIPs prepared by persulfate/TEMEDinduced radical polymerization. It is reasonable to assume that, since the growth rate of
the nanoparticles certainly depends on many variables such as the chemical properties
of the monomers, the solvent, the polymerization temperature and the type of radical
initialization, the results reported here are to be considered representative of this system
in particular. However, there is no reason to believe that the overall behavior implied by
the experimental results reported here cannot be extended to different polymerization
mixtures and experimental conditions and therefore be of general validity for nanoMIPs
prepared by solid-phase synthesis. Finally, we conclude by stressing that the control of
the polymerization time allows calibrating not only the binding capacity of the nanoMIPs
towards the template, both in terms of affinity and association kinetics, but also the
selectivity towards related molecules. This result seems to us particularly interesting for
future applications that will require nanoMIPs with a high capacity to discriminate between
ligands with similar molecular structures.
Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/polym13162656/s1, Figure S1: Binding isotherm of ciprofloxacin and levofloxacin for
ciprofloxacin-imprinted nanoMIPs, Figure S2: Binding isotherm of ciprofloxacin for diclofenacimprinted nanoMIPs, Figure S3: Association kinetic plots of ciprofloxacin for ciprofloxacin-imprinted
nanoMIPs.
Author Contributions: Conceptualization, C.B.; methodology, M.C.; investigation, M.C., S.C. and
F.A.; resources, L.A. and R.P.; data curation, C.B.; writing—original draft preparation, C.B.; writing—
review and editing, F.D.N. All authors have read and agreed to the published version of the
manuscript.
Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: The raw and processed data required to reproduce these findings are
available on request.
Conflicts of Interest: The authors declare no conflict of interest.

References
1.
2.

3.
4.

5.

Chen, L.; Wang, X.; Lu, W.; Wu, X.; Li, J. Molecular imprinting: Perspectives and applications. Chem. Soc. Rev. 2016, 45, 2137–2211.
[CrossRef] [PubMed]
Canfarotta, F.; Cecchini, A.; Piletsky, S. Nano-sezed molecularly imprinted polymers as artificial amtibodies. In Molecularly
Imprinted Polymers for Analytical Chemistry Applications, 1st ed.; Kutner, W., Sharma, P.S., Eds.; The Royal Society of Chemistry:
London, UK, 2018; pp. 1–27.
BelBruno, J.J. Molecularly imprinted polymers. Chem. Rev. 2019, 119, 94–119. [CrossRef] [PubMed]
Poma, A.; Guerreiro, A.; Whitcombe, M.J.; Piletska, E.C.; Turner, A.P.F.; Piletsky, S.A. Solid-phase synthesis of molecularly
imprinted polymer nanoparticles with a reusable template—“Plastic antibodies”. Adv. Funct. Mater. 2013, 2, 2821–2827. [CrossRef]
[PubMed]
Ambrosini, S.; Beyazit, S.; Haupt, K.; Tse Sum Bui, B. Solid-phase synthesis of molecularly imprinted nanoparticles for protein
recognition. Chem. Commun. 2013, 49, 6746–6748. [CrossRef] [PubMed]

Polymers 2021, 13, 2656

6.
7.

8.
9.
10.

11.
12.
13.

14.
15.
16.

17.
18.
19.
20.

21.
22.
23.
24.

9 of 9

Lorenzo, R.A.; Carro, A.M.; Alvarez-Lorenzo, C.; Concheiro, A. To remove or not to remove? The challenge of extracting the
template to make the cavities available in molecularly imprinted polymers (MIPs). Int. J. Mol. Sci. 2011, 12, 4327–4347. [CrossRef]
Smolinska-Kempisty, K.; Guerreiro, A.; Canfarotta, F.; Caceres, C.; Whitcombe, M.J.; Piletsky, S.A. Comparison of the performance
of molecularly imprinted polymer nanoparticles for small molecule targets and antibodies in the ELISA format. Sci. Rep. 2016, 6,
37638. [CrossRef] [PubMed]
Poma, A.; Guerreiro, A.; Caygill, S.; Moczko, E.; Piletsky, S. Automatic reactor for solid-phase synthesis of molecularly imprinted
polymeric nanoparticles (MIP NPs) in water. RSC Adv. 2014, 4, 4203–4206. [CrossRef]
Lopez-Puertollano, D.; Cowen, T.; García-Cruz, A.; Piletska, E.; Abad-Somovilla, A.; Abad-Fuentes, A.; Piletsky, S. Study of
epitope imprinting for small templates: Preparation of nanoMIPs for Ochratoxin A. ChemNanoMat 2019, 5, 651–657. [CrossRef]
Chianella, I.; Guerreiro, A.; Moczko, E.; Caygill, J.S.; Piletska, E.V.; Perez De Vargas Sansalvador, I.M.; Whitcombe, M.J.; Piletsky,
S.A. Direct replacement of antibodies with molecularly imprinted polymer nanoparticles in ELISA—Development of a novel
assay for vancomycin. Anal. Chem. 2013, 85, 8462–8468. [CrossRef]
Altintas, Z.; Guerreiro, A.; Piletsky, S.A.; Tothill, I.E. NanoMIP based optical sensor for pharmaceuticals monitoring. Sens. Actuat.
B 2015, 213, 305–313. [CrossRef]
Altintas, Z.; Abdin, M.J.; Tothill, A.M.; Karim, K.; Tothill, I.E. Ultrasensitive detection of endotoxins using computationally
designed nanoMIPs. Anal. Chim. Acta 2016, 935, 239–248. [CrossRef]
Xu, J.; Ambrosini, S.; Tamahkar, E.; Rossi, C.; Haupt, K.; Tse Sum Bui, B. Toward a universal method for preparing molecularly
imprinted polymer nanoparticles with antibody-like affinity for proteins. Biomacromolecules 2016, 17, 345–353. [CrossRef]
[PubMed]
Moczko, E.; Guerreiro, A.; Caceres, C.; Piletska, E.; Sellergren, B.; Piletsky, S.A. Epitope approach in molecular imprinting of
antibodies. J. Chromatogr. B 2019, 1124, 1–6. [CrossRef] [PubMed]
Canfarotta, F.; Poma, A.; Guerreiro, A.; Piletsky, S.A. Solid-phase synthesis of molecularly imprinted nanoparticles. Nat. Protoc.
2016, 11, 443–455. [CrossRef] [PubMed]
Ekpenyong-Akib, A.E.; Canfarotta, F.; Abd, B.H.; Poblocka, M.; Casulleras, M.; Castilla-Vallmanya, L.; Kocsis-Fodor, G.; Kelly,
M.E.; Janus, J.; Althubiti, M.; et al. Detecting and targeting senescent cells using molecularly imprinted nanoparticles. Nanoscale
Horiz. 2019, 4, 757–768. [CrossRef]
Altintas, Z.; Gittens, M.; Guerreiro, A.; Thompson, K.A.; Walker, J.; Piletsky, S.; Tothill, I.E. Detection of waterborne viruses using
high affinity molecularly imprinted polymers. Anal. Chem. 2015, 87, 6801–6807. [CrossRef]
Muzyka, K.; Karim, K.; Guerreiro, A.; Poma, A.; Piletsky, S. Optimisation of the synthesis of vancomycin-selective molecularly
imprinted polymer nanoparticles using automatic photoreactor. Nanoscal. Res. Lett. 2014, 9, 154. [CrossRef]
Surya, S.G.; Khatoon, S.; Lahcen, A.A.; Nguyen, A.T.H.; Dzantiev, B.B.; Tarannum, N.; Salama, K.N. A chitosan gold nanoparticles
molecularly imprinted polymer based ciprofloxacin sensor. RSC Adv. 2020, 10, 12823–12832. [CrossRef]
Huang, Q.D.; Lv, C.H.; Yuan, X.L.; He, M.; Lai, J.P.; Sun, H. A novel fluorescent optical fiber sensor for highly selective detection
of antibiotic ciprofloxacin based on replaceable molecularly imprinted nanoparticles composite hydrogel detector. Sens. Actuat. B
2021, 328, 129000. [CrossRef]
Wu, C.X.; Cheng, R.J.; Wang, J.X.; Wang, Y.Y.; Jing, X.; Chen, R.R.; Sun, L.; Yan, Y.S. Fluorescent molecularly imprinted
nanoparticles for selective and rapid detection of ciprofloxacin in aquaculture water. J. Sep. Sci. 2018, 41, 3782–3790. [CrossRef]
Cavalera, S.; Chiarello, M.; Di Nardo, F.; Anfossi, L.; Baggiani, C. Effect of experimental conditions on the binding abilities of
ciprofloxacin-imprinted nanoparticles prepared by solid-phase synthesis. React. Funct. Polym. 2021, 163, 104893. [CrossRef]
Noël, S.; Gasser, V.; Pesset, B.; Hoegy, F.; Rognan, D.; Schalka, I.J.; Mislin, G.L.A. Synthesis and biological properties of conjugates
between fluoroquinolones and a N3”-functionalized pyochelin. Org. Biomol. Chem. 2011, 9, 8288–8300. [CrossRef] [PubMed]
Cowen, T.; Stefanucci, E.; Piletska, E.; Marrazza, G.; Canfarotta, F.; Piletsky, S.A. Synthetic mechanism of molecular imprinting at
the solid phase. Macromolecules 2020, 53, 1435–1442. [CrossRef]

