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Abstract: Puerarin-coated gold nanoparticles (PUE-AuNPs) synthesized via green synthetic route, a new colorimetric sensor, efficiently
detected the ciprofloxacin (CP) in tap water and cow milk samples. The PUE-AuNPs were characterized by UV-visible, FTIR, AFM, and
DLS techniques and were found to be spherical with an average size of approximately 19-20 nm. FTIR spectrum confirms that functional
groups such as ~-OH, -C=0, -CO and -C=C were responsible for the reduction of gold (III) chloride trihydrate. These functional groups
acted as capping agents to form AuNPs. The PUE-AuNPs sensor was proved to be selective and sensitive for the detection of CP through
colorimetric method within the concentration of 1 to 1000 #M and the limit of detection was 51 yM. This colorimetric sensor is simple,
cost-effective, and selective towards CP detection in environmental (tap water and milk) samples.
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1. Introduction

Antibiotics are the group of medicines which not only ameliorate the human health but their applications have also
enhanced veterinary medicine as well as agriculture and farming [1]. However, due to the large consumption of antibiotics,
they reach the sewage treatment plants through excretion process, where they are not completely removed and easily enter
into the natural water courses (probably drinking water), soil, milk, and meat samples, which is hazardous for both human
and animal health [2,3]. Due to their irregular entering into the environment and enduring presence, this category of
pharmaceuticals is considered to be persistent and “pseudopersistent” contaminants [1]. Antibiotic use is estimated to be
between 100,000 and 200,000 t per year worldwide. Untargeted species are adversely affected by antibiotic contamination in
the aquatic ecosystem like preventing algae growth, facilitating bacterial resistance, and damaging chloroplast replication,
interrupting the microorganism N cycle, translation, and transcription [4].

Fluoroquinolones is one of the most important classes of second-generation antibiotics. Administered fluoroquinolones
are mostly expelled as unchanged compounds in urine and are subsequently discharged into hospital or municipal sewage.
These fluoroquinolones are not completely removed at waste water treatment process (WW'TPs), and subsequently, their
persistent presentation into the environment makes fluoroquinolones ‘pseudopersistent’ compounds [5]. Moreover,
their potential to promote antibiotic resistance, fluoroquinolones also have an unfavorable ecotoxicity profile, and may
contribute to a significant portion of the measured bacterial genotoxicity in hospital effluents. CP [1-cyclopropyl-6-fluoro-
4-oxo0-7-piperazin-1-ylquinoline-3-carboxylic acid] (Figure 1a) is 65% excreted in urine and only 25% in the feces. It is the
most widely prescribed antibiotic which is active against a broad spectrum of gram-negative and gram-positive bacteria
[6], and has strong bioavailability, tissue penetration, minimal side effects, and desirable biological fluid distribution
characteristics [7]. It grasps the aqueous atmosphere through various ways, like household wastewater, chemical pollution,
municipal waste collection, manure from animals, and garbage dumps. The excess of CP also cause some severe diseases
including nausea, vomiting, diarrhea, and abdominal discomfort [8], agranulocytosis (reduced white blood cells), and
toxic epidermal necrolysis (severe skin reaction resulting sepsis or death) [9], and neurological side effects like abnormal
vision, acute organic psychosis, and seizure [10].
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CP was consistently observed in a number of water environments due to these various entry routes [11]. In Switzerland,
CP was detected in the range 249-405 ng/L and 45-568 ng/L in domestic sewage and at WWTPs respectively, 0.6-2 ug/L
and 0.02 pg/L of CP was also detected in wastewaters and surface streams across the US. Moreover, CP in the range
0.7-124.5 pg/L was found in wastewater of a Swiss hospital [6]. Due to the aforementioned concerns, various methods
have been employed so far, to detect the ciprofloxacin in many environmental samples, such as fluorescence spectroscopy
[12], cyclic voltammetry [13], high-performance liquid chromatography with fluorescence [14], 3-galactosidase-based
colorimetric assay [15], amperometric, and electrophoresis with conductivity analysis [16], and liquid chromatography-
mass spectrometry method [17] (Table 1). Although these approaches offer sensitive and precise multianalytical detection,
they also require a lot of time, costly instruments, tricky sampling, and utilization of detrimental natural solvents in massive
portions as well as particularly skilled professional operators. Therefore, there is a dire need to develop a simpler, quicker,
and more reliable method for the detection of CP in environmental samples. Spectrophotometric-based colorimetric
detection methods have many benefits such as simple use, high sensitivity, high reliability, and being inexpensive. In the
present study, we account a green synthetic route to synthesize gold nanoparticles (AuNPs) for the first time using puerarin
(PUE) (an isoflavonoid, isolated from Pseudocalymma elegans) as a reducing and stabilizing agent. The morphology of the
PUE-AuNPs was characterized by atomic force microscopy (AFM) and scanning electron microscopy (SEM). Puerarin
[8-(3-D-glucopyranosyl-7-hydroxy-3-(4-hydroxyphenyl)-4H-1-benzopyran-4-one] is a white powder and is soluble
in methanol (Figure 1b) [18]. It possesses several pharmacological properties such as antiinflammatory, anticancer,
antioxidant, antidiabetic, and cardiac- and neuro-protective. Previously, puerarin-coated nanoparticles were synthesized
through different methods like anionic polymerization [19], emulsion solvent evaporation [20], solvent evaporation [21],
and precipitation [22]. We have planned a cost-effective, simple, and fast colorimetric chemosensing platform for the
detection of CP. The developed colorimetric method is based on the vigorous interaction among the Au and NH/OH
group of CP and thus forming Au-N/O bond. The CP binds on the surface of PUE-AuNPs, which results in a high degree
of aggregation as confirmed by UV-visible and FTIR spectroscopy, as well as AFM and DLS analysis. The proposed method
described here is practically applicable for the detection of CP in environmental (tap water and milk) samples. The sensor
was proved to be selective and sensitive for the detection of CP in presence of other drugs.

n

Figure 1. (a) Structure of ciprofloxacin and (b) puerarin.

Table 1. Comparison of the established PUE-AuNPs-based probe for the detection of CP with other
previously reported methods.

S. No. Methods LOD values Reference
1 Fluorescence spectroscopy 0.12 pg/mL [12]
2 Cyclic voltammetry 0.08 pmol L™ [13]
3 HPLC with fluorescence 5-1292 ng/L [14]
4 Colorimetric assay 1 mg/kg [15]
5 Amperometric and electrophoresis 5.0 mmolL* [16]
6 LCMS Analysis 0.005-2.00 pg kg™ [17]
7 UV-spectroscopy 51 uM Our study
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2. Experimental

2.1. Materials and instruments

Gold chloride [H(AuCl,).3H,0] (Korea/China) and methanol (Merck) were purchased from the market, Puerarin was
isolated from Pseudocalymma elegans (vide Section 2.2). Generic ciprofloxacin amoxicillin trihydrate, azithromycin,
cefotaxime, cephradine, diclofenac sodium, esomeprazole, flurbiprofen, levetiracetam, levofloxacin, mefenamic acid,
metronidazole, omeprazole, paracetamol, penicillin G. procaine, piroxicam beta cyclodextrin, and zuclopenthixol were
obtained from pharmaceutical industries. Glassware was cleaned with aqua regia to avoid possible contamination with
metals and washed with deionized water. A UV-visible double beam spectrophotometer (Shimadzu, CE 7200, 190-900
nm) was used for UV-visible spectra imaging. A Brucker vector spectrometer was used for FTIR spectroscopy in IR range
500-4000 cm ™. A zeta-sizer, Nano-ZSP (Malvern Instruments) was used before and after drug interaction to test particle
size distribution and zeta potential of nanoparticles. Measurements were conducted at a scattering angle of 90° at 25 °C.
A quartz cuvette was used to evaluate the particle size while zeta potential was established in the dip cell cuvette. Surface
morphology and 3D view of PUE-AuNPs was viewed on an atomic force microscope (AFM, Agilent 5500, Arizona,
USA) prior to and after drug interaction. The preparation of sample was carried out by putting a drop of analyte into the
silicon wafer substrate and dried for almost 24 h for analysis. A triangular soft silicon nitride cantilever (Veeco, template
MLCT-AUHW) with a spring constant of 0.1 Nm™' and a marginal value of 0.01 Nm™' was used in tapping mode for the
measurements. Scanning electron microscope (SEM) coupled with energy dispersive spectroscopy (EDX) was done using
SEM JEOL JSM-6380A.

2.2. Isolation of puerarin

Freshly collected young leaves (5 kg) of Pseudocalymma elegans were extracted in methanol, and the obtained methanolic
extract (PELM, 500 g) was partitioned between aqueous (PELMW, 350.0 g) and ethyl acetate (PELME, 150.0 g) phases. The
aqueous phase was lyophilized, and the obtained concentrated residue PELMW (200 g) was subfractionated from nonpolar
to polar solvent. Puerarin was obtained from butanol soluble fraction (PELMWB, 1.0 g) through normal pressure column
chromatography [23].

2.3. Synthesis of PUE-AuNPs

For PUE-AuNPs synthesis, 14 mL of HAuCl,.3H,0 (1mM) solution was diluted with 180 mL of distilled water into a
beaker, and the solution was heated up to the boiling point. After that, 1.5 mL of 1 mM of puerarin (PUE) was poured
into a flask. The mixture changed from colorless to light pink after the addition of PUE solution within a few minutes. The
mixture of Au and PUE was heated until the solution turned to pink or red. The shift in color confirmed the formation of
puerarin-coated AuNPs. After the formation of puerarin-coated AuNPs, the pH of the solution was found to be 5.8.

2.4. Recognition of CP and its mechanism

The PUE-AuNPs chemosensing ability against several drugs (such as amoxicillin trihydrate, azithromycin, cefotaxime,
cephradine, ciprofloxacin, diclofenac sodium, esomeprazole, flurbiprofen, levetiracetam, levofloxacin, mefenamic acid,
metronidazole, omeprazole, paracetamol, penicillin G. procaine, piroxicam beta cyclodextrin, and zuclopenthixol) was
analyzed. To study the potential drug sensing, drug solutions were taken in Eppendorf tubes in 1:1(v/v) ratio with PUE-
AuNPs. Briefly, 1 mL of 1 mM of different drugs were added individually into 1 mL of PUE-AuNPs and incubated for 15
min at room temperature (28 + 2 °C). Initially, the feasible mode of interaction (clustering or aggregation) between drugs
and PUE-AuNPs was studied through UV-visible spectroscopy. The confirmation of the molar ratio of interaction between
CP and PUE-AuNPs was studied by plotting Job’s plot.

2.5. Preparation of environmental samples

The tap water was collected from the Department of Chemistry, Federal Urdu University of Arts, Science, and Technology,
Karachi, Pakistan and cow milk was purchased from a local milk shop in Karachi, Pakistan. The samples were used without
additional treatment. Three solutions A, B, and C were prepared for tap water analysis. The solution volume was set at 3
mL. Sample A contained 2 mL of tap water and 1 mM of ciprofloxacin 2:1 ratio, B contained tap water and 1 mM of PUE-
AuNPs 2:1 ratio while C contained tap water, 1 mM of PUE-AuNPs and 1 mM of ciprofloxacin 1:1:1 ratio, and they were
incubated for 15 min at room temperature (28 + 2 °C) then screened through UV-visible spectroscopy. A similar practice
was followed for the examination of CP in the cow milk sample [24].

3. Results and discussion

3.1. Characterization of PUE-AuNPs
Initially, the synthesis of PUE-AuNPs was confirmed through UV-visible spectroscopy which was confirmed by the
characteristic peak of nanoparticles at 528 nm as shown in Figure 2a. The spectrum was taken without any purification
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or treatment. The stability of nanoparticles is the important factor in the field of application, that is why the synthesized
AuNPs were stored at 8 °C over a period of 1 month, and the stability was studied by UV-visible spectrophotometer (Figure
2b).

3.1.1. FTIR spectroscopy of PUE-AuNPs

The FTIR analysis identified the functional groups present in puerarin that were responsible for the reduction of Au**ion to
Au’. The result showed that hydroxyl (OH), carbonyl groups (C = O), C-O and —-C=C present in puerarin were responsible
for the AuNPs synthesis. The spectrum of PUE-AuNPs was studied in 4000 to 500 cm™" (Figure 3). The IR spectrum of PUE
displayed band at 3330, 3227 cm™ for hydroxyl stretching vibration, 3126 and 2901 attributable to aromatic vibrational
C-H, although 1627 confirm the existence of C= O with strong peaks of -C=C stretching vibration around 1568,1513,
1444, and 1053 cm™ (-C-O stretching). Moreover, PUE-AuNPs spectrum displayed peaks in the 3396, 2925, 1681, 1632,
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Figure 2. (a) UV-visible spectrum of PUE-AuNPs and (b) stability of PUE-AuNPs at 1 month.
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Figure 3. Overlay FTIR spectrum of (a) PUE and (b) PUE-AuNPs.

1817



ZEHRA et al. / Turk ] Chem

1452, 1378, and 1041 cm™ regions. The sharp peak at 3330 of hydroxyl group became a broad peak of 3396 cm™ and the
short peak of aromatic C-H stretching changed from 2901 to 2925 cm™. The peaks also shifted from 1568, 1513, 1444 to
1452 and 1378 cm™'. At 1627, carbonyl peak shifted from 1681 t01632 cm™. The stretching of the C-O moved from 1053
cm™' to 1041. These shifting of vibrations in the IR spectrum of PUE-AuNPs as compared to PUE spectrum indicate the
contributions of carbonyl, alkene, and polyol groups in the synthesis and stabilization of PUE-AuNPs (Figure 4). Similar
observations were also reported in previous literature [25].

3.1.2. Particle size, surface charge, and elemental analysis of PUE-AuNPs

Anatomic force microscopy (AFM) and a zeta-sizer were used for the determination of size and morphology of nanoparticles.
AFM images further support the results of SEM by showing sphere-shaped of PUE-AuNPs having size in the range of 19-
20 nm (Figures 5a and 5b). A zeta-sizer was used to determine the size, and the PUE-AuNPs size distribution profile had
an average diameter of 53.21 nm with polydispersity index (PDI) of 0.383 (Figure 5¢). Zeta potential (surface charge) was
also used to determine the intensity of nanoparticle interactions with its surroundings. Electrostatic repulsions between
particles showed the stability of the particles. The surface charge value of PUE-AuNPs was found to be -4.47 mV (Figure
5d). Similar observations were reported for the silver and gold nanoparticles synthesized from the Polystyrene-block-poly
(2-vinylpyridine) [26] and Pyrazinium thioacetate ligand [27].

3.2. Application study as a chemosensor

3.2.1. Colorimetric detection of ciprofloxacin with PUE-AuNPs using UV-visible spectroscopy

In order to evaluate the chemosensing potential the PUE- AuNPs were used with ImM a series of sixteen drugs solutionin 1:1
(v/v) mixture. The solution changed from colorless to pink (Figure 6a). Only CP was detected through spectrophotometric
detection method of PUE-AuNPs. It offers a tool for easily detecting CP visually by naked eye. The wavelength change was
also recognized at 528 nm to 538 nm by adding CP solution to PUE-AuNPs. These effects that appeared in PUE-AuNPs
and CP were due to the changing of binding between the attached groups i.e. hydroxyl (OH) and carbonyl (C = O) of PUE-
AuNPs and carboxylic (COOH), carbonyl (C = O) and amino groups of CP (Figure 6a) [26]. Ciprofloxacin’s interaction with
PEU-AuNPs is schematically illustrated in (Figure 6b). The remaining analyzed drug solutions did not cause any visible
changes in the color and wavelength of PUE-AuNPs (including flurbiprofen, paracetamol, omeprazole, zuclopenthixol,
azithromycin, metronidazole, esomeprazole, levofloxacin, mefenamic acid, levetiracetam, diclofenac sodium, cephradine,

PUE-AuNPs PUE-AuNPs + Ciprofloxacin
Va2
0
OH
F
X

o

Non electrostatic
interaction

Q Interaction via N

Figure 4. Schematic illustration of the strategy for the synthesis, chemosensing, and probable mechanism of CP-induced
aggregation of PUE-AuNPs.
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Figure 5. (a) and (b) synthesized PUE-AuNPs AFM micrographs with 3D-view, (c) zeta-sizer with size distribution through
intensity, and (d) zeta potential distribution by zeta-sizer.

penicillin G. procaine, amoxicillin trihydrate, piroxicam beta cyclodextrin, cefotaxime and ciprofloxacin) as shown in
Figure 6c¢.

3.2.2. Analytical efficiency of PUE-AuNPs

To examine the analytical efficiency of PUE-AuNPs, several concentration of CP were used to explain the sensitivity in
results of PUE-AuNPs based CP sensing. By using UV-visible spectroscopy, numerous CP concentrations were examined
against PUE-AuNPs for measuring the sensitive optical response. According to the surface plasmon resonance (SPR)
spectrum the absorbance showed strong linearity to the CP concentration in the range of 1 to 1000 uM with the regression
constant R?= 0.9994 (Figure 6d). The detection limit (LOD) for CP and the quantification limit (LOQ) are equal to 51
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Figure 6. (a) Spectrophotographic study of multiple drugs through using PUE-AuNPs (1= zuclopenthixol, 2= mefenamic acid, 3=
paracetamol, 4= flurbiprofen, 5= levetiracetam, 6= levofloxacin, 7= ciprofloxacin, 8= azithromycin, 9= metronidazole, 10= esomeprazole,
11= omeprazole, 12= diclofenac sodium, 13= cephradine, 14= penicillin G. procaine, 15= amoxicillin trihydrate, 16= piroxicam beta
cyclodextrin, 17= cefotoxime sodium), (b) complexation between PUE-AuNPs and CP, (c) spectra of UV vis showing the effect of drug
interference on CP analysis by PUE-AuNPs (1= zuclopenthixol, 2= mefenamic acid 3=paracetamol, 4= flurbiprofen, 5= levetiracetam,
6= levofloxacin, 7= azithromycin, 8= metronidazole, 9=esomeprazole, 10=omeprazole, 11=diclofenac sodium, 12=cephradine, 13=
penicillin G. procaine, 14=amoxicillin trihydrate, 15= piroxicam beta cyclodextrin, 16=cefotoxime sodium), (d) UV-visible spectrum
of PUE-AuNPs with varying concentrations (1-1000 uM) of CP, (e) Job’s plot experiment, (f) detection of CP in tap water, and (g) cow
milk samples.
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uM and 154 pM, respectively. Moreover, the linear range and LOD of the proposed probe were also compared with other
reported methods (Table 1). In addition, Job’s plot experiment could be used to determine the quantitative relationship
between the PUE-AuNPs and CP complexes. Different mole ratios of PUE-AuNPs and CP were taken for plotting the
spectra by using UV-visible spectrophotometer. The results showed that the stable complex of PUE-AuNPs-CP was formed
at 0.3 and 0.7 mole ratios of CP and PUE-AuNPs, respectively (Figure 6e) ideally reported in the literature [28].

3.2.3. Detection of CP in environmental samples

In order to check sensitivity and selectivity of the detector system, practical application was optimized through using
a PUE-AuNPs-based nanosensor. We developed the efficacy of CP recognition in environmental samples of tap water
taken from Federal Urdu University of Arts Science and Technology, Karachi and cow milk taken from the local market
of Karachi. The standard protocol (mentioned in Section 2.5) was used to spike the samples with PUE-AuNPs (1 mM). In
tap water (Figure 6f), the enhancement of absorbance was observed when tap water was spiked with PUE-AuNPs and CP,
while a broad peak with a shoulder appeared when tap water was spiked in PUE-AuNPs (Table 2a, Figure 7a). However,
cow milk sample (Figure 6g) did not show any enhancement and broadening of peak by the addition of PUE-AuNPs and
CP (Table 2b, Figure 7b). Such findings indicated the practical use of this detector sensor and we expect that the PUE-
AuNPs device proved to be significant in tap water and other environmental samples.

3.2.4. Interaction mechanism of PUE-AuNPs with CP Chemical interaction by FTIR analysis

The chemical interaction of PUE-AuNPs with CP was studied by FTIR spectroscopy (Figure 8a). The CP-related bands
(Figure 8b) occurred at 3434.4, 3342.6, 1694.1 and 1600.7, 1516.3, 1302.8 and 1261.1 cm™ as -NH, —~OH vibrational
stretching, -COOH (carboxylic), -NH bending vibration, -C=C-, C-N, and C-O, respectively. The peaks have been shifted
to 3456.2, 3381.1, 1721.4, 1628.2, 1493.4, 1308.6, and 1270.0 cm™, respectively; in PUE-AuNPs-CP complex (Figure 8a).
Enhancement of stretching intensities of -NH and -OH in PUE-AuNPs-CP spectra (Figure 8a) were observed, whereas
few peaks appeared to be sharp and dislocated. The obtained results may have suggested that gold nanoparticles (PUE-
AuNPs) interacted with OH/NH group of CP, which lead to the crosslinking of two moieties (Figure 4), whereas amine
and carboxylic groups might also contribute in nonelectrostatic interaction with the surface of nanoparticles. Our results
are very much aligned with previous studies reported in the literature [27].

3.3. Molecular recognition of PUE-AuNPs-CP complex via AFM, zeta-sizer, and zeta potential

It was necessary to study the nanoparticles at subnanometric and atomic resolution using the latest atomic force microscopy
(AFM) technique. The PUE-AuNPs-CP complex micrographs were screened to evaluate the morphology and dispersity
changes that have taken place as it developed a complex with ciprofloxacin. Due to irregular nanoparticles and aggregation,
PUE-AuNPs-CP showed a significant shift in size, shape, and dispersity. PUE-AuNPs-CP showed average size of 63-71 nm
(Figures 8c and 8d). Dynamic light scattering (DLS) was used to perform zeta-sizer and zeta potential. The CP complex
with PUE-AuNPs were distributed at a size of 153 nm and the polydispersity was 0.204 (Figure 8e), while the -4.43 mV

Table 2 a. PUE-AuNPs based detection of the CP from environmental (tap
water) sample.

S. No. Real sample (tap water) Absorbance (nm)
1 Tap water + CP 0.05
2 Tape Water + PUE-AuNPs 0.48
3 Tape Water + PUE-AuNPs + CP 0.60

Table 2 b. PUE-AuNPs based detection of the CP from environmental (cow
milk) sample.

S. No. Real sample (cow milk) Absorbance (nm)
1 Cow Milk 0.10
2 Cow milk + CP 0.02
3 Cow milk + PUE-AuNPs 0.36
4 Cow milk + PUE-AuNPs + CP 0.39
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Figure 7a. Graphical representation of PUE-AuNPs-based detection of the CP from environmental (tap
water) sample.
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Figure 7b. Graphical representation of PUE-AuNPs-based detection of the CP from environmental (cow milk)
sample.

was surface charge of PUE-AuNPs-CP complex (Figure 8f). The results are consistent with the previous reported findings
[24].

4. Conclusion

The present work describes the one pot method for the preparation of puerarin-coated gold nanoparticles (PUE-AuNPs),
which was found to be green and nontoxic as compared to previous known traditional methods. It has shown to be an effective
quantitative colorimetric protocol for the detection of an antibacterial drug, i.e. ciprofloxacin (CP). The proposed sensor
was efficiently used in tap water and cow milk samples for the detection of CP. Detailed characterization of nanoparticles,
i.e. size, morphology, as well as interaction of PUE-AuNPs with CP has also been carried out by various spectroscopic
and microscopic techniques (AFM, FTIR, UV-visible) and zeta-sizer. In contrast to the presence of other drugs, the PUE-
AuNPs-based sensor specifically and selectively detected CP with linear correlation following concentration in the range
of 1-1000 uM with a limit of detection of 51 uM. Low cost, easiest preparative method, and excellent selectivity of the
proposed ciprofloxacin detector revealed the potential for on the spot alarming process of CP in environmental (tap water
and cow milk) samples.
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(e) size distribution. (f) surface charge analysis through zeta potential.

1824



ZEHRA et al. / Turk ] Chem

nm
75
70
65
60
55
50
45
40
35
30
25
20
15
10

Intensity (Percent)

t —t——+t++++

1000 10000

Intensity (Percent)

1000 10000
Size (d.nm)

Figure 8. (Continued).

Acknowledgments

The authors acknowledge the Higher Education Commission (HEC), Govt. of Pakistan [Start-Up Research Grant Program
(SRGP), Project No. 1637] for supporting this research and Nabi Qasim Industries (Pvt.) Limited, Pakistan for providing
the drugs.

Conflict of interest
There are no conflicts of interest among the authors associated with this work.

References

1. Opris O, Soran ML, Coman V, Copaciu F, Ristoiu D. Determination of some frequently used antibiotics in waste waters using solid phase
extraction followed by high performance liquid chromatography with diode array and mass spectrometry detection. Central European
Journal of Chemistry 2013; 11: 1343-1351. doi.org/10.2478/s11532-013-0263-y

2. Kimmerer K. Antibiotics in the aquatic environment--a review-part I. Chemosphere 2009; 75: 417-434. doi: 10.1016/j.
chemosphere.2008.11.086

1825


https://doi.org/10.2478/s11532-013-0263-y
https://doi.org/10.1016/j.chemosphere.2008.11.086
https://doi.org/10.1016/j.chemosphere.2008.11.086

10.

11.

12.

13.

14.

15.

16.

17.

18.
19.

20.

21.

22.

23.

24.

ZEHRA et al. / Turk ] Chem

Mahmood T, Abbas M, Ilyas S, Afzal N, Nawaz R. Quantification of fluoroquinolone (enrofloxacin, norfloxacin and ciprofloxacin)
residues in cow milk. International Journal of Chemical and Biochemical Sciences 2016; 10: 10-15. https://www.semanticscholar.org/
paper/Quantification-of-Fluoroquinolone-(enrofloxacin-%2C-Mahmood Abbas/69066¢985606b5e96ecab7f1739e8044c8debaa3#citing-

papers
Yin G, Hou L, Liu M, Zheng Y, Li X et al. Effects of multiple antibiotics exposure on denitrification process in the Yangtze Estuary
sediments. Chemosphere 2017; 171: 118-125. doi: 10.1016/j.chemosphere.2016.12.068

Sturini M, Speltini A, Maraschi F, Profumo A, Pretali AX et al. Sunlight-induced degradation of soil-adsorbed veterinary antimicrobials
marbofloxacin and enrofloxacin. Chemosphere 2012; 86 (2): 130-137. doi.org/10.1016/j.chemosphere.2011.09.053

Frade VME, Dias M, Teixeira ACSC, Palma MSA. Environmental contamination by fluoroquinolones. Brazilian Journal Pharmaceutical
Science 2014; 50: 41-54. doi.org/10.1590/S1984-82502011000100004

Brown KD, Kulis ], Thomson B, Chapman TH, Mawhinney DB. Occurrence of antibiotics in hospital, residential, and dairy effluent,
municipal waste water, and the Rio Grande in new Mexico. Science of the Total Environment 2006; 366: 772-783. doi: 10.1016/j.
scitotenv.2005.10.007

Ball P. Ciprofloxacin: an overview of adverse experiences. Journal of Antimicrobial Chemotherapy 1986; 18 (Suppl 500): 187-193.
doi: 10.1093/jac/18.sd.187

Upadya G, Ruxana K. Toxic epidermal necrolysis and agranulocytosis: rare adverse effects of ciprofloxacin. Indian Journal of Medicinal
Science 2009; 63: 461-463. doi: 10.4103/0019-5359.57648

Ilgin S, Can OD, Atli O, Ucel U, Sener E et al. Ciprofloxacin-induced neurotoxicity: evaluation of possible underlying mechanisms.
Toxicology Mechanism and Methods 2015; 25: 374-381. http://www.tandfonline.com/loi/itxm20

Davis R, Markham A, Balfour JA. Ciprofloxacin. An updated review of its pharmacology, therapeutic efficacy and tolerability. Drugs 1996;
51:1019-1074. doi: 10.2165/00003495-199651060-00010

Yang B, Zhang Y, Zhan, Q, Liu Y, Yan Y. Study on the preparation of water-soluble AgInS2 quantum dots and their application in the
detection of ciprofloxacin. Journal of Material Science: Material in Electronics 2019; 30: 18794-18801. doi: 10.1007/s10854-019-02233-9

Ensafi AA, Allafchian AR, Mohammadzadeh R. Characterization of MgFe,O, nanoparticles as a novel electrochemical sensor: application
for the voltammetric determination of ciprofloxacin. Analytical Science 2012; 28: 705-710. doi: 10.2116/analsci.28.705

He K, Blaney L. Systematic optimization of an SPE with HPLC-FLD method for fluoroquinolone detection in wastewater. Journal of
Hazardous Materials 2015; 282: 96-105. doi: 10.1016/j.jhazmat.2014.08.027

Kalunke RM, Grasso G, D’Ovidio R, Dragone R, Frazzoli C. Detection of ciprofloxacin residues in cow milk: A novel and rapid optical
B-galactosidase-based screening assay. Microchemical Journal 2018; 136:128-132. doi: 10.1016/j.microc.2016.12.014

Montes RHO, Marra MC, Rodrigues MM, Richter EM, Muiioz RAA. Fast determination of ciprofloxacin by batch injection analysis with
amperometric detection and capillary electrophoresis with capacitively coupled contactless conductivity detection. Electroanalysis 2014;
26 (2): 432-438. doi: 10.1002/elan.201300474

Wang K, Lin K, Huang X, Chen M. A Simple and Fast Extraction Method for the Determination of Multiclass Antibiotics in Eggs Using
LC-MS/MS. Journal of Agriculture and Food Chemistry 2017; 65: 5064-5073. doi: 10.1021/acs.jafc.7b01777

Zhou YX, Zhang H, Peng C. Puerarin: a review of pharmacological effects. Phytotherapy Research 2014; 28: 961-975. doi: 10.1002/ptr.5083

Zhao L, Liu A, Sun M, Gu J, Wang H et al. Enhancement of oral bioavailability of Puerarin by polubutylcyanoacrylate nanoparticles.
Journal of Nanomaterials 2011; Article ID: 126562: 1-8. doi: 10.1155/2011/126562

Zhang Y, Li Y, Zhao X, Zu Y, Wang W et al. Preparation, characterization and bioavailability of oral puerarin nanoparticles by
emulsion solvent evaporation method. RSC Advances 2016; 74: 69889-69901. https://pubs.rsc.org/en/content/articlelanding/2016/ra/
c6ra08413c#!divAbstract

Dong Z, Guo J, Xing X, Zhang X, Du Y et al. RGD modified and PEGylated lipid nanoparticles loaded with puerarin: Formulation,
characterization and protective effects on acute myocardial ischemia model Biomed., 2017, 89, 297-304. doi: 10.1016/j.biopha.2017.02.029

Yi T, Huang J, Chen X, Xiong H, Kang Y et al. Synthesis, characterization, and formulation of poly-puerarin as a biodegradable and
biosafe drug delivery platform for anti-cancer therapy Biomaterial Science 2019; 7: 2152-2164. https://pubs.rsc.org/en/content/
articlelanding/2019/bm/c9bm00111e/unauth#!divAbstract

Wahid S. Modulation of medicinal molecules (Atenolol, Gabapentin, Nitrofurazone, Secnidazole, Zuclopenthixol) and study of chemical
constituents of Cassia absus & Pseudocalymma elegans, PhD. Dissertation, Federal Urdu University of Arts, science and Technology,
Karachi, Pakistan, 2019.

Ul Ain N, Anis I, Ahmed F, Shah MR, Parveen § et al. Colorimetric detection of amoxicillin based on querecetagetin coated silver
nanoparticles. Sensors and Actuators B Chemical 2018; 265: 617-624. doi: 10.1016/j.snb.2018.03.079

1826


http://www.iscientific.org/wp-content/uploads/2020/05/2-IJCBS-16-10-2.pdf
http://www.iscientific.org/wp-content/uploads/2020/05/2-IJCBS-16-10-2.pdf
https://www.semanticscholar.org/paper/Quantification-of-Fluoroquinolone-(enrofloxacin-%2C-Mahmood
https://www.semanticscholar.org/paper/Quantification-of-Fluoroquinolone-(enrofloxacin-%2C-Mahmood
https://doi.org/10.1016/j.chemosphere.2011.09.053
https://doi.org/10.1016/j.scitotenv.2005.10.007
https://doi.org/10.1016/j.scitotenv.2005.10.007
https://doi.org/10.1093/jac/18.sd.187
https://doi.org/10.4103/0019-5359.57648
http://www.tandfonline.com/loi/itxm20
https://doi.org/10.2165/00003495-199651060-00010
https://www.x-mol.com/paperRedirect/1335504868198543540
https://doi.org/10.2116/analsci.28.705
https://doi.org/10.1016/j.jhazmat.2014.08.027
https://doi.org/10.1016/j.microc.2016.12.014
https://doi.org/10.1002/elan.201300474
https://doi.org/10.1021/acs.jafc.7b01777
https://doi.org/10.1002/ptr.5083
https://doi.org/10.1155/2011/126562
https://pubs.rsc.org/en/content/articlelanding/2016/ra/c6ra08413c#!divAbstract
https://pubs.rsc.org/en/content/articlelanding/2016/ra/c6ra08413c#!divAbstract
https://doi.org/10.1016/j.biopha.2017.02.029
https://pubs.rsc.org/en/content/articlelanding/2019/bm/c9bm00111e/unauth#!divAbstract
https://pubs.rsc.org/en/content/articlelanding/2019/bm/c9bm00111e/unauth#!divAbstract
https://doi.org/10.1016/j.snb.2018.03.079

25.

26.

27.

28.

ZEHRA et al. / Turk ] Chem

Vo TT, Dang CH, Doan VD. Dang VS, Nguyen TD. Biogenic synthesis of silver and gold nanoparticles from Lactuca indica leaf extract and
their application in catalytic degradation of toxic compounds. Journal Inorganic and Organometallic Polymer Materials 2019; 30: 388-399.
doi: 10.1007/s10904-019-01197-x

Rahim S, Khalid S, Bhanger MI, Shah MR, Malik MI. Polystyrene-block-poly(2-vinylpyridine)-conjugated silver nanoparticles as
colorimetric sensor for quantitative determination of Cartap in aqueous media and blood plasma. Sensors and Actuators B Chemical
2018; 259: 878-887. doi: 10.1016/j.snb.2017.12.138

Anwar A, Minhaz A, Khan NA, Kalantari K, Afifi ABM et al. Synthesis of gold nanoparticles stabilized by a pyrazinium thioacetate ligand:
A new colorimetric nanosensor for detection of heavy metal Pd(II). Sensors and Actuators B Chemicals 2018; 257: 875-881. doi: 10.1016/j.
snb.2017.11.040

Rahim S, Bhayo AM, Shah MR, Malik MI. Star-shaped poly(ethylene oxide)- block-poly(caprolactone) conjugated silver nanoparticles:
A colorimetric probe for cephalexin in environmental, biological and pharmaceutical samples. Microchemical Journal 2019; 149: 104048.
doi: 10.1016/j.microc.2019.104048

1827


https://doi.org/10.1007/s10904-019-01197-x
https://doi.org/10.1016/j.snb.2017.12.138
https://doi.org/10.1016/j.snb.2017.11.040
https://doi.org/10.1016/j.snb.2017.11.040
https://doi.org/10.1016/j.microc.2019.104048

