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A facile synthesis of iron oxide nanoparticles as
a hano-sensor to detect levofloxacin and
ciprofloxacin in human blood and evaluation of
their biological activitiest
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A rapid synthesis of a pH-stable magnetic nano-sensor (iron oxide nanoparticles, Fe-NPs, ~2.6 nm)
encapsulated with 3-aminobenzoic acid (3-ABA) was achieved. 3-ABA was prepared for the first time
through the reduction of 3-nitrobenzoic acid (3-NBA) in the presence of HCl and tin. Electron-impact
mass spectrometry (EIMS), Fourier-transform infrared (FTIR), nuclear magnetic resonance (NMR),
ultraviolet visible (UV) spectroscopy and atomic force microscopy (AFM) were used for characterization.
Ten drugs, namely, ciprofloxacin (CPF), levocetirizine (LCT), levofloxacin (LVF), sulbactam sodium (SBS),
ephedrine (EPH), thymine (THM), sertraline (SRT), pyridoxine (PRX), cefotaxime (CFX) and ceftriaxone
(CFT) were screened with Fe-NPs. A pronounced hypsochromic shift was observed for levofloxacin and
ciprofloxacin, proving that 3-ABA-coated Fe-NPs were an efficient nano-sensor for levofloxacin and
ciprofloxacin up to the limit of 0.5 and 0.7 uM, respectively. The stoichiometry of the complexes was
conclusively determined as 1:1 using Job's plot analysis. Furthermore, the drugs were successfully
detected in real samples, including tap water, well water, and human blood. Moreover, the antioxidant
activity, urease and lipoxygenase inhibitory potential of these nanoparticles were evaluated, exhibiting

rsc.li/rsc-advances promising antioxidant potential.

1. Introduction

The proper control and removal of the toxic contaminates are
considered serious challenges globally to preserve the environ-
ment for both developed and developing countries. One of the
most pressing problems that requires constant monitoring is
the discharge of pharmaceutical medications into the environ-
ment. Shallow, drainage, and sewage water systems have been
found to contain alarmingly high amounts of disposed phar-
maceuticals.”* Fluoroquinolones and other antibiotics have
recently been produced in considerable quantities in the sub-
continent, where manufacturing effluents are dumped into
nearby waterways without being treated.* Two of the most
frequently used antibiotics are ciprofloxacin and levofloxacin,
which belong to the second- and third-generation class of flu-
oroquinolone, respectively. Ciprofloxacin might be utilized to
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treat and prevent dangerous ailments that are purposely spread
such as tularemia (Francisella tularensis) and anthrax (Bacillus
anthracis) of the skin or mouth.* Ciprofloxacin is also often used
to treat cat scratch illness, legionnaires’ sickness, chancroid,
granuloma inguinale and diseases of the external ear that
spread to the bones of the face. It may also be utilized to assist
in the treatment of tuberculosis and crohn's disease.” Levo-
floxacin, as a broad-spectrum antibiotic, is also used to treat
infections like diabetic foot and osteomyelitis.® It inhibits both
Gram-negative and Gram-positive bacteria.” Moreover, it has an
activity against unusual respiratory pathogens.® Patients
generally tolerate it well; however, there have been a number of
reports of adverse effects including crystal nephropathy,”® teno-
synovitis," pharmacokinetic interaction,"'> hepatotoxicity,*
metabolic coma,* and achilles rupture.'® There are a number of
techniques available for the detection and measurement of
levofloxacin and ciprofloxacin, including fluorometry,'® spec-
trophotometric,”” high-performance liquid chromatography
(HPLC),*® flow-injection chemi-luminescence,'* mass spec-
trometry,” atomic absorption spectrophotometry®* and elec-
trochemical techniques.*™*

However, some of these technologies lack sensitivity and the
majority need costly instrumentation with difficult measure-
ment methods. Recently, a very sensitive technique has been
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developed for the analysis of ciprofloxacin and levofloxacin via
piezoelectric immunosensor redesigned with multiwalled
nanotubes of carbon.>®

Iron oxide nanoparticles have drawn a notable interest
owing to their super-paramagnetic properties, non-toxicity,
significant biocompatibility and prospective biomedical
applications.” The labelling and magnetic separation of bio-
logical materials, targeted medication delivery, MRI contrast
enhancement and hyperthermia treatment are a few possible
biomedical uses for magnetic nanoparticles.”® The Food and
Drug Administration (FDA) has granted commercial approval
for iron oxide nanoparticles.” Since both maghemite and
magnetite are biocompatible as they can prevail naturally. In
contrast to conventional medications, which only transport
about 1% of their complete dose to the tumour site, MDT
distribution on tumours has a total recovery rate of about
57.2%, with about 66.3% of these particles found on the
tumour's surface.** The compound meta-aminobenzoic acid
plays a crucial part in the pharmaceutical industry as it has
been frequently employed in the manufacture of medicines
such as antihypertensive, analgesics, vasodilators and various
other drugs.*" Due to its ability to crystallize into five distinct
crystal forms, this molecule also serves as an intriguing model
system for polymorphism research.** The biocompatibility and
solubility of 3-aminobenzoic acid (3-ABA) in water makes it
suitable over other molecules for biomedical applications.** 3-
ABA has both amino and carboxyl groups, thus allowing a wide
range of interactions with the iron oxide nanoparticles and
other molecules. The structural features of 3-ABA have strong
potential to protect Fe-NPs from pH, temperature and light,
which induce deterioration or aggregation.*® Therefore, as
a capping agent, it prevents aggregation and oxidation of the
stabilization Fe-NPs for a long time.** The objective of this
research is to develop highly efficient 3-ABA-capped iron oxide
nanoparticles for the precise detection of levofloxacin and
ciprofloxacin in complex matrices such as human blood, well
water, and tap water while establishing their potent antioxi-
dant activity, thus showcasing their significant potential as
advanced biological agents.

2. Results and discussion
2.1 Structure elucidation

Herein, we present a simple and facile method?®® for the prep-
aration of iron oxide nanoparticles by a new capping agent, meta
aminobenzoic acid (3-ABA). Meta amino benzoic acid was
synthesized from the reduction of 3-nitrobenzoic acid by the
reaction of tin and HCI on heating in this study (Scheme 1).

O OH O, OH

NO, NH,

Scheme 1 Reduction of 3-nitrobenzoic acid.
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Fig. 1 Comparative UV-vis spectra of 3-ABA and Fe-NPs.

3-Aminobenzoic acid was characterized by electron ioniza-
tion mass spectrometry (Fig. S1, ESIT), nuclear magnetic reso-
nance (Fig. S2, ESIT), ultraviolet-visible (UV-Vis) and Fourier-
transform infrared (IR) spectroscopy. The highest absorbance
of 3-ABA in UV-visible spectra was observed at 319 nm (Fig. 1),
which may be attributed to the transitions from 7 to 7* that
have a significant charge transfer (CT) character. This type of
intramolecular charge transfer affects 3-aminobenzoic acid as it
mostly arises from the amino (NH,) to the carbonyl group,
which have a strong electron-accepting nature.’” The produc-
tion of iron oxide nanoparticles is confirmed by the absorption
maxima at 297 nm in the UV-visible spectra, which also agree
with the stated value of the 0> /Fe*" ligand-to-metal charge
transfer transitions.*®

The FTIR spectrum of 3-ABA was compared with that of Fe-
NPs. The broadband in the region of ~3288-3667 cm™ ' corre-
sponds to the -NH, group in both the spectra while the band
from ~3257 to ~2700 cm " represents the -OH group in the
spectrum of 3-ABA. Three overtone bands at 1931.5, 1991.8,
1819.6 cm ™' and out-of-plane bending vibrations from 700 to
900 cm™' confirm the presence of meta-substitution on the
aromatic ring.*® However, stretching vibrations at 1696, 1317,
1589-1415 and 1103 cm™ "' indicate the signals of C=0, C-O,
aromatic C-H and C-N bonds, respectively. The change in ~-OH
and C-O stretching, decrease in the intensity of C=C stretching
and the appearance of overtones due to meta-substitution and
the shifting of the C=0 stretching band in the FTIR spectrum
(Fig. 2) indicate the involvement of these groups in the stabili-
zation of iron oxide nanoparticles.*
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Fig. 2 Comparative FTIR spectra of 3-ABA and Fe-NPs.
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Fig. 3 AFM analysis of Fe-NPs, topographic images (a and b), size
distribution histogram (c).
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Fig. 4 Comprehensive screening of Fe nanoparticles with diverse
pharmacological agents.

2.2 AFM analysis

AFM is used for the nanoscopic studies of synthesized nano-
particles. It provides 3D images that demonstrate a perfect sphere
with free and detached particles through great stability in the
suspension (Fig. 3a and b). Moreover, the histogram shows the
small range of the particle sizes (i.e., 1.0 to 3.8 nm), which sug-
gested that 2.6 nm diameter particle size was the highest in
concentration (Fig. 4c). This was also confirmed by the logarithmic
graph that slows a decline, indicating that less polydispersity and
few values of diameters were present and the point of coincidence
also confirmed the maximum potential diameter of 2.6 nm.

2.3 Screening of drugs

Fe-NPs were used to detect various drugs including cipro-
floxacin (CPF), levocetirizine (LCT), levofloxacin (LVF), sulbac-
tam sodium (SBS), ephedrine (EPH), thymine (THM), sertraline
(SRT), pyridoxine (PRX), cefotaxime (CFX) and ceftriaxone (CFT)
using a UV-visible spectrophotometer.

Hypsochromic shifts with enhancement of absorbance were
observed in ciprofloxacin and levofloxacin while the remaining

© 2024 The Author(s). Published by the Royal Society of Chemistry
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drugs did not show any shifting in wavelength and no notice-
able change in the absorbance in the spectrum. The hydrogen
bonding interaction is one of the reasons for the shifting of the
wavelength. However, electron transfer from Fe-NPs to the
drugs may be responsible for increasing of UV absorbance of
the FeNPs-drug complexes (Fig. 4).*!

To identify the stability time, UV spectra were recorded
after an interval of 5 min. No significant change was observed
in the spectra of levofloxacin at a concentration of 100 pM
between 10 and 15 min (Fig. S3, ESIt), which shows that the
levofloxacin-Fe-NPs complex was stabilized in 10 min after
mixing (Table S1f). However, in case of ciprofloxacin,
a gradual decrease was observed in the intensity of absor-
bance. To find out the accurate stability duration of the
ciprofloxacin-Fe-NPs complex, its UV-visible spectra were
recorded after a regular interval of 3 min at 100 pM concen-
tration (Fig. S4, ESI{). It was observed that the peak intensity
continuously decreases after regular intervals of 3 min and
stabilized after 93 min (Table S17). This may happened due to
the greater solubility of levofloxacin in aqueous media
because of its s-enantiomeric configuration, which leads to
a more feasible interaction with water as compared to
ciprofloxacin.”

2.4 pH stability of Fe-NPs and drug complexes

The absorbance of the nanoparticles was measured at different
pH values (0-13) adjusted by HCI and NaOH. There was no
noticeable change in the pH; therefore, it was revealed that Fe-
NPs are pH-stable magnetic nanoparticles. Fe-NPs were stable
over a wide pH range of 2-13 (Fig. 5). Due to the protonation of
the carboxyl group of 3-ABA at low pH, it was aggregated to
reduce absorbance. The similar pattern was observed in the
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Fig. 5 Absorbance of Fe-NPs at various pH values at Amax.
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Fig. 6 pH study of levofloxacin and ciprofloxacin.
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complex of Fe-NPs and levofloxacin. The levofloxacin complex
of Fe-NPs was pH-stable up to 0-13 but it maybe decomposed at
very low pH near zero (Fig. 9). In an acidic medium, the cipro-
floxacin Fe-NPs complex became unstable due to decreasing
absorbance, but from neutral to basic pH, its absorbance
remained constant, which represents its stability (Fig. 6). It is
revealed that deprotonation makes the complex stable. This
behaviour may be due to the protonation at the secondary
amino group of the piperazine ring in ciprofloxacin,* which
alters the surface charge property of the ciprofloxacin that
might affect the complexation.** The stability is influenced by
protonation and deprotonation, particularly affecting the
surface charge and complexation properties.

2.5 Determination of limit of detection (LOD)

The limit of detection (LOD) of Fe-NPs for both drugs was
evaluated by measuring the absorbance with a successive
decrease in the concentration of the drugs while the concen-
tration of Fe-NPs remains constant.

It was observed that the absorbance was decreased with the
decreasing concentration of the drug solution. The limit of
detection (LOD) of Fe-NPs for levofloxacin was found to be 0.5
uM (Fig. 6) and for ciprofloxacin, it was found to be with
a regression of 0.99 (Fig. 7) and 0.98 (Fig. 8) respectively. The
linear interval of methodology was followed, in which absor-
bance was linearly correlated with a decrease in the drug

240 290 340 390 440 490
Wavelength (nm)

Fig. 7 Limit of detection for Fe-NPs for levofloxacin and regression
curve to determine uniform absorbance reduction with gradual
decreasing of concentration of levofloxacin.
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Fig. 8 Limit of detection for Fe-NPs for ciprofloxacin and regression
curve to determine uniform absorbance reduction with a gradual
decrease of the concentration of ciprofloxacin.
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Fig. 9 Interference study of FeNPs and levofloxacin complexes with
other drugs.

concentration and supported by the regression value. However,
the LOD for levofloxacin and ciprofloxacin was found to be 0.48
and 0.71 pM, respectively, according to IUPAC.

According to IUPAC, the LOD is given as

LOD = 3% 8o

where sy, is the standard deviation of blank and m is the sensi-
tivity, which is estimated by the slope of the calibration curve.*

This demonstrates the high sensitivity and precision of the
method in accurately detecting these drugs even at very low
concentrations.

The binding constant (K,) for Fe-NPs and the drug complex
was determined using the absorbance titration data. This value
was computed through Benesi-Hildebrand equation and found
to be 6.250 x 10°> M~ " for levofloxacin (Fig. S5, ESIt) and 38.931
x 10*> M~ for ciprofloxacin (Fig. S6, ESIt).

1
A—AO_ AI—A0+A1—A0 Ka [drug}

where A, is the absorbance of Fe-NPs, A is the absorbance in the
presence of the drug molecule, 4, is the absorbance upon
saturation with the drug molecule and K, is the binding
constant of the complex. This value revealed that the Fe-NPs
complex of levofloxacin is more stable than that of
ciprofloxacin.

The binding ratio of the nanoparticles and the drugs were
estimated by Job's plot and found to be 1:1 for both levo-
floxacin (Fig. S7, ESIT) and ciprofloxacin (Fig. S8, ESIt).

2.6 Interference study

Through an interference analysis, the selectivity of Fe-NPs for
levofloxacin and ciprofloxacin in combination with other drugs

M Fe-Nps M Ciprofloxacin + Fe-Nps M Ciprofloxacin + Fe-Nps + Other drugs
3

Absorbance

Fig. 10
drugs.

Interference study of FeNPs and ciprofloxacin drug with other
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was analysed. For this study, a mixture of levofloxacin, Fe-NPs
and other drugs was taken in equal volume and their absor-
bance was observed at 275 nm. Levofloxacin showed a remark-
able affinity with Fe-NPs and remained unaffected in the
presence of other drugs (Fig. 9).

On the other hand, the combination of ciprofloxacin, Fe-NPs
and other drugs in equal quantity was taken and their interac-
tions were observed at 270 nm. No significant change in the
absorbance was observed, which shows the selectivity of Fe-NPs
for ciprofloxacin (Fig. 10). The interference analysis confirmed
the selectivity of Fe-NPs for levofloxacin and ciprofloxacin as
their interactions with Fe-NPs remained unaffected by other
drugs. This highlights the strong affinity of Fe-NPs for both
antibiotics.

2.7 Insights into the mechanism of drug sensing

In the IR spectra of levofloxacin (Fig. S9, ESIt), the absorptions
of »(C=0) for COOH at 1724 cm ™" and the aromatic ring in the
range of 1628 to 1527 cm ' were observed. The band that
appeared at 1620 cm™ ' was attributed to the C=0 stretching
mode of the ring carbonyl group. Moreover, the peak at
840 cm ' corresponds to the C-F stretching, while the broad
split band between 3456 and 3284 cm ' is assigned to the O-H
stretching vibrations, which also includes the N-H stretching
vibration of the piperazinyl moiety.*® The IR of CPF (Fig. S10,
ESIt) exhibits a band in the range 1724-1707 cm™ ", which was
ascribed to the vibration of the carboxylic C=0O group. The
intense band at 1625 cm ' could be assigned to the C=0 of
pyridone. The band in the region of 3492-3380 cm ™ is assigned
to the O-H stretching vibrations along with the NH group of the
piperazine moiety.”” In both IR spectra, the disappearance of
peaks in the range of 1700-1725 cm ™" indicates interaction with
the C=0 groups of the drugs, signifying the formation of
a drug-nanoparticle complex.

Additionally, the smoothening of peaks in the 1000-
1600 cm ™" region reflects the interaction of the quinolone ring
of the drugs with the nanoparticles (Fig. 11).*®

2.8 Detection of drugs in real samples

The practical applicability of Fe-NPs to sense levofloxacin and
ciprofloxacin was evaluated by spiking drugs in human blood,
tap water and well water (Fig. S21-S26, ESIt). It was observed

Fig. 11 A proposed sensing mechanism of FeNPs with levofloxacin
and ciprofloxacin.

© 2024 The Author(s). Published by the Royal Society of Chemistry
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that both drugs were selectively recognized by the synthesized
Fe-NPs in the real samples. The acceptable ranges of levo-
floxacin and ciprofloxacin in serum or plasma are approxi-
mately 5.5-13.7 pM and 1.5-15 uM, respectively, as declared by
Clinical and Laboratory Standards Units (CLSI), depending on
the type of infection being treated. In environmental cases, an
acceptable concentration is many fold smaller, in the nano-
molar range and is restrained by specific guidelines. The study
reports a limit of detection (LOD) of 0.5 pM for levofloxacin and
0.7 uM for ciprofloxacin. These LODs are well below the thera-
peutic ranges, indicating good sensitivity for clinical moni-
toring. However, they may be too high to detect environmentally
relevant concentrations, potentially limiting the method's
utility for environmental monitoring. These LODs are signifi-
cantly lower than the therapeutic concentrations and show
good sensitivity applicability for clinical purpose.

Five peaks were obtained for the blood samples, which
characterizes the haemoglobin (Hb) macromolecule. The peak
observed at 280 nm corresponds to the aromatic amino acids,
340 nm corresponds to globin-heme interaction, 420 nm was
assigned to the heme, 540 nm was attributed to the heme-heme
interaction and 578 nm corresponded to the haemoglobin
oxygen affinity.” On adding FeNPs in the mixture of blood and
drugs, a bathochromic shift was observed at 280 nm. The
decrease in the intensity of the heme peak at 420 nm observed
in both may be due to the complexation between iron and the
nitrogens of heme. Hence, the presence of drugs in blood was
identified through FeNPs by observing the bathochromic shift
in the aromatic amine region and disappearance of the heme-
globin interaction at 340 nm.*°
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Fig. 12 Biological activities of Fe-NPs.

Table 1 Biological activity of magnetic nanoparticles

IGso (HM)
Samples Antioxidant Lipoxygenase Urease
3-ABA 45.3 £ 0.42 61.4 + 0.36 31.4 +£0.48
Fe-NPs 39.2 +0.14 30.7 £ 0.31 35.5 + 0.52
BHA 44.1 + 0.14 — —
Bacilien — 22.2 £ 0.09 —
Thiourea — — 24.5 £ 0.47
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2.9 Biological potential and insights into the bioactivities of
iron oxide nanoparticles (Fe-NPs)

Fe-NPs and 3-ABA were also analysed for bioactivities including
antioxidant, lipoxygenase and urease enzyme inhibition activi-
ties (Fig. 12). When these nanoparticles were tested for their
antioxidant activity, they showed lesser ICs, value than the
standard BHA. These results indicate that a lesser concentration
(39.2 uM) of Fe-NPs is required to scavenge 50% DPPH radicals
than the standard BHA (44.1 uM), which specifies the efficacy of
the nanoparticles. Hence, these particles can be used as
potential candidates in drug delivery to reduce the oxidative
stress caused by several diseases and cancer-related problems
(Table 1).

The evaluation of lipoxygenase and urease inhibition activi-
ties showed the bioactive potential of these particles against
cancer and ulcer, respectively.>* FeNPs play an important role in
inhibiting lipoxygenase activity at low concentration and inhibit
50 percent enzyme at a concentration of 30.7 pM in comparison
with standard bacilien, which shows an IC;, value of 22.2 uM.

Invitro studies showed the significant inhibitory potential of
these nanoparticles against the urease enzyme, which is
responsible for ulcers and related infections by H. Pylori
bacteria due to the excessive production of urease in the
stomach.*> The IC;, of 3-ABA was 31.4 uM, while Fe-NPs showed
a value of 35.5 uM, both higher than the standard urea at 24.5
uM, indicating the lower inhibitory potency. Fe-NPs exhibited
strong antioxidant, lipoxygenase and urease inhibition activi-
ties, making them potential candidates for drug delivery against
oxidative stress, cancer and ulcers. Despite lower urease inhi-
bition compared to urea, they show therapeutic promise.

3. Experimental

3.1 Instrumentation

UV-visible spectra were recorded on a Shimadzu UV-240 spec-
trophotometer in the range of 200-800 nm with 1 cm path
length in quartz cell whereas the pH was measured by a PHS-3B
microprocessor pH meter. The infrared spectra were obtained
through an FTIR spectrophotometer (Shimadzu IR-Prestige-21)
using KBr pellet. EIMS (mass spectrometry, JEOL JMS600H-1)
was performed to confirm the molecular mass of 3-ABA. The
size of iron oxide nanoparticles were characterized by AFM
(Agilent Technologies 5500, USA).

3.2 Material and methods

3-Nitrobenzoic acid, tin, hydrochloric acid, sodium hydroxide
and all active ingredients including ciprofloxacin (CPF), levo-
cetirizine (LCT), levofloxacin (LVF), sulbactam sodium (SBS),
ephedrine (EPH), thymine (THM), sertraline (SRT), pyridoxine
(PRX), cefotaxime (CFX) and ceftriaxone (CFT) were purchased
from Sigma Aldrich.

3.3 Synthesis of 3-ABA

Tin granules (4 g, 33.69 mmol) were dissolved in concentrated
HCI (40 mL) at 100 °C (Scheme 1). As the granules completely
dissolved, 3-nitrobenzoic acid (2 g, 11.967 mmol) was added in
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the round-bottom flask with constant heating. After the
complete dissolution of 3-NBA, the reaction mixture was cooled,
which afforded 3-ABA as a white precipitate.

EIMS m/z (%): m/z 137.1 [M'] (100.0), m/z 120.1 [M — 17]
(65.8), m/z 92.0 [M — 45] (60.5), m/z 65.0 (27.7). IR (KBI) (Umax,
ecm™Y): broad band ~3257 to ~2700 (-OH), three overtone bands
at 1932.5, 1986.8 and 1819.6 along with out-of-plane bending
vibrations from 700 to 900 confirmed the presence of meta-
substitution on the aromatic ring, ~1589-1415 (aromatic C=
C), ~1696 (-C=0), 1317 (-C-0), ~1103 (-C-N). 'H NMR (500
MHz, CDCl;) 6 = 10.74 (s, 1H), 8.21 (s, 1H), 7.82-7.797 (m, 1H),
7.74-7.72 (d, 1H), 7.41-7.37 (t, 1H), 4.84 (s, 2H).

3.4 Preparation of iron oxide nanoparticles (Fe-NPs)

3-ABA (0.165 g, 1.203 mmol) was dissolved in deionized water at
80 °C. An aqueous solution of FeCls-6H,0 (2.403 mmol, 0.650 g)
was added dropwise into the solution of 3-ABA and then the
aqueous solution of FeSO,-6H,0 (1.203 mmol, 0.3127 g) was
poured slowly. NH,OH (5 mL) was added dropwise with a 5
minutes interval, as a result of which brown-colored precipi-
tates were obtained. For the optimization of Fe-NPs, the reac-
tion mixture was stirred for two hours. Centrifugation was done
to purify the nanoparticles by deionised water, subsequently
with methanol and collected in acetone to prevent
agglomeration.®

3.5 Preparation of the drug solution and real samples

In deionized water, a stock solution (1 mM) of several drugs was
prepared and diluted to 100 puM. Using a 1 : 1 mixture of Fe-NPs
and various drug solutions, the chemosensing characteristics of
the synthesized nanoparticles were investigated by measuring
their absorbance in a UV-visible spectrophotometer.

For the real samples, water was collected from 2 sources, tap
and well. 100 pM solutions of levofloxacin and ciprofloxacin
were prepared in tap water and well water for the analysis. Two
stock solutions were prepared in both samples of water. One
contained 1 mL water sample and one mL drug solution (100
uM) while the second solution was prepared by mixing 1 mL
water sample, 1 mL drug solution (100 uM) and 1 mL Fe-NPs.
Blood sample was collected from a person in good physical
condition via venipuncture. Three solutions, namely, A, Band C
were prepared for the analysis of blood. Solution A contained
blood and Fe-NPs, solution B comprised of blood and drugs
solution (100 uM) and solution C had blood, Fe-NPs and drugs
solution (100 pM).

3.6 Antioxidant activity

A solution of 0.3 mM DPPH (1,1-diphenyl-2-picryl-hydrazyl) free
radicals in ethanol was prepared and 5 puL of DPPH at various
concentrations of the particles (10-500 M) was combined with
95 uL of DPPH solution. The quantities were incubated in plates
for 30 minutes at 37 °C. A microtitre plate reader (Spectramax
plus 385 molecular Device, Union City, CA, USA) was used to
measure the absorbance at 515 nm. Butylhydroxyl anisole was
used as the standard to compare the activity with a control that
was treated with dimethyl sulfoxide therapy.

© 2024 The Author(s). Published by the Royal Society of Chemistry
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DPPH scavenging effect (%) = (4. — Ag)/Ac x 100 is the
formula used to calculate the percentage of the scavenging
effect, where A, is the absorbance of the control (DMSO treated)
and A is the absorbance of the Fe-NPs (GraphPad Prism®
version 4.0, San Diego, CA was used for determination of ICs,
values).

3.7 Lipoxygenase inhibition assay

The lipoxygenase inhibitory activity was assessed according to
a described method. A 200 mL assay mixture containing sodium
phosphate buffer (100 mM, pH 8.0) (160 mL), Fe-NPs (10-500
uM) and purified lipoxygenase (20 mL total volume) was
prepared. The mixture was pre-incubated for 10 minutes at 25 °©
C, and the reaction was initiated by adding 10 mL of linoleic
acid (substrate solution) in phosphate buffer. Absorbance
changes were recorded at 234 nm after 6 minutes of incubation.
The experiments were conducted in triplicate using a 96-well
microplate reader (Synergy HT, Biotek, Winooski, VT). Positive
and negative controls were included.

The percentage of inhibition was calculated using the
formula % inhibition = (C — T) x 100, where C represents total
enzyme activity without the inhibitor and T represents the
activity with Fe-NPs. IC;, values were determined using
GraphPad Prism® (Version 4.0, San Diego, CA).

3.8 Urease inhibition assay

The urease enzyme inhibition by Fe-NPs was determined by
measuring the ammonia produced during the reaction using
the indophenol method. A blank, inhibitor, and control were
prepared in a 96-well plate with phosphate buffer (0.01 M, pH
8.2), EDTA (1 mM) and LiCl (0.01 M), respectively. Jack-bean
urease enzyme was combined with 5 mL of Fe-NPs at various
concentrations (10-500 M) in a total reaction volume of 10 mL.
The mixture was incubated for 15 minutes at 30 °C, with thio-
urea used as the control. Reagents including 50 mL phenol
(1%), 70 mL NaOCl (0.1%), 50 mL sodium nitroprusside
(0.005%), and 70 mL NaOH (0.5%) were added to the wells.
Absorbance readings were taken every 50 minutes at 630 nm
(Spectramax Plus 384, Molecular Device, USA). All reactions
were performed in triplicate and the inhibition percentage was
calculated using the formula: % inhibition = [(OD control — OD
test)/OD control] x 100. ICs, values were determined using
GraphPad Prism™ (version 4.0, San Diego, CA, USA).

4. Conclusions

In this study, we have reported the successful synthesis of iron
oxide nanoparticles stabilized by 3-aminobenzoic acid. 3-ABA
was obtained by the reduction of 3-nitrobenzoic acid in the
laboratory. It was observed by FT-IR analysis that the hydroxyl (-
OH), carbonyl (C=0) and aromatic ring is responsible for the
stabilization of Fe-NPs. The synthesized Fe-NPs showed excel-
lent selectivity for levofloxacin and ciprofloxacin even in the
presence of other drugs. Fe-NPs also have the potential to detect
levofloxacin and ciprofloxacin in well water, tap water and
human blood. These magnetic nanoparticles showed promising

© 2024 The Author(s). Published by the Royal Society of Chemistry
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antioxidative activity along with antiulcer activity. In the future,
Fe-NPs can be utilized as imminent candidates to monitor these
drugs in human blood, which would be harmful if exceed the
limit. Moreover, it could also help in reducing the water pollu-
tion by detecting these drugs in water.
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