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Nanotechnology and nanoparticles (NPs) have increasingly been studied as an alternative for antibiotics because of the feasibility
to be used in implantable devices both for bacterial detection and infection prevention. The low rate of resistance development
against NPs because of its multiple mode of action has contributed to its increased acceptance in clinical setting. Further
development of NPs and their anticancer activity against many human cancer cell lines including breast and ovarian have been
documented. Fe,0;-NPs could be used for antibacterial and anticancer activity assessment. Iron oxide, apart from being
available extensively and cheap, also plays a role in multiple biological processes, making it an interesting metal for NPs. The
aim of the present study revolves around generation and characterization of iron oxide Fe,O;-NPs, followed by assessment of
its antimicrobial and anticancer activities. Synthesis of Fe,O;-NPs was performed by hydrothermal approach, and its
characterization was done by UV-visible, X-ray diffraction (XRD), Fourier-transform infrared spectroscopy (FTIR) analyses,
and transmission electron microscopy (TEM). Antimicrobial activity was checked by agar diffusion assay against Bacillus
subtilis, Pseudomonas aeruginosa, Staphylococcus aureus, Escherichia coli, and Candida albicans. Anticancer activity of the NPs
was assessed using the human cancer cell lines including cervical carcinoma cell line (HeLa) and MCF7. The developed Fe,O;-
NPs exhibited a characteristic absorption curve in the 500-600 nm wavelength range by UV-visible analysis, the XRD peaks
were found to index the rhombohedral shape, and the FTIR analysis ascertained the bonds and functional groups at
wavenumber from 400 to 4000 cm™. Antimicrobial assay detected significant effect against Staphylococcus aureus and Bacillus
subtilis with zones of inhibition: 21 and 22 mm, respectively. Likewise, Fe,O;-NPs show good activity towards tested fungal
strain Candida albicans with zone of inhibition of 24 mm. The 2,5-diphenyl-2H-tetrazolium bromide (MTT) assay identified
significant anticancer activity of the NPs against both cell lines. Our study documents the successful generation and
characterization of Fe,0,-NPs having excellent antimicrobial and anticancer activities.

1. Introduction

Nanotechnology, as a technology-fueled science, has recently
gained enormous attention because of the ability to engineer
functional systems including drug delivery systems and
diagnostic fundamentals in molecular size, which also form
the pillars of nanomedicine that has designed many success-

ful drug delivery systems to mankind [1]. Nanotechnology
has been successfully implemented to design novel drug
delivery systems using nanoparticles (NPs) which have
today also contributed to precision medicine. Advances in
nanoparticle designs have ensured the NPs can overcome
the heterogenous delivery barriers and can intelligently
improve efficacy [2]. NPs are classified based on their shape,
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size, and properties, the major groups include metal,
ceramic, polymeric, and fullerenes, and the sizes range
between 1 and 100nm [3]. Further, NPs are structurally
complex and consist of three layers including the functional
surface layer with metal ions, surfactants, or polymers, the
shell layer, and the core that refers to the NP [4]. NPs are
sized similar to the macromolecules inside the human body
and take advantage of the existing cellular machinery to
facilitate its intent-of-action. NPs have also successfully
aided in reducing drug toxicity and side effects due to high
efficacy delivery that ensures therapeutic potential in mini-
mal dosage, supports sustained drug release, and alters drug
distribution, as well as clearance [5]. The National Nano-
technology Initiative (NNI) in the year 2000 by the US
National Science and Technology Council (NSTC) facili-
tated the realization and translation of nanotechnology in
clinical settings, and since then, multiple studies have
recorded the significance of NPs in respiratory diseases, kid-
ney diseases, and antibacterial and anticancer agents [6-8].
Although research has documented significant strides in
application of NPs, the translation at patient levels is low
majorly due to patient heterogeneity, as well as difference
in physiology between animals and humans [9].

The discovery of antibiotics in the 20™ century with
Salvarsan for syphilis has been documented to be significant
for mankind, and the accidental discovery of penicillin
fueled antibiotic research marked as the golden age
[10-12]. However, in the current scenario, with increase in
number of antibiotic resistances, the number of agencies
involved in research for new antibiotics has gone down
and to address this deficit, the World Health Organization
(WHO) published the Global Priority Pathogens List (PPL)
in the year 2017 [13]. The metal-NPs have been popularly
studied as a solution to tackle antibiotic resistance because
of their ability to target multiple biomolecular aspects
among resistant strains. The main mechanisms of killing
have been attributed to cation release, production of reactive
oxygen species (ROS), ATP depletion, and membrane inter-
action to cite a few. It has also been postulated that emer-
gence of antibacterial NPs has the potential to curb
evolution of more resistant strains. The metals popularly
used to fabricate antibacterial NPs include aluminum
(ALO,), iron (Fe,0;), magnesium (MgO), zinc (ZnO), bis-
muth, and cerium. [14]. Studies have demonstrated the use
of metallic NPs to improve antimicrobial efficiency against
morphologically distinct pathogens in healthcare, and one
such demonstrated the impact of tungsten carbide, sliver,
and copper NPs against two hospital acquired pathogens:
Staphylococcus aureus and Pseudomonas aeruginosa [15].

Cancer is a multifaceted and clinically challenging dis-
ease due to variable disease presentation, progression, and
recurrence. Though precision medicine is popular in cancer
treatment and management involving study of the genetic
signature to classify somatic and germline variations, the
feasibility to ensure the anticancer agent is able to deliver
targeted impact is still lacking causing unwarranted injury
to the patient [16]. The unique characteristics of NPs includ-
ing large surface-to-volume ratio, ease of synthesis, and
broad optical properties allow development of new and effi-
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cient therapeutic strategies for cancer. Studies have assessed
the anticancer impact of silver NPs (AgNPs) on different
cancer cell lines with respect to decrease in cell motility
and viability, promotion of ROS, and impairment of
MMP-2 and MMP-9 activity culminating in autophagy-
and apoptosis-induced cell death [17]. Another study evalu-
ated the impact of gold, iron oxide, and ZnO NPs on
colorectal cancer cell HT29 found the iron oxide NPs to
exhibit a cytotoxicity of 26.98% at concentration of 50 ug/
ml, while zinc oxide NPs were found to exhibit significant
anticancer activity [18]. This study proves that the inorganic
component of the NPs has directed action only against cer-
tain cancer types. The iron oxide NPs have demonstrated
safety, considerable clinical utility, and the FDA-approved
applications include cancer diagnosis and for hyperthermia
treatment [19].

The aim of our study revolves around synthesis and
characterization of iron oxide Fe,O;-NPs followed by its
antibacterial and anticancer activity assessment. Iron oxide,
apart from being available extensively and cheap, also plays
a role in multiple biological processes, making it an interest-
ing metal for NPs. The three common forms of iron oxide in
nature include the magnetite (Fe,O,), maghemite (y-Fe,0,),
and hematite (a-Fe,0,) [20]. We believe the emerging field
of nanomedicine will greatly benefit with increasing infor-
mation around assessment of NP potential to aid the devel-
opment of nontoxic chemotherapy as well as minimize
development of multidrug resistant bacterial strains.

2. Materials and Methods

There are many methods for synthesis of metal and metal
oxide NPs including the physical method top-down
approach, the thermolysis method, chemical reduction, bio-
chemical, electrochemical, wave-assisted, cementation, and
biological methods each having its own set of proven appli-
cation [21]. The synthesis of Fe,O;-NPs was done using
analytical grade chemical cast-offs without further purifica-
tion. The Iron (III) Chloride Hexahydrate (FeCl,.6H,0)
(purity > 98%) and ammonia hydroxide (NH,OH) for syn-
thesis were procured from Sigma-Aldrich, St. Louis, MO,
USA, while the deionized water was obtained from Milli-
Q® ultrapure water purification system (Nihon Millipore
Ltd., Tokyo, Japan).

2.1. Synthesis of Fe,O;-NPs. The synthesis of Fe,O,-NPs was
done by the hydrothermal approach. The process involved
dissolution of 0.85mg of FeCl; 6H,O in 100 mL of double
distilled water in a 250 mL round bottom flask followed by
magnetic stirring (at 800 rpm) for 45 min at 85°C. An addi-
tion of 50 mL of NH,OH was done to maintain the pH value
of 11. The reaction mixture was then heated hydrothermally
in a stainless steel Teflon lined Parr Autoclave at 160 + 5°C
for 12 h. Initially, the Ferric-Chloride Hexahydrate was yel-
low colored solid, and as the completion of reaction took
place, it turned reddish brown similar to rust color. The
color change was considered as the endpoint of the reaction
and considered as an indicative of formation of Fe,O,-NP.
The resulting precipitate was separated by centrifugation at
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8000 rpm and washed with double distilled water and etha-
nol for five times followed by drying in oven at 80°C. The
product obtained was further calcined at 700°C for 4 h.

2.2. Particle Size, Polydispersity Index, and Zeta Potential
Measurement. The hydrodynamic diameter (particle size),
polydispersity index, and zeta potential of the developed
Fe,0;-NPs were obtained through Zetasizer Nano-Series
(Nano-Z590, Malvern Instruments, England) at 25°C at the
scattering angle of 90° for the optimum possible detection
[22]. The zeta potential of the NPs was also determined by
the same instrument using software DTS-Version 4.1
(Malvern, England). Prior to DLS measurements, the NPs
were properly suspended and diluted with Milli-Q water.
All the measurements were performed in triplicate.

2.3. Characterization of the Fe,O5-NPs. Initial surface char-
acterization was done using UV-visible analysis of the as-
synthesized Fe,O, NP using the Lambda-35 Instrument
(Perkin Elmer, Waltham, MA, USA). The UV-Vis spectro-
photometry analysis at different time intervals of the
reaction provides key information on the success of genera-
tion of the NPs. Further, bond level characterization by
Fourier-transform infrared (FTIR) spectroscopy of the
Fe,0;-NPs was recorded on a 1000 FTIR instrument
(Perkin-Elmer, Waltham, MA, USA). The formation and
crystallinity of the prepared Fe,0,-NPs were also confirmed
by using the powder diffraction technique (Ultima IV, X-ray
Diffractometer, Rigaku, Inc. Japan). The size and shape of
the as-synthesized Fe,0,-NPs were investigated using trans-
mission electron microscopy (TEM) (Jeol TEM model JEM-
1101 (Japan)). The TEM analysis provides insight on the
morphology of the biosynthesized NPs.

2.4. Assessment of Antimicrobial Activity. The antimicrobial
activity of the synthesized Fe,O,-NP was done by the agar
diffusion technique. The bacterial strains used for the assess-
ment were procured from the Department of Pharmaceutics,
Microbiology, College of Pharmacy, King Saud University.
The microbial strains were selected from the Global Priority
Pathogens List which is one of the major objective for the
assessment of antimicrobial activity. Total five American
type culture collection (ATCC) pure cultures of Escherichia
coli (E. coli), Bacillus subtilis (B. subtilis), Pseudomonas aer-
uginosa (P. aeruginosa), Staphylococcus aureus (S. aureus),
and Candida albicans (C. albicans) were tested for their anti-
biotic susceptibility profiles using the generated NPs. The
agar diffusion method adopted was in accordance to a previ-
ous report [23]. The Mueller Hinton agar (MHA) plates
were prepared for the testing purpose, and each of the
strains was inoculated by the spread plate technique. This
was followed by creating the wells of 6 mm diameter each
using a sterile borer. In the first well, 30 uL of ampicillin
(100 mg/mL) for bacterial strains and fluconazole for Can-
dida (30 mg/mL) were added, in the next well, 100 L of
the prepared Fe,O,-NPs was inoculated, and in the last
one, Mueller Hinton agar (MHA) media as positive control
was added. The plates were further incubated at 37°C for

24h in the incubator. The entire assessment was done in
triplicates.

2.5. Assessment of Anticancer Activity. The anticancer activ-
ity of the synthesized Fe,0,-NPs was evaluated along with
the median inhibitory dose (ICs,) on two different tumor
cell lines. viz., the human cervical carcinoma cell line (HeLa)
and MCF?7 cell lines. Cytotoxicity assessment was done by
harvesting each of the cell suspension at concentration of 5
x 10* cell suspension in a 96-well flat bottom plate contain-
ing Dulbecco’s modified Eagle medium (DMEM) with 5%
fetal bovine serum. The prepared NPs were also seeded at
different concentrations, viz., 100 yg/mL, 50 ug/mL, 25 ug/
mL, 12.5ug/mL, 6.2 ug/mL, and 3.1 ug/mL. The plate was
then incubated at 37°C for 24 h in 5% CO, incubator. Post-
incubation, the cells were washed with a serum-free medium
containing 100 uL of 5mg/mL 3-4,5 dimethylthiazol-2,5
diphenyl tetrazolium bromide (MTT) and further incubated
for 4-5h. Postincubation, the cells were further washed with
phosphate buffer saline (PBS). Further, 100 uL of dimethyl
sulfoxide (DMSQ) was used to solubilize the unbound form-
azan, followed by reading of the plates at 570 nm absorbance
using a plate reader (Biotek, USA). The entire assessment
was done in triplicates, and the IC,, was determined by
the color intensity of the formazan dye which was equated
to be directly proportional to the quantity of viable cells.

2.6. Statistical Analysis. T-test was used to compare the
results of antimicrobial activity of the synthesized Fe,O,-
NP and standard antimicrobials, where *p < 0.05 is consid-
ered significant result.

3. Results

3.1. Particle Characterization. The hydrodynamic diameter
and polydispersity index (PDI) of the developed Fe,O,-
NPs were found to be 91.5+4.5nm and 0.251 +0.018,
respectively, while the zeta potential was found to be 20.8
+2.26 mV. The size and zeta potential distributions of the
Fe203-NPs are represented in Figure 1.

3.2. Characterization of Fe,O;-NPs

3.2.1. UV-Vis Analysis. The UV-Vis analysis confirmed the
preparation of Fe,O,-NPs (Figure 2). The absorption spectra
of Fe,0;-NPs dispersed in deionized water displayed a
broad absorption peak at about 550nm. The UV-Vis
absorption spectra of Fe,O;-NPs displayed an absorption
curve in the range of 500-600 nm wavelength and defines
the characteristic of the synthesized NPs.

3.2.2. X-Ray Diffraction (XRD) Study. The X-ray diffraction
(XRD) crystallography was used to assess structure and crys-
tallinity of the synthesized Fe,0,-NPs (Figure 3). The XRD
pattern of the a-Fe,O;-NPs prepared by hydrothermal
approach was found to display the diffraction peak which
was readily indexed to be rhombohedral (hexagonal), where
o is known as lattice parameter. The wavelength of incident
X-rays was set at 0.154 nm monochromatized with a graph-
ite crystal. The space group of the rhombohedral structures
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FIGURE 1: (a) Particle size and (b) zeta potential distributions of Fe,O;-NPs.
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FIGURE 2: The UV-visible analysis of Fe,O;-NPs.

was found to be R-3c, and the peaks detected at 20 range of
24.15° (012), 33.10° (104), 35.53° (110), 40.59° (113), 49.49°
(024), 54.11° (116) and 57.32° (018), 62.4° (214), 63.9°
(300), 72.1° (1010), and 75.4° (220) confirm the crystalline
structure corresponding to the a-Fe,O;-NPs [24]. These
findings were in agreement with the previous studies [24,
25]. The standard values of the peak for magnetite and
maghemite were found at 35.43" and 35.62°, respectively, as
reported [26, 27]. In the present investigation, the diffraction
angle for the developed Fe,05;-NPs was 35.53° (110), which
was more close to maghemite index than that of the magne-
tite index. This finding suggested the presence of predomi-
nantly maghemite lattice than that of magnetite (Fe;O,)
lattice in the developed iron oxide NPs. Finally, the XRD
peaks evidently represent the formation of the Fe,O,;-NPs.

3.2.3. FTIR Analysis. The FTIR analysis of the synthesized
Fe,0;-NPs detected an outcome in the range of wavenum-
ber 400-4000cm™ that ascertained the chemical bonds as
well as functional groups (Figure 4). The FTIR spectrum of
the synthesized Fe,O5-NPs exhibited defined peaks at 517,
621, 1020, 1612, and 3435cm™'. The appearance of two
well-defined peaks at 517cm™ and 621cm™" was due to
the vibrational intrinsic stretching of metal oxygen bond
vibrations (here, it was Fe-O), which indicated that the
developed NPs were iron oxide [28, 29]. The presence of a

slightly dwarf peak at 1020 cm™ was due to Fe-O asymmet-
ric stretching. The absorption peaks appeared at 1612cm™"
and 3431 cm ™ indicating the bending vibration of absorbed
water and surface hydroxyl (-OH) groups, which might be
due to the use of NH,OH in the synthesis of the Fe,O,-
NPs [24]. These findings were further corroborated from
the previous report which confirms that the developed NPs
were iron oxide [28-31]. The FTIR analysis results thus were
consistent with the confirmation accomplished from other
additional executed characterization results.

3.3. Morphological Characterization of Fe,0;-NPs by TEM
Analysis. The morphological characterization of the devel-
oped Fe,O,-NPs was performed by transmission electron
microscopy. The TEM image (Figure 5) demonstrates the
formation of spherical shape Fe,O,-NPs, with an average
size of ~70-100nm. Mostly, the NPs were well dispersed,
whereas some of these were slightly agglomerated. The few
large particles were found which could be due to the agglom-
eration of smaller particles; however, the majority of the par-
ticles in the TEM images were less than 100 nm in size.

3.4. Antimicrobial Activity of the Synthesized Fe,O;-NPs. The
antimicrobial susceptibility was tested by agar diffusion
method, and the results are summarized in Table 1. Com-
pared to the standard ampicillin, Fe,O,-NPs have shown
significant antimicrobial activity against Gram positive bac-
teria S. aureus and B. subtilis, with zone of inhibition
(ZOI): 21 mm and 22 mm, respectively (p < 0.05). However,
Fe,0;-NPs had no activity towards Gram negative strains E.
coli and P. aeruginosa. Fe,0,-NPs showed significant good
susceptibility towards the tested fungal strain C. albicans in
comparison to the standard fluconazole, and the zone of
inhibition was 24 mm for Fe,05;-NPs compared to 12 mm
for fluconazole (p < 0.05).

3.5. Anticancer Activity of the Synthesized Fe,O;-NPs. The
synthesized Fe,O;-NPs were further tested for anticancer
activity against two cancer cell lines, namely, HepG2 and
HeLa by the MTT assay. The generated Fe,O;-NPs were
found to significantly inhibit growth and proliferation of
the MCF?7 cells at IC5;, of 53.35 ug/mL. In case of HeLa cell
line, the inhibition was found to be reasonable with IC;, of
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FIGURE 4: FTIR spectrum of the developed Fe,O;-NPs.

68.12 ug/mL. The findings have been highlighted in
Figures 6(a) and 6(b).

4. Discussion

This study documents the process of synthesis of Fe,O5-NPs
followed by its structural classification as well as functional
efficacy determination as an antimicrobial and anticancer
activity. The drug absorption efficiency being inversely pro-
portional to particle size makes NPs an exploitable drug
Ficure 5: TEM image of Fe,0;-NPs. delivery system, and studies have shown certain material
coatings to increase accumulation and effect duration of




TaBLE 1: Zone of inhibitions obtained during agar diffusion test by
Fe,0;-NPs as compared to ampicillin and fluconazole. Results were
presented as mean = SD, n=3.

Zone of inhibitions (mm), mean + SD, n=3

Microorganisms By ampicillin - By fluconazole By Fe,0;-NPs
E. coli 18.5+2.39 - 21.6 £2.86
B. subtilis 14.8+1.75 - 22.5+2.55"
P. acruginosa 19.5+2.75 - 19.8+1.98
S. aureus 13.5+1.83 - 21.4+2.35"
C. albicans - 12.5+1.65 24.3 £3.08"

*p <0.05 (significant).

antimicrobial agent, for example, being increasing efficacy of
daptomycin using chitosan-coated alginate NPs [32].

The Fe,0,-NPs have gained popularity due to their
unique properties including superparamagnetism (a form
of magnetism appeared in very small-sized ferromagnetic
or ferrimagnetic NPs), availability of greater surface area,
and ease of separation along with the advantage of being
inexpensive and role in many biological processes. Charac-
teristic attributes of low toxicity and magnetism have made
iron oxide NPs highly lucrative for biomedical applications
involving drug delivery, thermal therapy, and magnetic res-
onance imaging (MRI) [33]. Our study involved generation
of Fe,0;-NPs by the hydrothermal approach followed by
surface and structural characterization by UV-Vis, FTIR,
XRD, TEM, particle size, and distribution. The UV-Vis anal-
ysis detected an absorbance peak at between 500 and
600 nm, a characteristic of iron oxide. Further, the XRD
peaks indexed the synthesized NPs to rhombohedral struc-
ture with peaks appearing at 260 range of 24.15° (012),
33.10° (104), 35.53" (110), 40.59" (113), 49.49° (024), 54.11°
(116) and 57.32° (018), 62.4° (214), 63.9° (300), 72.1°
(1010), and 75.4° (220). Studies have shown hematite min-
erals to have hexagonal structure [34]. The chemical bonds
were ascertained by FTIR analysis, and the characteristic
peak to Fe-O stretching mode of Fe,O;-NPs was observed
at 575cm™. Similar studies on Fe,0,-NPs have recorded
observance of a broad peak at around 529.92cm ™' by FTIR
analysis, and the NPs were synthesized by a green protocol
involving extract from M. ornata flower sheath extract [35].
Another recent study, which involved synthesis of green
Fe,0;-NPs from Phoenix dactylifera, was found to exhibit a
sharp peak at 450 nm by UV-Vis spectrometry [36].

The particle size of the Fe,O;-NPs was depending on the
type of solvent used and chemical reaction time. Here, the
size of the developed NPs was found in the nanorange (1-
100 nm, for metallic nanoparticles). Slightly increased sizes
were obtained during DLS technique (=91.5nm) because
DLS measures the hydrodynamic diameter while TEM con-
siders only the core sizes [37]. Although the average size of
the NPs obtained using DLS was almost equal and in agree-
ment with the observed sizes during TEM analysis. The low
values of PDI (=0.251) were obtained in DLS measurement
confirming the narrow size distribution of the developed
NPs. Generally, the Fe,O5-NPs were found to have negative
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FIGURE 6: (a) Cell proliferation results of Fe,O,-NPs in MCF7 cell
lines. (b) Cell proliferation results of Fe,O,-NPs in HeLa cell lines.

surface charges, where surface modification could provide
high positively charged NPs for their better colloidal stabili-
zation [26]. Contrary to this, in the present investigation, we
obtained a sufficiently high positive charge (=+20.8 mV) on
the surfaces of the developed Fe,O;-NPs, which might be
due to the use of NH,OH in the synthesis of the NPs. The
high surface positive charges could provide a stable disper-
sion to the Fe,0,-NPs and prevent their unwanted aggrega-
tion, which was also suggested in the previous studies, where
chitosan was used to obtain positively charged surface of the
Fe,05-NPs [26, 38, 39].

When it comes to discussion around the antimicrobial
properties of Fe,O;-NPs, the mechanism of action is still
under research and many studies have indicated conflicting
reports with one indicating efficacy against E. coli which
increased at increasing concentration, while some show no
activity towards this pathogen [38, 40]. Studies have shown
positive Fe,O,-NPs to exhibit greater antimicrobial activity
at lower concentrations than negative Fe,O;-NPs. The string
interaction has been documented to cause higher free energy
change leading to increased production of the reactive oxy-
gen species (ROS) [26]. Microscopic observation studies
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have found magnetite (Fe;O,)-NPs to increase size of
Escherichia coli (approximately 10-folds), and the bacterial
cells were found to be clogged in between the magnetite-
NPs because of its magnetic property. The antimicrobial
activity of Fe,0,-NPs synthesized by the M. ornate flower
sheath has been tested activity against S. aureus and S. aga-
lactiae [35]. A recent study has also reported that Fe,O,-
NPs exhibited antimicrobial activity against S. dysentriae
strain tested at different concentrations [41]. Devi et al. postu-
lated that iron oxide nanoparticles (Fe-NPs) have efficient
antifungal activity against various fungal strains [42]. Further-
more, Batool and co-authors have evaluated the antibacterial
activity of Fe,0,-NPs against multiple bacterial strains and
identified maximum zone of inhibition against E. coli [36].

In the field of cancer research, the numerous clinical
findings for the determination of multiple efficacy-affecting
aspects of nanomedicine are crucial to combat the complex-
ity around disease progression, treatment, management, and
recurrence risk. In this case, balancing out efficacy versus
impact on healthy cells is crucial to minimize impact to
quality of life. There have been numerous studies which have
discussed the success of Fe,0;-NP injectable due to ensuing
interaction between the NPs and the innate immune system.
Further, the cancer therapy involving magnetic fluid hyper-
thermia is the treatment approved for humans involving
use of Fe,O,;-NPs. Strategies including photothermal and
photodynamic therapies involving Fe,O;-NPs have demon-
strated relevant potential in the preclinical settings [19].
Studies have documented Fe,O;-NPs to bear the potential
to activate the antitumor immune response, wherein expo-
sure to starch-coated Fe,O;-NPs triggered T cell infiltration
into tumors followed by tumor growth suppression [43, 44].
Our study involved assessing the anticancer activity of the
synthesized Fe,O;-NPs using human cancer cell lines
including HeLa and HepG2. In our case, high activity was
noted against HepG2 with an IC;;, of 71 yg/mL. Numerous
studies have shown metallic NPs including palladium, zinc,
gold, and copper to be effective against HelLa cell lines, while
biosynthesized selenium NPs to be effective against HepG2,
apart from nickel zinc ferrite, zinc oxide, and silver
[45-52]. Studies have identified the cytotoxicity of Fe,O,-
NPs on HepG2 to be concentration dependent and found
100 pg/mL to cause a 10% reduction in viability [53]. Studies
have also constructed and characterized Fe,O;-NPs for
intracellular delivery of anthracycline doxorubicin for tumor
cell inactivation. This study found treatment with anthracy-
cline doxorubicin Fe,O5-NPs to decrease HeLa cell prolifer-
ation in a time- and concentration-dependent manner
(IC5y = 27.5 £ 12.0 ug/mL after 96 h). These studies highlight
the potential of using metallic NPs for efficient targeted
chemotherapy.

5. Conclusion

The association of nanotechnology and NPs is slated to ease
many of the biological and healthcare issues as physiological
activities do occur in the nanoscale. Balancing the negative
impact at the cellular level and harnessing the potential of
NPs for nanomedicine require personalized research against

each aspect, to identify mode of action and impact of various
coatings. The multitarget activity of the NPs has been postu-
lated to be effective against common multidrug-resistant
species, and this becomes the need of the hour as overuse
of antibiotics across the world continues to fuel emergence
of resistant strains. Our study demonstrates the successful
generation of Fe,O,-NPs along with its application in the
antimicrobial and anticancer avenues. NP-based research
has the potential to radicalize the avenue of personalized as
well as generic treatment strategies using proteins and small
molecules.
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