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ARTICLE INFO ABSTRACT

MgO nanoparticles (MgONPs) have been widely used as antibacterial agents with the advantages of them being
nontoxic and their unique biological properties. In this study, we synthesized MgONPs by co-precipitation
method and characterized them by XRD, SEM and EDS analysis. The antibiofilm activity of MgONPs as observed
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MCF-7 . quantitatively by crystal violet assay and their action on biofilm architecture were assessed in both Gram-
iytOth‘Flty positive and Gram negative uropathogenic bacteria. In addition, the cytotoxic effect of synthesized MgONPs was
poptosis

evaluated against human breast cancer, MCF-7 cells. The morphological changes of apoptosis were observed by
Acridine Orange/Ethidium Bromide (AO/EB) staining using a fluorescent microscope. MgONPs inhibited more
than 50% of the biofilms in most of the tested uropathogenic bacteria; notably 80% inhibition in the case of K.
pneumoniae. MgONPs successfully inhibited the viability of MCF-7 cells at a concentration of 50 pg.mL ™", Given
their antibiofilm properties; MgONPs could be used as a potential nanomaterial for in vivo applications such as
coating for a medical implant.

Uropathogenic bacteria

1. Introduction

Nanotechnology is an area of emerging interest in the field of sci-
ence and technology due to its wide variety of applications in the field
of biomedicine, optics, and electronics; especially for purpose of de-
veloping new nanoscale materials (Albrecht et al., 2006). Various
physical, chemical, biological, and hybrid methods are currently being
employed for nanoparticle synthesis (MubarakAli et al., 2015a,b). Na-
noparticles can be made by using various biological substrates such as
bacteria, algae, diatom, actinomycetes, plants, and biomolecules
(Priyadarshini et al.,, 2013; MubarakAli et al.,, 2011a, 2011b;
MubarakAli et al., 2011a,b,c, 2013a,b).

Urolithiasis (kidney stone disease) is one of the most common ur-
ological diseases with high prevalence globally (Manzoor et al., 2017
and 2018a). Urinary tract infections (UTIs) and urolithiasis are in-
evitably linked and studies suggested that patients with kidney stone
are more likely to have UTIs than the normal population (Barr-Beare
et al., 2015). Bacterial biofilms play an important role in urolithiasis

and many bacteria causing UTIs are associated with biofilm formation
(Shabeena et al., 2018, Manzoor et al., 2018b, 2018¢c, 2018d). The
biofilms are multi-cellular, surface-attached microbial communities
with particular physiologic and architecture characteristics, which can
sometimes confer resistance to different classes of antibiotics (Vahedi
et al., 2017). This biofilm formation is an important virulence factor for
a wide range of microbes that cause chronic infections, and are re-
sponsible for 75% of human microbial infections (Koo et al., 2017).
Most of the Gram positive and Gram negative bacteria have the ability
to form biofilms and main ones include Escherichia coli, Klebsiella
pneumoniae, Enterococcus faecalis, Staphylococcus aureus, Streptococcus
viridans, Proteus mirabilis and Pseudomonas aeruginosa (Donlan, 2001;
MubarakAli et al., 2015).

The control of the bacterial biofilm formation is of importance for
public health and economy, especially in the case nosocomial infections
which leads to various life-threatening diseases (Naiyf, and Jamal,
2017). Several synthesized nanoparticles have shown their effective-
ness for treating infectious microbes, including antibiotic-resistant
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Fig. 1. Investigation of MgONPs: fine spherical shaped nanoparticles in slightly agglomerated form (a,b); sharp plane at the 42 °C (c) elemental signals, Mg and O at a

high percentage (d).

strains (Huh et al., 2011; Ghosh et al., 2015). Several studies have
demonstrated the in vitro inhibition of bacterial biofilm by various na-
noparticles (Markowska et al., 2013). Most of the nanoparticles such as
silver, gold, copper, and zinc have the ability to inhibit the biofilm
growth (Gopinath et al., 2015; Chari et al., 2017; LewisOscar et al.,
2015). Furthermore, certain inorganic nanoparticles have important
implications for the treatment of microbial infections and post-surgical
complication as wound dressing materials (Gopinath et al., 2012;
MubarakAli et al., 2013a,b). Breast cancer is one of the most common
cancers worldwide. The global burden of breast cancer exceeds all other
cancers and it is a leading cause of cancer death in women and the
incidence rates of breast cancer are increasing globally (Jemal et al.,
2010). One of the main advantages of these nanoparticles is their low
cytotoxicity and antioxidant property (MubarakAli et al., 2018). Im-
portantly, some of the synthesized nanoparticles have been shown to be
effective against a broad range of human breast cancer cells (Jeyaraj
et al., 2013). MCF-7 is a widely used epithelial cancer cell line, derived
from breast adenocarcinoma and used for in vitro breast cancer studies
(Lee et al., 2015).

Magnesium oxide (MgO) is a versatile biomaterial, with wide ap-
plications in materials science and biomedical diagnostics. However,
the toxicity of nanoparticles of MgO to bacterial/human cells and or-
gans remains fairly unknown. The role of MgONPs as efficient biofilm
inhibitors has not yet been given considerable attention (Hayat et al.,
2018). Therefore, the present study was designed to synthesize and
characterize MgONPs, and the antibiofilm potential was assessed
against urolithiasis associated uropathogenic bacteria. The MgONPs
were characterized using X-ray diffraction (XRD), fourier transform
infrared (FTIR) spectscopy, scanning electron microscopy (SEM) and
energy dispersive spectroscopy (EDS). The biofilm architecture was
analyzed by CLSM. In addition, the anti-cancer activity was studied
using MCF-7 breast cancer cell line and the relative rate of proliferation
was studied by Acridine Orange/Ethidium Bromide (AO/EB) apoptotic
staining method using a fluorescent microscope.

2. Materials and methods
2.1. Materials

Chemicals such as Acridine orange (C;7H;9N3), ethidium bromide
(Ca1H50BrN3), 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetra-
zolium bromide (MTT) (RM1131, Hi-media Mumbai), and Dimethyl
sulfoxide (DMSO) were purchased from Sigma Aldrich (St Louis, MO,
USA).

2.2. Collection of clinical samples, cell culture, and maintenance

Ten clinical strains of bacteria including Gram positive and Gram
negative strains were obtained from the Yenepoya Research Centre in
Mangalore, India and sub-cultured on Luria Bertani Agar. The mor-
phological and physiological characterization of the clinical isolates
was performed according to the methods described in Bergey's Manual
of Determinative Bacteriology (Buchanan and Gibbons, 1974). The 16S
rDNA sequencing was performed earlier for the identification of the
bacteria as described earlier (Chandra et al., 2017). Human breast
cancer cell line (MCF-7) was obtained from National Centre for Cell
Science (NCCS), Pune. The cells were maintained in Dulbeccos Mod-
ified Eagles Medium (DMEM) supplemented with 10% fetal bovine
serum (FBS) and 1% antibiotic (penicillin 10000 U/mL, 10 mg strep-
tomycin and 25 ug amphotericin B per ml in 0.9% normal saline). The
cells were maintained in 5% CO, humidified incubator at 37 °C. During
subculture, the cells were detached from the flask by trypsinization
when they reached 80% confluency and splited using DMEM (1:4).

2.3. Synthesis and characterization of MgONPs

Briefly, MgONPs were synthesized with an optimized concentration
of magnesium nitrate hexahydrate (0.1 M) and NaOH (0.5 M) dissolved
in 200 mL of distilled water. Then, 200 mL of NaOH solution was added
to the solution of (Mg(NO3)>6H,0) drop-wise. The solution was kept
under magnetic stirrer for 2 hr and after stirring the solution was kept
for 2hr. The precipitate was filtered and washed several times using
distilled water and ethanol. The final product was kept in a hot air oven
(Ausco, Chennai) at 80 °C for drying and removes moisture. The dried
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Fig. 2. Antibiofilm activity of MgONPs against Gram-positive (a) and Gram-negative (b) uropathognic bacteria.

powders were ground to fine powder using a mortar pestle. The na-
noparticles were treated at high temperature with the limited supply of
air or oxygen (calcination). The calcination temperature will active the
specific surface area of the nanocatalyst to improve their efficiency for
their process. The final product of MgO was calcined in a muffle furnace
(Indfurr, India) which was operated at 230 volts, 1 phase, and 50 Hz,
AC and the fine powder of MgO was calcinated at 400 °C for 4 hr for the
removal of impurities present in the powder. The dried powder was
examined using XRD and SEM with EDS for the investigation of the
shape and size of the nanoparticles (Manzoor et al., 2019).

2.4. Biofilm formation assay

Biofilm formation was quantified using the method reported else-
where with some modifications (Limsuwan and Voravuthikunchai,
2008). Overnight grown cultures of clinical isolates were diluted with
fresh LB broth (1:20) with and without sub-inhibitory concentrations of
MgO NPs (5-50 pg.mL~"). This suspension (200 L) was dispensed into
96-well microtiter plate (Thermo Scientific, USA) and incubated at
37 °C for 24 hr. After incubation, the planktonic cells were discarded
and the well was thoroughly rinsed twice with distilled water. Biofilms

were quantified by staining the attached cells with 0.4% crystal violet
for 30 min. The wells were washed thoroughly with saline in order to
remove the excess dye, while crystal violet attached cells were solubi-
lized in 250 pL of absolute ethanol and the absorbance was determined
at 570 nm using microtiter plate reader (FLUOstar Omega). The percent
of biofilm inhibition was determined using equation (1) (Chari et al.,
2017).
Biofilm inhibition (%) = ([AbScontrol — AbSTest ]/ AbScontrol) X 100 (€8]
The qualitative analysis of the control of clinical bacterial strains
and MgONPs treated biofilms were performed using CLSM as described
earlier (LewisOscar et al., 2015; Khan et al., 2019). Briefly, the bacterial
biofilms were allowed to grow on glass pieces (1 X 1 cm) placed in 24-
well polystyrene plates (Greiner Bio-One), supplemented with and
without MgONPs and incubated for 24 hr at 37 °C. The biofilms were
monitored under a CLSM (Carl Zeiss, Germany) after washing with PBS
and staining with 0.01% acridine orange for 5min. The 488 Ar laser
and a 500-640 nm band emission filter were used to excite and detect
the stained cells. Obtained images were analyzed for the surface area
covered and biofilm thickness using the attached software (Carl Zeiss,
Germany).
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Fig. 3. CLSM micrographs of representative uropathogenic bacteria treated with and without MgONPs (a) Klebsiella pneumoniae (highly adherent strain) (b)
Staphylococcus sps (moderately adherent strain) and (c) Streptococcus agalactiae (weakly adherent strain).
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Fig. 4. Cytotoxicity of MgONPs against MCF-7 cells showing 50% of the reduction at the concentration of 50 ug.mL™".

2.5. Anticancer activity of MgONPs against MCF-7 cell lines

2.5.1. Cell viability assay

The relative rate of proliferation of MgONPs on MCF-7 breast cancer
cells was determined using MTT colorimetric technique (Mosmann,
1983). The MgONPs were first weighed, and the required nanoparticles
solution was prepared in sterile double-distilled water and diluted to
the required concentrations (5, 10, 20, 30, 40, 50, and 100 ug.mL_l)
using the cell culture medium. The required concentrations of MgONPs

were then added to the cell cultures to obtain the final concentration of
MgONPs and incubated for 24h in 5% CO, humidified incubator at
37 °C. Cells treated without the nanoparticles were used as controls.
After 24h of incubation, the cells were washed with PBS, and then
100 pL of the MTT reagent was added to each microtiter well. Microtiter
plates were incubated for 4 h at 37 °C for the reduction of the MTT dye
by normal living cells. Then, 100 pL of DMSO was added to each well to
solubilize the Formazan crystals and the plates were kept in a dark for
15 min. The relative rate of proliferation on MCF-7 cells was detected
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Treated

Fig. 5. Apoptotic effects of fluorescence microscopy study of AO/EB stain (a, b) Respective control (left) and treated (right) with MgONPs. (c—f) Cells stained green
represent viable cells, whereas yellow staining represents early apoptotic cells and reddish or orange staining represents late apoptotic cells.

by eluting the dye with DMSO, and the optical density was measured
using spectrophotometer (ODsgs nm). The percentage of cell viability
was calculated using equation (2). All experiments were performed in
triplicates.

Cell viability (%) = Absgample/AbScontrol X 100 2)

2.5.2. Morphological analysis of apoptosis by AO/EB dual staining

Acridine orange (AO) and ethidium bromide (EB) dual staining was
used to detect the morphological evidence of apoptosis in the MgONPs
treated cells (Darzynkiewicz and Li, 1994). The cells were fixed, washed
with methanol and incubated 1 hr at room temperature. The cells were
labeled with 1:1 ratio of AO and EB in PBS and incubated for 10 min
then the excess unbind dye was removed by washing with PBS. Stained
cells were visualized under a fluorescence microscope.

3. Results and discussion

The SEM, XRD and EDS pattern of MgONPs obtained from copre-
cipitation synthesis were as shown in Fig. 1(a-d). The synthesized
MgONPs showed sharp plane showing at 42°C by XRD analysis. A
cluster of fine spherical nanoparticles was observed with the size range
from 100 to 200 nm by SEM analysis. EDS spectrum showed Mg and O
elemental signals at a high percentage. The antibiofilm efficacy of the
MgONPs was evaluated against both Gram-positive and Gram-negative
uropathogenic bacteria. Biofilm production was reported in all the
strains. A standard crystal violet assay for biofilm biomass indicated
that MgONPs were more effective in the eradication of preformed
biofilm produced by all tested isolates (Fig. 2). Recent reports also
suggested that MgONPs is a potential antibacterial agent against bac-
teria (Cai et al., 2018). The severely adherent strain was found as K.
pneumoniae which showed 80.98% biofilm inhibition when treated with

10 ug.mL ™' of MgONPs. In the case of E. coli, the obtained results re-
vealed that only 33.33% of biofilm was inhibited when treated MgONPs
which was the weakly adherent strain among tested isolates. Moderate
activity was observed with the remaining microbial strains [B. flexus
(50.25%), Micrococcus sps (54.65%), S. agalacitae (69.76%) and Sta-
phylococcus sp. (74.3%)].

Visualization of bacterial biofilms with CLSM (2D, 2.5D, and Ortho
and stacked images) showed a wide spectrum of morphological differ-
ences in biofilm architectures. The results clearly revealed a visible
reduction of the biofilm in the treated samples (Fig. 3). The thickness of
the biofilm was reduced and the morphological changes were clearly
visible in the presence of MgONPs. Notably, large scattered cell ag-
gregates were observed in the biofilms of K. pneumonia and there were
less viable cells in the aggregates after 24 h exposure to the MgONPs
(Fig. 3). When compared to control; the mat like the architecture of the
MgO treated biofilm was reduced to individual cells.

This study investigated the inhibition of biofilm activity by syn-
thesized MgONPs. Synthesized MgONPs were tested for biofilm in-
hibition potential against 10 different strains of uropathogenic bacteria.
The antibiofilm activity of clinical isolates of Gram positive and Gram
negative uropathogenic bacteria was clearly evident under in vitro
conditions, subsequently leading the inhibition of biofilm formations. It
was noticed that when the concentration of the MgONPs was increased,
the inhibition of biofilm was also enhanced which can be attributed
directly to the dose-dependent activity. We found a difference in the
inhibitory pattern among the isolates and this highlights the application
of these MgONPs as biofilm-disrupting agents against uropathogenic
bacteria. The inhibitory activities of MgONPs as an effective therapeutic
agent against various pathogens have been reported earlier (Huang
et al., 2005; Leung et al., 2014). The inhibitory activities of MgONPs
may be due to the efficacy of antimicrobial activity, physical properties
like size, electrostatic interactions with bacterial envelope and other
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chemical properties like affinity between the materials and the biofilm
formation (Park et al., 2013; Zhang et al., 2012).

An MTT assay was performed to determine the anti-proliferative
effect of MgONPs against MCF-7 breast cancer cells. MCF-7 cells were
incubated with different concentration of MgONPs for 24 h. The results
showed that MgONPs induced dose-dependent cytotoxic effects against
MCF-7 cell line. On other hands, the relative rate of proliferation on
MCF-7 cell lines increased with increasing concentration of MgONPs
(Fig. 4). There was a change in the percentage of cell viability in control
and MgONPs (5, 10, 50, 50, 100 pg.mL~') treated MCF-7 cells. The
Inhibitory Concentration (ICso) value associated with MgONPs was
found to be 50 pg.mL ™.

Apoptosis was examined using nuclear morphology by AO/EB
staining. The results of the relative rate of proliferation were consistent
with the observations from AO/EB staining. As shown in Fig. 5, control
MCF-7 cells were stained with uniform green fluorescence and no
apoptotic features were observed. Following treatment of MCF-7 cells
with MgONPs for 24 h; obvious morphological changes and apoptotic
cells were observed (Fig. 5). The results suggest that MgONPs induced
MCF-7 cell apoptosis. Despite the progression of early diagnosis and
treatment, it is imperative to discover alternative therapies, tools, and
drugs to conquer the situation (Boca et al., 2011). Cytotoxicity is con-
sidered as a good anti-cancer parameter if it induces apoptotic path-
ways inside the cell. The ICso of the MgONPs was recorded at
50 ug.mL~ ! against MCF-7 cells. In the present study apoptotic poten-
tial of synthesized MgONPs was confirmed by morphological evaluation
of the MCF-7 treated cells by AO and EB staining. Apoptosis can be
detected by many parameters like the activation of caspase, DNA
fragmentation, or changes to cell morphology (Elmore, 2007).

4. Conclusion

The study highlighted the capacity of MgONPs as an antibiofilm
against uropathogens and potential cytotoxicity against MCF-7 cells.
The results clearly revealed a significant reduction of the biofilm for-
mation upon treatment of MgONPs, and the wide spectrum of mor-
phological differences in biofilm architectures. We believe that the
present study will encourage further studies on the applications of
MgONPs as potential biocompatible and nanomaterial for in vitro and in
vivo application. Further in vitro and in vivo studies are required to
support our observations of the antibiofilm and anti-tumor potential of
these MgONPs.
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