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ABSTRACT

Due to their inexpensive and eco-friendly nature, and existence of manganese in various oxidation states
and their natural abundance have attained significant attention for the formation of Mn3;0,4 nanoparticles
(Mn304 NPs). Herein, we report the preparation of Mn;04 nanoparticles using manganese nitrate as a pre-
cursor material by utilization of a precipitation technique. The as-prepared Mn30,4 nanoparticles (Mn304
NPs) were characterized by using X-ray powder diffraction (XRD), UV-Visible spectroscopy (UV-Vis),
High-Resolution Transmission electron microscopy (HRTEM), Field emission scanning electron micro-
scopy (FESEM), Thermal gravimetric analysis (TGA) and Fourier-transform infrared spectroscopy (FT-
IR). The antimicrobial properties of the as-synthesized Mn3;04 nanoparticles were investigated against
numerous bacterial and fungal strains including S. aureus, E. coli, B. subtilis, P. aeruginosa, A. flavus and
C. albicans. The Mn30,4 NPs inhibited the growth of S. aureus with a minimum inhibitory concentration
(MIC) of 40 pg/ml and C. albicans with a MIC of 15 pg/ml. Furthermore, the Mn30,4 NPs anti-cancer activ-
ity was examined using MTT essay against A549 lung and MCF-7 breast cancer cell lines. The Mn304 NPs
revealed significant activity against the examined cancer cell lines A549 and MCF-7. The ICso values of
Mn304 NPs with A549 cell line was found at concentration of 98 pug/mL and MCF-7 cell line was found
at concentration of 25 pg/mL.
© 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

numerous types of materials at nanoscale level. In current years,
quick advancement in the nanotechnology field has facilitated

Now a day’s nanotechnology attained a great interest due to the
recent developments in the science and engineering fields, nan-
otechnology can be deliberated as technology of future
(Havancsak, 2003; Hulla et al., 2015; Kumar et al., 2020; Poole Jr
and Owens, 2003; Weiss, 2010). Nanotechnology developed
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the development of engineered nanoparticles of different kinds,
dimensions, and morphologies (Henry, 2005; Kuhlbusch et al.,
2011). Nanoparticles are extensive kinds of materials that embrace
particulate materials, which have one dimension below 100 nm at
least (Cele, 2020). They can maintain physico-chemical properties
such as high surface area, conductance, homogeneity, structural
stability or distinct optical properties etc., that make them required
in materials science and various application fields (Kung and Kung,
2004; Nabi et al., 2020; Nie et al., 2007).

These nanoparticles have made a tremendous impact in the var-
ious applications such as catalysis, pharmaceutics, optics, food
technology, cosmetics, water treatment, electrochemistry, energy,
biomedicine, biosensor cancer treatment, healthcare and drug
delivery (Al-Hobaib et al., 2015; Bae et al., 2006; Dreaden et al.,
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2012; El-Sayed and Kamel, 2020; Kung and Kung, 2003; Mu and
Sprando, 2010; Ndlovu et al., 2020). The nanoparticles properties
in the medicinal arena were improved greater associated to their
bulk counterparts. In this nanomaterial’s metal and metal oxide
nanoparticles display distinct physical and chemical properties,
particularly metal oxide nanomaterial’s are enormously stimulat-
ing in the field of semiconducting constituents and endorse an
ideal prospect for the progress of biological activities (Charbgoo
et al., 2017; Mirzaei and Darroudi, 2017). In these nanomaterials,
trimangnese tetraoxide nanoparticles (Mn30,) is one of the signif-
icant nanoparticles comprise of various crystal structures con-
structed from octahedral MnOg were, manganese dioxide (MnO,),
dimanganese trioxide (Mn,O3) and trimangnese tetraoxide
nanoparticles (Mn304) (Deka et al., 2020; Jiang et al., 2020;
Roche et al., 2007; Shin et al., 2009; Yang et al., 2010).

There are a diversity of approaches to develop metal/metal
oxide NPs, for instance precipitation, hydrothermal, micro-
emulsion, sol-gel, and sonochemical technique, which usually pro-
vide adequate products for various applications (Ghazal et al.,
2020; Medhi et al., 2020; Yadav et al., 2020). Manganese oxides
is a mixed oxide material are appropriate for wide range applica-
tions such as catalysis, electrochemical, medicinal due to their
low cost, eco-friendly nature, existence of manganese in various
states and their natural abundance (Hoseinpour and Ghaemi,
2018; Kumar et al., 2017; Wang et al., 2017). The numerous man-
ganese oxidation states consequences in the development of man-
ganese dioxide, dimanganese trioxide, trimanganese tetraoxide. In
these, Mn304 nanoparticles have encouraged abundant attention
owing to their distinctive structural and electronic features with
exclusive ion exchange, catalysis, molecular adsorption, magnetic
and electrochemical properties. Manganese is deliberated a vital
constituent in metabolism has been well controlled by biological
systems and Mn304 NPs display greater biological properties and
low toxicity (Bhattacharya et al., 2019; Khan et al., 2016). Accord-
ingly, Mn30,4 NPs have been competently examined as prospective
antibacterial systems because of their synergistic performance. The
ions ‘Mn2" generates harmless free radicals, which performance a
vital part in clinical sicknesses like Alzheimer’s, cardiac, diabetes,
numerous diseases etc., including cancer, and moreover, nanome-
dicine is supposed to be a favorable investigation route in the
tumors treatment (Khan et al., 2016).

In the current scenario, the major complication in cancer treat-
ment is the partial existence of particular anticancer drugs or
nanomedicines along with a lesser amount of competent delivery
systems and majority of the currently existing anticancer drugs
having poor solubility in aqueous solutions. Consequently, major
efforts have been carried out to generate novel anticancer drugs
with superior aqueous solubility and effective in cancer treatment.
Among them, metal oxide nanoparticles have synergistic and supe-
rior physicochemical properties made huge attention in cancer
treatment (Behzadi et al., 2019; Khan et al., 2016; Pugazhendhi
et al., 2019).

In the current work, we demonstrate a precipitation method for
the synthesis Mns0,4 nanoparticles using manganese nitrate as a
precursor material by utilization of a precipitation method
(Scheme 1). As-synthesized Mns0,4 nanoparticles characterized
by several microscopic, spectroscopic and thermal techniques such
as HRTEM, FESEM, EDX, UV-Vis, XRD, FT-IR, and TGA. The biologi-
cal properties of the as-prepared Mn3;04, NPs were investigated
against various fungal and bacterial strains comprising S. aureus,
B. subtilis, E. coli, P. aeruginosa, C. albicans and A. flavus. The growth
of S. aureus inhibited with a MIC of 40 pg/ml and C. albicans with a
MIC of 15 pg/ml using Mn3O4 NPs. Furthermore, the Mn3;04 NPs
anti-cancer activity was examined using MTT essay against A549
lung and MCF-7 breast cell lines. The Mn;0,4 NPs revealed signifi-
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cant activity against the investigated cancer cell lines A549 and
MCEF-7.

2. Materials and methods
2.1. Materials

All chemicals, such as Manganese nitrate, sodium bicarbonate,
phosphate buffer saline, dimethyl sulfoxide, and all other materials
and organic solvents were procured from Sigma Aldrich (USA).

2.2. Synthesis of Mns0,4 nanoparticles

Mn30, was prepared by precipitation method. 0.1 M Man-
ganese nitrate (100 mL) was prepared in distilled water and trans-
ferred to a reaction vessel and the heating of the reaction vessel
was increased to 90 °C under mechanical stirring. Once the tem-
perature is attained 0.05 M sodium bicarbonate is added dropwise
to attain the pH 9. At pH 9 stopped the addition of sodium bicar-
bonate and heated another 3 h under continuous stirring. After
3 h, the reaction vessel brought down to room temperature and
stirred further overnight. The reaction mixture was washed using
centrifugation and dried at 70 °C overnight. The attained powder
was calcined at 600 °C for12 hours to achieve Mn3;04 nanoparticles.

2.3. Characterization

The as-prepared Mns04 NPs are characterized by several
approaches. The XRD characterization is carried out using Bruker
diffractometer (Cu Ko, (A = 1.5406 A)). The spectral characteriza-
tion was carried out using PerkinElmer UV-Vis spectrometer and
Bruker IFS 66 v/S spectrometer are used for UV-Vis and FT-IR spec-
tral analysis, respectively. The microscopic analysis such as FESEM
is carried to understand the surface analysis is analysed out by
FESEM (JED-2200, JEOL, Tokyo, Japan) and the FESEM sample was
fixed onto a stub with carbon-built dual-sided adhesive tape and
then sputter coated with nearly 10 nm of platinum. For imaging,
the sample is focused on perpendicular to the inward electron
beam. FESEM pictures were captured using an operational voltage
of 5 kV and a working distance of 4.5 mm over several magnifica-
tions. HRTEM was performed on a JEOL JEM 2100 PLUS, (USA). The
sample for HRTEM analysis was prepared by placing a drop of pri-
mary sample on a holy carbon copper grid, which were dried in
oven for 6 h at 80C°. HRTEM images are recorded with operating
at 200 kV accelerating voltage. Thermo gravimetric analysis was
analyzed using Metler Toledo instrument, TGA/DSC1, Im Lan-
gacher, Switzerland.

2.4. Antibacterial and antifungal activity of the of the as-synthesized
Mn30,4 nanoparticles

The antimicrobial activity of NPs was accomplished using the
conventional agar disk diffusion and MIC approaches. Six American
Type Culture Collection bacterial and fungal strains, namely E. coli,
S. aureus, B. subtilis, P. aeruginosa and two fungal strains C. albicans
and A. flavus were acquired from the Microbiology Department,
Pharmacy College, King Saud University. All the bacterial and fun-
gal strains were sub-cultured in newly made nutrient broth and
post observation of growth was consistent as per 0.5 McFarland
turbidity standards. The inoculum was plated on nutrient agar
plates by the spread plate procedure and a sterile borer six mm
was cast-off to bore four wells in the ready plate. Each wells,
100 pL of 30 ug/mL each of Mn304 NPs, gentamycin & fluconazole
(50 pg/mL) was added and the fourth well persisted as the ‘-ve’
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Scheme 1. Graphical representation of as-prepared Mn;04 NPs using sodium bicarbonate and assessment of their antimicrobial and anticancer activity.

control. The cultured plates were incubated at 37 C for 24 h to
check the inhibition zone of tested bacteria 24 h for bacterial
strains and for 48 h for tested fungal strains. All the test were done
in triplicates to rule out false positive results

2.5. Epsilometer test for MIC analysis

To determine MIC, Standard McFarland inoculum was prepared
using Muller Hilton broth using overnight grown culture of the
tested strains. 100 pg/ml Mn3;04 NPs was added to the broth solu-
tion containing the standard culture and incubated at optimum
temperature and time as for the previous protocol (Hannan et al.,
2020). The Muller Hilton agar plates were swabbed with the broth
inoculum containing the Mn304 NPs. The plates were seeded with
E strip containing gradient concentration of standard antibiotic of
gentamycin for antibacterial and fluconazole for anti-fungal analy-
sis. After incubation MIC was recorded. All the tests were done in
triplicates to rule out false positive results

2.6. Cytotoxic activity Mn304 NPs

The as-prepared Mn3;04 NPs was employed to investigate the
anticancer activity of human lung and breast A549 and MCF-7 cell
lines. Both cell lines cultured in Dulbecco’s Modified Eagle Medium
with fetal bovine serum (7%) and each penicillin & streptomycin
(1%). The cell culturing was prepared at 37 °C in 5% CO, supply
incubator. The sub culturing was completed at regular intermission
for every round of analysis. The exponential growing cells were
exploited.

MTT colorimetric assay (3-[4,5-dimethylthiazole-2-y]-2,5-diph
enyltetrazolium bromide) method was used to examine the both
cancer cell lines. The ICsq values of both A549 and MCF-7 were
assessed by the cytotoxicity assessment using Mn3;04 NPs. All cell
suspension of about 5 x 10 cells were sowed in a 96-well flat plate
comprising Dulbecco’s Modified Eagle Medium with fetal bovine
serum (5%) and various concentrations of Mn;04 NPs: 0, 25, 50,
75 and 100 pg/mL. The mixture was kept in 5% CO, incubator for
a time of 24 h. After incubation period, the subjected cells to a
wash serum free medium and a 100 mL of 5 ug/mL of MTT solution
was added pursued by incubation period for 4 to 5 h. After post
incubation, the both cell lines were again processed and cleaned
with buffer phosphate, and dimethyl sulfoxide 100 puL was added
to solubilize the unbound formazan. The plates were assessed at
an absorbance of 570 nm in a plate reader. The whole tests were
performed in triplicates. The ICso was estimated by the intensity
of the color produced formazan dye comparably to the number
of viable cells in the well. The IC5q value was defined as the concen-
tration of tested compound needed to inhibit 50% of cells growth.

3. Results
3.1. UV-Visible analysis

Primarily, the Mn304 nanoparticle development was examined
via UV-Visible analysis, Fig. 1. exhibits the UV-Vis spectra of as-
prepared Mn3;0,4 nanoparticle using manganese nitrate. The UV-
Vis spectra of Mn304 nanoparticles characteristic peak
at ~ 220 nm clearly indicating the Mn3;0,4 nanoparticle formation.

3.2. XRD analysis

The crystallinity of Mn3O,; NPs attained via precipitation
method was identified using XRD analysis as presented in Fig. 2.
The as-synthesized Mns304 NPs exhibited tetragonal structure
(hausmannite, [41/amd) with constant Ilattice values ‘a’ =
0.5746 nm and ‘c’ = 0.9463 nm. These values are reliable with
the previous report attained by other investigator values for
Mns04 NPs (JCPDS No.24-0734), which is clearly replicated by
the existence of fourteen characteristic peaks in the XRD pattern
such as, 18.2° (101), 29.1° (112), 31.2° (200), 32.5° (103), 36.3°
(211), 38.2° (004), 44.6° (220), 50.8° (105), 53.8° (312), 55.3°
(303),58.7°(321), 60.0° (224), 64.8° (314), 74.3° (413). No fur-
ther additional impurities peaks noticed in XRD analysis i.e. clearly
indicating the no other forms of manganese oxides were noticed.
Furthermore, the Debye-Scherrer formula was used to estimate
average crystallite size (Table 1).

“d” space calculated for tetragonal structure

0.95

0.91 4
0.87 +

0.83 +«

Absorbance (a.u.)

0.79 +

0.75

200 300 400 500 600 700 800

Wavelength (nm)

Fig. 1. UV-Vis absorption spectra of Mn304 nanoparticles.
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Where, a, ¢ = Lattice Constants, ‘d’ is Interplanar Spacing, h, k,
1 = Miller Indices;

Debye-Scherrer formula, D = ﬁ

‘D’ is the Crystal size, ‘A’- is corresponding to wavelength X-ray,
and ‘k’dimensionless shape factor, ‘B’ is the line broadening at half
the maximum intensity, ‘0’ is Bragg’s angle.

The average crystallite size is found to be 36 nm, which is little
higher when compare to the size of the particles obtained by TEM.
This is due the slight deviation from the ideal shape of the particles
considered in the Debye-Scherer formula.

3.3. FT-IR analysis

Fig. 3. displays the FTIR spectra of as-synthesized Mn304 NPs,
the ‘Mn’ and ‘O’ bonding state in the Mn3;04 NPs was investigated
with the FTIR analysis. The Mn30,4 FTIR spectra displayed several
characteristic peaks at lower region bands of Mn-O comprising
the peaks between 400 and 650 cm~'. However, the characteristic
peak of Mn-O, stretching modes occurred in the range of 624 cm™'.
The significant peak positioned at 624 cm~! was characteristic of
Mn-O stretching modes in tetragonal sites. While the vibrational
frequency poisoned at 525 cm ™! associated to the Mn-O distortion
vibration. Furthermore, the characteristic narrow band and broad
band situated at 3420 and 1600 cm~! were corresponded to the
hydroxy (OH) should be absorbed by the samples or KBr. These

Table 1
XRD results and crystallographic data of the Mn3;04 nanoparticles.
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Fig. 3. FT-IR spectrum of the as-synthesized Mn304 nanoparticles.

FT-IR analysis outcomes are reliable with the evidence achieved
from further performed characterization outcomes.

3.4. TGA analysis

Thermal stability of the Mn30,4 nanoparticles were performed
under ‘N, atmosphere at a heating rate of 10C/min. TGA of the
as-synthesized Mns04 NPs sample shows thermal stability of the
Mns0,4 NPs presented in this Fig. 4. The Mn304 NPs shows no sig-
nificant weight loss in this temperature range to 800 C, as all
organic residues have been removed, that discloses the stability
of attained Mn304 nanoparticles.

3.5. HRTEM and EDX analysis

The as-synthesized Mn304 NPs size and shape was investigated
by HRTEM analysis (Fig. 5(a)). The HRTEM results displays the uni-
formly distributed nanoparticles within a size approximately 35-
40 nm. Though, the bulk of the NPs in the HRTEM images are less
than 35 nm in size. Moreover, the composition of elements in the
as-synthesized Mn304 NPs was also determined by energy disper-
sive X-ray spectroscopy analysis (EDX). The EDX analysis revealed
that ‘Mn’ and ‘O’ is the main elements in the attained product,
which was determined by the occurrence of strong intense peaks
at 0.6, 5.8, and 6.4 keV corresponding to ‘Mn’ and 0.5 keV intense
signal belongs to ‘O’, which is due to an optical absorption in this
region due to the surface Plasmon resonance (SPR). Consequently,
The EDX analysis authorized the development of Mn304 NPs (Fig. 5

20 (°) d space (nm) hk,1 a (nm) ¢ (nm) Crystal size (D) (nm)
18.2 0.49 101 0.5746 0.9463 45.45258
29.1 031 112 0.5746 0.9463 31.16673
31.2 0.29 200 0.5746 0.9463 47.01039
325 0.28 103 0.5746 0.9463 31.99853
36.3 0.25 211 0.5746 0.9463 40.4086
38.2 0.24 004 0.5746 0.9463 23.22652
44.6 0.20 220 0.5746 0.9463 38.23237
50.8 0.18 105 0.5746 0.9463 42.44687
53.8 0.17 312 0.5746 0.9463 20.28826
55.3 0.16 303 0.5746 0.9463 33.65284
58.7 0.16 321 0.5746 0.9463 35.47193
60.0 0.15 224 0.5746 0.9463 37.4525
64.8 0.14 314 0.5746 0.9463 42.27171
74.3 0.13 413 0.5746 0.9463 37.38172
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Fig. 4. TGA analysis of Mns0,4 nanoparticles.

(b)). The particle size distribution graph was attained from TEM
image using Image ] software. Crystallite size attained from the
XRD analysis is approximately similar to the particle size attained
from the TEM analysis (Fig. 5(c)).

3.6. FESEM and EDX results

The surface structure and size of the as-prepared Mn304 NPs
were further scrutinized using Field emission Scanning Electron
Microscopy (FESEM). Fig. 6, designates that the original surface
morphology of the Mn30,4 NPs is flakes with the diameter about
below 100 nm. Aggregated MnsO,4 NPs is in the form of flakes.
Based on the previously reported literature it can be assumed that
the flakes like morphology corresponding to the Mn304 NPs are
observed, and their diameter varies between 30 and 40 nm. The
FESEM results of the Mn30,4 nanoparticles agree with the XRD data.
The EDX analysis revealed that ‘Mn’ and ‘O’ is the main elements in
the attained product, which was determined by the occurrence of
strong intense peaks at 0.6, 5.8, and 6.4 keV corresponding to
‘Mn’ and 0.5 keV intense signal belongs to ‘O’, which is due to an
optical absorption in this range due to the SPR. Consequently,
The EDX analysis revealed that ‘Mn’ and ‘O’ is the main elements
in the attained product, which was determined by the occurrence
of strong intense peaks at 0.6, 5.8, and 6.5 keV corresponding to
‘Mn’ and 0.5 keV intense signal belongs to ‘O’. The attained EDX
analysis confirmed the formation of Mn30,4 NPs.

Saudi Journal of Biological Sciences 28 (2021) 1196-1202
3.7. Antimicrobial activity of the Mns04 NPs

The Mn30,4 nanoparticle’s microbial properties of were exam-
ined using the disk diffusion method including Gram ‘+ve’ and ‘-
ve’ organisms such as E. coli, B. subtilis, S. aureus, and P. aeruginosa.
The activity of Mn30,4 was matched with the Gentamycin. For the
Gram + ve organisms, Mn304 nanoparticles showed a similar zone
of inhibition resultant to well-known antibiotic Gentamycin.
Mns04 NPs shown resistance towards bacterial strains both for
E. coli and P. aeruginosa with zone of inhibition 10 mm & 12 mm.
Gram + ve bacteria S. aureus & B. subtilis shown susceptibility
towards Mns04 NPs with zone of inhibition 19 mm & 18 mm
respectively. The results from the fungal activity showed mixed
results where C. albicans was susceptible with zone of inhibition
18 mm and A. flavus showing intermediate results with zone of
inhibition of 13 mm (Table 2).

Further MIC analysis was determined for the susceptible strains
using E-test. This is one the advance and cheapest method to eval-
uate the inhibitory concentration of the drugs. The MIC of nano
with S. aureus was recorded as 40 pg/ml and with C. albicans was
recorded to be 15 pg/ml.

3.8. Cytotoxicity results

The Cytotoxicity assessment in terms of ICsq was calculated. As
shown in Fig. 7. The ICso of Mn304 NPs with A549 cell lines was
found at concentration of 98 pg/mL and ICsy of Mn304 NPs with
MCEF-7 cell lines was found at concentration of 25 pg/mL. More
than 80% growth inhibition was observed in concentrations more
than 200 pg/mL. Lower concretions of Mn304 NPs were working
efficient which would be used and compactable in drug delivery
systems. Our results clearly indicate that lower concentration of
Mn304 NPs showing efficient activity towards tested two cell lines.

4. Discussion

Development of antimicrobial agents using metallic nanoparti-
cles been proved to be alternative to conventional antibiotics and
the results were promising which is of clinical importance (Singh
et al., 2020). The antimicrobial activity of Mn;04 NPs and the abil-
ity of this nano material inhibiting the microbial growth would be
considered for drug formulations in treating various infectious dis-
eases. Kim et al., described that nanoparticles display antimicrobial
activity in correlation of the size and concentration of NPs (Kim
et al., 2007), perhaps lower activity may also due to lower concen-
tration of NPs. The scenario may somehow consider and has to be
correlated with other factors like type of microorganism and opti-
mum conditions. The current study on detecting the antimicrobial

— Mn¥a

(c)

204

74

20 30 40

Particle size (nm)

50

Fig. 5. (a) TEM image of the as-synthesized Mn3;0,4 nanoparticles, (b) energy dispersive X-ray spectroscopy (EDX) of Mn;04 nanoparticles and (c) particle size distribution

graph of Mn30,4 nanoparticles.
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Fig. 6. (a) FESEM image of the as-synthesized Mn304 nanoparticles and (b) energy dispersive X-ray spectroscopy of Mns04 nanoparticles.

Table 2
Zone of Inhibition results of the susceptibility of different microbial strains tested
against standard antibiotics.

Zone of Mn30,4 Antibiotic- Antibiotic-
Inhibition NPs Gentamycin fluconazole
(mm) (30 pg/ml) (50 pg/ml)
E. coli 10 mm 22 mm -
S. aureus 19 mm 21 mm -
P. aeruginosa 12 mm 22 mm -
B. subtilis 18 mm 22 mm -
C. albicans 18 mm - 20 mm
A. flavus 14 mm - 20 mm
100 +
—— A549
’°\-°~ 80 - ~#- MCF-7
z
= 60 -+
Ko}
3
> 40 - \I\.
]
o
20 A
0 T T T T T T T T T T T
-10 0 10 20 30 40 50 60 70 80 90 100 110

Concentration (pug/ml)

Fig. 7. Viability outcome by MTT assay for Mn3;0,4 NPs.

and anticancer activity of Mn304 NPs prepared using precipitation
approach. Moreover, the as-prepared Mn3;04 NPs was character-
ized using various microscopic, spectroscopic and thermal tech-
niques, comprising UV-Vis, FT-IR XRD, HRTEM, FESEM and TGA.
The as-synthesized Mn3;0,4 NPs exhibited tetragonal structure and
the average crystallite size is found to be 36 nm, which is little
higher when compare to the size of the particles obtained by
HRTEM. This is due the slight deviation from the ideal shape of
the particles considered in the Debye-Scherer formula. The ther-
mal stability of the Mn30,4 NPs displayed no significant weight loss
up to 800 °C that discloses the stability of attained Mns;0,4 nanopar-
ticles. The as-prepared Mn30O4 NPs were then scrutinized for
antimicrobial activity using disk diffusion process and MIC, how-
ever the anticancer activity was examined using human and breast
cancer cell lines.

Our antimicrobial results were in agreement with Azhir et al,,
2015 where E. coli shown to be sensitive and S. aurues showing sus-
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ceptibility towards Mn30,4 NPs, whereas reports from (Chowdhury
et al., 2009) shown E. coli is susceptible. Packirisamy et al., dis-
played the same results where B. subtilis is susceptible and E. coli
and P. aeruginosa also susceptible as anti-microbial activity
increased by increasing the concentration (Packirisamy et al.,
2019). The Mn304 NPs inhibited the growth of S. aureus with a
minimum inhibitory concentration (MIC) of 40 pg/ml and C. albi-
cans with a MIC of 15 pg/ml. The results indicate that the as-
prepared Mn304 NPs prepared from manganese nitrate using pre-
cipitation approach is a favorable contender for usage pharmaceu-
tical industries and food packaging applications.

The application of nanotechnology in modern medicine has
extended the permeability in various approaches in better treat-
ment procedures most importantly in cancer treatment
(Ivankovic et al., 2003). Many of the previous studies has used dif-
ferent methods in producing Mns;04 NPs to enhance the permeabil-
ity and also minimize the toxicity as ‘Mn’ is known for the best
catalytic activity (Juzenas et al., 2008). Mn304 NPs known for its
anti-inflammatory (Fu et al., 2020), hepato-protecive (Adhikari
et al.,, 2016) and anti-cancer (Gotic et al., 2009) properties. Our
results clearly indicate that lower concentration of Mn30, NPs
showing efficient activity towards tested two cell lines. In our
study Mn304 NPs were made and their anticancer activity was
evaluated using human lung cell line (A549) and breast cancer cell
line (MCF-7). The ICsoinvestigation accomplished using Mn30,4
NPs. Mn304 NPs showed them A549 cell lines were found at con-
centration of 98 pg/mL and ICso of Mn304 NPs with MCF-7 cell lines
was found at concentration of 25 pg/mL. The as-prepared Mn30,4
NPs were found to be effective against the examined cell and
demonstrating their potential use against human lung and breast
cancer cell lines.

5. Conclusions

Mns04 NPs successfully achieved by using precipitation
approach. The as-synthesized Mn304 nanoparticles are uniformly
distributed and well dispersed and tetragonal in shape. The charac-
terization of Mn304 nanoparticles was performed by UV-Vis, FT-IR,
TGA, XRD, FESEM, HRTEM and EDX analysis. The results have
exposed the development of tetragonal shape with an average size
of 36 nm. The prepared Mn3;0,4 nanoparticles were assessed for
their biological and anticancer activities. Furthermore, the antibac-
terial properties, the zone of inhibition, and the minimum inhibi-
tory concentration of Mn30, nanoparticles displayed the
inhibitory effect against all tested bacteria. Though, the Mn304
nanoparticles were found to be selective against S. aureus, & B. sub-
tilis gram positive bacterial strains. Both Gram positive bacteria S.
aureus & B. subtilis shown susceptibility towards Mn;04 nanoparti-
cles with zone of inhibition 19 mm and 18 mm respectively. The



Mohammed Rafi Shaik, R. Syed, Syed Farooq Adil et al.

results from the antifungal activity exposed mixed results where C.
albicans was susceptible with zone of inhibition 18 mm and A. fla-
vus showing intermediate results with zone of inhibition of 13 mm.
additionally, Additionally, the anti-cancer activity of Mn304 NPs
was also studied against A549 lung and MCF-7 breast cancer cell
lines by applying MTT assay. The cytotoxicity assessment in terms
of ICsq was calculated. As revealed the ICso of Mn304 nanoparticles
with A549 was found at concentration of 98 pug/mL and ICsq of
Mns0,4 nanoparticles with MCF —7 cell lines was found at concen-
tration of 25 pg/mL.
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