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Abstract Nowadays nanoparticles comprising the diversity of applications have been synthesized and used up in
various fields. In our research, Manganese tetroxide NPs (Mn3O4) was synthesized by precipitation method. In the
present investigation, antibacterial activity, as well as In-vitro cytotoxic effects of Mn3O4 NPs, have been evaluated.
The cytotoxicity studies on the Vero cell line (African green monkey kidney cell line) were studied by using MTT
assay at 72 hrs. The Cell viability which was observed during the process depends upon the time exposure and
concentration. The antibacterial activity was evaluated against the bacteria such as Bacillus species, Escherichia coli,
and Enterobacter sp. The synthesized nanoparticles were characterized using X-Ray Diffraction (XRD), Scanning
Electron Microscope (SEM), Dynamic Light Scattering (DLS), and Fourier Transform Infra-Red Spectroscopy
(FTIR). Moreover, In-vitro cytotoxic effects and the antibacterial activity of Mn3O4 NPs showed a better result at the
concentration of 50 µg/100µl in Vero cell and the Zone of inhibition was measured for Enterobacter. This proves
Mn3O4 NPs as promising biocompatible material.
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1. Introduction
Nanotechnology exhibits rapid development in
current research [1]. The nanoparticles which are extreme
Ultrafine particles were exploited over 17 centuries.
Due to its tremendous applications, healthcare, food
technology, cosmetics, pharmaceutics, modify membrane,
biomedicine, electrochemistry, energy science, sensor,
optics, catalysis [2-11] owing to its high surface area,
structural stability and unique physiochemical properties.
The properties of nanomaterials in the biological
field were increased superior compared to their bulk
counterparts. However, simultaneously as the nanoparticle
number and its application increases, the studies to
characterize their consequences after exposure and to deal
with their prospective toxicity are few in contrast. In the
scientific discipline especially, nanoparticles are being
utilized in diagnostic and therapeutic tools to better
understand, detect, and deal with human diseases [13].
Metal oxide nanoparticles are extremely exciting in
semiconducting materials and promote an ideal opportunity
for the development of biological studies. Tri manganese
tetroxide is one of the important metal oxide nanoparticles
and consists of different crystal structures built from
MnO6 octahedra were, MnO2, Mn2O3, Mn3O4 [14]. Mn3O4

is a stable mixed oxide material and possesses a spinel
structure, It has multitudinous advantages such as low cost,
environmentally friendly and effective catalysts, which are
producing various applications in human exposure, like
biosensor, water treatment, imaging contrast agent,
cancer treatment, drug delivery, biomarker, etc [15,16,17].
Manganese is considered an essential element in
metabolism and their homeostasis has been well regulated
by biological systems [18,19] and Mn3O4 NPs exhibit
higher antibacterial properties and less toxicity. The mn2+
ions produce toxic-free radicals, which play a crucial role
in clinical disorders like heart disease, stroke, diabetes
mellitus, Alzheimer's, sclerosis, etc [20,21,22,23,24].
There are several reports to produce manganese tetroxide
nanoparticles such as Sol-gel [25], Co-precipitation [26],
Hydrothermal [27] Freeze-drying [28], and solvothermal
[29]. In a present study, we have synthesized Manganese
tetroxide nanoparticles (Mn3O4NPs) by precipitation
method [30]. To demonstrate their application in the
cytotoxic studies using Vero (African green monkey
kidney) cell line. As well as antibacterial activity
investigated from Bacillus species, E. Coli and
Enterobacter. In this present investigation, synthesis of
manganese tetroxide nanoparticles (Mn3O4 NPs) using
chemical precipitation method and evaluation of in-vitro
studies such as antibacterial efficacy and cytotoxicity is
reported [31].
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2. Materials and Methods
Manganese chloride, Citric acid, and Sodium hydroxide
were purchased from Sigma-Aldrich. Escherichia coli,
Enterobacter, Bacillus species were purchased from
IMTECH at Chandigarh. Vero Cell lines were purchased
from the National Centre for Cell Science (NCCS). All the
reagents used for this study were of analytical grade.

2.1. Synthesis of Mn3O4 NPs
The manganese tetroxide nanoparticles (Mn3O4 NPs)
were prepared using manganese chloride according to the
previous study with few optimizations. 0.1 M manganese
chloride was added into 50 ml of distilled water and
stirred well using a magnetic stirrer, then 0.5 ml of citric
acid was added to the MnCl2 solution. Finally, NaOH was
added to the suspension to increase the pH at 9, the
mixture was stirred for 20 minutes. After drying at 60°C
for 12 hours the final product was calcined at 600°C for 4
hours to obtain Mn3O4 NPs.

2.2. Antibacterial Activity
Pathogenic bacteria such as Bacillus sp, E. coli, and
Enterobacter were used to evaluate the Antibacterial
activity of synthesized manganese tetraoxide (Mn3O4 NPs).
Muller-Hinton agar was used as a nutrition medium and a
well diffusion method was performed. Fresh bacterial
culture was swabbed over the agar medium using sterile
cotton and the wells were made by puncturing the agar
using a micropipette tip. Then, Mn3O4 NPs added to the
wells at various concentrations such as 20, 40, and 80 µl.
Petri dishes were incubated at 37°C for 24 hrs and the
resulting zone of inhibition was measured.

3. Result and Discussion
3.1. Characterization Techniques
The X-ray Diffraction (XRD) of the sample was recorded
using the PhillipsPW1800 diffractometer with Cu Kα
radiation maintained at 40 kV for the crystalline phase
identification. The particle size of Mn3O4 NPs was determined
by Dynamic Light Scattering (DLS) analysis using nano plus
micromeritics. The morphology was observed by Scanning
Electron Microscopy (SEM) with TESCAN (Model
WEGA11), operated at an acceleration voltage of 25.0 kV.
Fourier Transform Infrared Spectroscopy (FTIR) analysis of
Mn3O4 NPs performed in Perkin-Elmer spectrometer.
Optical properties of Nanoparticles of Mn3O4 NPs were
studied from Shimadzu Japan UV- spectrometer.
The XRD pattern was obtained for the Mn3O4
nanoparticles as shown in Figure 1, in which all the
diffraction peaks are matched with standard JCPDS Card
No (24-0734) [32]. The peak positions (2θ) were obtained
at 15.7°, 37.2°, 45.4°, 56.4°, 66.1° and 75.2° corresponding
to crystal planes (101), (112), (200), (211), (220),) (303),
(400) and (413). The results indicate that synthesized
Mn3O4 NPs are in the tetragonal structure. The crystalline
size was calculated by using Scherrer’s formula

D1/4 k λ = β cos θ
Where D represents grain size, K is an empirical constant
to 0.9. λ is the X-ray wavelength of the CU. Kα radiation.
β is the full width half maximum value and θ is the
Bragg’s angle. The average crystalline size of Mn3O4 NPs
is about 73nm.

2.3. Cell Line and Culture
The Vero cell line was obtained from NCCS, Pune. The
cells were maintained in DMEM with 10% FBS, penicillin
(100 U/ml), and streptomycin (100 μg/ml) in a humidified
atmosphere of 50 μg/ml CO2 at 37°C.

2.4. In Vitro Cytotoxic Activity of Mn3O4
Nanoparticles
The biocompatibility evaluation of synthesized Mn3O4
must be justified before in-vivo procedures. The cells were
maintained in Dulbecco’s Modified Eagle’s medium (DMEM)
with 10% fetal bovine serum (FBS), penicillin (100 U/ml),
and streptomycin (100 μg/ml) in a humidified atmosphere
of 50 μg/ml CO2 at 37°C. The synthesized Mn3O4
nanoparticles were added in various concentrations such
as (50, 100, 200, 400, 500 µg/mL) and incubated at 37°C
for 24, 48, and 72 h.
The biocompatibility (MTT) test was performed to
determine the toxic behavior of synthesized Mn3O4
nanoparticles. 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide (MTT) was added with the cells and
incubated for 4 h. 1 mL of dimethyl sulphoxide (DMSO)
was added to dissolve the formazan crystals and the OD
(optical density) values were recorded at 570 nm using
ELISA plate reader (Bio-Rad 680, USA).

Figure 1. X-ray diffraction (XRD) analysis

3.3. Fourier-Transform Infrared
Spectroscopy
Figure 2 shows the FTIR spectra of the Mn3O4 NPs
after calcinated at 450°C for 12 hrs. The absorption band
at 3436 cm-1 is attributed to O-H stretching mode and the
absorption peak exists near around 1631, 1452, and 1384 cm-1
could be attributed to O-H bending vibration combined
with Mn atoms. The absorption band located at 606, 636,
and 571cm-1 are associated with the coupling mode between
the Mn-O vibration mode of tetrahedral and the peaks at
470 and 493 cm-1 correspond to octahedral sites [33].
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be seen that the manganese and oxygen atom of Mn3O4 NPs.
Mn 2+ +2 OH - → Mn ( OH )2

(1)

Mn ( OH )2 → MnO + H 2 O

(2)

1
3MnO+ O 2 → Mn 3O 4
2

(3)

The manganese ions were reduced in alkaline solution,
which forms manganese hydroxide then it was converted
into MnO. Finally, MnO was oxidized into Mn3O4 by
atmospheric oxygen.

Figure 2. FTIR analysis of Mn3O4 NPs

3.4. FESEM, DLS, and EDAX
The morphology of Mn3O4 Nanoparticles was observed
by FESEM is shown in Figure 3 (a). Shows spherical
nanoparticles with aggregation and Figure 3 (b). DLS results
revealed the average size of synthesized nanoparticles is found
to be 165 nm. Figure 3 (c). Shows EDAX Spectrum. It can

3.5. Optical Properties Investigations of
Mn3O4 NPs
Mn3O4 NPs were prepared using a chemical
precipitation method. Figure 4 (a) shows the fluorescence
(FL) spectra with an intense emission band at 384.16nm
and 684.36 nm. Figure 4 (b) UV band emission at 197 nm
results from the recombination process due to electron
excited from the valance band (h vb+) to conduction band
(e CB-) as this result suggests, the nanoparticles enhance
biological activity due to surface defects.

Figure 3. (a) SEM morphology of Mn3O4 NPs, (b) DLS analysis of Mn3O4 NPs, and (c) EDAX analysis

Figure 4. (a) FL spectra of Mn3O4 NPs, and (b) UV-Vis Spectra of Mn3O4 NPs
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Figure 5. Cell viability of Mn3O4 NPs

3.6. In Vitro Cytotoxic Effect of Mn3O4 NPs
The toxicity studies of nanoparticles on Vero cells are
investigated due to the increasing nanotoxicity. The
present toxicity studies reveal the biocompatibility of the
synthesized Mn3O4 nanoparticles and the obtained results
are displayed in Figure 5. The obtained histogram shows
the percentage of viability in various concentrations of 50,
100, 200, 400, 500 (µg/mL). Cell viability decreased when
the concentration and exposure time of Mn3O4 NPs increased
and untreated wells were kept as control. For 50 µg/mL few
cell death was observed because this particular concentration
could be highly biocompatible with Vero cells and while
increasing the concentrations of Mn3O4 above 100 µg/mL
shows slight toxicity behavior due to attachment of a large
number of superoxide and Mn+ ions on cell membranes,
thus damaging the genetic material and organelles of the
cells. Similarly, the effect of Mn3O4 on the morphological
changes in the cell lines was studied using an optical
microscope and the images are shown in Figure 5 (b and
c). In that, Figure (b) refers to the control, and Figure (c)
refers to the 72 hrs of incubation of Cell morphology. The
morphology of the Cells is found to be irregular and
elongated. Based on the above results, the synthesized
Mn3O4 nanoparticles show the better biocompatibility
after the exposure of 72 hrs. However, more studies to be
done to understand other biological properties.

4. Conclusion
Mn3O4 nanoparticles were successfully synthesized
from chemical precipitation method. The formation of the
Mn3O4 phase was confirmed by XRD. The sharp peaks
indicate the good crystalline nature of the nanoparticles.
The FL emission at 384.16nm and 684.36 nm and UV
absorption band emission at 197 nm confirmed the
presence of defect states, which trigger the antibacterial
property and cytotoxic activity, and it leads to the
formation of electron-hole pairs, thereby generating ROS
which kill the cells. The result shows, the zone of
inhibition proves that the synthesized nanoparticles having
effective antibacterial properties.
The cytotoxic activities were assessed in the Vero cell
line using MTT assay. This study indicated a direct
relationship between exposure time and cell viability
maximum cell viability was observed at 50µg/100 µl
concentration after 72 hrs post-exposure. The regular
and smooth surface as controlled cells whereas irregular
cell surface was observed for cells treated with
Mn3O4 NPs due to the internalization of nanoparticles.
The cell viability study revealed Mn3O4 NPs are
biocompatible nanoparticles and can be used for clinical
applications.
However, more studies have to be done to understand
the complete biological properties of Mn3O4 nanoparticles.

3.7. Antibacterial activity
Figure 6 (a) and Figure 6 (b) show the Antibacterial
efficacy of the synthesized Mn3O4 NPs and the resulting
exhibit the antibacterial activity against Bacillus sp, E. coli,
and Enterobacter due to the size of the particles arranged
at nanocomplex and it possesses unique properties. The
increase in the Zone of inhibition corresponds to the
increase of the nanoparticle dosage as shown in Figure 6
(b). The highest antibacterial activity was observed in
Enterobacter than Bacillus sp and E. coli.
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