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Introduction: Cancer disease is known due to its unregulated proliferation of cells that have evolved from the body’s regular cells.
The disease develops as a result of epigenetic and genetic modifications, tumor suppressor gene inactivation, and oncogene activation.
The present work describes an environmentally benign approach for the synthesis of manganese oxide nanoparticles (MnO2 NPs)
using Gmelina arborea fruit extract (GAE) in an aqueous medium.
Methods: The study evaluated the formation of MnO2 NPs and their anticancer efficacy against MCF-7 breast cancer cell line.
Results: The formation of MnO2 NPs was confirmed through powder X-ray diffractometer (XRD), scanning electron microscopy (SEM),
transmission electron microscopy (TEM) and high-resolution transmission electron microscopy (HR-TEM). The crystalline nature of as-
prepared MnO2 NPs was evident from XRD pattern. The morphology of the material was studied using SEM analysis, which suggested
a rod-like nature with an average diameter of 50 nm. Further, the TEM and HR-TEM images confirmed the rod shape of the as-prepared
MnO2 NPs with an interplanar distance of 0.271 nm. In addition, the concentric rings from selected area electron diffraction (SAED)
analysis show the crystalline nature of the as-prepared material, which further supports the obtained XRD pattern. The anticancer efficacy of
MnO2NPs was evaluated againstMCF-7 breast cancer cell line, which showed up to 96% inhibition of the cells at 400 µg/mL concentration.
Conclusion: Bio-conjugation of MnO2 NPs can provide enough scope for the therapeutic use of Gmelina arborea, assuming
appropriate mechanistic evaluations are conducted.
Keywords: Gmelina arborea, MnO2 NPs, HR-TEM, MCF-7

Introduction
Cancer disease is known for its unregulated proliferation of cells that have evolved from the body’s regular cells. The
disease develops as a result of epigenetic and genetic modifications, tumor suppressor gene inactivation, and oncogene
activation.1 In developing countries, it has become of the leading causes of death. The MTT assay uses live cells to assess
in vitro mammalian cellular development, survival, proliferation and even the cytotoxic potential of different compounds
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can be evaluated using this assay.2 The percentage of viable cells in a cell suspension is determined using cell viability
assays.3 Membrane integrity has remained the most common metric for determination of cell viability.4

Since ancient times, Gmelina arborea (G. arborea) belonging to Verbenaceae family has been used in traditional
medicinal practices such as Ayurveda.5 It is a tree that grows in Asia’s moist deciduous forests and was introduced
to Africa and South America as a plantation tree species mainly for its timber-yielding qualities.6 The tree’s
medicinal properties are also highly regarded. Almost every portion of the tree is used as medicine to treat fevers,
skin issues and stomach problems. Flavonoids, iridoid glycosides, and lignans are among the phytochemical
constituents present in this plant.7 All the organs of this plant have known medicinal value, and have been used
for a long time as antimicrobial, anti-diabetic, anthelmintic, hepatoprotective, anti-aging, antiepileptic, analgesic and
diuretic agents.8 As a thriving interdisciplinary field of exploration in an assortment of fields, nanotechnology can
empower inventive applications in farming, like pesticide conveyance, nano-sensors, pesticide debasement, micro-
nutrients for effective use, etc. A few inorganic and natural metal oxide nanomaterials, just as a few crossbreed
nanomaterials, are progressively being utilized as elective antibacterial specialists in biomedical applications because
of their strange uncommon nano-size structure, high surface-to-volume proportion and unrivaled physicochemical
properties’ attributes.9 MnO2 NPs are non-toxic in nature that is relatively simple to obtain when compared to other
different inorganic metal oxides.10 Recent advancements have resulted in notable improvements in materials and
drugs, all of which have tremendous potential.11

Based on all the above-mentioned facts in the present investigation, the MnO2 NPs are synthesized from GAE and
were characterized using XRD, SEM, TEM and HRTEM techniques. Further, as-prepared MnO2 NPs were screened for
its tumoricidal effect against MCF-7 breast cancer cell line.

Materials and Methods
The precursor, manganese acetate tetrahydrate [Mn(OAc)2.4H2O] was obtained from Loba chemicals (Bangalore, India).
Demineralized water was collected from an ELGA RO system and was used throughout the experiments (Elga Veolia,
Lane End, UK). The crystalline phases were recorded on Bruker X-ray diffractometer with a scan range of 20–80° at
a 2°/min scan rate using Cu Kα (1.5406 Å) radiation (Bruker, Karlsruhe, Germany). The morphology and elemental
composition were studied using scanning electron microscopy (SEM) and énergy dispersive X-ray (EDX) mapping,
respectively, which were recorded on a Zeiss microscope (Carl Zeiss, White Plains, NY, USA). Transmission electron
microscopy (TEM) images and Selected Area Electron Diffraction (SAED) patterns were recorded on a JEOL 2100F
FEG apparatus operating at 200 kV after casting a drop of MnO2 NPs for dispersion in ethanol over a Cu grid (Jeol,
Akishima, Tokyo, Japan). Breast cancer cells (MCF-7) were procured from the ATCC and cultured in Dulbecco’s
Modified Eagle Medium (DMEM) with 10% fetal bovine serum (FBS), penicillin (100 IU/mL), and streptomycin (100
μg/mL) in 5% CO2 at 37°C until confluence.

Collection and Preparation of Gmelina arborea Fruit Extract
Dr Chandrashekar S performed the unambiguous authentication of the specimen that was then deposited in the herbarium
with the voucher specimen number GA01 in the Department of Biotechnology and Bioinformatics, JSS AHER, Mysore,
Karnataka, India. The plant material was available in the University campus, the proper guidance was taken from the
botanist while collecting the plant materials for the study. The fertile fruits of G. arborea were collected from the tropical
forest of Malnad region in Karnataka, India. The collected plant material was surface sterilized 2–3 times with running
tap water to remove adhered dust impurities followed by sterile double-distilled water and then air-dried at room
temperature for 3–4 days. The yellow fruits were washed several times with demineralized water, sun-dried, finely
ground, and 10% aqueous extracts were made as follows: Using a mortar and pestle, 1 gram of powder was mixed with
10 mL of water and thoroughly homogenized. The suspension was then centrifuged at 4°C for 15 minutes at 10,000 rpm.
The supernatant was collected and stored in aliquots at a 20°C.12
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Synthesis of MnO2 NPs from Gmelina arborea Fruit Extract
The MnO2 NPs were synthesized by reacting aqueous solution of manganese acetate (2 mm) with aqueous extract of
G. arborea fruit (0.65 g) in 15 mL of deionized water. The above reaction mixture was stirred for 2.5 h at room
temperature. The color change was observed from colorless to reddish brown, which primarily indicated the formation of
MnO2 NPs via metal reduction. Upon allowing the above solution to age for 24 h, a black product indicating the
complete stabilization of MnO2 NPs was obtained. The resulting product was centrifuged, filtered off, washed thrice with
absolute ethanol and then with acetone to obtain pure MnO2 NPs. The obtained powder was dried at 80 °C for 6 h and
used for further studies.

Measurement of Cell Viability Using MTT Assay
The cells were seeded in a 96-well flat-bottom microplate and held overnight at 37°C, 95% humidity, and 5% CO2.
The samples were treated at various concentrations of GAE and MnO2 NPs (12.5, 25, 50, 100, 200 and 400 μg/mL).
For another 24 h, the cells were incubated. The wells were washed twice with PBS before being filled with 20 μL of
MTT staining solution and incubated at 37°C. After 4 h, 100 μL DMSO was applied to each well to dissolve the
formazan crystals, and absorbance was measured at 570 nm using a microplate reader using the below-given
formula.13

Surviving cells %ð Þ ¼ Mean OD of test compound=Mean OD of Negative control� 100

Results and Discussion
XRD (X-Ray Diffraction) Analysis
The XRD pattern of as-prepared MnO2 NPs is shown in Figure 1. The crystalline phases of MnO2 NPs revealed
diffraction peaks at 2θ = 12.8°, 19.1°, 27.3°, 33.1°, 49.2°, 54.8°, and 68.2° corresponding to (110), (200), (310), (201),

Figure 1 Powder X-ray diffraction pattern showing the crystalline planes of as-prepared MnO2 NPs.
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(301), (500) and (451) crystal planes. This further depicts the cubic structure of the as-obtained material with lattice
parameter a = 4.46 Å. The indexed crystalline planes were in good agreement with the standard values JCPDS card PDF
file no. 44–0141, further confirmed the crystalline nature of MnO2.14

SEM (Scanning Electron Microscopy) Analysis
The morphology of as-prepared MnO2 NPs revealed that it is composed of nanorods with an average size ranging
between 50 and 60 nm. It is seen from Figure 2 that the MnO2 NPs comprise the dense cloud and cluttered nanorods.
Further, it can be seen from the magnified SEM image that the as-prepared MnO2 NPs microenvironment consists of
furrowed nanorods. Furthermore, the EDX analysis of MnO2 NPs affirmed that the ratio of Mn:O as 1:2 (Figure 3). The
uniform distribution of Mn and O are seen from the elemental mapping image. The intensity of oxygen particles was
observed to be higher than that of Mn particles.15,16

TEM (Transmission Electron Microscopy) Analysis
Transmission scanning electron microscopy (TEM) images of as-prepared MnO2 NPs are depicted in Figure 4. The
average sizes of the MnO2 NPs are between 40 and 50 nm. The rod-shaped nature of MnO2 NPs for the sample is evident
from the TEM image. Moreover, the aggregate blocks with the porous structure of as-prepared MnO2 NPs are seen from

Figure 2 SEM images of as-prepared MnO2 NPs in different magnifications.

Figure 3 Energy-dispersive X-ray (EDX) spectra of as-prepared MnO2 NPs.
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TEM image. Further, the HR-TEM image of as-prepared MnO2 NPs revealed that the interplanar spacing between two
lattice fringes was 0.271 nm, corresponding to (101) lattice plane of MnO2 NPs. Furthermore, SAED pattern affirms the
crystalline structure of as-prepared MnO2 NPs.

Cytotoxicity Effect of MnO2 NPs Against MCF-7 Breast Cancer Cell Line
Both GAE and MnO2 NPs exhibited dose-dependent cytotoxicity on breast adenocarcinoma MCF-7 cell lines. However,
the GAE coated with MnO2 NPs significantly showed better activity with respect to GAE alone (Figure 5). The cells
were treated in hypoxic conditions for 24 h, with differential groupings of the tests going from 12.5, 25, 50, 100, 200 and
400 μg/mL. Moreover, the nanoparticle conveyance of GAE was found to reduce the dose required to inhibit the in vitro
MCF-7 cell growth. The highest observed activity of GAE was 46% inhibition of MCF-7 cells at 400 μg/mL, while the

Figure 4 TEM (left) and HR-TEM (right) micrographs with SAED patterns (inset) of as-prepared MnO2 NPs.

Figure 5 Cytotoxicity of as-prepared MnO2 NPs against MCF-7 cells (top). Photomicrographs of MCF-7 cells treated with GAE (100 μg/mL) and MnO2 NPs (100 μg/mL).
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MnO2 NPs inhibited up to 96% of the cells. Thereby implying that MnO2 NPs guided conveyance of G. arborea
improves its antitumor action.17 Additionally, the treatment of MCF-7 cells with the GAE coated MnO2 NPs changed the
cellular morphology to rounded, thereby indicating the normalization of cells.18,19

Conclusions and Future Perspectives
In conclusion, MnO2 NPs from Gmelina arborea, a medicinally important plant (fruit extract) were successfully generated.
The HRTEM analysis was used to determine spherical morphology and scale of freshly collected MnO2 NPs. The tentative
efficacy of the MnO2 NPs as tumoricidal and antibacterial agents was carried out to confirm the bioactivities of MnO2 NPs
were found to be substantially enhanced when they were bio-conjugated with GAE. Furthermore, bio-conjugation of MnO2

NPs can provide enough scope for the therapeutic use of Gmelina arborea, assuming appropriate mechanistic evaluations are
conducted. Comprehensive evaluation of safety is an urgent problem for the clinical application of nanomaterials. Although
MnO2 nanoparticles have excellent performance for enhanced cancer therapy, the detailed toxicity profiles and metabolic
mechanism of MnO2-based nanomaterials should be further evaluated to ensure their future safe clinical applications.
Improving the selectivity and specificity of MnO2-based nanoplatforms in cancer therapy will be another challenge in the
future. Furthermore, in addition to the mostly explored tumor theranostics, these MnO2-based nanoplatforms are expected to
have more applications in other biomedical fields, such as tissue engineering, anti-bacterial, diabetes, and even cardiovas-
cular diseases. Those research directions, however, require further in-depth studies.
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