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their properties were characterized. Morphological characterizations such as UV-Visible
Spectroscopy (UV-Vis), Fourier-Transform Infra-red Spectroscopy (FTIR), and X-ray
diffraction (XRD) confirm the physical characteristics of silver nano-particles. In addition,
Mangifera indica phytochemicals possesses DPPH radical scavenging activity, antioxidant,
and antibacterial properties. The nano formulation (phytochemicals + NPs) is also tested
against the Hep G2 human cell line for anticarcinogenic properties. Nano formulation
concentrations at 300pg/ml shown anticarcinogenic effect to Hep G2 human cell lines up to
53.29768%. The Bio pesticidal activity of the paddy pest Cicadella viridis (green leaf hopper)

was checked through an antifeedant assay and the activity of the pest was decreased with the
introduction of nano formulation. These results show better antioxidant, antibacterial and
anticarcinogenic properties. Thus, they can be used to replace chemical therapeutic drugs.

1. Introduction

The requirement for food is rising as the world population in various diseases and to increase production. It can cause
the world is increasing day by day. Humans and crops are affected dermatological, gastrointestinal, neurological, carcinogenic,
by pathogens and pests; hence the usage of chemical respiratory, reproductive, and endocrinal effects when consumed
pharmaceuticals and pesticides is inevitable. Since 1960, the most by humans and animals. Pesticide residues have been detected in
common method used for the control of crop pests in India is human breast milk (Negatu et al., 2016; Organization, 1990).
synthetic pesticides (Kumar & Singh, 2015). Pesticides are Chemical fertilizers without regard for their hazardous effect are
agrochemicals used in the agricultural field to protect crops from used extensively in the agricultural sector. The lack of knowledge
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about the optimal use of pesticides among farmers results in soil,
water, and air pollution that causes human health risks. To
overcome the drawbacks of chemical pesticides, nano
formulations from plant extracts can be used as biopesticides
(Patil et al., 2022). These are naturally occurring formulations of
substances and very small quantities of them can be effective and
are biodegradable (Dhuper et al., 2012). Nano formulations from
young leaves of mango (Mangifera indica) contain highly active
chemical compounds of mangiferin and chinonin. These
phytochemicals possess antimicrobial, anti-diabetic, antioxidant,
anti-inflammatory, anti-allergic and anticarcinogenic properties
(Govindarajan et al., 2022; Sastry et al., 2003; Sivaramakrishnan
etal., 2019).

Nanoparticles synthesized from mango leaf extract could be
used in pesticide formulation and can check the activity against
pests of crops like paddy. These studies of the anticarcinogenic
activity of silver nanoparticles from various plant sources are
progressing. Several studies are going on the activity of AgNPs
against colon cancer, breast cancer, etc. The activity of AgNPs
against the Hep G2 human cancer cell line is not well studied.
The current study, the anticarcinogenic properties of Mangifera
indica nanoparticle is used against liver cancer (Hep G2) cell
lines.

2. Materials and Methods
2.1 Extractionn of Mangifera indica

Mangifera indica leaves was collected from Coimbatore and
shade dried before extraction. 15 g of mango leaves were finely
and mixed with 150 ml of distilled water. It is then sterilized and
cooled. The extract was then kept it in a shaker incubator
overnight and filtered using Whatman filter paper.

2.2 Phytochemical tests

The preliminary phytochemical analysis was performed by the
following tests.

1.  Alkaloids test (Wagner’s test): Two ml of Mangifera indica
leaf extract was allowed to react with Wagner’s reagent,
until the appearance of Red color (or) Brow color
precipitate which indicates the presence of alkaloids
(Govindarajan et al., 2022).

2. Phenol test (Ferric chloride test): One ml Mangifera indica
leaf extract and 10% of FeClI3 solution were added and
allowed until the appearance of formation of blue or green
colour which indicates the presence of phenols
(Vijayakumar & Sumathi, 2016).

3. Fehling’s Test (reducing sugar): Two drops of Fehling’s
reagents added to two ml of Mangifera indica leaf extract.
The solution was placed in the 40°C water bath until
formation of brick red precipitate which indicates the
presence of reducing sugars.(Brain & Turner, 1975).

4. Saponins Test (Foam test): Two ml Mangifera indica leaf
extract with 9 ml of double distilled water and the extract
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was vigorously shaken. The foam formation indicates the
presence of Saponins (Brain & Turner, 1975)

5. Test for Flavonoids: Few drops of NaOH added to 1 ml of
Mangifera indica extract. The appearance of yellow colour
confirms the flavonoids (Sofowora, 1996).

6. Phytosterols Test (Salkowski’s test): Few drops of
chloroform + 100 pl of acetic anhydride + 100 pl of Conc.
H2SO4 were added to 1 ml of Mangifera indica extract. The
appearance of greenish blue colour signifies phytosterols
(Govindarajan et al., 2022).

7. Proteins and Amino acids (Ninhydrin test): One ml of
Mangifera indica extract and 3 drops of Ninhydrin reagent.
The presence of proteins forms purple colour
(Govindarajanet et al., 2022).

8. Steroids test: One ml of acetic anhydride and few drops of
chloroform followed by 2 drops of H2SO4 was added to one
ml of Mangifera indica leaf extract. The appearance of blue
or green colour represents sterols (Govindarajan et al.,
2022).

9. Tannin test: One ml of Mangifera indica leaf extract and
few drops of 1% FeCI3 reagent. The yellow colour
formation indicate to the presence of Tannin.(Saravanan et
al., 2020).

10. Glycoside test: 1 ml Mangifera indica (M. indica) leaf
extract and five drops of Con H2SOs The red colour
formation indicate to the Cardiac glycosides present.
(Saravanan et al., 2020).

2.3 Green Synthesis Mangifera indica - silver nanoparticle

The reducing effect of M. indica leaf extract, from silver
nitrate to silver nanoparticles. 10 ml of M. indica leaf extract
added to 90 ml silver nitrate solution (0.1 M) incubated for 24
hours dark at room temperature. (Dogra et al., 2022).

2.4 UV analysis

After 24 hours nano particle was analysed by 260 — 400 nm
wavelength by using the labman UV spectrophotometer.

2.5 Fourier transforms infrared spectroscopy

For FTIR Analysis, the synthesized M. indica silver nanoparticles
Sample was centrifuged at 8000 rpm for 10 minutes. The
Supernatant was Discard and pellet was washed twice with 10 mL
of double Distilled water. The nanoparticle was dried to make
powder. The nanoparticles was analysed by FTIR Spectrum.
(Govindarajan et al., 2022).

2.6 Antioxidant property

Antioxidant activities of Mangifera indica leaves and silver
nanoparticles synthesized using mango leaves were evaluated by
the DPPH method and nitric oxide scavenging method (Ramli et
al., 2021).



2.6.1 DPPH radical scavenging activity

The free radical scavenging activity of plant extract was
measured using 2, 2-diphenyl-1-picrylhydrazyl (DPPH), and the
free radicals was quantified based on previous studies (Braca et
al., 2001; Wongsa et al., 2022). DPPH solution (0.004%) was
prepared using methanol. Then, 3 mL of DPPH solution added to
0.5, 1.0, 1.5, 2.0, and 2.5 pl of plant extract and ascorbic acid
(control) at similar concentration range. The test samples (leaf
extract) were mixed and incubated for 30 min at room
temperature. In spectrophotometer (ODs17) the loss of DPPH
pigmentation was analyzed. Similar protocol was used to measure
DPPH scavenging activity for control samples and the calculated
using the following formula.

(control — test)100

DPPH Radical Scavenging activity (%) = control

2.6.2 Nitric oxide (NO) scavenging activity

NO scavenging activity of the leaf extract was estimated by
adding 400 pL of CsHsFeNsNa2Os (100 mM) + 100 uL of PBS
(pH: 7.4) were added to 0.5, 1.0, 1.5, 2.0, and 2.5 pL of plant
extract and allowed to incubate for 2 hr 30 mins at 25 °C. Then 2
mL of Griess reagent was added to 2 the test samples and allowed
to incubate for 30 minutes at room temperature. The absorbance
of pigmentation changes was observed at ODssonm. All the
experiments were performed in triplicates, the NO scavenging
activity was calculated using the following formula.

(control — test)100

NO scavenging activity (%) = control

2.7 Antimicrobial activity

The antibacterial effect to AgNPs was tested with certain
infection causing pathogens such as Escherichia coli,
Pseudomonas species, Klebsiella species, and Proteus species.
These bacterial species were prone to gut inflammation
(Govindarajan et al., 2020; Bhuyar et al., 2021). Urinary Tract
Infections (Govindarajan et al., 2022), and abundantly available
in the environment which transmits the infection to humans
(Shanmugasundarasamy et al., 2022).

2.7.1 Media and culture condition

Culture media, Luria Britani (LB) media were used for all
bacterial strains in this study at neutral pH under aseptic
conditions.
2.7.2 Preparation of the bacterial inoculum

The bacterial strains were inoculated from single colonies in

streak plates of stock culture. A loop full bacterial colony were
sub-cultured to test tubes of 50 ml LB broth and incubated 12 h at
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37°C on a shaking incubator which is used as overnight cultures
for all bacterial assays (Govindarajan et al., 2022).

2.7.3 Well diffusion method

LB agar plates were prepared adding 1.2% agar to LB media
and allowed for solidification. After solidification, 20 ul of
overnight bacterial cultured were swabbed on agar surfaces in
different LB plates. Then the agar surfaces were punctured
uniformly (5 mm) using well puncture. About 25, 50, 75, and 100
uL of plant extract was pipetted into four different wells for all
bacterial strains along with 10 puL. of commercial antibioticsand
allowed to incubate overnight at 37 °C. The zone of inhibition
was measured (in diameter) from the clear zone around the well
in mm.

2.8 In-vitro anticarcinogenic activity
2.8.1 Cell line:

The human liver cell line (HEP G2) was procured from
National Centre for Cell Science (NCCS), Pune. The cell line was
grown in Eagles Minimum Essential Medium enriched with 10 %
fetal bovine serum (FBS). The cell line was incubated at 37 °C at
CO: incubator. The culture medium was replaced with fresh
medium to maintain cell line at live state.

2.8.2 Cell treatment procedure

The monolayer cells were separated using trypsin-ethylene
diamine tetra acetic acid (EDTA) to develop single-cell
suspensions. The viable cells were counted wusing a
haemocytometer and diluted to 1x10° cells/ml using 5 % FBS.
100 pl of cells were pipetted to wells in 96-well plates allowed to
incubate for 24 h at 37 °C COz incubator for the cells to adhere on
well surfaces. After incubation, the cells were treated with 100 L
different concentrations of nano formulated extract followed by
adding fresh dimethyl sulfoxide (DMSO) and allowed incubate
for 24 h at 37 °C CO: incubator. Then the samples were imaged in
fluorescent microscope to estimate the anticarcinogenic effect of
nano formulated extract. A control sample was prepared with
similar protocol without adding the nano formulated extract. All
the experiments were done in triplicates.

3. Results and discussion

3.1 Phytochemical analysis of M. indica extract

The phytochemical analysis for the M. indica extract shows
presence of various compounds, tabulated below (Table.1).

Table.1: Phytochemical availability in M. indica extract

S. No Compounds Present / Absent
1. Phenol +++
2. Tannin +++
3. Alkaloid ++



Reducing sugar ++
Steroids +
Phytosterols +
Amino Acid -
Protein -
Flavonoids -
Glycosides -

+++ (high), ++ (moderate), + (low), and — (absent)

-
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3.2 UV-Vis Spectroscopy confirms AgNPs:

The AgNPs synthesized using M. indica leaves extract was
detected by UV-VIS Spectroscopy. Absorbance peak of the
nanoformulation of M. indica in Figure.l shows a maximum
absorbance peak at 400 nm, which depicts the spectral property of the
silver nanoparticle in the solution. The UV spectrum values were
tabulated in Table.2.

UV SPECTROSCOPY
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Figure 1 UV spectroscopy graph depicts the maximum
absorbance peak of M. indica nano formulation

Table 2 UV-Vis spectrum values for AgNPs.

Sample Name Mangifera indica

Abs (260nm) 0.2640
Abs (300nm) 1.8537
Abs (350nm) 2.6411
Abs (400nm) 3.1592
Abs (450nm) 3.1811
Abs (500nm) 3.1878
Abs (600nm) 1.9078
Abs (700nm) 1.5390
Abs (800nm) 1.3612
Abs (850nm) 1.3136

3.3 FTIR Analysis
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FTIR spectrum of M. indica AgNPs was shown in figure.2
depicts the presence functional groups of different compounds. The
spectrum was recorded in the region between 600 and 4000/cm. From
table.3, the FTIR peaks at 3371.57cm ®show the presence of OH
groups, and 1643.35 cm shows C=0O groups.

; ; , ,
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Figure 2 FTIR spectrum of silver nanoparticle synthesized from
Mangifera indica.

Table 3 FTIR analysis of Mangifera indica nanoparticle's
functional compounds

Absorbance Group Compound class
(cm™1)
3973.36 O-H stretching Alcohol
3849.92 O-H stretching Alcohol
3741.90 O-H stretching Alcohol
3371.57 O-H stretching Alcohol
2893.22 C-H stretching Aldehyde
2831.50 C-H stretching Aldehyde
2731.20 C-H stretching Aldehyde
2360.87 0=C=0 Carbon dioxide

stretching
1643.35 C=0 stretching Imine/Oxime
1519.91 N-O stretching Nitro compound
1219.01 C-O stretching Vinyl ether
3.4 Antioxidant property

Antioxidants properties of cells provides protection against
free radicals, which poses a major role in cardiovascular disease,
cancer, and other infectious diseases (Bhuyar et al., 2021). Free
radical molecules were produced at the breakdown of food
molecules during digestion process, irradiation effect, and
smoking tobacco. In this experiment, the synthesized silver
nanoparticles showed good antioxidant properties scavenging
properties. Figure 3 visualizes Nitric oxide scavenging activity
and Figure 4 supports the DHHP scavenging activity and these



both assays were done to establish the antioxidant property of the
AgNPs which shows satisfactory good results.
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Figure 3 DPPH activity of M. indica extract with AgNPs.
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Figure 4 Nitric oxide scavenging activity of Mangifera indica
nanoparticles.

3.5 Antibacterial activity

Figure 5 shows the antibacterial activity of M. indica extract
with  AgNPs against bacterial strains of Escherichia coli,
Pseudomonas aeruginosa, Klebsiella pneumonia, and Proteus
vulgaris. All the strains used in the experiment were gram-negative.
Among these organisms, the data from Table 7 shows the
nanoformulation synthesized from Mangifera indica showed high
inhibitory action, especially against Proteus vulgaris.
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P. aeruginosa P. vulgaris

Figure 5 Antibacterial activity of M. indica extract with AgNPs.

3.6 Anticarcinogenic activity

In vitro cytotoxicity of the silver nanoparticles synthesized
from Mangifera indica was evaluated against Hep G2 which is a
human liver cancer cell line. Fig-6 shows that with increasing
concentration of the nanoparticles, the cytotoxicity against HEP
G2 cancer cell lines increase. From figure 6, we can visualize the
increase in the cytotoxic activity of the nanoparticles with an
increase in concentration. Table 8 displays the experimental data.

Figure 6 Anti-carcinogenic activity of nano formulation against
HEP G2 cell line.

Table 4 Anti-bacterial activity (zone of inhibition) of M. indica extract with AgNPs.

Concentration* of Nano formulation

Zone of inhibition (diameter (mm)) on bacterial strains.

“h Escherichia Klebsiella Pseudomonas Proteus
coli pneumoniae aeruginosa vulgaris
25 10 12 13 16
50 15 18 15 18
75 1.7 20 18 19
100 2 22 20 22
Standard (ul) 10 10 10 10 12

* Standard Concentration of antibiotics is 0.1 mg/ml whereas; the plant-extract concentration is (1 mg/ml).



4. Discussion

This study shown the efficiency of AgNPs from M. indica as
an anti-carcinogenic agent. The excitation of surface plasm on
vibration induces the change of colour from golden yellow to dark
brown and denotes the generation of silver nanoparticles in the
aqueous solution (Govindarajan et al., 2022). The phytochemical
studies of the synthesized nanoparticle revealed the presence of
phenol, reducing sugar, flavonoids, tannin, and alkaloid in the
nano formulation which have pharmacological properties such as
antioxidant and antimicrobial properties (Ayeleso et al., 2014).
By using UV-Vis spectroscopy maximum absorption peak of
nano formulation was found between 400nm and 500nm. Other
studies reported that the characteristics of Ag nanoparticles
normally appear at a wavelength interval of 400nm-600nm and
the maximum absorbance of AgNPs occurs at 421 nm (Ayeleso et
al., 2014; Vasireddy et al., 2012).

FTIR spectroscopy is a reliable and sensitive methods for the
detection of bio-molecular fractions of various plant extracts
(Joshi, 2012; Palanisamy et al., 2021). In this study, the functional
groups such as alcohol, aldehyde, nitro compound, vinyl ether,
and amine were identified by using FTIR. XRD analysis revealed
eight important peaks present in the (20-80) 20 range. In another
study, four important XRD peaks for silver nanoparticles
synthesized from Mangifera indica in the (20-80) 26 range were
reported (Aljabali et al., 2018; Jain et al., 2009). In this study, the
synthesized nano formulation showed a strong action against
Escherichia coli, Proteus vulgaris, Klebsiella pneumoniae, and
Pseudomonas aeruginosa where all are gram-negative stains.
Similar studies observed that silver nanoparticles undergoing an
interaction with bacterial cells displayed strong action against
wide range of bacterial strains (Birla et al., 2009; Kumar et al.,
2012; Reddy., 2014).

The high antioxidant activity of the silver nanoparticles that
are synthesized using the leaf extracts of Mangifera indica is due
to the capping agent and its free radical scavenging potential. The
results of DPPH free radical scavenging activity showed that the
nanoparticles exhibited antioxidant activity and a maximum
percentage of inhibition was observed at 74.36. A similar study
done on the silver nanoparticles generated from the extracts of
Piper longum fruit has been reported where a maximum
percentage of inhibition was observed at 55 (Gul et al., 2016).

Natural products with high antioxidant activities were
investigated for their anticarcinogenic activities, i.e., oxidative
stress. The phytochemical present in the Mangifera indica,
mangiferin is a potential compound with active C-glycosylated
xanthose. Polyphenol mangiferin reduced DNA damage by
scavenging free radicals through its antioxidant properties. In this
study, the synthesized nano formulation revealed high potency
against Hep G2 which is a human liver cancer cell line. In similar
studies in vitro cytotoxic potential of AgNPs synthesized from
Mangifera indica in MCF-7 and HCT-116 cells were observed.

5. Conclusion
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In this study, AgNPs were synthesized from mango leaf
extract through a simple, single-step, low cost, and green process.
Subsequently, the synthesized silver nanoparticles were
characterized by UV-Vis, XRD, and FTIR to verify the
morphology, production, and crystallinity. The nano formulation
contains more antimicrobial activity against Escherichia coli and
Proteus vulgaris. The antioxidant property was confirmed by
DPPH and Nitric oxide scavenging activity. Silver nanoparticles
from Mangifera indica can be potent natural antioxidants due to
the presence of phytochemicals like phenol, phytosterols, tannin,
steroids, and reducing sugar. Mangiferin is a therapeutically
active C-glucosylated xanthone of Mangifera indica. Polyphenols
of mangiferin exhibit antioxidant properties and tend to decrease
oxygen-free radicals, thereby reducing DNA damage. The AgNPs
synthesized showed high efficiency against Hep G2 which is a
human liver cell line. The nano formulation using M. indica
leaves has anticarcinogenic, antioxidant, antimicrobial, and
insecticidal activity. The silver nanoparticle synthesized from
Mangifera indica has shown high efficiency against the Hep G2
cell line. So, it can be used in Hep G2 cancer cell line treatment.
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