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Abstract

The sustainable green synthesis process for the development of environment-
friendly, toxicant-free and biocompatible nanoparticles establishes important aspects
in nanotechnology research. Even though; nanoparticles can be produced by either
conventional physical and chemical or green synthesis, synthesizing nanoparticles
using plant extracts as reducing and capping agents is acceptable. The benefits of plant
extract mediated synthesis of silver nanoparticles comprise economic viability, quick
synthesis, toxicity free, cost-effectiveness and large scale synthesis. In that way, the
aqueous extract of Moringa peregrina leaves was used to synthesizes silver
nanoparticles. The silver nanoparticles were characterized by various spectral studies
including FT-IR, SEM, HR-TEM and XRD. The silver nanoparticles were studied for
antioxidant activity viz. DPPH, ABTS, Hydroxyl radical scavenging, Superoxide
radicals scavenging, Nitric oxide scavenging potential and Reducing power with
varied concentrations. The silver nanoparticles showed good antioxidant activity
compared with Gallic acid. The anticancer potential of the nanoparticle was studied
against MCF-7 (Breast cancer cells) and Caco-2 (colorectal cancer cells). The results
revealed that the nanoparticles showed good toxicity of the studied cancer cell lines
with the ICso values of 41.59 (Caco-2) and 26.93 (MCF-7) pg/ml. The results were
compared with the standard Doxorubicin. In conclusion, the biosynthesized
nanoparticles using M. peregrina as a reducing agent showed good antioxidant and
anticancer potential on human cancer cells and it can be used in biological applications.
However, more studies on surface modification and of AgNPs during biosynthesis and
signaling mechanism behind the action are warranted for a better understanding of its

bioactivity. Moreover, the cytotoxicity against normal cells also needs to be analyzed.

Keywords: Silver nanoparticles, Moringa peregrina, anticancer, antioxidant activity
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Chapter 1: Introduction

1.1 Overview

Nanotechnology is a generally recent improvement in scientific research.
"Nano" is a Greek and Latin word meaning little in size. It is a part of innovation that
manages the control of issues on nuclear, sub-atomic and supramolecular scales. It
gives an extensive innovative platform to the investigation and conversion of the
biological system and serves as an inspirational design involving biological
constituents (Veerababu et al., 2006). These days, nanotechnology has seen a great
deal of changes, for example, potential procedures utilized, use of various
physicochemical agents, involving nano-sized metal particles to manufacture new
medications, which make them fruitful for application in natural and pharmaceutical
ventures (Ju et al., 2012). Nanoparticles play a vital role in medicine, chemistry,
electronics and catalysis. The syntheses of nanoparticle are carried out by three
different methods — chemical, physical and biological. They are utilized for the
synthesis of noble metals. Green synthesis of silver nanoparticles from plants is one of
the most interesting areas because it is rapid, efficient and nontoxic, economical, and
environment friendly (Saxena et al., 2010).

Particularly, silver nanoparticles have been seen as highly poisonous towards
a wide range of microorganisms including fungi and bacteria. Nanotechnology
generally involves the procedures of isolation, combination, and deformation of
materials with the utilization of a single atom or molecule (Zhang & Webster 2008).
Silver nanoparticles were found to have particular properties, for example, biological
activity, catalytic activity, good chemical stability and conductivity (Sharma et al.,

2009). Silver nanoparticles have commercial applications in biolabelling, detecting,
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wound healing, antimicrobial and other helpful applications, for example, drug
releasing and disease diagnosis (Jong et al., 2008).

Nanoscale production frequently prompts the consolidation into mass materials
and offers items with huge surface regions (Ranjit & Ahmedabdulbaquee, 2013).
Nanomaterials are at the most exceptional quickly developing field of nanotechnology.
The properties of these materials, used in various applications, for example, in catalysis;
and therapeutics, rely fundamentally upon the size and arrangement of the nanomaterials
(Kathiravan et al., 2009). Nanotechnology investigates the model, creation and use of
materials at molecular, atomic and macromolecular scales for manufacturing nanosized
materials. Customarily, the synthesis of nanoparticles depends upon two techniques —
physical and chemical. These methods include solvothermal synthesis, ion sputtering,
reduction and sol—gel techniques. The term nanoparticle covers both nanospheres and
nanocapsules, frameworks that include a lattice wherein drugs are consistently scattered,
however, in a nanocapsule the drug is covered by a unique polymeric layer. Nanoparticles
of honorable metals like silver were generally utilized in items that are in direct contact
with the human body, for example, soaps, shampoos, shoes, detergents, toothpaste,
cosmetic products, etc., other than their clinical and remedial applications (Balaprasad et
al., 2010). Utilization of silver nanoparticles is amazingly new in light of their high
reactivity and huge surface region to volume proportion. The essential pathway in all cases
included the collection of nanoparticles in the wake of diminishing the metal particles

(Chandran et al., 2006).

1.2 Nanoparticles and its classification

Nanoparticles have various properties contrasted with the similar material in its

coarser or mass structure (Throback et al., 2007). When a material is decreased under
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100 nm in size, its parts show bizarre highlights dependent on quantum mechanics,
instead of perceptible Newtonian mechanics, which impact an assortment of material
properties such as conductivity, melting temperature, heat transfer, magnetization and
optical properties (Bhushan, 2007). Taking the advantages of these solitary properties
in order to develop new products is the principal reason for nanotechnology, that is why
itis regarded as “the next industrial revolution” (Alonso ef al., 2011). In nanotechnology,
a molecule is characterized a small object is a whole unit in terms of its transport and
properties. It is additionally arranged by size: in terms of diameter, fine particles spread
arange between 100 and 2500 nm, while ultrafine particles, on the other hand, are sized
between 1 and 100 nm.

Similar to ultrafine particles, nanoparticles are measured in the range between 1
and 100 nm (Goodsell, 2004). The term nanoparticles cover a diverse range of chemicals
and other entities. Nanoparticles can be naturally occurring or they can be made. They
can be metallic, mineral, polymer-based or a combination of materials and can be classed
as follows: (a) Metal nanomaterials (e.g., gold nanoparticles and silver); (b) Metal oxide
nanomaterials (TiO> and Fe oxides); (c) Carbon nanomaterials (e.g., nanotubes,
fullerenes, nanocones etc.); d) Quantum dots (e.g., cadmium telluride and cadmium
selenide); (e) Organic polymers (polystyrene, dendrimers, etc.) (f) Complex compounds

(alloys, composites, nanofluids, etc.) (Rana & Kalaichelvan, 2013; Ray et al., 2009).

1.3 Biosynthesis of nanoparticles

Biological synthesis involves the utilization of naturally occurring reducing
agents like extracts, enzymes, micro-organisms, polysaccharides, etc. It is a basic and
viable technique, which is an option for complex and toxic chemical processes.

Syntheses of silver nanoparticles by the green chemistry route and their effectiveness as
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bioactive agents have been immensely emphasized. The biological method of
nanoparticle synthesis from plants using phytochemicals reduced and eliminated the
chemical intervention, accordingly guaranteeing genuinely green and non-
contaminating eco- friendly industrial processes. This method of nanoparticle synthesis
limits the harmful side-effects and builds the bio productivity and bioavailability of the
nanoparticles. Synthesis of nanoparticles utilizing therapeutic plant extracts has been
accounted for to have great biological properties (Elumalai ef al., 2006).

The green synthesis of silver nanoparticles is a novel technique that uses the
restorative plant extracts for the synthesis; the vast majority of the specialists have
featured this data (Vahabi et al., 2011; Huang et al, 2007, Mondal et al., 2014;
Suikirtha et al., 2012). Biological synthesis offers improved control and power over
precious crystal development and stabilization (Jain ef al., 2009). Most of the studies
so far have concentrated on utilizing bioactive constituents like proteins, amino acids,
sugars, carbohydrates; cells of fungi, bacteria and algae; or different plant parts like
leaves, roots, seeds, flowers, and fruits for the synthesis of metal nanoparticles. Green
synthesis of nanoparticles will have more noteworthy business acknowledgment
provided that the nanoparticles could be delivered monetarily in an enormous scope
and at a fast rate (Sumitha ez al., 2014). A factor considered vital for the plant-mediated
synthesis of nanoparticles is the presence of phytochemicals. They are mainly
responsible for the rapid reduction of ions like terpenoids, quinines, flavonoids,
ketones, aldehydes, carboxylic acids and amides. Green synthesis of nanoparticles
from plants rich in polyphenol is utilized for plant-mediated synthesis of nanoparticles

(Nune et al., 2009).



1.4 Bioactivity of nanoparticles

Silver nanoparticles have pulled in extensive enthusiasm because of their
numerous interesting properties and applications. Plants offer a superior stage for
nanoparticle synthesis as they have non-poisonous mixes and consist of natural
capping agents. Silver nanoparticles are comprehensively utilized in various zones,
particularly in pharmaceutical and clinical fields (Singal et al., 2011). Nanoparticles
are ordinarily utilized as a drug delivery system as they are useful in not just controlling
the molecule size, surface region, and properties of the drug, yet additionally helps in
conveying the pharmacologically dynamic operators to the site of activity at a rational
rate and dose of the drug. Silver is a compelling antibacterial agent and displays low
toxicity which is important particularly in the treatment of burn wounds. Nanocarriers
are utilized as drug delivery systems in light of their exceptional characteristics, for
example, high drug loading capacity, biodegradability, site-specific delivery
mechanism and not affecting normal cells and tissues. Silver nanoparticles have been
explored for their cytotoxic action and they display various degrees of in vitro toxicity
(Devi et al., 2012).

In 1960, nanoparticles were created as a drug delivery system and furthermore
for the vaccination reason which changed the whole clinical situation. Nanoparticles
are predominantly used for drug release and drug targeting, which is influenced by the
nanoparticle size. Smaller particles offer a bigger surface area, but smaller particles
will in general accumulate during the capacity and transport of nanoparticle scattering,
consequently there is a relationship between the little size and the most extreme
dependability of nanoparticles (Redhead et al., 2001).

Nanoparticles and nanoformulation have been applied effectively in the field

of drug delivery system. Nanoparticle drug delivery systems show significant potential
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for some applications, for example, gene therapy, anti-cancer treatment, antibiotics,
AIDS therapy and radiotherapy due to their way of delivering proteins, vireostatics
and vaccines as vesicles to cross the blood—brain barrier.

Especially, nanoparticles are most commonly utilized in the clinical field in
drug delivery systems, targeted therapy, and gene therapy due to the result of their
simplicity of control and attributes, accomplished by both uninvolvement and dynamic
medication focusing on parenteral organization (Ranjit ef al., 2013). Green synthesis
of nanoparticles utilizing the plants that have restorative worth offers us new types of
drugs which have been viably used in ancient medicine. The drugs created from plants
have less harmful reactions just as they are affordable and more viable (Sukanya ef al.,
2009). Several studies have reported the utilization of plants for the synthesis of metal
nanoparticles like silver, gold, copper, and composites (Andorsm et al., 2002). In this
investigation, silver was used for the synthesis of nanoparticle using Moringa
peregrina leaf extract with the following objectives.

e To collect the leaves of Moringa peregrina.

e To prepare the aqueous leaf extract by deionized water.

e To synthesizes of silver nanoparticles.

e To characterize the silver nanoparticles by various spectroscopic methods.

e To study the silver nanoparticle for its antioxidant and anticancer activities.

1.5 Relevant literature

The silver nanoparticles are preferred not only for their nano-size but also for
their formation, which is easy and involves low cost. Recent literature has shown that

there is a number of investigations reported on the green synthesis of silver
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nanoparticles and analysis of their properties for novel applications including
bioactivity. Green synthesis from the plant extract is more potent because of its
nontoxicity and safety.

In 2012, Devi et al. reported the synthesis of silver nanoparticles using the
aqueous extract of Gelidiella and it was evaluated for anticancer potential against
human laryngeal cell line, Hep-2. The nanoparticle was characterized by various
spectral studies. Also, it showed good anticancer activity on Hep-2. The authors also
reported that these naturally synthesized silver nanoparticles were examined for their
precipitation up to 1 month, which showed stability with no precipitation. The leaf,
root, fruit and seed aqueous extracts of Citrullus colocynthis were used to synthesis
the silver nanoparticle and the TEM analysis showed that the nanoparticle has a
spherical shape with the size of 7-19 nm (Rabeh et al., 2013). The authors also
reported the in vitro anticancer potential of the nanoparticles on different human cancer
cell lines viz. MCF-7, HCT-116, Caco-2 and Hep-G2. The anticancer activity
indicated that HCT-116 and Hep-G2 were the most sensitive cell lines whereas CaCo-
2 was reported as the more resistant cell line.

Antioxidant and anticancer activities of AgNPs synthesized using Morinda
pubescens leaf extract were reported by Inbathamizh ef al. (2013). In vitro antioxidant
activity was evaluated by diphenyl-picryl-hydrazy assay, ferric thiocyanate, metal
chelating assay, thiobarbituric acid method, hydroxyl radical scavenging assay,
superoxide anion radical scavenging assay, and phosphomolybdenum assay. Whereas,
the anticancer activity was evaluated by MTT (Methylthiazolyl diphenyl-tetrazolium
bromide) assay on human epithelium cells of liver cancer (HEP G2). The AgNPs

showed good antioxidant and anticancer potential.



8

Ranjitham et al. (2013) synthesized the silver nanoparticles from the vegetable
extract and the particle was characterized by various spectral analysis such as UV-Vis
spectroscopy, FT-IR, XRD, TEM, SEM and EDAX. Then the nanoparticle was studied
for various biological activity namely antimicrobial, antioxidant and anticancer
activity of MCF-7 breast cancer cell lines. The antioxidant activity was studied by
DPPH assay and the cytotoxicity study was done by MTT assay and indicated that the
nanoparticles enhanced the cytotoxicity by decreases the viability of breast cancer
lines. Especially fresh cauliflower floral extract mediated aqueous solution was studied
for its biological activity such as antioxidant, antimicrobial and antioxidant.

Cynodon dactylon leaf extract was used to synthesis the silver nanoparticles
and studied for antibacterial and anticancer activities. The antibacterial activity was
studied against Staphylococcus aureus, Escherichia coli, Salmonella typhimurium and
Micrococcus lutues and the anticancer activity was investigated on HEPG-2 cells. The
silver nanoparticles explored the good potential of antibacterial and anticancer activity
(Supraja et al., 2015).

The leaf extract of Abutilon indicum was used to synthesize silver nanoparticle
and the particle was characterized by SEM, TEM, EDX and FTIR spectroscopy
analyses. The silver nanoparticle was also studied for its biological activity. The in
vitro antioxidant activity was investigated by DPPH radical scavenging activity and
the anticancer activity on MCF-7 breast cancer cell line was studied by MTT assay.
The biological activity indicates the green synthesized nanoparticle using the leaf
extract of Abutilon indium possess good anticancer and antioxidant activities (Ramesh
etal., 2015).

The anti-cancer potential of two different silver nanoparticles synthesized

using the plant extract from Kalanchoe pinnata and Syandenium grant was studied for



9
anticancer activity on human cervical cancer cell line, HeLa (Durgawale et al., 2015).
The cell viability assay was done by the Trypan blue color exclusion technique, while
cytotoxicity was done using MTT test. Both the nanoparticles showed good biological
activity. Dhamodaran et al. (2015) examined the A. paniclata mediated silver
nanoparticle on HeLa and Hep2 cell lines MTT assay. The nanoparticle showed varied
levels of anticancer activity with the inhibition of 59.01% and 48.79% at a
concentration of 250 pg/ml respectively.

Aqueous root extract of Decalepis hamiltonii was used to synthesize AgNPs
and it was characterized by Fourier Transform Infrared Spectroscopy (FTIR) UV-VIS
spectrophotometer, Atomic Force Microscopy (AFM), Dynamic Light Scattering
(DLS), Zeta Potential (ZP), Scanning Electron Microscopy (SEM) and elemental
analysis. The AgNPs also studied for antioxidant activity Hydroxyl radical scavenging
activity, DPPH, and total antioxidant potential. The anticancer and anti-angiogenic
efficacy of AgNP was carried out by using Erlich Ascites murine carcinoma model
(Madhu et al., 2017).

Aqueous extract of Sargassum polycystum was used as a reducing and capping
agent for the synthesis of AgNps (Palanisamy et al., 2017). It was characterized by
FTIR, XRD, UV-spec, SEM and TEM. Synthesized AgNPs were also studied for
antioxidant and anticancer activity. Remarkably, AgNPs showed highest DPPH radical
scavenging potential (Inhibition% = 78.2), total antioxidant activities (Inhibition%=
59.2) and reducing power (Inhibition% = 0.18). The results on anticancer activity of
AgNPs on human colon cancer cells (HT-29) showed good cytotoxic potential (IC50 =
20 pg/ml).

Anticancer and antioxidant activity of AgNPs synthesized by using the

Mangifera indica leaf extract was reported by Anoop et al. (2018). The nanoparticles
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formation were confirmed by UV-visible spectrophotometry, IR spectroscopy and
SEM. The size of the AgNPS was varying length with a diameter of 500-900 nm.
DPPH radical scavenging potential was superior than the reference standard used.
Cytotoxic potential on MCF-7 and HCT-116 cells by MTT assay showed an increasing
cytotoxicity potential with increased concentrations. 10% w/v of AgNPs showed the
cell growth 0f 49.1% (MCF-7) and 58.2% (HCT-116).

Green synthesis of silver nanoparticles using white tea extract was reported by
Haghparasti and Shahri (2018) and the prepared AgNp were characterized by FTIR,
XRD, UV-vis spectroscopy, EDX, TEM and SEM. In vitro anticancer study showed
a dose dependent toxicity on MOLT-4 cells. The IC50 of the AgNPs was 0.0039 uM
whereas Doxorubicin and Cisplatin showed 2.13329 and 0.013 uM. DPPH antioxidant
activity of AgNPs indicated dose depended activity.

Green synthesis of silver nanoparticle using Tropaeolum majus leaf extract was
reported by Valsalam et al. (2019). The AgNPs was characterized by various spectral
studied such as FTIR, SEM, UV - visible spectrum and XRD. The authors found that
the maximum absorption spectrum of AgNPs was revealed at 463 nm. SEM and XRD
analysis evidenced that the nature of nanocrystalline with face centered cubic crystal
structure. Also, the FTIR vibrational peaks were recorded at 3357.46, 21,966.52,
2118.42, 1637.27, 658.571 and 411.728 cm—1 respectively. The AgNPs were
investigated for its anticancer activity against MCF7 and VERO cell lines. The IC50
values were 2.49 pg/ml and 5.3 pg/ml on MCF7 and VERO cell lines respectively.
Whereas the IC50 value of standard drug, doxorubicin was 2.6 pg/ml.

Rajawat and Malik (2019) adopted electrolytic deposition technique for the
synthesis of AgNPs using black tea leaf extract as capping agent and the purity was

confirmed with the elemental analysis of the X-ray graphs. The AgNPs were
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characterized by various spectral studies such as UV-Visible and FTIR spectroscopy,
XRD and TEM. The anticancer test by MTT assay revealed that the AgNPs inhibited
the growth of cervical cancer cell lines (Hela) in a dose-dependent manner and
inhibition percentage was 75%.

The black pomegranate peel extract was used as a reducing agent for the green
synthesis of stable and small (15.6 mm) AgNPs and used for antioxidant and anticancer
activities (Khorrami ef al., 2019). The synthesized AgNPs inhibited 77% of DPPH
free radicals with the EC50 value of 9 ng/mL whereas the EC50 value of the peel
extract was 5 ug/mL. Anticancer activity was studied on breast tumor cell lines, BT-
20 and MCF-7. The results revealed that the AgNPs showed 81% and 89% cell death
respectively. But, at the same concentrations, the AgNPs did not showed significant
toxicity against non-tumor cell lines (L-929). This future is quite outstanding in
comparison of green synthesized AgNPs with the commercial/chemical ones.

Morinda citrifolia fruit samples were used to synthesize a silver nanoparticle
and the SEM analysis showed that the nanoparticle size was ranged between 12 and
26 nm. Also, fourier-transform infrared spectroscopy confirmed the presence of the
functional groups in the synthesized nanoparticle. The AgNP was studied for
anticancer and antioxidant activity using mice models with EAC-induced carcinoma
and the authors found that in luorouracil treated group no tumor cell invasion was
exhibited. Over all, Morinda citrifolia fruit extract derived AgNPs is a promising
antioxidant agent to treat liver cancer (Jeyaprakash et al., 2020).

Jalilian et al. (2020) biosynthesized AgNPs by using hot water extract
of Allium ampeloprasum. The AgNPs were characterized by Fourier transform
infrared spectroscopy, UV—vis. spectroscopy, X-ray diffractometric, dynamic light

scattering and transmission electron microscopy (TEM). The AgNPs showed
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significant antioxidant activity as well as cytotoxicity against Hela cell line and IC50
value was 25 pg/mL.

For the first time, a bimetallic nanoparticles (comprising silver and platinum)
were synthesized by ethanolic extract of Vernonia mespilifolia. The synthesized
nanoparticle were characterized by Fourier Transform Infrared Spectroscopy (FTIR),
UV-vis spectroscopy, Energy-dispersive X-ray Spectroscopy (EDX) and
Transmission Electron Microscopy (TEM). The morphological analysis showed the
synthesized nanoparticle were spherical shape with the size of 35.5+ 0.8 nm
approximately. The nanoparticles showed excellent antioxidant activity particularly
DPPH and ABTS free radicals (IC50=19.5 and 21.6 pg/mL respectively) when
compared with the standard, ascorbic acid. Besides, the nanoparticles had a higher
(44.1 mg GAE/g) ferric reducing antioxidant power (FRAP). Anticancer potential
towards breast cancer cell line (MCF-7) was compared with normal cell line (HEK
293). The nanoparticle showed remarkable ability to inhibit the proliferation of MCF-
7 cells at a concentration of 6.25—-100 ug/mL. Whereas, the nanoparticles were non-
toxic to normal cell line, HEK 293 (Unuofin et al., 2020). A stable AgNPs were
prepared using the leaf extract of Teucrium polium as a reducing agent. It was
characterized by spectral studied such as SEM, FTIR, XRD and UV-Visible
spectroscopy. Also, biosynthesized nanoparticles were screened for anticancer activity
against human gastric cancer cell line (MNK45) (Hashemi et al., 2020).

Recently, Ahn and Park (2020) have synthesized AgNPs using fifty-eight plant
extracts that originated from Indonesia and Vietnam. Among the plant samples, six
plant extracts viz. Ardisia incarnata, Areca catechu, Hypotrachyna laevigata, Maesa
laxiflora Maesa calophylla, and Adinandra poilanei were selected for the synthesis of

AgNPs. The synthesized nanoparticles showed strong surface plasmon resonance in
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the range of 416438 nm and the field-emission transmission electron microscopy
images showed they were all spherical shaped with the size between 12.5 £ 1.0 nm and
21.3 £4.9 nm. The anticancer assessment as well as the generation of ROS in HelLa
and A549 cells showed that AgNPs prepared by Maesa calophylla, Ardisia incarnata
and Maesa laxiflora revealed high anticancer and ROS generation capability among

other six selected samples of AgNP.
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Chapter 2: Methods

2.1 Plant materials

The fresh leaves of Moringa peregrina (Figure 1) were collected from Al Foah
[24°21°31.139”N 55°47°57.239” E (Altitude 303 M)], Al Ain, UAE. The samples
were initially washed with tap water then washed with 10% sodium hypochlorite to
prevent contamination. Finally, the fresh leaf samples were rinsed thoroughly with

distilled water and utilized for extract preparation.

Figure 1: Moringa peregrina tree and the leaves during processing

2.2 Preparation of Moringa aqueous extract and synthesis of silver
nanoparticles

For the silver nanoparticles synthesis, the aqueous extract (2 mL) of M.
peregrina leaves was add into Erlenmeyer flask containing 60 ml of 1 mM silver nitrate
(AgNO Sigma-Aldrich) solution and kept for incubation for 2 h at 50°C. To minimize
the photoactivation of silver nitrate, the reaction process was carried out in a dark room
condition. After incubation, the solution color turneds into a reddish-brown. The
change of colour (Figures 2 & 3) of the reaction solution was detected for the silver
nanoparticles characterization. Finally, the solution was centrifuged at 15,000 rpm for

20 min. The transparent solution was discarded and the pellet of silver nanoparticles
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was collected. The solution was dried in the oven between 45°C to 50°C to obtain

pellets.

Figure 2: Preparation of aqueous extract from M. peregrina leaves

Figure 3: Synthesis of silver nanoparticles

2.3 Characterization of silver nanoparticles

2.3.1 FT-IR analysis

FT-IR spectra were recorded with wave number ranging from 400 to 4000 cm’
! for the Moringa peregrina leaf extract mediated silver nanoparticles (AgNPs) using

Avatar—370 FT-IR spectrometer using KBr (pellet form) to record the IR spectra.

2.3.2 SEM analysis

The synthesized AgNPs were analyzed by scanning electron microscope -
quanta 200 FEG (Resolution: 1.2 nm Au particle separation on a carbon substrate
Magnification: from a min of 12 X to greater than 1,00,000 x) instrument attached with

EDX analyzer (JEOL JED-2300) accelerating voltage of the analysis station at 20 keV.
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2.3.3 HR-TEM analysis

The synthesized AgNPs were characterized by High-Resolution Transmission
Electron Microscopy (HR-TEM JEOL JEM 2100). HR-TEM helps to view lattice
resolution of 0.14 nm and point-to-point resolution of 0.19 nm at 200 Kv acceleration
voltages. HR-TEM is equipped with GatanOrious CCD camera (2K x 2K) for image
recording. The aqueous solution of AgNPs was poured as a drop on the carbon-coated
Cu grid and allowed to dry at ambient temperature for 16 h and then analyzed. The

image J software was used to calculate the particle size of AgNPs in HR-TEM image.

2.3.4 XRD analysis

The XRD technique was used to check the formation of mono-phase compound.
Moringa peregrina mediated AgNPs were washed completely in distilled water (triple)
centrifuged and dried (at room temperature). The purified AgNPs were analyzed using
XRD Goniometer with SHIMADO-Model XRD 6000. The scanning was done in the

region of 20 from 20° to 80° at 0.02 min. and the time constant was 2 s.

2.4 Antioxidant activity of AgNo3 nanoparticles

2.4.1 ABTS radical scavenging activity

The 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) (ABTS) radical
scavenging ability of the AgNPs was determined by the method of Loziené et al.
(2007). 50 mL ABTS (2 mM) was mixed with 200 pl of K2S>Og solution to generate
the radicals of ABTS and kept in dark for 15-16 hrs at room temperature. The
phosphate buffered saline was used to dilute the ABTS solution and 3 mL of the
solution was mixed with AgNPs in 1 cm length micro cuvette. The absorbance was

measured at 734 nm after 1, 4, 6 and 10 min. Phosphate buffered saline solution was
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used as blank. The inhibition percentage was calculated by the following formula I =

[(Acontrol — Asample)/ Acontrot] X 100.

2.4.2 DPPH radical scavenging activity

2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging potential was
determined as described by Braca et al. (2002) with certain modifications. Different
concentrations viz. 20, 40, 60, 80 and 100 pg/mL of silver nanoparticle were prepared
and used for the activity. Gallic acid (20-100 pg/mL concentrations) was used as
standard. These mixtures were incubated 30 min in a dark room and the absorbance
was read at 517 nm by spectrophotometer (Cole-Parmer, USA). One mL of DPPH"
solution (0.004%) was used as blank. The percentage of inhibition was determined

USIHg the follOWIHg fOI‘mula . PI% = [(Acontr()l - Asamp]e)/Acontrol] X 100

2.4.3 Hydroxyl radical scavenging assay

The hydroxyl radical scavenging potential of silver nanoparticle was determined
as described by Halliwell er al. (1989). A total volume of 1 ml incubation mixture
contained different concentrations (20, 40, 60, 80 and 100 pg/mL) of nanoparticles,
phosphate buffer (0.1 ml), 500 uM ferric chloride (0.2 ml), IM EDTA (0.1 ml ), | mM
ascorbic acid (0.1 ml), 10 mM H2O; (0.1 ml) and 2-deoxyribose (0.2 ml). It was incubated
at room temperature for 60 min. Finally, 28% TCA (1 ml) and 1% TBA (1 ml) was added
and kept in a boiling water bath (30 min). After cooling, the optical density was measured
at 532 nm. Gallic acid was used as standard. The percentage of hydroxyl radical
scavenging potential of the nanoparticle was determined using the formula, % of OH’

scavenging = [(Acontrol - Asample)/ Acontrol] x100.
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2.4.4 Superoxide anion radical scavenging assay

The superoxide anion radical scavenging potential of silver nanoparticles was
determined using a method described by Nishikimi ez al. (1972) with some modifications.
One ml of NADH, 1 ml of NBT and different concentrations (20, 40, 60, 80 and 100
pug/mL) of nanoparticles was mixed well. To start the reaction, PMS (100 ul ) was added
to the solution and it was incubated at 30°C for 15 min. Finally, the absorbance was
measured at 560 nm and the incubation without essential oil was used as blank. The
scavenging percentage was calculated using the formula, % of scavenging = [(Acontrol —

Asample)/ Acontrol] % 100.

2.4.5 Nitric oxide radical scavenging assay

Nitric oxide radical scavenging assay was performed following by the method of
Green et al. (1982). Briefly, 10 Mm of Nay[Fe(CN)sNO] was mixed with various
concentrations of silver nanoparticles (20, 40, 60, 80 and 100 pg/mL) and kept at room
temperature (150 min). 0.5 ml of Griess reagent (1% CsHsN20.S, 2% H3PO4 and 0.1%
N-(1- naphthyl) ethylenediamine dihydrochloride) was added after the period of
incubation and the absorbance was read at 546 nm. Gallic acid was used as standard.
The percentage of inhibition was calculated using the formula% of inhibition = [(Acontrol

- Asample)/ Acontrol] x 100.

2.4.6 Reducing power assay

The reducing power was done by the method of Oyaizu (1986). Different
concentrations of AgNPs (20, 40, 60, 80 and 100 pg/mL) were mixed with 200 mmol/l
sodium phosphate buffer (2.5 ml - pH 6.6) and 1% potassium ferricyanide (2.5 ml).

The mixture was incubated for 20 min at 50°C. Later 10% trichloroacetic acid (w/v)
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(2.5 ml) was added and centrifuged for 10 min at 650 rpm. The upper layer (5 ml) was
mixed with deionised water (5 ml) and 0.1% of ferric chloride (1 ml), and the
absorbance was measured at 700 nm: higher absorbance indicates higher reducing

power. Gallic acid was used as standards.
2.5 Anticancer activity of AgNos nanoparticles

2.5.1 MCF-7 and Caco-2 cell line culture

Breast (MCF-7) and colorectal (Caco-2) cancer cells were purchased from
European collection of authenticated cell cultures (ECACC). Frozen cells obtained
were thawed in the 37°C and cultured in the Dulbecco's modified Eagle's medium
(DMEM, Gibco, USA), supplemented with 10% fetal bovine serum and
1%penicillin/streptomycin (Gibco, USA). After the cells get 70% confluency, the cells
were trypsinised and transferred into new tissue culture flasks. Both cell lines growns
in the tissue culture flask were maintained at 5% CO; in a CO; incubator. Cultures
were routinely observed under an inverted microscope to evaluate the quantity of

confluence and confirm the absence of bacterial and fungal contaminants.

2.5.2 MTT assay

To determine the cytotoxic effect of silver nanoparticles of Moringa extract,
cell viability study was conducted with the MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide ) reduction assay. Cells are grown in the tissue culture
flasks up to 70% of the confluency. Both cell lines were trypsinised and seeded in a
96-well plate at the density of 1x10* cells/well. After seeding the cells in DMEM (10%
FBS and 1% Pen/Strep) the 96 well plate was kept inside the incubator at 37°C for 24

h to attach the cells. After 24 h, the old media were replaced with a new media
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suspension containing various concentrations of silver nanoparticles 10 to100 pg/ml.
Each concentrations was seeded in three wells and the experiments were duplicated.
After the treatment, the cells were incubated for 48 h in a COz2 incubator. After the
treatment was completed, the cells were observed under the microscope and followed
by the addition of 25 pl of MTT (5 mg/ml). Then, the microplate was incubated at
37°C for another 4 h. After incubation, the medium is removed and 200 pl of DMSO
was added each well to dissolve the crystalised formazan. Optical density of the colour
developed was read at 570 nm wavelength with thermoscientific multi scan geo
spectrophotometer. OD value was used to calculate the percentage of viability by using

the following formula, Percentage of cell viability=OD of Sample/OD of Controlx100.

2.6 Statistical analysis

The antioxidant assay experiments were performed in triplicates and the values
are expressed in mean+SD. One way analysis of variance and Duncan’s multiple range
tests were performed to determine the significance between the means. SPSS (11.5)
package was used for the statistical analysis. Anticancer results were expressed as a
mean percentage + standard deviation (SD) of the mean negative control (untreated
cells) absorbance. Then the viability percentage was calculated with absorbance data.
These data were analyzed using GraphPad Prism software which used to construct

dose response curves of the various extracts on the cells.
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Chapter 3: Results

In green synthesis, it has been indicated that the AgNPs produced by plants are
steadier in in comparison with those produced by other organisms. Plant extracts are
able to reduce silver ions faster than bacteria and fungi. Besides, so as to utilize simple
and safe green techniques in scale-up and industrial production of AgNPs, plant
extracts are positively better than plant biomass or living plants (Korbekandi and

Iravani, 2012).
3.1 Characterization of nanoparticles

3.1.1 FT-IR spectral analysis

The IR spectrum of the AgNPs showed OH stretching frequency in the broad
band at 3378 cm-1. A typical aliphatic C-H stretching frequency was observed weak
band at 2939 cm-1. The CH asymmetric stretching was observed at 2365 cm-1. The
strong peak at 1630 cm-1 corresponds to C=0 stretching vibration. The IR spectrum

of Moringa peregrine-mediated AgNPs is shown in Figure 4.

Transmittance (%)
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Figure 4: The IR spectrum AgNPs synthesized with Moringa peregrina leaf extract.
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In the present investigation, the donor of electrons is Moringa peregrina leaf
aqueous extract and the acceptor was Ag+ ions in aqueous silver nitrate solution. From
the observation, it is suggested that the reduction of Ag+ ions into Ag0 depends on the

Vander Walls interactions between the supplier and the acceptor.

3.2.2 HR-SEM and EDX studies

The particle size and the purity of AgNPs can be illustrated by SEM and EDX
analysis. Figure 5 represents the SEM image of AgNPs synthesized by the Moringa
peregrina leaf extract and confirms the particle in the range of 30-35 nm. The present
EDX analysis depicted in Figure 6 shows a high percentage of Ag indicating the purity
of the synthesized sample. The EDX spectrum also reveals that the major peak is due

to the metallic Ag confirming the formation of AgNPs.

4 2’
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Figure 5: HR-SEM image of AgNPs synthesized by Moringa peregrina leaf extract.
3.2.3 HR-TEM analysis and SAED pattern
The morphology and size of the synthesized AgNPs by Moringa peregrina leaf
extract are characterized by HR-TEM images as shown in Figure 7. The HR-TEM
images confirm the particle size of AgNPs ranging from 25-60 nm and have a spherical

shape.
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Figure 6. EDX spectrum of AgNPs.

Figure 7: HR-TEM images of AgNPs at different wavelengths. a HR-TEM image of
AgNPs at 60 nm, b HR-TEM image of AgNPs at 30 nm, ¢ HR-TEM image of AgNPs
at 20 nm d SAED patterns of AgNPs synthesized by Moringa peregrina leaf extract.

3.1.4 XRD studies

The crystalline nature of the biosynthesized AgNPs is determined by XRD
analysis as illustrated in Figure 8. The observed diffraction peaks at 20 values of 38.4,

46.8, 64.3, and 77.9, these values correspond with Miller plane indices of 111, 200,
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211, and 220 respectively. The results show a good agreement with standard data
(JCPDS: 04-0783) and the studies provide strong evidence that synthesized AgNPs
have face-centered cubic (FCC) structure of the metallic silver. The observed 20 peaks

between the diffraction angles of 20-30 may be due to impurities present on the surface

of the AgNPs during synthesis.
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Figure 8: XRD patterns of AgNPs.

3.2 Antioxidant activity

3.2.1 ABTS radical scavenging activity

The tuber part of the plant extracts were fast and effective scavengers of the
ABTS radical (Figure 9) and this activity was comparable to that of GA. The
percentage of inhibition was 57% and 68% for AgNPs and GA respectively at 100
pg/mL concentration. In ABTS+ scavenging activity the values varied significantly (P
< 0.05) and ranged from 20 to 100 ug GA/g extract. Actually, the ABTS radical cation

scavenging activity also reflects hydrogen-donating ability.
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Figure 9: ABTS free radical scavenging activity of AgNPs and Gallic acid. Values
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3.2.2 DPPH free radical scavenging activity
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The antioxidant activity of the AgNOs is shown in Figure 10 as the DPPH

inhibition percentage. The silver nanoparticles were a potent free radical scavenger

when compared with the Gallic acid standard. The antioxidant activity of the

nanoparticles was 73% inhibition at 100 mg/mL and that for ascorbic acid was 62%

inhibition. The essence of DPPH method is that the antioxidants react with the stable

free radical 1.e., a, o diphenyl-B-picrylhydrazyl (deep violet colour) and convert it to

o, o-diphenyl-B-picrylhydrazine with discoloration. Compared to GA the AgNPs

exhibited a high level of antioxidant activity.
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Figure 10: DPPH radical scavenging activity of AgNPs and Gallic acid. Values are
meansstandard deviation.

3.2.3 Hydroxyl radical scavenging activity

The percentage of hydroxyl radical-scavenging activities of M. peregrina leave
at various concentrations is presented in Figure 11. The AgNPs and GA showed
significant inhibitory activity in a concentration-dependent manner. The potential of
AgNPs to inhibit hydroxyl-radical-mediated deoxyribose damage was assessed at a
concentration of 10-100 pg/mL. AgNPs showed the maximum inhibition (73%) at 100
pg. and the concentration needed for 50% inhibition was 60 pg GA. The radical
scavenging capacity may be attributed to the ability to accept electrons, which can

combine with free radical competitively to decrease hydroxyl radical.



27

80 -
Hydroxyl Radical

60 -
50

20 -

Scavenging (%)
()
e

10 -

20 40 60 80 100
Concentration pg/ml

E GAE ® Silver Nanoparticle

Figure 11: Hydroxyl radical scavenging action of AgNPs and Gallic acid. Values are
mean+tstandard deviation.

3.2.4 Superoxide radicals scavenging activity

The decrease of absorbance at 560 nm with antioxidants thus indicates the
consumption of superoxide anion in the reaction mixture. At 10-100 ug/mL, the
superoxide scavenging activity of AgNPs was 34-76%, and that of the standard gallic
acid was 23-53%. The superoxide scavenging activity of the leave parts of the plant
extracts and standard gallic acid is shown in Figure 12. AgNPs exhibited concentration-
dependent radical scavenging activity, that is, inhibition percentage increased with
sample concentration. The increase in activity is due to the increase in the number of

phenolic hydroxyl groups in the molecule.
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Figure 12: Superoxide radical scavenging activity of AgNPs and Gallic acid. Data
represented as means = SD (n = 5).

3.2.5 Nitric oxide scavenging

Sodium nitroprusside serves as a chief source of free radicals. The absorbance
of the chromophore formed during diazotization of the nitrite with sulphanilamide and
subsequent coupling with napthylethylene diamine is used as the marker for NO
scavenging activity. The scavenging of nitric oxide of AgNPs increased in a dose-
dependent manner. The AgNO3 showed good nitric oxide scavenging activity (Figure

13) at the concentration of 40 pg when compared to standard GA.
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Figure 13: Scavenging effect of AgNPs and Gallic acid on Nitric oxide radical. Values
are meantstandard deviation.

3.2.6 Reducing power

Figure 14 shows the reductive capabilities of AgNPs at different
concentrations, ranging from 10 to 100 pg/ml compared to GA. The AgNPs exhibited
a significant dose-dependent inhibition of reducing power-scavenging activity, with a
50% inhibition. The reducing power of AgNPs was very potent and the reducing power
of the nanoparticles was increased with the quantity of sample. The AgNPs could
reduce the most Fe3+ ions, which had a lesser reductive activity than the standard of
GA. The AgNOs synthesized by the extract of M. peregrina exhibited a significant

dose-dependent inhibition of reducing power activity.
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Figure 14: Reducing power of AgNPs and Gallic acid. Values are mean + standard
deviation.

3.3 Anticancer activity

Anti-cancer activity of phytochemical mediated nanoparticles is getting
attraction due to increasing interest as silver nano-particles being considered as novel
agents. This study aimed to detect the anti-cancer activity of the silver nano-particles
from the Moringa leaf extract. For this study, two types of cancer cell lines (Caco-2
and MCF-7) were used. Results showed low concentrations of the nano-particles were
very effective against cancer cells under in vitro conditions. The cell death increased
upon increasing the concentration of the nano-particles from 10 to 1000pg/ml. In
earlier studies, various leaf extracts showed cell death with high concentration only
(above 100 pg/ml), but Moringa leaf nano-particles showed a much better cell death

rate compared to the crude extract.
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Cell viability of the Caco-2 cells after exposure to different concentrations of
Moringa nanoparticles is plotted by percentage viability on y axis and nanoparticles
concentration on x axis in the graph (Figure 15A) and MCF-7 in Figure 15B.
Doxorubicin was used as a control for the experiments and plotted in the Figure 15C
for Caco-2 and Figure 15D for MCF-7 cell line. By comparing the anticancer activity
of the nano particles on Caco-2 and MCF-7 cells there is not much variation on the
effectiveness for inducing the cell death, almost similar pattern of death was observed
with the same concentration. Nevertheless, more death of cells can be noticed with
1000 pg/ml of nano particles on MCF-7 cells compared to Caco-2 cells.

GraphPad Prism software was used to perform non-linear regression analysis
for the nano particles of the extracts on the MCF-7 and Caco-2 cells in order to
determine ICso values, The concentration of nanoparticles on each cell line at which
50% of the cells were inhibited are shown in Table 1. ICso of the positive control,
doxorubicin on both cell lines are also shown in Table 1. There was only a slight
variation in the ICso concentration on both types of cell lines where MCF-7 gave better
ICso than Caco-2 cell line.

Table 1: Anticancer activity of AgNOs3 nano-particles on Caco-2 and MCF-7 cell
lines.

Name of the sample Cell line ICso

AgNO3 nanoparticle Caco-2 41.59 pg/ml
MCEF-7 26.93 pg/ml

Doxorubicin (Positive Control) Caco-2 1.362 uM

MCF-7 1.334 uM
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Figure 15: Viability percentage of cancer cell treated with AgNos nanoparticles and
Doxorubicin as a positive control. ‘A’ - nanoparticles on Caco-2; ‘B’ - nanoparticles
on MCF-7; ‘C’ - Doxorubicin on Caco-2; ‘D’ - Doxorubicin on MCF-7.
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Chapter 4: Discussion

4.1 Green synthesis of silver nanoparticles

Now-a-days, the synthesis of nanoparticles using plant materials as a reducing
and capping agent is gaining attention (Skora et al., 2020; Vaid et al., 2020). The
identification of color is a preliminary analysis to confirm the formation of AgNPs. It
is maybe because of the excitation of the Surface Plasmon Resonance (SPR) effect and
the reduction of AgNO3; (Mulvaney, 1996). The intensity of brown color increases in
direct proportion to the incubation period. In the present study, the complete color
change was observed after 2 h. It is well known that the presence of phytochemical
components of plants is responsible for the rapid reduction of silver nanoparticles.
Usually, the green synthesized AgNPs have a large surface area which increases the
adsorption of bioactive compounds. So, high antioxidant activity was observed in the
present study. The phytochemicals involved in the process of green synthesis of
nanoparticles are flavonoids, terpenoids, ketones, amides, aldehydes, saponins,
carboxylic acids, organic acids. Moreover, the water-soluble phytoconstituent of
quinine is mainly involved in the immediate reduction of silver nitrate. It was reported
that the extracts of Ocimum sanctum took 1 hr to synthesize the AgNPs (Ahmad et al.,
2010). Rhizome extracts of Alpinia calcarata showed the formation of brownish
orange color in 5 min. Whereas, the AgNPs were formed in 10 min when Azadirachta
indica extracts were used as a reduction agent (Shankar et al., 2004). This indicates
that the intensity of brown color increases with the increase in the duration of
incubation. Previous studies stated that the reaction of metal reduction has been
attributed to hydroxyl groups of phytochemicals (Lim & Park, 2018) or the amino

group oxidation of some terpenoids or alkaloids available in the extracts by the
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electrons transfer from the bioactive compounds functional group to the Ag + ions
(Adebayo-Tayo et al., 2016). So, the presence of hydroxyl groups in sterols, alkaloids
and glycosides in M. peregrina extract most likely responsible for the silver ions
reduction reaction in the present study. Moreover, Park et al. (2011) stated that the
metal ions reduction to metallic nanoparticles happens via oxidation of hydroxyl

groups to carbonyl groups.

4.2 Antioxidant activity

ROS are profoundly responsive molecules that are continually delivered by
cellular enzymatic reactions. They are needed to keep up cell homeostasis and the
body's antioxidant defense systems are intended to prevent hurtful effects caused by
increased levels of ROS. Cells produce ROS at low levels in a normal healthy
condition. Free radical-mediated modification of proteins, DNA, lipids and small
cellular molecules has been associated with diseases like atherosclerosis, cancer and
rheumatoid arthritis (Chattopadhyay ef al. 2010).

In the present study, the green synthesized nanoparticles using leaf aqueous
extract of M. peregrina showed a good antioxidant activity in terms of DPPH radical
scavenging activity, hydroxyl radical scavenging assay, superoxide anion radical
scavenging assay, nitric oxide radical scavenging assay and reducing power ability at
a maximum concentration of 100 pg/mL. The same concentrations of gallic acid were
used as a standard for comparison. Surprisingly, in the present study, the AgNPs
prepared by the aqueous leaf extract of M. peregrina exhibited comparatively excellent
antioxidant potential than gallic acid due to the structure and characterization of the
AgNPs. These results are in agreement with the previous studies on the antioxidant

potential of the green synthesised AgNPs. Govindappa et al. (2018) reported the
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antioxidant activity viz., DPPH, nitric oxide scavenging power, H202 scavenging and
reducing power of AgNPs prepared by using the aqueous leaf extract of Calophyllum
tomentosum. Different concentrations viz. 10, 20, 30, 40, 50, 75 and 100 pg/mL were
prepared and used for the study. The results indicated that the AgNPs had good DPPH
scavenging potential compared with BHT. At the highest concentration the (100
pg/ml) AgNPs had more inhibition with 90% DPPH scavenging activity and 83.94%
H202 radical scavenging activity. Besides, the AgNPs prepared by using the aqueous
leaf extract of Calophyllum tomentosum showed 78.46% of inhibition which was less
than standard gallic acid (79.11%). Accordibg to Jalilian et al. (2020) the AgNPs
synthesized using hot water extract of Allium ampeloprasum showed significant
antioxidant potential with the inhibition of 81% at a concentration of 150 pg/mL. Also,
in 2015, Govindaraju et al. (2015) found that the green synthesized AgNPs showed
antioxidant potential in a dose-dependent manner. Vijayan ef al. (2018) also obtained
similar results from the Bio synthesized AgNPs using Indigofera tinctoria leaf extract.

Usually, the antioxidant properties of the biosynthesised AgNPs are due to their
ability as a reducing and stabilizing agent during biosynthesis, being a natural
antioxidant material, resulting in the surface modification of AgNPs (Kanagalakshmi
et al., 2010; Premanathan et al., 2011; Veerapandian et al., 2012; Govindaraju et al.,

2015).

4.3 Anticancer activity

Recently, several studies have reported that the green synthesized AgNPs can
be used as an anticancer agent due to their toxic potential on cancer cells (Mohanta et
al., 2016; Singh et al., 2018). Furthermore, in the present scenario, remarkable interest

in the anticancer properties of the natural product derived nanoparticles has been seen.
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Conventional cancer therapies such as chemotherapy and radiation result in serious
side effects addition to the drug resistance of certain cancer cells. These reasons
encouraged the scientist to focus on the natural products and derived nanoparticles
therefrom fight against cancer (Velpurisiva et al., 2017). Silver nano particles are used
as anti-microbial agents, antioxidants and also have low toxicity in nature (Kim, 2007).
Cancer cell models are normally use to identify the potent effect of natural product on
inhibiting cancer growth and death of the cells (Kim et al., 2018).

In the present study, MTT was preferred as a dye in the anticancer activity test
to avoid the cross coloring of the nanoparticles with other dissolving dyes. In the case
of MTT assay, addition of fromazan crystals will dissolve only with the addition of
Dimethyl sulphoxide and form a blue colored product. MTT assay developed by
Mossman (1983) is a means of measuring the activity of living cells via mitochondrial
dehydrogenases. Formation of the formazan is appearing only in the living cells and
not in the dead cells, so the color developed is measured with spectrophotometry.

The previous reports about the nanoparticles developed from the bark of
Moringa showed that IC50 on the HELA cells reached 100 pg/ml (Vasanth et al.,
2014), but in the present studies AgNPs showed better IC50 values on breast cancer
cells and colorectal cancer cell lines. Here this study reports IC50 values 26.93 pg/ml
on MCF-7, which is significant when compared to the effect of other extract
synthesized nano-particles such as Syzygium aromaticum inducing IC50 higher than
50 pg/ml (Venugopala et al., 2017). Morphological changes of the MCF-7 and Caco-
2 cells during the treatment with nano-particles give insight that the cell death is due
to the apoptosis rather than necrosis (Saraste, 2000).

Also, the released Ag ions from AgNPs are highly toxic. They disrupt the

activity of RNA polymerase by directly binding to it. Moreover, the generation of ROS
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causing intracellular oxidative stress and finally killing of the cell is the main reason
for the toxicity of AgNPs (Ott et al., 2007). Two significant characteristics including
size and shape also affect AgNPs activities. The smaller nanoparticles have more
interaction with the cells which reach the cytoplasm more often than larger
nanoparticles (Jalilian et al., 2020). Besides, it was observed by Qing et al. (2018)
biosynthesized AgNPs with the highest surface area released the maximum
concentration of Ag cations. The AgNPs with large surface area, small in size and
large number of organic molecules bonded to their surfaces can easily penetrate the

cell membrane (Maffre et al., 2011; Lee et al., 2015).
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Chapter 5: Conclusion

In recent years, the green synthesized nanoparticles had various biochemical
applications such as antioxidant, anticancer, antimicrobial, antiviral, anti-
inflammatory, cytotoxic and anti-HIV. Furthermore, AgNPs are extensively used for
the drug delivery, diagnosis and treatment of diseases because of their biological
activity and being eco-friendly and nontoxic to humans. In the present study, silver
nitrate was used for the synthesis of nanoparticles using the aqueous leaf extract of
Moringa peregrine, which was studied for their antioxidant activity viz., DPPH,
ABTS, Hydroxyl radical scavenging, Superoxide radicals scavenging, nitric oxide
scavenging potential and reducing power in addition to anticancer activity against
human cancer cell lines (Caco-2 and MCF-7). The results showed significant
antioxidant potential compared to the standard compound. The anticancer activity of
AgNPs were also very effective against cancer cells under in vitro conditions. In
conclusion, The biosynthesized nanoparticles using M. peregrina as a reducing agent
showed good antioxidant and anticancer potential on human cancer cells and it can be
used in biological applications. However, more studies on surface modification of
AgNPs during biosynthesis and the signaling mechanism behind their actions are
warranted for a better understanding of their bioactivity. Moreover, the cytotoxicity

against normal cells is also needed to be analyzed.
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