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ABSTRACT

Synthesis of nanoparticles by green method is most convenient approach. Herein,

silver nanoparticles of different ratio ( 1:3 and 1:5) were synthesized using the leaves

extract of Artemisia vulgaris. The Leaves extract was characterized by qualitative

chemical tests and spectroscopic measurements. Bioactive compounds which acted as

reducing, capping, and stabilizing agents were characterized by qualitative chemical

tests and spectroscopic measurements. Formation of silver nanopartilces was

monitored by UV-visible spectroscopic measurement followed by characterization
using FTIR, XRD, SEM and EDX. FTIR reflected the possible functional groups
associated for the formation of nanoparticles. XRD pattern revealed the crystalline
nature of nanoparticles. From the interpretation of powder form diffraction peaks of
XRD, the average size of as synthesized nanoparticle was found as 28 nm. EDX
revealed that the nanoparticles are mostly made of silver, with a little carbon and
oxygen, where content of Ag was 91.31 % by mass % in 1:5 AgNPs. Similarly, FE-
SEM results showed that as-synthesized products were in nanosize dimension.
Antimicrobial acitivity of synthesized nanoparticles against Gram positive bacteria
(Bacillus subtilis), Gram negative bacteria (Escherichia coli), and fungus (Candida
albicans) was studied. These particles showed good zone of inhibition indicating their

good potential to control the bacterial and fungal growth.

Keywords: Artemisia vulgaris; leaf extract, green chemistry; AgNPs; antibacterial activity;

antifungal activity;
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CHAPTER 1
INTRODUCTION

1.1.Background
In recent research scenario, the prefix ‘nano’ is found to be used as keywords in each

and cvery stream. Actually the term ‘nano’ is derived from the Greek word ‘nanos’ or

Latin word ‘nanus’ which means “dwarf” (Kolahalam et al., 2019). A nanometer is
roughly about the length of 10 hydrogen atoms or 5 aligned silicon atoms (Goyal,
2017). Those materials which have at least one of their dimensions in nanoscopic
range (1-100 nm) are called nanomaterial. Nanomaterials could be nanoparticles,
nanorods, nanotubes, etc. Hence, all nanoparticles are nanomaterials but all
nanomaterials are not nanoparticels (Neupane, 2018). The nanoparticles have a
smaller size and large surface to volume ratio, thus these substances exhibited new,
un-parallel, preferable, and remarkable noble physical and chemical properties, and
have larger surface area (Aritonang et al., 2019). Due to the unique qualities and
properties of NPs when compared to large particles such as form, size, and
distribution, Nanoparticle synthesis and characterization have exploded its popularity
in recent decades and these materials can be used in verities of fields including the
environment, optics, foods, sensor, chemical industries, healthcare, drugs delivery,
computer science and information technology, cancer therapy, etc. (Roy, 2017; Song

& Kim, 2009).

Nanotechnology is the science which deals with the study of nano-sized materials by
controlling their shape and size. It alters matter at the atomic and the molecular levels
while reducing materials at the nanoscale range to increase functionality (Tahvilian et
al., 2019). The nanotechnology getting attention in almost all engineering branches
and should have good knowledge of physics, chemistry, materials science, solid state

and biosciences in order to understand nanotechnology (Kolahalam et al., 2019).

Although nanotechnology has just recently attracted attention, it has long been known
to have been in use. The nanomaterials and their formation procedure in nanoscale
have been know from dates back to ancient time (Tolochko, 2009). However, the
credit of nanoscience goes to a physicist, Richard Feynman for establishing and
generalizing of this field (Feynman, 1960). Along with this, equal credit goes to Prof.

Norio Taniguchi for his contribution in the field of nanoscience (Goyal, 2017).
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Various discoveries regarding nanomaterial like carbon nanotubes, fullerenes, and
quantum dots with unique mechanical, thermal, and electrical propertics have been
reported in that era of nanotechnology (lijima, 1991; Kroto et al., 1985). Hereafter,
Nanotechnology became onc of the latest scientific progresses leading to developing a
new form of material fabrication by controlling and manipulating material structure
on a nanoscale (Ebrahiminezhad et al., 2016). In future, mankind activitics such as
living, working, and communicating fields will be controlled by nanotechnology. So
this field is now become mature and multidisciplinary with varieties of applications in

multidimensional fields such as electronics, medicines, energy, and material science.

1.2. Classification of Nanomaterials

1.2.1. Classification on the basis of dimensions

On the basis of dimensions, nanomaterials can be classified into four distinct

classes (Vollath, 2008).

I.  Zero dimension nanomaterials (0-D):- All the three dimensions of the
nanomaterials are in the nanoscale range. Nanoparticles will come into this
classification.

II.  One dimension nanomaterials (1-D):- In this, any one dimension will be in
nanoscale range and remaining two dimensions are out of the nanoscale range.
Nanorods or Nanotubes or Nanowires are related to this class.

OI.  Two dimension nanomaterials (2-D):- Any two dimensions are in nanoscale

range and remaining one dimensions is out of it. These include Nanofilms,

Nanolayers, and Nanocoatings.
IV.  Three dimension nanomaterials (3-D):- In any dimensions, these
nanomaterials are not in nanoscale range. These includes nanocomposites,

core shells, multi nanolayers, bundles of nanowires, bundles of nanotubes.

Nanomaterials
0 dimensional 1 dimensional 2 dimensional 3 dimensional
- 53 ! 5 P
R :,tc;f'z;‘,: .
Fullerene Carbon nanotube Graphene sheet Graphite
Scheme 1:

Classification of nanomaterials on the basis of dimensions.

2
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1.2.2. Classification on the basis of composition

On the basis of composition, their size, and properties, nanomaterials can be

classified in following categories.

I. Carbon-based nanomaterials: The main constituent for this type of
nanomaterials is the carbon. Carbon nanotubes, fullerenes, and graphene are
related to this type of nanomaterials, They have unique electrical, thermal, and
mechanical propertics, making them suitable for various application (Iijima,
1991; Vollath, 2008).

II.  Metal-based nanomaterials: Metal ions with divalent and trivalent cations
serve as the precursors for metal nanomaterials. The metal ions are converted
to metal nanoparticles using reducing agents. This includes nanoparticles of
metals such as Au, Ag, Pt, and metal oxide such as ZnO, TiO2. They can be
used in multidisciplinary areas such as catalysis, sensing, and biomedical
engineering (Babu & Antony, 2019; Mirkin et al., 1996).

II. Semiconductor nanomaterials: They have both metallic and non-metallic
properties. They exhibit wide band gaps by modifying it shows different
properties. These are widely used in photocatalysis, solar cells, and electronic
devices (Kolahalam et al., 2019).

IV. Polymeric nanomaterials: These include dendrimers, polymersomes, and
polymeric nanoparticles. They are used in areas such as drug delivery,
imaging, and tissue engineering (Tomalia et al., 2007).

V. Biological nanomaterials: These include viruses, liposomes, and exosomes.
They are used in areas such as drug delivery, gene therapy, and vaccines
(Johnstone et al., 1987).

1.3. Synthesis approach

Nanoparticle synthesis has been extensively explored utilizing chemical and physical

methods, but the development of dependable nanoparticles production technology is a

crucial feature of nanotechnology.

There are two synthesis approaches categorized as ‘top- down’ and ‘bottom- up’

approaches.

I. Top-down approach

The larger materials are broken down into tiny pieces using mechanical and
chemical methods in the "top-down" method. The biggest drawback of this

method is how challenging it is to achieve the correct particle size and shape

3
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1.

(Thakore et al,

Mechanical alloying,

high pressure torsion,

nanolithography, and other synthesis methods are examples of different sorts of

approaches (Kanchi & Ahmed, 2018).

Bottom-Up approach

The larger materials arc produced by the chemical fusion of the smaller ions

when nanoparticles are condensed in cither the liquid or gascous phase in the

"bottom-up" method (Kolahalam et al., 2019). The appropriate nanosized

materials are produced using this method from atoms, molecules, clusters, or

smaller particles. By including a capping agent, it creates homogeneous, stable

nanoparticles that can be altered in terms of size, shape, and content (Kanchi &

Ahmed, 2018).

[:l‘op-doWn approach

Mechanical milling
Etching

Laser ablation
Sputtering
Electro-explosion
Hydrothermal method
Arc discharge method

{Bottom-up approich }

Spinning

Chemical Vapour Depositio
Sol-gel process

Molecular condensation
Chemical reduction
Micro-emulsion

Green synthesis

Nanoparticles

teo
.0....

Nuclei and its
growth

LIRS B I )
+e4, *

Yo v.n
Atomic levels

Scheme 2: Synthesis approach of nanomaterials

There are various methods such as co-precipitation, hydrothermal, sol-gel, chemical

vapor deposition, wet impregnation, thermal decomposition, complex directed

hybridization, direct heating, electrospinning, microwave synthesis, biosynthesis, etc
, etc.

for the synthesis of nanomaterials (Das & Srivastava, 2018). However, they are

limited due to high cost, toxicity, and accessibility. In this context, green method of

nanomaterial synthesis can be the best altemnative approach.
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1.4. Green synthesis of Nanoparticles

A green chemistry method is the bottom up approach to synthesize nanomaterials by
utilizing plant extract, microorganisms, biological templates, ctc. as capping or
stabilizing agents (Daphne et al., 2018). The main theme of green chemistry is to find
new ways to create the best chemical products and methodology by obeying the
principle of green chemistry by utilizing low cost, non- hazardous, renewable, and

casily available materials as raw materials (Anastas & Warner, 1998).

Nanoparticle biosynthesis is an efficient, one-step method of bio-reduction. The
process by which plant metabolites reduce metal ions to metal atoms is known as bio-
reduction. A large scale manufacturing with minimal contamination has resulted from
the synthesis of nanomaterials employing a variety of sources, including bacteria,
fungi, algae, biological template, and plant extract, due to the growing popularity of
green technology (Ahmad et al.,, 2019). Among these, synthesis of nanomaterials
using bacteria, fungi, algae, and biological templates are limited because of their
super specificity towards nanoparticles. So, in the broad-spectrum synthesis of
nanomaterials plant extracts are highly recommended. Plants are regarded as highly
desirable system for nanoparticles range of bioactive secondary metabolites with
profound reducing potential (Pandey et al., 2013). The biosynthesis of nanoparticles
has received a lot of interest since it is straightforward, inexpensive, and non-toxic,
producing more stable metal nanoparticles and demonstrating the superiority of plant
extract as a material (Zheng et al., 2015). And a notable advantage is that no separate
reducing, capping, stabilizing agents are to be added in the whole synthesis process

i.e. plant extract itself functions as all (Khan et al., 2018; Marslin et al., 2018).

1.5. Antimicrobial activity

A substance or agent has antimicrobial activity when it has the capacity to prevent the
growth or eradicate microorganisms including bacteria, viruses, fungus, and parasites.
The prevention and treatment of infectious illnesses, as well as a number of industries
like healthcare, agriculture, and food preservation, all rely heavily on it (Varaldo et
al., 2020). Depending on their intended function, they can be categorized into
different groups, such as anti-biotic, anti-viral, anti-fungal, anti-parasitic, etc.
(Abushaheen et al., 2020; Spellberg et al., 2008). The microbes that harm the host
should be poisoned by these anti-microbial agents, but not the host itself. Herbal

plants have been used long to treat ailments in human history. The growth of the
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pharmaccutical industry has eliminated numerous human-devastating diseases. As a
result, concerns about illness and human health have always exists each new
technological creation. Many medications that operate as anti-microbial agents have
been used for many years, however due to excessive usage of certain drugs, certain
bacteria and fungi have developed resistance to them. Duc to the development of
drug-resistant microbes and the demand for other methods to treat infectious illnesses,

the hunt for effective antimicrobial drugs has assumed growing importance (Varaldo

etal., 2020).

AgNPs have pronounced antibacterial properties due to their larger surface area, thus
providing better interaction with microbial pathogens. Hence, researchers have
performed various studies regarding antimicrobial activities of silver nanoparticles
(Alomari, 2020; Rasheed et al., 2017; Shanmuganathan et al., 2018, 2018; Soon et al.,
2020).

1.6. Plant description

A medicinal plant Artemisia vulgaris L. (commonly known as Titepati in Nepal)
belongs to the family asteraceae is a rhizomatous perennial weed that infests the
landscape, agronomic setting, waste area and road side (Weston et al., 2005). The
genus Artemisia is native to Europe, Asia, South Africa, and the pacific islands and
being naturalized in regions from temperate region of southem North America to the
Himalayan mountains (3700 m), A.V. has not been reported only in Antarctica
continent (Kadereit & Jeffrey, 2007).

1.6.1. Taxonomic classification
Kingdom: Plantae
Division: Magnoliophyta
Class: Magnoliopsida
Order: Asterales
Family: Asteraceae
Genus: Artemisia
Species: vulgaris
Common Name: Mugworth
Nepali Name: Titepati

Figure 1.1: Artemisia vulgaris plant
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1.6.2. Morphological Characteristics

Artemisia vulgaris is the herb with 70-150 cm long, highly branched shrub with many

headed and creeping rhizomes but no rosette or runners. Although, some herbs are

highly branched and short, others are un-branched and tall (2 m). The flowers are red,
brown and yellowish in color and almost glabrous. A. vulgaris is characterized by
having pinatissect or bipinatissectas leaves with lanceolate or oblong segments, soft,
white silver dorsally (Abiri ct al., 2018). Artemisia vulgaris has been utilised since
antiquity for ethno pharmacological purposes such as antibacterial, antipyretic, anti-

fertility, antitumor, and anti-malarial activitics (Shanmuganathan et al., 2018).

1.7. Statement of problem

An unchecked use of antibiotics has led to an increase in both gram positive and gram
negative bacterial strains. Lack of selectivity in the treatment, along with its slowness
and high cost, made it hard for the average person to afford medical expenses. As a
result, the silver nanoparticles' antibacterial capability may be useful in creating

antibacterial medications to fight harmful pathogenic strains.

So in terms of eco-friendly convenience and cost effectiveness, it is more dependable
to use natural plant sources such as Artemisia vulgaris leaf extract. Biological
synthetic process offers a wide range of environmentally acceptable methodology,

low cost and minimum time required, also helps to find the gaps.

1.8. Objectives of the study
1.8.1. General objectives
The general objective of this study is to carry out the green synthesis of silver
nanoparticles using Artemisia vulgaris leaf extract and study of its antimicrobial
activities.

1.8.2. Specific objectives
The specific objectives of the study can be figured out as follows;

* Preparation of methanol extracts and conduction of its phytochemicals
screening.

* Green synthesis of AgNPs by using AVLE.

Characterization of AgNPs.

Examine the antimicrobial activities.
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CHAPTER 2

LITERATURE REVIEW

Out of various NPs, many NPs such as ZnO, FeO, SiO;, CeO, and TiO; are
extensively used because of their favorable photocatalytic capabilities. Elemental
metals of nano-metric dimensions, such as Ag, Au, Fe, Cu, Pt, Pd, Ni, and Co are
widely employed for antibacterial, optical, catalytic, electrical, and sensing
application, as well as doping agents. Conductors and semiconductors are composed
of Au, Cu, Si, and Co nanowires (Ghosh ct al., 2011; Goswami et al., 2017; Mittal et
al., 2013; Quinn et al., 2005).

Due to the unique qualities and properties of NPs when compared to large particles
such as form, size, and distribution (Roy, 2017), nanotechnology can be used in a
variety of application including the environment, food, optics, healthcare, chemical
industries, biosensor, medication delivery, cancer therapy, etc. Nano-biotechnology
provides a critical technique for the development of a fair, nontoxic, and eco-friendly
metal NPs production process that has the ability to reduce metals through metabolic
discipline (Elangovan et al., 2015; Roy, 2017).

Silver NPs, among the various NPs that have been developed to date, have piqued the
interest of researchers due to their mysterious properties, which include high electrical
and thermal conductivity, surface enhanced Raman scattering, chemical stability, high
catalytic activity and antimicrobial activity. Silver ion has the strength to Damage
bacterial cell, i.e. When the silver ion enters the bacterial cell, the DNA molecule
transforms into a intensify form and misses out its reproduction power leading to
bacterial cell death (Priyadarshini et al., 2019). Because silver plays a unique role in
antimicrobial, catalytic, and biological systems the synthesis of AgNPs has grown in
importance as an antimicrobial agent against the ever increasing threat posed by

antibiotic resistant microbes (Nadagouda et al., 2009).

Ostad et al., (2010), used a nanoparticle-based strategy and found that giving breast
cancer cells and tamoxifen-resistant cancer cells a low dose of tamoxifen followed by
AgNPs had a potential synergistic anticancer impact against both cancer cell lines.
Similarly, the versatile silver embedded magnetic NPs were gracefully synthesized
and successfully used for targeting breast-cancer cells and floating leukemia cells (Jun

et al., 2010). When compared to antibiotics like Gentamycin, the produced NPs have
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a number of antibacterial advantages. When clinical bacterial infections were exposed
to AgNPs , it was discovered that the NPs disrupted cell replication by influencing
membrane permeability and finally triggering ccll death by degrading cell growth
(Kasithevar et al., 2017).

In an carlicr study, antibacterial activity of AgNPs made from Vitennegundo extract
has been demonstrated against E.coli and St. aureus (Zargar et al.,, 2011). For B.
cereus, B. subtilis and S. aureus, the zone of inhibition created by AgNPs developed
with Acorouscalamus rhizome extract was measured to be 15, 17, and 16 mm
respectively (Nakkala et al., 2014). Similarly, it was found that the AgNPs derived
from papaya fruit exhibited notable antibacterial activity against E. coli and P.
aeruginosa (Jain et al., 2009). Well diffusion technique was used to study the
antibacterial activity of green synthesized AgNPs from Solanum tuberosum extract
against gram positive and gram negative bacteria. This study showed the most
antibacterial activity was observed against E. coli (28 mm) and St. aureus (18 mm)
followed by M. luteus (15 mm) and P.aeruginosa (13 mm). The diameter of the zone
of inhibition towards antibacterial activity, area less than 9 mm was considered as
inactive, 9-12 mm partially active while 13-18 mm as active and 18 mm as very active
(Tokusoglu & Uunal, 2003).

Likewise, green synthesis of AgNPs using extract of medicinal plant C. gigantea has
shown potential antimicrobial, antipyretic, cytotoxic, antioxidant, anticancer,
larvacidial activity and anti-proliferative activities. The effectiveness of the
nanomaterials created using C. gigantea can be employed in an economical and
environmentally friendly way to ward off mosquitoes. The way by which silver
nanoparticles kill larvae is that they readily pass through the cell membrane of the

organisms, ultimately leading to cell death (Ajith et al., 2019).

In the another study done by Mathew et al., (2020), reported that the antibacterial
activity evaluated for synthesized AgNPs showed that biosynthesized AgNPs from the
flower extract have resistance against Gram 7 positive bacteria like B. subtilis. This
type of nanoparticle biosynthesis is an environmentally acceptable, nontoxic
approach. Salayova et al., (2021), reported green synthesis for the production of silver
nanoparticles using five different aqueous plant extracts namely Berberis vulgaris,
Brassica nigra, Capsella bursa-pastoris, Lavandula angustifolia and Origanum

vulgare was investigated in this study. Extracts from these plants were successfully
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characterized by UV-visible spectrometer, XRD, Zeta-potential, FT-IR, TEM, etc.
The XRD analysis or investigation confirmed the presence of Agin the nanoparticles
and interactions between the bioactive compounds of the plants and provided AgNPs
were evident in the FTIR spectra. TEM indicated that the nanoparticles exhibited a
bimodal size distribution, with the smaller particles being spherical and the larger
having a truncated octahedron shape. In addition, the antimicrobial activity of the
AgNPs was tested against five bacterial strains. All the synthesized NPs exhibited
enhanced antimicrobial activity at a precursor concentration of 5 mM compared to the
control substance, gentamicin sulphate, with the best results obscrved for AgNPs

prepared with B. nigraand L. angustifolia extracts.

According to the study done by Alsammarraie et al, (2018), green synthesis of
AgNPs using extract of Turmeric powder where plant biomaterials were used as a
reducing as well as capping agent. After 24 hrs of reaction, yellow color of extract
changed to dark brown-reddish due to reduction of silver ions to AgNPs. It was
characterized using UV-Vis spectroscopy, FT-IR, TEM and EDS. UV-spectra showed
maximum absorbance at 432 nm whereas TEM reveals that the shape of AgNPs was
spherical in size with average particle size of 18+0.5 nm. EDS reveals strong signals
of silver element. In this study, green synthesized AgNPs shows high and efficient
antimicrobial activities against two food-borme pathogens (Escherichia coli and
Listeria monocytogens). TEM and SEM image reveals that there were significant
shrinkage and damage of bacterial cell wall, and leakage or loss of bacterial
intracellular contents. A significant reduction (p<-0.05) of bacterial counts just after 4
hrs of exposure was observed. These results indicate that green synthesized AgNPs
can be utilized as an antimicrobial means to inhibit the growth of pathogenic bacteria

for applications in agricultural and food industrics.

Recently, green synthesis of AgNPs using extract of medicinal plant A.vulgaris has
shown potential antimicrobial, antioxidant and anti-proliferative activities (Alomari,
2020; Rasheed et al., 2017; Soon et al., 2020). Thujone, caryophyllene oxide, a-
thujone, 1, 8-cineole, trans-cryophyllene and linalool were investigated as major
active in the essential oil of A.vulgaris (Yildirim et al., 2016). The essential 0il from
A. vulgaris is reported to be 90% effective in repelling dedesaegypti, a mosquito
strain that transmits dengue and yellow fever. Furthermore, gold NPs synthesized

from A. vulgaris shows better activity than essential oil regarding damage of cells of
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Aedes aegypti. Hence, this method is promoting better action against dengue fever
vectors (Sundararajan & Kumari, 2017). It was found that the iron NPs synthesized in
A. vulgaris extract were potentially useful for environmental remediation

(Kouhbanani et al., 2018).

A. vulgaris leaves extract (AVLE) was used to synthesize AgNPs due to its reducing
potential, without adding other capping agents. Green synthesized NPs with AVLE
remarkable antibacterial effects against pathogenic bacteria such as E. coli, St. aureus,
P. aeruginosa, Klebsiella pneumonia and Haemophillus influenza. In vitro antioxidant
assays revealed that AgNPs have a cytotoxic effect on human epithelical cells and
MCEF-7 cells when tested using the MTT methods (Reddy et al., 2014).The studied on
the antibacterial activities of AgNPs prepared by AVLE against five human pathogens
namely E. coli, St. aureus, P. aeruginosa, K. pneumonia and H. influenza by disc
diffusion method revealed that the AgNPs displayed significant inhibition activities
against all the pathogens. The highest value of the inhibition zone was recorded
against St. aureus(18+0.27 mm) and the lowest value was recorded against V. cholera
(12+0.18 mm) by AgNPs (Rasheed et al., 2017).

According to the study done byAlomari, (2020), the AgNPs have been successfully
synthesized by using Artemisia vulgaris leaf extract through green approach.
Formation of AgNPs was characterized by using UV-visible, FT-IR, XRD, TEM,
AFM and SEM analysis. The UV-visible spectroscopy revealed the characteristic
peak of AgNPs at 430 nm and TEM revealed the average size of AgNPs from 2.90-
200 nm. Thus formed AgNPs were successfully examined against the gram positive
(Staphylococcus aureus, Bacillus cereus) and gram negative (Escherichia coli,
Pseudomonas aeruginosa) bacteria and it was found that AgNPs shows excellent

antibacterial activity against gram positive bacteria.

Study done by Soon et al., (2020), the AgNPs have been synthesized by Artemesia
vulgaris and examined against wound bacteria. The characteristic peak of AgNPs was
found at 427nm as revealed by UV-visible spectrometer. TEM showed the AgNPs
displayed average size of 20-50 nm. This study revealed that the AgNPs using
Artemesia vulgaris cxtract were more cffective in inhibiting the growth of gram

negative bacteria than gram positive ones.
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CHAPTER 3
MATERIALS AND METHODS
Materials
.1. Sample collection and study area

Artemisia vulgaris leaves were gathered from Sainamaina municipality ward No:
11, Rupandehi, Nepal in September, 2022. Laboratory of Amrit Campus is the
research arca for this study.. The leaf of Artemisia vulgaris has been used this

study.

Sample collection
D arca

R TEI
gﬂf?’ﬂ %

E R A

Figure 3.1: Sample collection area and collected samples.

3.1.2. Equipment/Instruments

o o

e o

f.

g.

3.1

Digital weighing balance

Magnetic stirrer

Volumetric glassware

UV Visible spectrometer (Labotonics, LT2802)
FTIR (PerkinElmer 10.6.2)

XRD (Rigaku diffractometer)

SEM and EDX (Hitachi, Tokyo, Japan)

.3. Chemicals

All the chemicals used for this study were of analytical grade and were used as

received without further purification.

a. Methanol (99.8 %, EMPARTA®)

b. Silver Nitrate (99.8%, Qualigens)
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3.2 Preparation of Extract and Chemical Analysis
3.2.1 Preparation of extract
Artemisia vulgaris leaves were washed with distilled water, dried in shade for 10-
12 days, and then crushed to a fine powder using the herbal disintegrator, The leaf
extract was prepared by cold percolation method where 100 g of leaf powder was

soakcd in 750 mL methanol for 10 days then filtered to obtain extract.

‘;’ W‘q Sonked in g -i’. “;“r’.
'_ v wl Methanol | 1
Pulverized "‘F‘"‘ 5% ¥ ’ . for 10 days { Filtered
'!.'-.', i .~;, — , —_—
Rigde LT i
uﬁ [ s

Leaves of A. vulgaris Powder form

Leaf extract

Scheme 3: Preparation of methanolic extract ofArtemisia vulgaris leaves

3.2.2 Phytochemical analysis
Phytochemical analysis helps to determine the bioactive compounds present in the
extract. Presence of the bioactive compounds in the prepared extract was
confirmed by observing the color reaction using specific reagent for specific
bioactive compounds. Standard protocol was followed to investigate the

phytochemical constituents (Appendix table Ay).

3.3 Reagent Preparation
3.3.1 Preparation of AgNOs solution
8.2 g of silver nitrate was dissolved in 500 mL distilled water to prepare 0.0IN

Silver Nitrate solution.

3.3.2 Synthesis of AgNPs;
Silver nanoparticles were synthesized by adding 10mL and 6mL plant extract
separately into the Beaker with 30mL 0.01 N AgNOs solution while stirring on
magnetic stirrer at room temperaturc. After 45 minutes, color was changed to
brown and thus formed precipitated product was filtered and washed with distilled

water and ethanol and then it was dried. Finally pure AgNPs has been collected.

3.4 Physicochemical Characterization
Structural and morphological characterization were carried out using different
instruments, such as UV spectroscopy, FT-IR and XRD. The phytochemical test was

based on the chemical test method where visual changes were noted.
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UV-visible spectroscopy was used to monitor as well as determine the formation of
AgNPs. AgNPs dispersed in ethano! was taken in quartz cuvette and the absorbance
due to surface Plasmon resonance of particle was recorded in the range of 350-460 nm
at scan interval of 5 nm using UV- visible double beam spectrometer (Labotonics,
model LT2802). It was carried out in the Department of Chemistry, Amrit Campus,
Kathmandu.

Fouricr Transform Infrared (FTIR) Spectroscopy was used to identify the functional
group associated with the sample as a stabilizing and reducing agent. The FTIR
spectra were recorded with an FTIR spectrometer (PerkinElmer 10.6.2) at the cut off
range 400-4000 ¢cm”' with scan interval 4 cm’!. It was also carried out in the
Department of Chemistry, Amrit Campus, Kathmandu.

The crystallinity and crystal phase of the obtained materials were probed by an X-ray
diffraction (XRD) instrument (Cu Ko (A = 1.5406 A) radiation on a Rigaku
diffractometer, INCASR, Bengaluru, India). The crystal structure of the synthesized
AgNPs was examined by XRD. The surface morphology of as-synthesized material
was studied using field emission scanning electron microscopy (FE-SEM, Hitachi,
Tokyo, Japan) equipped with energy dispersive x-ray spectroscopy (EDX). The

overall experiment was carried out based on the following framework.

> uv
Sample collection »| Extract preparation
l *  FTIR
Characteriz
Synthesis of ation of
AgNPs AgNPs > XRD
l > EDX
Antimicroblal activity
» FE-SEM

Scheme 4: Systematic organization of the study work

3.4.1. Antimicrobial activity

Antibacterial and antifungal test was determined using Agar well diffusion

methods for plant extract, 1:3 AgNPs, and 1:5 AgNPs. Inhibitions of bacterial and
fungal growth were tested by zone of inhibition.
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First, Agar surface was inoculated by spreading a volume of microbial inoculums
over the entire agar surface; it was incubated in bacteriological incubator for 24 hrs
at 37 °C. Next day, the agar platc was then scparated with sign pen for different
nanopatticles and filter paper was kept in the disc plate on four sides. 5 pL of
standard kanamycin was loaded into respective scctions with the help of micro
pipette. Kanamycin was used as standard for gram positive (Bacillus subtilis),
gram negative (Escherichia coli), and fungus (Candida albicans), respectively.
Small pinch of nanoparticles was kept in respective sections of plate. Then kept in
incubator for 15 minutes and each plate was then observed for the zone of
inhibition (ZOI) produced by antibacterial and antifungal activity. ZOI was

measured by the use of scale.
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CHAPTER 4
RESULTS AND DISCUSSION

4.1. Phytochemical analysis

Phytochemical test of the methanol extract of Arfemisia vulgaris lcaves was carried

out using standard procedure (Appendix table Ay) and the obtained results are
tabulated in table

Table 4.1. Showing the results obtained by phytochemical test

Alkaloids Absent
Flavonoids Present
Saponins Present
Terpenoids Present
Quionens Present
Polyphenols Present
Proteins Present
Glycosides Present

Alkaloids were not detected in the leaf extract, according to the research, but
bioactive substances including flavonoids, saponins, terpenoids, quinones,
polyphenols, proteins, and glycosides present. For the creation of nanomaterials, these
bioactive phyto-constituents were thought to function as stabilizing and reducing
agents. The study by Thangjam et al., (2020) revealed that the lecaves extract of
Artemisia vulgaris included phytochemicals such flavonoids, triterpenoids,
glycosides, polyphenols, Saponins, and proteins. The results and our findings are in

strong agreement.

4.2. UV-Vis spectroscopy

Finding of UV-vis spectroscopic characterization are shown in figure 4.1, The UV-
Vis spectra of produced AgNPs showed a distinct peak at 430 nm, indicating the
finely dispersed AgNPs. In the similar experiment, AgNPs synthesis in aqueous
solution was monitored by recording the absorption spectra at a wavelength range of
300-600 nm (Leela & Vivekanandan, 2008). The peak at 430 nm was discovered to be
a characteristic of the AVLE variant metabolites and proteins, which play an
important role in the reduction of silver ions into synthesized NPs. OQur findings are in
agreement with the result obtained by (N. Ahmad et al., 2011; Sagar& Ashok, 2012;
Sinha et al., 2015).
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Rasheed et al., (2017), reported that the peak was detected at 420 nm for the AgNPs
synthesized of aqueous extract of A, vulgaris L. In another study, the synthesized
AgNPs from AVLE have been reported at 427 nm (Soon et al., 2020). According to
the study done by Alomari, (2020), prominent peak of AgNPs was observed at 431
nm. In the same way, the AgNPs developed from Acorouscalamus thizome extract
displayed broader peak around 400 nm (Nakkala ct al., 2014). Similarly, several
researchers have been reported that the peak of AgNPsappearsto be around this region

(Thatoi et al., 2016; Zahir & Rahuman, 2012).

5
o
o
-t
5
o
&
=]
—
2
=]
<
(—1:3 AgNPs
— 1:5 AgNPs
1 M T M 1 M L] M ] M
360 380 400 420 440 460
Wavelength (nm)
Figure 4.1: UV-Vis spectra of 1:3 AgNPs and 1:5 AgNPs .
4.3, FT-IR

The functional groups present in as-synthesized products were investigated using
FTIR Spectroscopy. The FTIR spectra of plant extract and synthesized nanostructure
were shown in figure 4.2. In the spectra of leaves extract presence of protein
stabilizing agents was demonstrated by strong peaks such as the board spectrum at
3323 cm~! was due to the O-H bond stretching. Similarly, the C-H stretching of
alkane has resulted in a band at 2945 cm™ and 2833 em™. C=0 stretching of carbonyl

compounds are resulted in a band at 1656 cm™'. The C-H bending of alkane gives rise
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-1
to band at 1449 em™ and 1413 ¢m!, Ap absorption peak at 1114 cm! was ascribed to

-N stretching, ar s . :
C-N & and band at 1022 em™ was attributed to ester and tertiary alcohol.

ese peaks assi ‘ere : S ) .
These peaks assigned were carried out accordance to the Spectrometric identification

of orgamic compounds (Silverstein & Bassler, 1962). The functionalities present in

methanolic extract of leaves of Arfemisiq vulgaris were found to be well indexed with

some previously published report (Karki et al., 2023). Furthermore, the stretching

peaks at 400-500 em'may corresponds to the formation of Ag confirms the

production of AgNPs,

In another study donc by Rasheed et al,, (2017) have reported that the strong
absorption peaks at 3419, 3151, 1619, 1400, 1069 cm''. The intense peaks at 3419,
3151 em! in AV-AgNPs spectrum attributed the O-H stretching of the phenolic
group. Similarly, the peaks atl stretching of 1619, 1400, 1069 cm™ designated the
carbonyl stretching of —C=0, aromatic stretching of C-N and —C-O or —C-O-C,

respectively which agreed well with previous reports (Nakkala et al., 2014; Poljansek
& Krajnc, 2005).

T%

— 1:5 AgNPs
——1:3 AgNPs
Extract 1022em™

v T T T y T v 1 M 1 b T T I
4000 3500 3000 2500 2000 1500 1000  sgp
Wavenumber (cm™)

Figure 4.2: FT-IR spectra of A. vulgaris leaf extract only and green synthesized AgNPs.
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4.4. XRD

The crystallite nature and size of the as-synthesized nanoparticles were carried out by
using X-ray diffraction Spectroscopy. The XRD patterns of the green synthesized
AgNPs using 4. vulgaris leaves extract is shown in figure 4.3, The XRD patierns of
AgNPs were appeared at 20 values of 27.78°, 32.35°, 38.09°, 44.53°, 54.78°, 57.53°,
64.45°, 67.37° and 76.74°, The four distinct diffraction peaks at 20 values of 38.09°
44.53% 64.45° and 76.74° were well indexed to the (111), (200), (220), and (311)
reflection plane of cubic structure of silver, respectively, with JCPDS card no: 90-

13050, space group: Fm-3m (Suh et al., 1988).

Furthermore, along with these representatives peaks of silver, some additional peaks
were also observed at 20 values of 27.78°, 32.35°, 46.36°, 54.78°, 57.53°, and 67.37°

were well matched to the peaks from the JCPDS card no: 76-1393 for silver oxide.

Presence of some of these peaks was due to the oxidation of silver during the long
term storage before the characterization. Similar studies of XRD patterns for Silver
nanoparticles have been reported in elsewhere (Rautela & Rani, 2019; Vanaja &
Annadurai, 2013).

The average crystallite size of the green synthesized silver nanoparticles was

calculated by using Debye-Scherrer formula,

KA
Bcosd

Where,
D= Crystallite size of materials

A= Wavelength of Cu Ka radiation (0.15406 nm)

6= Bragg's angle

B = Corrected half width of the diffraction peak (in radian)
K= Shape factor which usually equals to 0.94

The average crystallite size of green synthesized AgNPs was found at around 28 nm,
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Figure 4.3: XRD patterns of green synthesized AgNPs.

4.5. FE-SEM and EDX analysis

Using field emission scanning electron microscopy (FE-SEM) coupled with energy
dispersive X-rays (EDX) and elemental mapping, the surface morphology of as-
produced silver nanoparticles was investigated. The morphology of silver's surface
with various magnifications was shown in figure 4.4 and figure 4.5. The picture
demonstrates the homogeneously generated, narrow size distribution of the silver
nanoparticles. The formation of silver nanoparticles occurs at the nanoscale range.
Plant metabolites have an important role in the synthesis and stabilization of AgNPs,
as seen by the biomolecule coating of the biosynthesized AgNPs in the FE-SEM
pictures. These findings concur with those reported in (Dakshayani et al., 2019;
Mortazavi-Derazkola et al., 2020; Soon et al., 2020).
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Figure 4.4: FE-SEM images of 1:3 AgNPs at different magnification. S;a (x30k magnification in 1pm),

S1b (x50k magnification in 1pm), S)c (x 100k magnification in 500 nm), and S;d (x200k magnification
in 200 nm).
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SEM images of 1:5 AgNPs at different magnification. S;a (x30k magnification in 1pm),

Figure 4.5: FE-
$1b (xS0k magnification in 1pm),
in 200 nm).

Syc (x100k magnification in 500 nm), and Sd (x200k magnification
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Additionally, energy dispersive X-ray with clemental mapping was carried out to

guarantee the synthesized product, as seen in Figure 4.6. The outcome reveals that the

nanoparticles are mostly made of silver, with a little carbon and oxygen: The

methanolic extract of Artemisia vulgaris leaf was used to create the nanoparticle, and

it also acted as a capping and stabilizing agent. Such organic molecules that ar¢

attached to a surface may include carbon and oxygen. Additionally, some of the aerial

oxidation that silver may have experienced during proper storage, which contributed

to the element's existence. Silver, however, makes up the bulk of the nanoparticle’s

composition.

cps/ev

30

Energy [keV]

3

éElement At.rNo. (%] (%] [%]

Figure 4.6. EDX spectra of 1:5 AgNPs.

Table No.4.5: Elemental composition of 1:5 AgNPs from EDX.

Mass Mass Norm. Atom abs. error [%]

%l (3 sigma)
[o 6/ 3.98| 4.05| 24.22| 2.18
Ag 47/91.31 92.85 61.84 872
0 T 8 305 3.10| 13.94 2.53
~|98.3s] 1000010000

EDX spectral analysis demonstrated higher counts at 3 keV due to silver, thus

confirming the development of silver nanoparticles. Observation of some other peaks

such as peaks of carbon and oxygen in vicinity of silver major peaks corresponded to

that C and O elements are characteristic of plant extract. Strongest signal of silver

appeared in EDX spectra indicate the presence of large amount of silver nanoparticles
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and weakest signals from carbon and oxygen were also recorded. The study was

found to be consistent with literatures (Rasheed et al., 2017; Ahamed et al., 2011).

Figure 4.7 represented the elemental mapping of as synthesized product and revealed

the presence of C, O, Ag and EDX layer mapping of different clement in as
synthesized product,

Figure 4.7. Elemental mapping of (d) Ag, (b) C, (c) O, (¢) EDS layered image of 1:5 AgNPs,
and (a) and (f) 3-D FE-SEM image of 1:5 AgNPs in pm scale.
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4.6. Antimicrobial activitics

In this study, the antimicrobial activity of green synthesized AgNPs using AVLE was

studied against Gram positive bacteri (Bacillus subtilis), Gram negative bacteria

(Escherichia coli), and fungi (Candida albicans) by agar well diffusion method. Thus

obtained results were showed in Table 4.7. Kanamycin was used as a positive control

to compare with the obtained results of as-synthesized AgNPs to observe their
antimicrobial efficiencics,

Table 4.7: Antimicrobial activity of as-synthesized AgNPs using Artemisia vulgaris leaves

extract

Zone of inhibition (mm)

Bacterial Species Fungal species

Sample G* G
Bacillus subtilis | Escherichia coli | Candida albicans
Extract (100 pL) 5 5 4
1:3 AgNPs (5 mg) 4 5 4
1:5 AgNPs (5 mg) 5 6 6
Kanamycin (5 9 9 9
pg/mL)

Green synthesized AgNPs showed the potential antimicrobial activity against Gram
positive bacteria (Bacillus subtilis), Gram negative bacteria (Escherichia coli), and
fungi (Candida albicans).AgNPs of 1:5 ratio showed best efficiency as compared to
1:3 AgNPs and leaves extract alone. The zone of inhibitions of 1:5 AgNPs for
Bacillus subtilis, Escherichia coli, and Candida albican were found as 5 mm, 6 mm
and 6 mm, respectively and are comparable to the positive standard control
Kanamycin (9 mm zone of inhibition). However, the antibacterial activity of 1:3
AgNPs against Bacillus subtilis was found to be less with 4 mm inhibition zone,
which are less as compare to both extract as well as 1:5 AgNPs. In addition, the
antimicrobial activity of leaves extract alone and 1:3 AgNPs were found to be same

except for gram positive bacteria Bacillus subtilis. The zone of inhibition shown by
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]cmcs. extract, 1:3 AgNPs, and 1.5 AgNPs against gram positive, gram negative
bacteria, and fungi are manifested in figure 4.8.

TR : B ec LI'.: C

Where, S= plant extract, 'S= 1:3 AgNPs, S»= 1:5 AgNPs, C*=positive control, and

C = Negative control

Figure 4.8: Antimicrobial activity of green synthesized AgNPs against (A) B. subtilis, (B) E.
coli, (C) C.albicans, and of AVLE against D1, D2, D3 ( E. coli, B. subtilis, and C. albicans,
respectively)

According to the studies done by Rasheed et al., (2017), the antibacterial activities of
NPs were investigated using the disc diffusion method against five human pathogens,
namely Es.cherichia coli, Staphylococcus aureus, Pseudomonas aeruginosa,
Klebsiella pneumonia and Haemophilus influenza. The highest value was recorded
against St. aureus (18+0.27 nm) and the lowest value was recorded against V. cholera
(1240.18 nm) by AgNPs. Similarly, in the study done by Alomari, (2020), green
synthesized AgNPs showed significant activity against gram positive bacteria
(Bacillus subtilis, Staphylococcus aureus), and gram negative bacteria (Escherichia
coli, Pseudomonas aeruginosa), whereas the fungi (dspergillus flavus and Candidg
albicans) showed hight resistance towards AgNPs with 0.0 inhibition zone.

Meanwhile, our finding is slightly differing from his results. As our study showed

25

Scanned with CamScanner



good antifungal activity against Candidq albicans and have good agreement with the

study done by Kumararaja et al,, (2019), who found that AgNPs prepared from 4.

vulgaris had good antifungal activity. This could be due to the environment’s impact

1 ’
on the active compound’s nature and concentration in the plant.

4.8. Antimicrobial mechanism

Researchers have proposed different mechanisms accounting for the antibacterial
effect of silver NPs. AgNPs have pronounced antibacterial properties due to their
larger surface area, thus providing better interaction with microbial pathogens. NPs
adhere to the cell membrane followed by bacterial colonization. Since bacterial
membranes are made up of several sulfur-containing proteins, AgNPs specifically
interact with these proteins and other cellular components containing phosphorus and
sulfur in the cell. Since the bacterial plasma membrane is home to the components of
the electron transport chain (ETC), the energy harvesting system, and the active

transport of ions and molecules, any change in membrane organization leads to
inhibiting the growth of bacteria.

In addition, NPs releases silver ions into bacterial cells inactivating respiratory
enzymes and thereby leading to the production of reactive oxygen species (ROS),
ultimately producing an enhanced bacteriostatic effect (Logeswari et al., 2015;
MubarakAli et al.,, 2011). However, the exact mechanism showing the action of
AgNPs is not yet clearly identified. It’s also worth noting that the antibacterial
effectiveness of nano silver varies depending on particle size (Panacek et al., 2006),
production process, and other factors. AgNPs with a smaller size and a spherical form

have a stronger antibacterial effect (Benakashani et al., 2016).

Morones et al., (2005), reported that the smaller size of AgNPs with greater surface
area confers a stronger bactericidal effect compared with larger particles. In addition,
investigations confirming that the antibacterial activities of biosynthetic AgNPs
against Gram-negative and Gram-positive bacteria showed that Gram-negative
bacteria were more reactive than Gram-positive bacteria, due to differences in
membrane structure and composition (Kim et al, 2007). Therefore, the higher

susceptibility of Gram-negative bacteria may be due to this difference.
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CHAPTER 5
CONCLUSION

roa : . .
Green approach for nanoparticles synthesis is convenient, peaceful, inexpensive, fast,

and provides excellent and relevant results without the interference of dangerous
chemicals. In this study, Ag nanoparticles were successfully synthesized using leaf
extract of A. vulgaris L. As synthesized AgNPs exhibited surface plasmon resonance
at 430 nm, XRD analysis showed the crystalline peaks of silver nanoparticles and
grain size was calculated based on the Debye scherrer formula shows the 28 nm
diameter Which is in good agreement with those exhibited in FE-SEM study. To the
biomedical point of view, the newly synthesized nanoparticles found to be act as clear
antimicrobial agents. It was confirmed that biosynthetic silver nanoparticles show
excellent antibacterial performance against Gram-positive bacteria (Bacillus subtilis)
and Gram-negative bacteria (Escherichia coli), and also showed antifungal activity
against Candida albicans. The extract from 4. vulgaris has potential value for various

biomedical and pharmaceutical applications, and will certainly establish its

commercial viability in medicine.

27

Scanned with CamScanner



REFERENCES

Abiri, R., Silva, A. L. M., de Mesquita, L. 5. S,, de Mesquita, J, W. C., Atabaki, N.

de Almeida Jr, E. B,, Shaharuddin, N, A., & Malik, S. (2018). Towards a

better understanding  of  Artemisia vulgaris: Botany, phytochemistry,

pharmacological and biotechnological potential. Food Research International,

109, 403415,

Abushaheen, M. A, Fatani, A. J., Alosaimi, M., Mansy, W., George, M., Acharya, S.,
Rathod, S., Divakar, D. D, Jhugroo, C., & Vellappally, S. (2020).
Antimicrobial resistance, mechanisms and its clinical significance. Disease-a-
Month, 66(6), 100971.

Ahamed, M., Khan, M. M., Siddiqui, M. K. J., AlSalhi, M. S., & Alrokayan, S. A.
(2011). Green synthesis, characterization and evaluation of biocompatibility of
silver nanoparticles. Physica E: Low-Dimensional Systems and
Nanostructures, 43(6), 1266-1271.

Ahmad, N., Sharma, S., Singh, V. N., Shamsi, S. F., Fatma, A., & Mehta, B. R.
(2011). Biosynthesis of silver nanoparticles from Desmodium triflorum: A
novel approach towards weed utilization. Biofechnology Research
International, 2011.

Ahmad, S., Munir, S., Zeb, N., Ullah, A, Khan, B., Ali, J., Bilal, M., Omer, M.,
Alamzeb, M., & Salman, S. M. (2019). Green nanotechnology: A review on
green synthesis of silver nanoparticles—An ecofriendly approach.
International Journal of Nanomedicine, 5087-5107.

Ajith, P., Murali, A. S., Sreehari, H., Vinod, B. 8., Anil, A, & Smitha, C. S. (2019).

Green synthesis of silver nanoparticles using Calotropis gigantea extract and

28

Scanned with CamScanner



its applications in antimicrobial and larvicidal activity. Materials Today:

Proceedings, 18, 4987-4991.

Alomari, A. A. (2020). Synthesis of Silver Nanoparticles of Aqueous Extract

i i imicrobial
ofMedicinal Plant) Artemisia vulgaris L) Leaves and its Antim

Activity. International Journal of Applied Chemisiry, 16(1),21-34.

Alsammarraie, F. K., Wang, W, Zhou, P., Mustapha, A., & Lin, M. (2018). Green
synthesis of silver nanoparticles using turmeric extracts and investigation of

their antibacterial activities. Colloids and Surfaces B: Biointerfaces, 171, 398—

405.

Anastas, P. T., & Wamer, J. C. (1998). Principles of green chemistry. Green
Chemistry: Theory and Practice, 29.

Aritonang, H. F., Koleangan, H., & Wuntu, A. D. (2019). Synthesis of silver
nanoparticles using aqueous extract of medicinal plants’(Impatiens balsamina
and Lantana camara) fresh leaves and analysis of antimicrobial activity.
International Journal of Microbiology, 2019.

Babu, A. T., & Antony, R. (2019). Green synthesis of silver doped nano metal oxides
of zinc & copper for antibacterial properties, adsorption, catalytic
hydrogenation & photodegradation of aromatics. Journal of Environmental
Chemical Engineering, 7(1), 102840.
https://doi.org/10.1016/j.jece.2018.102840
Benakashani, F., Allafchian, A. R., & Jalali, S. A. H. (2016). Biosynthesis of silver
nanoparticles using Capparis spinosa L. leaf extract and their antibacterial
activity. Karbala International Journal of Modern Science, 2(4), 251-258.

Dakshayani, S. S., Marulasiddeshwara, M. B., Kumar, S., Golla, R., Devaraja, S., &

Hosamani, R. (2019). Antimicrobial, anticoagulant and antiplatelet activities

29

Scanned with CamScanner



of green synthes; i ; -
o ynthesized silyer nanoparticles using Selaginella (Sanjcevini) plant

extract. International Journal of Biological Macromolecules, 131, 787-797.

Daphne, J., Francis, A, Mohanty, R., Ojha, N,, & Das, N. (2018). Green synthesis of

antib ial silve ! , L
antibacterial silver nanoparticles using ycast isolates and its characterization.

Rescarch Journal of Pharmacy and Technology, 11(1), 83-92.

Das, S, & Srivastava, V. C. (2018). An overview of the synthesis of CuO-ZnO
nanocomposite for environmental and other applications. Nanotechnology

Reviews, 7(3), 267-282.

Ebrahiminezhad, A., Taghizadeh, S., Berenjian, A., Rahi, A., & Ghasemi, Y. (2016).
Synthesis and  characterization of silver nanoparticles with natural
carbohydrate capping using Zataria multiflora. Advanced Materials Letters,
7(11), 939-944,

Elangovan, K., Elumalai, D., Anupriya, S., Shenbhagaraman, R., Kaleena, P. K., &
Murugesan, K. (2015). Phyto mediated biogenic synthesis of silver
nanoparticles using leaf extract of Andrographis echioides and its bio-efficacy
on anticancer and antibacterial activities. Journal of Photochemistry and
Photobiology B: Biology, 151, 118-124.

Feynman, R. P. (1960). There's Plenty of Room at the Bottom, Engineering and
Science 23.

Ghosh, S., Patil, S., Ahire, M., Kitture, R., Jabgunde, A., Kale, S., Pardesi, K.,
Bellare, J., Dhavale, D. D., & Chopade, B. A. (2011). Synthesis of gold
nanoanisotrops  using Dioscorea bulbifera tuber extract. Journal of
Nanomaterials, 2011, 1-8.

Goswami, L., Kim, K.-H., Deep, A., Das, P., Bhattacharya, S. S., Kumar, S., &

Adelodun. A. A. (2017). Engineered nano particles: Nature, behavior, and

30

Scanned with CamScanner



effect on the envir,
onment, Journq/ of Environmental Management, 196, 297~

315.

Goyal, R. K. (2017). Nanomate

rials and nanocomposites: Synthesis, properties,

characterization tec hniques, and applications. CRC Press.

lijima, S. (1991). Helical microtubules of graphitic carbon. Nature, 354(6348), 56-58.

Jain, D., Daima, H. K, Kachhwaha, S., & Kothari, S. L. (2009). Synthesis of plant-

mediated silver nanoparticles using papaya fruit extract and evaluation of their
anti microbial activitics, Digest Journal of Nanomaterials and Biostructures,
4(3), 557-563.

Johnstone, R. M., Adam, M., Hammond, J. R., Orr, L., & Turbide, C. (1987). Vesicle
formation during reticulocyte maturation. Association of plasma membrane
activities with released vesicles (exosomes). Journal of Biological Chemistry,
262(19), 9412-9420.

Jun, B.-H,, Noh, M. S,, Kim, J., Kim, G., Kang, H., Kim, M.-S., Seo, Y.-T., Baek, J.,
Kim, J.-H., & Park, J. (2010). Multifunctional silver-embedded magnetic
nanoparticles as SERS nanoprobes and their applications. Small, 6(1), 119—
125.

Kadereit, J. W., & Jeffrey, C. (2007). Flowering Plants, Eudicots: Asterales. The
Families and Genera of Vascular Plants, Volume VIII. Springer.

Kanchi, S., & Ahmed, S. (2018). Green metal nanoparticles: Synthesis,
characterization and their applications. John Wiley & Sons.

Karki, N., Neupane, S. KumarGupta, D, & PrasadYadav, A. (2023).

Electrochemical study on the effect of polar and non-polar extract of

Artemisia vulgaris on the corrosion inhibition of mild-steel in an acidic

31

. s
.
‘:31" .

Scanned with CamScanner



medium., RSC Advances, 13(11), 7603-7613.
https://doi.org/10.1039/D3RA00148B

Kasithevar, M., Periakaruppan, P., Muthupandian, S., & Mohan, M. (2017).
Antibacterial cfficacy of silver nanoparticles against multi-drug resistant
clinical isolates from post-surgical wound infections. Microbial Pathogenesis,
107, 327-334,

Khan, M., Shaik, M. R, Adil, S. F., Khan, S. T., Al-Warthan, A., Siddiqui, M. R. H,,
Tahir, M. N, & Tremel, W. (2018). Plant extracts as green reductants for the
synthesis of silver nanoparticles: Lessons from chemical synthesis. Dalton
Transactions, 47(35), 11988-12010.

Kim, J. S., Kuk, E., Yu, K. N., Kim, J.-H., Park, S. J., Lee, H. J., Kim, S. H., Park, Y.
K., Park, Y. H,, & Hwang, C.-Y. (2007). Antimicrobial effects of silver
nanoparticles. Nanomedicine: Nanotechnology, Biology and Medicine, 3(1),
95-101.

Kolahalam, L. A., Viswanath, I. K., Diwakar, B. S., Govindh, B., Reddy, V., &
Murthy, Y. L. N. (2019). Review on nanomaterials: Synthesis and
applications. Materials Today: Proceedings, 18, 2182-2190.

Kouhbanani, M. A. I., Beheshtkhoo, N., Amani, A. M., Taghizadeh, S., Beigi, V.,
Bazmandeh, A. Z., & Khalaf, N. (2018). Green synthesis of iron oxide
nanoparticles using Artemisia vulgaris leaf extract and their application as a
heterogeneous Fenton-like catalyst for the degradation of methyl orange.
Materials Research Express, 5(11), 115013.

Kroto, H, W., Heath, J. R, O’Brien, 8. C., Curl, R. F., & Smalley, R. E. (1985). C60:

Buckminsterfullerene. Nature, 318(6042), 162-163.

32

Scanned with CamScanner



@ a'a, G., ars
Kumararaj Sund'\r'\gananmhy, R., Constantine, 1., Vijayalakshmi, V., & Rahim,

S.F.A. (20 . : '
(2019). Comparatjve Studics on synthesized silver nanoparticles using

Artcmisia T ; '
@ wulgaris Linn.,, and Cinnamomum zeylanicum Nees., for their

antifungal activity. Jowrnal of Pharmaceutical Sciences and Research, 11(7),

2558-2565.

Leela, A, & Vivekanandan, M. (2008). Tapping the unexploited plant resources for

the synthesis of silver nanoparticles. Afvican Journal of Biotechnology, 7(17)-

Logeswari, P., Silambarasan, S., & Abraham, J. (2015). Synthesis of silver
nanoparticles using plants extract and analysis of their antimicrobial property.
Journal of Saudi Chemical Society, 19(3), 311-317.

Marslin, G., Siram, K., Magbool, Q., Selvakesavan, R. K., Kruszka, D., Kachlicki, P.,
& Franklin, G. (2018). Secondary metabolites in the green synthesis of
metallic nanoparticles. Materials, 11(6), 940.

Mathew, S., Victorio, C. P., Sidhi, J.,, & BH, B. T. (2020). Biosynthesis of silver
nanoparticle using flowers of Calotropis gigantea (L.) WT Aiton and activity
against pathogenic bacteria. Arabian Journal of Chemistry, 13(12), 9139-
9144.

Mirkin, C. A., Letsinger, R. L., Mucic, R. C., & Storhoff, J. J. (1996). A DNA-based
method for rationally assembling nanoparticles into macroscopic materials.
Nature, 382(6592), 607-609.

Mittal, A. K., Chisti, Y., & Banerjee, U. C. (2013). Synthesis of metallic nanoparticles
using plant extracts. Biotechnology Advances, 31(2), 346-356.

Morones, J. R., Elechiguerra, J. L., Camacho, A., Holt, K., Kouri, J. B., Ramirez, J.

T., & Yacaman, M. J. (2005). The bactericidal effect of silver nanoparticles.

Nanotechnology, 16(1 0), 2346.

33

Scanned with CamScanner



Mortazavi-Derazkola, S, Ebrahimzadch, M. A., Amiri, O., Goli, H. R., Rafici, A.,

Kt d( N 3 : ¢ .
ardan, M, & Salavati-Niasari, M. (2020). Facile green synthesis and

characterizati : i
crization of Cratacgus microphylla extract-capped silver nanoparticles

(CME@ Ag-NPs) and its potential antibacterial and anticancer activities

against AGS and MCF-7 human cancer cells. Journal of Alloys and

Compounds, 820, 153186.

MubarakAli, D., Thajuddin, N., Jeganathan, K., & Gunasekaran, M. (2011). Plant
extract mediated synthesis of silver and gold nanoparticles and its antibacterial
activity against clinically isolated pathogens. Colloids and Surfaces B:
Biointerfaces, 85(2), 360-365.

Nadagouda, M. N,, Hoag, G., Collins, J., & Varma, R. S. (2009). Green synthesis of
Au nanostructures at room temperature using biodegradable plant surfactants.
Crystal Growth & Design, 9(11), 4979-4983.

Nakkala, J. R., Mata, R., Gupta, A. K., & Sadras, S. R. (2014). Biological activities of
green silver nanoparticles synthesized with Acorous calamus rhizome extract.
European Journal of Medicinal Chemistry, 85, 784-794.

Ostad, S. N., Dehnad, S., Nazari, Z. E., Fini, S. T., Mokhtari, N., Shakibaie, M., &
Shahverdi, A. R. (2010). Cytotoxic activities of silver nanoparticles and silver
ions in parent and tamoxifen-resistant T47D human breast cancer cells and
their combination effects with tamoxifen against resistant cells. Avicenna
Journal of Medical Biotechnology, 2(4), 187.

Panigek, A., Kvitek, L., Prucek, R., Koldf, M., Vetefova, R., Pizirovi, N., Sharma,
V. K., Nevééné, T. ‘jana, & Zbofil, R. (2006). Silver colloid nanoparticles:
Synthesis, characterization, and their antibacterial activity. The Journal of

Physical Chemistry B, 110(33), 16248-16253.

34

Scanned with CamScanner



Pandey, S., Mewada, A., Thakur, M., Shah, R., Oza, G., & Sharon, M. (2013).

Biogenic gold nanoparticles as fotillas to fire berberine hydrochloride using

folic acid as molecular road map. Materials Science and Engineering: C,
33(7), 3716-3722.

Poljansek, L, & Krajne, M. (2005).  Characterization of phenol-formaldehyde

prepolymer resins by in line FT-IR spectroscopy. Acta Chimica Slovenica,
32(3), 238.

Priyadarshini, S., Sulava, S., Bhol, R., & Jena, S. (2019). Green synthesis of silver
nanoparticles using Azadirachta indica and Ocimum sanctum leaf extract.
Current Science, 117(8), 1300~1307.

Quinn, J., Geiger, C., Clausen, C., Brooks, K., Coon, C., O’Hara, S., Krug, T., Major,
D., Yoon, W.-S.,, & Gavaskar, A. (2005). Field demonstration of DNAPL
dehalogenation using emulsified zero-valent iron. Environmental Science &
Technology, 39(5), 1309-1318.

Rasheed, T., Bilal, M., Igbal, H. M., & Li, C. (2017). Green biosynthesis of silver
nanoparticles using leaves extract of Artemisia vulgaris and their potential
biomedical applications. Colloids and Surfaces B: Biointerfaces, 158, 408—
415.

Rautela, A., & Rani, J. (2019). Green synthesis of silver nanoparticles from Tectona
grandis seeds extract: Characterization and mechanism of antimicrobial action
on different microorganisms. Journal of Analytical Science and Technology,
10(1), 1-10.

Reddy, N. J., Vali, D. N., Rani, M., & Rani, S. S. (2014). Evaluation of antioxidant,
antibacterial and cytotoxic effects of green synthesized silver nanoparticles by

Piper longum fruit Materials Science and Engineering: C, 34, 115-122,
iper lon .

35

1,

Scanned with CamScanner



Roy, A. (2017). Synthesis of silver nanoparticles from medicinal plants and its
biological application: A review. Research & Reviews in BioSciences, 12(4),
138.

Sagar, G, & Ashok, B. (2012). Green synthesis of silver nanoparticles using
Aspergillus niger and its efficacy against human pathogens. European Journal
of Experimental Biology, 2(5), 1654-1658.

Salayovd, A., Bedlovitovd, Z., Dancu, N., BaldZz, M., LukdCovd Bujhikova, Z.,
Baldzovid, L., & Tké&ikovd, L. (2021). Green synthesis of silver nanoparticles
with antibacterial activity using various medicinal plant extracts: Morphology
and antibacterial efficacy. Nanomaterials, 11 (4), 1005.

Shanmuganathan, R., MubarakAli, D., Prabakar, D., Muthukumar, H., Thajuddin, N.,
Kumar, S, S, & Pugazhendhi, A. (2018). An enhancement of antimicrobial
efficacy of biogenic and ceftriaxone-conjugated silver nanoparticles: Green
approach. Environmental Science and Pollution Research, 25, 10362—10370.

Silverstein, R. M., & Bassler, G. C. (1962). Spectrometric identification of organic
compounds. Journal of Chemical Education, 39(11), 546.

Sinha, S. N., Paul, D, Halder, N., Sengupta, D., & Patra, S. K. (2015). Green
synthesis of silver nanoparticles using fresh water green alga Pithophora
oedogonia (Mont.) Wittrock and evaluation of their antibacterial activity.

Applied Nanoscience, 5, 703-709.
Song, J. Y., & Kim, B. S. (2009). Rapid biological synthesis of silver nanoparticles
using plant leaf extracts. Bioprocess and Biosystems Engineering, 32, 79-84.
Soon, L, Ng, P. Q., Chellian, J., Madheswaran, T., Panneerselvam, J., Hsu, A,

Hansbro, P. M., Dua, K., Collet, T., & Chellappan, D. K. (2020). Green

36

Scanned with CamScanner



i isi i ct in silver
synthesis and antibacterial potential of Artemisia vulgaris extra

nanoparticles against wound bacteria. Jurnal limiah Farmasi, 16(1), 9-18.

d, W. M,
Spellberg, B., Guidos, R., Gilbert, D., Bradley, J., Boucher, H. W., Schel

Bartlett, J. G., Edwards Jr, J., & America, 1. D. S. of. (2008). The epidemic of
antibiotic-resistant infections: A call to action for the medical community from
the Infectious Discases Society of America. Clinical Infectious Diseases,
46(2), 155-164,

Suh, I-K., Ohta, H., & Waseda, Y. (1988). High-temperature thermal expansion of
six metallic elements measured by dilatation method and X-ray diffraction.
Journal of Materials Science, 23, 757-760.

Sundararajan, B., & Kumari, B. R. (2017). Novel synthesis of gold nanoparticles
using Artemisia vulgaris L. leaf extract and their efficacy of larvicidal activity
against dengue fever vector Aedes aegypti L. Journal of Trace Elements in

Medicine and Biology, 43, 187-196.

Tahvilian, R., Zangeneh, M. M., Falahi, H., Sadrjavadi, K., Jalalvand, A. R, &
Zangeneh, A. (2019). Green synthesis and chemical characterization of copper
nanoparticles using Allium saralicum leaves and assessment of their
cytotoxicity, antioxidant, antimicrobial, and cutaneous wound healing
properties. Applied Organometallic Chemistry, 33(12), e5234.

Thakore, S., Rathore, P. S., Jadeja, R. N., Thounaojam, M., & Devkar, R. V. (2014).
Sunflower o0il mediated biomimetic synthesis and cytotoxicity of
monodisperse hexagonal silver nanoparticles. Materials Science and

Engineering: C, 44, 209-215.

37

Scanned with CamScanner



L, ) l [} i d
I han 'Ill y . . '

isia vulgaris L. leaves.
pharmacological activitics of methanol extract of Artemisi fu

Clinical Phytoscience, 6(1), 1-8.

Thatoi, P., Kerry, R. G., Gouda, S., Das, G., Pramanik, K., Thatoi, H., & Patra, J. K.
(2016). Photo-mediated green synthesis of silver and zinc oxide nanoparticles
using aqueous extracts of two mangrove plant species, Heriticra fomes and
Sonncratia apetala and investigation of their biomedical applications. Journal
of Photochemistry and Photobiology B: Biology, 163, 311-318.

Tokusoglu, O., & Uunal, M. K. (2003). Biomass nutricnt profiles of three microalgae:

Spirulina platensis, Chlorella vulgaris, and Isochrisis galbana. Journal of Food

Science, 68(4), 1144-1148.

Tolochko, N. K. (2009). History of nanotechnology. Encyclopedia of Life Support
Systems (EOLSS).

Tomalia, D. A., Reyna, L. A., & Svenson, S. (2007). Dendrimers as multi-purpose

nanodevices for oncology drug delivery and diagnostic imaging. Portland

Press Ltd.

Vanaja, M., & Annadurai, G. (2013). Coleus aromaticus leaf extract mediated

synthesis of silver nanoparticles and its bactericidal activity. Applied

Nanoscience, 3, 217-223.
Varaldo, P. E., Facinelli, B., Bagnarelli, P., Menzo, S., Mingoia, M., Brenciani, A.,
Giacometti, A., Barchiesi, F., Brescini, L., & Cirioni, O, (2020). Antimicrobial
resistance: A challenge for the future. The First Outstanding 50 Years of

“Universita Politecnica Delle Marche” Research Achievements in Life

Sciences, 13-29.

38

Scanned with CamScanner



) . . ¢ & b 90y ll p 1CS and

o 4o s ’, El ; 6 y “65—

870,
- iology and
Weston, L. A., Bamey, J. N., & DiTommaso, A. (2005). A review of the biology

ecology of three invasive perennials in New York State: Japanese knotweed
(Polygonum cuspidatum), mugwort (Artcmisia vulgaris) and pale swallow-
wort (Vincetoxicum rossicum). Plant and Soil, 277, 53-69.

Yildirim, B., Kumlay, A. M., Ekici, K., & Rezacich, K. A. P. (2016). Chemical
constituents and antibacterial activitics of essential oils of common mugwort
(Artemisia vulgaris L.) from Eastern Anatolia flora. Ponte, 72(9), 159-169.

Zahir, A. A, & Rahuman, A. A. (2012). Evaluation of different extracts and
synthesised silver nanoparticles from leaves of Euphorbia prostrata against
Haemaphysalis bispinosa and Hippobosca maculata. Veterinary Parasitology,
187(3-4), 511-520.

Zargar, M., Hamid, A. A., Bakar, F. A,, Shamsudin, M. N., Shameli, K., Jahanshiri,
F., & Farahani, F. (2011). Green synthesis and antibacterial effect of silver
nanoparticles using Vitex negundo L. Molecules, 16(8), 6667-6676.

Zheng, Y., Fu, L., Han, F., Wang, A, Cai, W, Yu, J, Yang, J., & Peng, F. (2015).
Green biosynthesis and characterization of zinc oxide nanoparticles using

Corymbia citriodora leaf extract and their photocatalytic activity. Green

Chemistry Letters and Reviews, 8(2), 59-63.

39

Mo, Scanned with CamScanner



Appendix

Table Ai: Phytochemical test procedure

Observation Inference |
[ S.N. | Experiment
1 Test for alkaloids Presence of
a.  Mayer's test ish oot. alkaloids
3 drops of Mayet’s reagent+ 2 mL of exlract, Yellowish pp
[ shake well
b.  Dragendor(Ts test i
P ce of
3 drops DragendorfT's reagent+ 2 mL extract, Yellowish ppt. SEl
alkaloids
shake well
2 Test for flavonoids "
S mL dil. Ammonia solution+ extract+ conc. Sulphuric Yellow color Presenc'c 0
acidfrom side of the tube flavonoids
3 Test for terpenoids Reddish brown color | Presence of
2mL CHCL; + § mL extract + 3 mL conc, H:SO4 slowly Terpenoids
4 Test for saponins Appearance of Presence of
5 mL extract + 20 mL distilled water, shake vigorously frothing saponins
5 Test for quinones Yellow colored ppt. Presence of
2 mL extract + Conc. HCI quinones
6 Test for polyphenols Black color Presence of
3 drops of 5 % FeCly + 2 mL extract, shake polyphenols
7 Test for glycosides Violet ring at Presence of

3 drops of Molish’s reagent + 2 mL extract, shake well +

few drops Conc. H;SO4 slowly from the side tube and
allow to stand for few minutes

Test for proteins

I

junction of two layers

glycosides

Biuret Test: 2 mL 5 % NaOH + 2 mL extract + CuSO,
solution

Pink color

Presence of
proteins
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