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The thesis comprised of seven chapters and the results of all the works were

comprehensively discussed with suitable illustrations.

Chapter-1 focuses the evolution of nanotechnology and their significance. The
fundamentals of nanoparticles, classifications of nanoparticles and their importance were
highlighted. An ephemeral summary on synthesis methods, the need of biological method
for synthesizing nanoparticles and the cause for searching an alternative low-cost method
have been explained in detail. The reviews and the scope of the work and the major

objectives of this research have been elaborated.

Chapter-11 enlightens the details about materials used in this research work and

the experimental section to prepare iron nanoparticles.

Chapter-111 emphasizes the green synthesis of magnetic nanoparticles via

Cinnamomum verum bark extract for biological application.

Chapter-1V demonstrates the phytomediated synthesis of magnetic nanoparticles
by using Murraya Koenigii leaves extract and its optical, spectral, morphological,

magnetic and biomedical characterizations.

Chapter-V illustrates the biosynthesized magnetic nanoparticles using rosa gallica
extract. It also discusses the antibacterial activities of iron nanoparticles against selected

human pathogens for biomedical applications.



Chapter-VI gives an account on an alternate approach of antimicrobial efficacy of
iron nanoparticles using camellia sinensis leaves extract. It also confers the role of

camellia sinensis in the reduction and stabilization of nanoparticles.

Chapter-VI1 provides the comparative analysis of antibacterial activities of plant

mediated iron nanoparticles.

Summary of all the chapters present as an overview of significant findings in a

simple way.

The list of publications, seminars, conferences, workshops, training programme

attended were summarized in appendix in this thesis.
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General Introduction, Review of Literature,
and Scope of the Work

Introduction

Nanoscience and nanotechnology, expiate a lot to two personalities. First is physicist
Richard Feynman. The power of nanotechnology was a spark conceived by Nobel Laureate
physicist Richard P. Feymann (Fig.1.1). In 1959, in his presentation at California Institute
of Technology, he has unveiled the unlimited potentials of nanotechnology [1]. He could
envision the benefits of manipulating matter at the atomic level by breaking them into
smaller basic units ranging from the atom, nuclei, nucleons, quarks and much beyond. His
presentation on the title “There is plenty of room at the bottom” has motivated the

researchers to concentrate on top-down methods to manipulate matter.

Fig.1.1 Richard Feynman

The second one is Dr. K. Eric Drexler (Fig.1.2), who by writing the book titled Nano
systems: Molecular Machinery, Manufacturing and computation, created the basis of
molecular manufacturing which is an important component of nanoscience. He promoted
the technological significance of nanoscale phenomena and devices through speeches. In

1986, Dr. Drexler, who envisioned a future in which the molecular machines, smaller than
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dust motes could construct everything ranging from chair to rocket engine and could treat
human illness cell by cell. This idea was reflected in his publication titled “Engines of
creation”. This motivated the scientists to work on bottom-up approaches to understand,
how complex systems are built from simple atomic level constituents. The long vision of
these scientists has revolutionized the basic sciences and has given rise to a new discipline
called Nanoscience which has gradually become the nucleus around which all existing

sciences are prospering.

Fig.1.2 K. Eric Drexler

In this chapter, a brief review on nanotechnology, the methodology of nanoparticle
synthesis, uniqueness and applications of iron nanoparticles, need for greener methods for
synthesizing iron nanoparticles, the scope of the research, the effect of medicinal plants in
synthesis and its biomedical applications such as anti-bacterial, anti-oxidant, anti-
inflammatory, and anti- diabetic activities, review of literature, and the scenario of research

on biosynthesized iron nanoparticle were discussed.

1.1 The world of nano regime

Nowadays, people live in the world of meters. It is quite hard for us to imagine a
world where extremely small things do wonders and take control over macroscopic things.
Many substances behave very differently when their sizes were reduced to a new level.

Copper, which is a brown metal at the normal condition, appears transparent and gold,
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which is a highly unreactive solid at the normal state, becomes a chemically reactive liquid
metal, when its size is reduced to nanoscale. Similarly, carbon, which is quite soft in its
naturally occurring graphite form, becomes incredibly hard Carbon Nano Tube (CNT) in
its nanoscopic arrangement. Platinum, which is best known for its inertness, acts as the best
catalyst in the nanoscale and the stable material like aluminium turns combustible at the
nano regime. The physiochemical properties of a substance become entirely different when

it is shrunken down to nanosize.

Size of nano

The word “Nano” is a Greek word, meaning dwarf or small. To the scientist, nano
does not just mean small, it means almost unimaginably small equivalent to a factor of one
billionth of a meter. One nanometer is 1000 times smaller than the world of a microscopic
scale and a billion times smaller than the world of meters that people live in. To have a feel
of its size, it is 1/10,000 times thin of a human hair, 1/1000 times smaller than that of a red
blood cell. If five atoms of carbon would occupy a space of about 1nm, five million carbon
atoms would be accommodated in a dot representing a full stop. One can appreciate the size

of nano, if it is compared with various biological components as given in figure (Fig.1.3).

red blood
football cell buckyball
22cm 7 um 0.8 nm
1m 10" m 102 m 10%m 104 m 105 m 108 m 107 m 10%m 10%m 10" m
| : | | | : ! j . | |
Tm 1 mm 1um 100 nm 1nm
diameter of human TiOy in thickness of
hair sunscreen strand of DNA
80 um 35 nm 2nm

Fig.1.3 Different entities representing the nano length scale
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In general, nano-range is the margin where the materials start showing distinct
properties. This is usually observed in the range of 1-100nm. Most of the materials including
metals and semiconductors exhibit distinct size and shape dependent properties in this range

[2]. Hence, nanomaterials can be defined as those materials in which atleast one of the

dimensions of the structural components is in the range of 1- 100nm.

Some examples of sizes from the macro to the molecular level are provided in the table

(table 1.1).

1nm =103pm = 10%mm = 10°°m

Table 1.1 Size and name of the particles

Size (nm) Examples Terminology
0.1-0.5 Individual chemical bonds Molecular/ atomic
0.5-1.0 Small molecules, pores in | Molecular
zeolites

1-1000 Proteins, DNA, Inorganic | Nano
nanoparticles

103-10* Microfluidic channels, MEMS, | Micro
devices on a silicon chip, living
cells (bacteria: 1 pum; yeast: 5
um; Human hair 50 pm)

>104 Normal bulk matter Macro

1.2 Nanotechnology

Nanotechnology is a broad-based science and multidisciplinary involving
manipulation of atoms, electrons, protons and neutrons in a variety of ways to generate new
understanding of how materials can be developed to solve many problems in medicine,

engineering, agriculture, biology, chemistry, material science, space exploration, ocean and
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marine science, geography and geology. Nanotechnology is the function of science to
organize matter at the molecular level. Nanotechnology consists all of the following:
1) development of bulk material into at the atomic, molecular or macromolecular
levels in the range of about 1-100nm.
ii) development of structure, devices and system and its use in such a ways that they
have innovative properties and functions because of their small size.
iii) ability to arrange, stabilize or manipulate at atomic level (USPEA,2007). In
modern research, a dominant field is “Nanotechnology” can be termed as the
synthesis, characterization, exploration and application of nanosized materials for

the development of science.

In recent years, the term Nanotechnology has been overblown and has become
synonyms for the things that are innovative and highly promising. Working with many
active fields in nanotechnology research demand and understanding of diverse areas of
science to make new challenges and share a common scientific and management and
regulatory language so as to maximize effective interdisciplinary interaction [3]. The
eventual goal is to produce new materials, devices, and systems modified to meet the
essentials of a growing range of commercial, scientific, engineering, and medical
applications and yielding dramatic benefits. Its practical applications based on a scientific
knowledge would change the world that people live in (Balzani,2005). The nanotechnology
has extraordinary prospects for exploitation across the medical, biotechnology, engineering,
manufacturing, telecommunications, and information technology. Its impact in these areas
will be broad and far reaching, not only in terms of cost effectiveness and improvements in
performance compared to current products and processes but also in the longer term,

yielding new approaches to address health and societal problems.
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1.2.1 Nanobiotechnology

Technological applications in nano are highly suitable for biological molecules
because of their size compatibility and because of the ability of the nano particulates to cross
some of the biological barriers. Remarkable advancement in engineering technologies has
opened up tremendous opportunities to explore biological systems for both health care
problems and also for biomedical applications, leading to the establishment of a separate
branch of nanotechnology called Nanobiotechnology [4]. Nanobiotechnology is a fertile
interdisciplinary research area of nano science which extends the horizons of nanosized
systems for various newer applications, both in the field of biotechnology as well as in the
field of nanomedicine. Use of nano medicines provide several advantages such as increased
bio-based drug availability at the systematic level due to the high relative surface area of
nanoparticles and better targeted delivery due to their enhanced permeability and retention
effect at the tissue level. Nanoparticles enabled targeted drug delivery is found to be efficient
for treating the dreadful diseases. Use of nanomedicines is a good old traditional medical
practice. Combining it with the technology would definitely unravel the mysteries of many

unsolved problems and would revolutionize the medical field.

Nanotechnology also made a remarkable contribution in the field of optical imaging,
diagnosis, implantable materials, tissue engineering etc. The great promise of Nano
biotechnology lies in our ability to design and fabricate nanomaterials with unique
characteristics and to create devices of unique features that could improve the quality of life
of people like differently abled and by large could benefit the whole society. Among
nanomaterials, majority of the research has mainly focused on the synthesis, properties and

applications of nanoparticles, as they are the building blocks of all nanomaterials.
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1.3

Methodology for nanoparticle synthesis

Two main techniques are used in nanotechnology: one is a bottom-up technique

where materials and devices are

built up atom by atom, the other a top-down technique

(Fig.1.4) where they are synthesized or constructed by taking away the existing material

from larger entities.
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Fig.1.4 Schematic representation of ‘top-down’ and 'bottom-up’ approaches used in

1.3.1 Bottom-Up Techniques

Nanotechnology

The bottom-up techniques are used to grow larger structures atom by atom or

molecule by molecule. These techniques include
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= Chemical synthesis
= Self-assembly

= Positional assembly

Self-assembly is the fundamental principle, which creates structural organization on
all scales from molecules to galaxies. It is defined as reversible processes in which
disordered components of a pre-existing system form structures of patterns. It can occur
spontaneously in nature, e.g., in cells and other biological systems, as well as in human
engineered systems as a Langmuir monolayer. It gives more results in internal organization
of the system. Biological self-assembling systems, including synthetically engineered self-
assembling peptides and other biomaterials, shown superior handling, biocompatibility and
functionality. It is used to construct things at the microscale, which is comprised of
structures with at least one dimension that is less than 100 microns. Numerous biological
systems could use self-assembly to assemble various molecules and structures. Simulating
these strategies and generating novel molecules with the ability to self-assemble into

supramolecular assemblies is a significant technique in nanotechnology.

1.3.2 Top-down Fabrication Techniques
In top-down fabrication, a bulk material can be reduced into nanoscale pattern. These

look for creating smaller devices by using larger ones to direct their assembly.

o Many technologies climb down from conventional solid-state silicon methods for
manufacturing microprocessors are now possible of creating features smaller than
100 nm, falling under the definition of nanotechnology. Giant magnetoresistance
based hard drives already on the market fit this description, as atomic layer

deposition (ALD) techniques.
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o Solid-state techniques can also be used to fabricate devices known as
nanoelectromechanical systems or NEMS, which are related to
microelectromechanical systems or MEMS.

o Electron beam lithography (EBL) uses a beam of electrons to generate patterns on
the surface which is used in creating integrated circuits at nanolevel.

o Atomic force microscope (AFM) dips can be used as a nanoscale “wire head” to
deposit a chemical on a surface in a desired pattern in a process called dip pen

nanolithography. This is suitable for the larger subfield of nanolithography.

1.4 Nanoparticles

Nanoparticles have offered significant attention from the materials science
community. Nanoparticles, which are particles of the material with diameter in nanometer
range, promise to play a significant role in developing technologies.They exhibit solitary
physical properties that give rise to many potential applications in areas such as nonlinear
optics, luminescence, electronics, catalyst, solar energy conversion, and optoelectronics.
Researchers are interested in nanoparticles because of their properties unlike from those at
a larger scale. At nano scale, particles often possess novel size-dependent properties
different from their large counterparts, many of which have been explored for applications
[5]. Once materials are reduced to nanometer size (below 100nm), its components
demonstrate unusual features based on quantum mechanics, rather than macroscopic
Newtonian mechanics, which influence a variety of material properties such as conductivity,
heat transfer, melting temperature, optical properties, and magnetization [6]. Taking the
advantages of these singular properties in order to develop new products is the main purpose

of technology, and that is why it is regarded as “the next industrial revolution”.
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Due to their generis active surface area, nanoparticles can provide a wide range of
applications such as catalytic membranes, nano sorbents, bioactive nanoparticles and metal
nanoparticles such as iron, silver, titanium oxide and many others. One among them is
application of nanomaterials to detect, prevent and remove pollutants, or using
nanotechnology to design eco-friendly products. It has the power to develop the life of

people in general and especially of those with severe health problems [7].

1.4.1 Dimensions of nanoparticles

Based on the number of dimensions in the nano range materials are classified as
Zero-dimension (0-D), one-dimension (1-D), two-dimension (2-D), and three-dimension
(3-D) - Materials wherein all the dimensions are measured within the nanoscale. (X, y, z <
100nm). No dimension is more than 100nm. Zero dimensional materials include Quantum

dots, nanoparticles, and fullerene.

One-dimension (1-D) - Materials in which, one dimension is out of nano range
(macroscopic dimension) and two of the three dimensions is < 100nm. 1-D materials include

nanotubes, nanorods, and nanowires.

Two-dimension (2-D) - Materials in which two of the three dimensions are not
confined to nanoscale. Either x, y or y, z or x, z will be above 100nm and one is in

nanoregime. 2-D nanomaterials include nanofilms, nanolayers, and nano coatings.

Three-dimension (3-D) - Bulk nanomaterials are materials which are not defined to
the nanolevel in any dimension. All the dimensions of materials are around 100 nm. 3-D
nanomaterials may contain scattered nanoparticles, bundles of nanowires, and nanotubes as

well as multi mono layers.

10
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When the length scale of the materials is in the range of 1-100nm, many physical
properties such as optical, mechanical, magnetic and surface phenomena becomes
comparable with the critical length scales giving rise to size and shape dependent effects to
nanomaterials. This makes nanomaterials to exhibit unique properties and provides the

opportunity to use such nanostructured materials in novel applications and devices.

1.5  Classifications of nanoparticles
The nanoparticles may be classified into various types on the basis of morphology,

size and shape. Some of the important classes of nanoparticles are following:

1.5.1 Organic nanoparticles

The organic nanoparticles consist of ferritin, micelles, dendrimers and liposomes
shown in figure (Fig.1.5). The organic nanoparticles are non- toxic, biodegradable and some
organic nanoparticles have a hollow sphere i.e. micelles and liposomes. It is also known
with the name of nano capsules which have thermal and optical sensitivity. Organic
nanoparticles are an optimal choice for drugs delivery due to these characteristics.
Nanoparticles are also extensively applied in target drug delivery system. The organic
nanoparticles are also called as polymeric nanoparticles. The most familiar shape of organic
or polymeric nanoparticles is nanosphere or nano capsule. The matrix particles are former
overall mass of which is solid and outer limits of spherical surface adsorb other molecules.

In other case, particles encapsulated the solid mass.

X Carbon nanomaterials (e.g., fullerenes, annotates, nano cones etc.)

X Organic polymers (dendrimers, polystyrene, etc.)

11
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Fig. 1.5 Organic nanoparticles (a) Dendrimers (b) Liposomes and Micelles ¢) Ferritin

1.5.2

Inorganic nanoparticles

Carbon is not present in inorganic nanoparticles. The inorganic nanoparticles are not

toxic. They are biocompatible and hydrophilic. The inorganic nanoparticles are highly stable

when compared to organic. They are classified into metal and metal oxide nanoparticles.

153

X2 Noble metal nanoparticles (e.g., iron, silver and gold nanoparticles).

X2 Semiconductor nanoparticles (or binary compounds when including
carbides, nitrides, etc.), e.g., TiO2 and Fe oxides

X2 Complex compounds (alloys, composites, nanofluids, etc., contain two or
more molecules), e.g., cobalt and zinc iron oxide.

X2 Quantum dots (or g-dots), e.g., cadmium telluride and cadmium selenide.

Metal nanoparticles

Metals are used to synthesize metallic nanoparticles by using destructive or

constructive methods. The metal precursors are used to fabricate the pure metal

nanoparticles. The metal nanoparticles possess unique optoelectrical properties due to

12
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plasma resonance characteristics. The synthesis of metal nanoparticles has been controlled
by shape, face and size. All metals can be synthesized and fabricated into nanoparticles. The
nanoparticles of aluminium, gold, iron, lead, silver, cobalt, zinc, cadmium and copper are
well-known metal nanoparticles. Metal nanoparticles have unique properties because of its
smaller size (10-100 nm), surface characteristics such as surface area to volume ratio,
surface charge, pore size, surface charge density, structure (crystalline and amorphous),
shapes (spherical, rod, hexagonal, tetragonal, cylindrical and irregular), color and

environmental factors (sunlight, moisture, air and heat).

1.5.4 Iron nanoparticles

Iron is one of the most widespread transition metals and the fourth most plentiful
element in the Earth’s crust, and is the structural backbone of our modern infrastructure.
Iron has a grand deal to offer at the nanoscale, including very potent magnetic and catalytic
properties. Among all the metal nanoparticles, iron nanoparticles have always been attracted

the researchers due to their distinct physiochemical properties.

Owing to their remarkable optical, electrical and biological properties, they find
extensive applications in various fields and more particularly iron nanoparticles have a
promising future in biomedical field due to their therapeutic potentialities and
multifunctional activities. Hence, they provide a significant contribution to Nation’s

economy, as depicted in figure (Fig.1.6).

13
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Fig.1.6 Applications of iron nanoparticles

1.6 Green synthesis of iron nanoparticles

Green synthesis of nanoparticles refers to the synthesis of different
iron nanoparticles using bioactive agents such as plant extracts, microorganisms, and
various bio-wastes including vegetable waste, fruit peel waste, eggshell, agricultural waste,
and so on. The growing need to develop “green” and economical synthesis systems for iron
nanoparticles has prompted researchers to explore the use of microorganisms, plant extracts,
and other biomaterials [10]. The involvement of natural bioactive elements in the synthesis
of iron nanoparticles greatly reduces the risk of environmental pollution. Green synthesized
nanoparticles and their applications provide an insight into the synthesis of nanoparticles

utilizing natural ways.

Green synthesis of iron nanoparticles is an advance method when compared to other

methods because it is easy, cost-effective, and relatively reproducible, and often results in

14
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more stable materials [11]. Microorganisms can also be used in nanoparticles synthesis, but
the rate of synthesis is very slow and only a limited number of sizes and shapes are
manageable to the method which compared to synthesis of plant-based materials. In green
synthesis method, there is no requirement for high pressure, energy, temperature, or
hazardous chemicals. Hence, nowadays, a lot of researchers are diverting themselves from
using chemical methods. Plants provides more stable due to their biomolecules present in
them and it is very straightforward to scale up. The contamination in this process is also

very low.

Soon, a lot of new extracts from plants, bacteria, and other green elements are
expected to be used to fabricate, stabilize, and synthesize metal nanoparticles. These include
green components that have not been previously used for these purposes, especially those
elements that have potential medicational applications, bactericides, fungicides, and others,
as well as green components that include sugar, ascorbic acid, starch, and so on. In the same
way, researchers would progressively expect results that, besides focusing on synthesis,
achieve adequate control of particle size by controlling macroscopic parameters in the
experimental process [12]. This is achieving the fine-tuning of optical, morphological, and
structural properties, in order to obtain target applications, in the different areas where green
synthesis has been active such as: sensing, fluorescent cell imaging, drug delivery, cancer
theragnostic, etc. In the future, this growth can be extended to obtain semiconductor
nanoparticles where green synthesis has exhibited less growth, to achieve acceptable
progress in fields such as solar cells, fuel cells, load carriers, ferromagnetic studies, single-

photon source, and others.
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1.7 Applications

The key applications of iron nanoparticles are listed below:

. For treating industrial sites contaminated with chlorinated organic
compounds
. To treat many types of ground contamination such as grounds

contaminated by polychlorinated biphenyls (PCBs), organochlorine

pesticides, and chlorinated organic solvents

. As a primary colorant in glass and ceramics and as a catalyst

. The magnetic properties of the nanoparticles allow them to be used in
memory tape

. In medical and laboratory applications

. In magnetic data storage and resonance imaging (MRI)

. In plastics, nanowires, coatings, nanofibers and textiles

. In certain alloy and catalyst applications.

1.7.1 Biological Applications
1.7.1.1 Antibacterial activity

Antibacterial is completely associated with the compounds that provincially kill
bacteria and slow down their rate of growth, without being extensively toxic to nearby
tissues. A variety of laboratory methods can be used to screen the antibacterial activity of
an extract or a pure sample. The well-known and basic methods are the disk-diffusion and
agar dilution methods. Other methods are used especially for antifungal testing, such as
poisoned food technique. Dilution method is used to measure the minimum inhibitory
concentration (MIC) and minimum bactericidal concentrations (MBC) of the antibacterial
agent. MIC is the lowest concentration of an antibacterial agent which inhibits the growth
of the tested organisms whereas MBC is the lowest concentration of any agent which kills

the majority of bacterial inoculums. Agar disk-Diffusion method is a well-known method
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used for routine antibacterial susceptibility testing. The bacterial cell wall is designed to
confer strength, rigidity, and shape, and to protect the cell from osmotic rupture and
mechanical damage. According to their shape, elements, and actions, the bacteria cell wall

can be classified into two main groups: Gram positive (+) and Gram negative (-).

1.7.1.2 Anti-inflammatory activity

Inflammation is caused by the release of chemicals from tissues and migrating cells
that creates redness, swelling, and pain in the body. Anti-inflammatory agents obstruct
particular substances in the human body that produce inflammation. They have been used
to heal many different diseases. In this occasion, medicinal plants and their compounds have
been employed worldwide in traditional medicine to cure different inflammatory conditions,
such as lung and skin inflammations. Inflammation may be separated into two categories:
Stringent and immedicable. Stringent inflammation is a low duration process, persisting
during minutes, hours, or few days, with the prime characteristics of exudation of fluids and
emigration of leukocytes, mainly neutrophils. In contradictory, immedicable inflammation
duration is longer and is linked histologically to the existence of lymphocytes, macrophages,
fibrosis, and tissue necrosis. Cultured mammalian cell systems produce low cost, quick, and
reproducible assays for the analysis and validation of different food peptides having anti-
inflammatory properties. Most of the recent insight to biologically active peptides exhibiting
anti-inflammatory properties which have been identified through mammalian cell culture

studies.

1.7.1.3 Anti-oxidant activity

Antioxidants are ginormous important substances which possess the ability to secure
the body from damage due to free radical induced oxidative stress. Substantial evidences
have been accumulated and indicated lead roles for reactive oxygen species (ROS) and other

oxidants for causing several disorders and diseases. The substantiation has brought the
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observation of researchers to an appreciation of antioxidants for prevention and treatment
of diseases, and maintenance of human health. Human bodies have an inherent antioxidative
mechanism and numerous biological functions such as the antimutagenic, anti-carcinogenic,
and anti-aging responses originate from this attribute. Antioxidants affirmate or deactivate
free radicals, often before they assault targets in biological cells. lately attraction in naturally
arising antioxidants has considerably increased for use in food, cosmetic and pharmaceutical
products, because they exhibit multifaceted in their multitude and magnitude of activity and
give enormous scope in correcting imbalance. The part of free radical reactions in disease
pathology is well developed and is involved in many acute and chronic disorders in human
bodies, such as diabetes, atherosclerosis, aging, immunosuppression and neurodegeneration.
An imbalance between ROS and the inherent antioxidant capacity of the body, directed the
use of medicinal supplements particularly during the disease attack. Studies on medicinal
plants, vegetables, and fruits have represented the presence of antioxidants such as

phenolics, flavonoids, and tannins.

The antioxidant elements of medicinal plants may contribute to the protection they
offer from diseases. The ingestion of naturally occurred antioxidants has been inversely
associated with morbidity and mortality from degenerative disorders. Liver diseases remain
a severe health problem. Antioxidant agents of natural origin have attracted special interest
due to their free radical scavenging abilities. The use of herbals with high level of
antioxidant components has been proposed as an effective therapeutic approach for hepatic

damages.

1.7.1.4 Anti-diabetic activity
Diabetes is not at all a disease. It is the deficiency in the pancreatic system. So far
there is no curative medication in all fields for diabetes. But it is controllable by way of

taking up the medicine continuously apart from doing physical exercises daily. Chemical
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based medicines only reduce the causes and the suffering temporarily whereas plant-based
medicines are excellent in controlling and curing the diabetes. This will not produce any

adverse effects like other medications.

Plants have always been an excellent source for drugs fabrication and a lot of present
time available drugs which have been derived directly or indirectly from them. The
hypoglycaemic effect of many plants used as antidiabetic medicines which has been
confirmed, and the mechanisms of hypoglycaemic activity of these plants are being studied.
Natural products like plants having antidiabetic potential activity which acts through either
insulin mimetic or secretagogues properties. Anti-hyperglycaemic properties of the plants
are due to their restoring ability of the function of pancreatic tissues by causing propagation
of insulin level or resist the intestinal absorption of glucose or simplification of metabolites
in insulin related processes. More than 400 plant species having hypoglycaemic nature
which have been available in literature, however, plants derived new antidiabetic drugs
searching increases day by day because of the biological substances like glycosides,
alkaloids, terpenoids, flavonoids, carbohydrates, glycopeptides, terpenoids, amino acids and

carotenoids, etc., which possess antidiabetic effect.

1.8  Review of Literature

Recently, many studies have proven that the plant extracts act as a potential
precursor for the synthesis of the nanomaterials in non-hazardous ways. The plants are used
successfully in the synthesis of several metal nanoparticles such as cobalt, copper, silver,
gold, palladium, platinum, zinc oxide and magnetite. During the past decade, it has been
demonstrated that many biological systems, including plants, algae, bacteria, yeast, fungi
and human cells can transform inorganic metal ions into metal nanoparticles by the

reductive capacities of the proteins and metabolites present in these organisms. Synthesis of
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metallic nanoparticles using biological entities has great interest due to their unusual optical

and chemical properties.

The synthesis of metallic nanoparticles would benefit from the development of
clean, nontoxic and environmentally acceptable green chemistry procedures, probably

involving organism ranging from bacteria to fungi and even plants.

Iron nanoparticles were successfully synthesized in an easy and less time-consuming
way using Camellia sinensis leaves extract by Gottimukkala et al. [13]. The iron
nanoparticles were prepared by green synthesis method through ferric (I11) chloride as a
precursor. As a result, the polyphenols in Camellia sinensis may possess the properties of
reducing the ferric cations and also act as capping agents. The polyphenols consist of
flavonoids and catechins. The catechin mainly the Epigallocatechin Callate (EGCG) was
the active catechin that take part in reduction process because it had a standard potential of
0.57V that can reduce the Fe®* to Fe? as the standard potential of the iron is -0.036V. The
morphology and size of iron nanoparticles were verified by characterizing the sample by
FTIR and SEM analysis for studying the functional groups. The average size of iron

nanoparticles was also found to be about 116nm.

Makarov et al. [14] reported that the synthesis and characterization of amorphous
iron oxide nanoparticles from iron salts in aqueous extracts of Hordeum vulgare and Rumex
acetosa plants. The synthesized nanoparticles were characterized by TEM, absorbance
spectroscopy, XPS, EELS, SAED, and DLS methods and were shown to contain mainly
iron oxide and iron oxohydroxide. H. vulgure extracts produced amorphous iron oxide
nanoparticles with diameters of up to 30nm. These iron nanoparticles were intrinsically

unstable and prone to aggregation. This study revealed that the presence of organic acids
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played a vital role in the stabilization of iron nanoparticles, and that plants contained such

constituents may be more efficacious for the green synthesis of iron nanoparticles.

Iron nanoparticles were prepared and synthesized using a rapid, single step, and
completely biosynthetic method employing aqueous sorghum extracts as both the reducing
and capping agent by Njagi et al. [15]. Iron ions were reduced by the aqueous Sorghum
bran extracts, leading to the formation of amorphous iron nanoparticles with an average
diameter of 50nm. The reactivity of iron nanoparticles was tested by the H,O»- catalyzed

degradation of bromothymol blue as a model organic contaminant.

S. P. Dubey et al. [16] explored that the green synthesis is a low-cost method for
nanoparticles synthesis. The synthesized gold and silver nanoparticles using leaf extract of
Rosa rugosa were examined by UV-vis, TEM, XRD, FTIR, Zetasizer and EDX. The
concentration of leaves extract had played an important role in the green synthesis of AgNPs
and AuNPs. These nanoparticles were mostly spherical with some triangular and hexagonal

in shapes with an average size of 12 and 11 nm, respectively.

Yosmery Vitta et al. [17] obtained iron nanoparticles from the aqueous extract of
the leaves of E. robusta. In this work, the antimicrobial activity of iron nanoparticles on
different pathogenic microorganisms such as Pseudomonas aeruginosa, Escherichia coli,
Staphylococcus aureus and Bacillus subtilis were evaluated. The results had revealed that
the increase or decrease of the antimicrobial activity depended on the particle size of FeNP
and synthesis conditions. Finally, the quantification of flavonoids and total polyphenols was
carried out and the antioxidant activity of the E.robusta extract was evaluated, which
allowed associating the antimicrobial activity found in the FeNPs with the components

present in the extract.
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N Beheshtkhoo et al. [18] synthesized iron oxide nanoparticles by a simple bio-
reduction method. Aqueous leaf extract of Daphne mezereum was used as a reducing and
stabilizing agent. IONPS were characterized by transmission electron microscopy (TEM),
particle size analysis (PSA), Fourier transform Infrared (FT-IR) spectroscopy, X-ray
diffractometer (XRD), Vibrating sample magnetometer (VSM), and thermo gravimetric
analysis (TGA). The average diameter of the prepared NPs ranged from 6.5 to 14.9 nm with
a mean particle size of 9.2nm. In addition, the synthesized nanoparticles were tested for dye
removing activities. Thus, it could be concluded that D.mezereum aqueous leaf extract can
be used efficiently in the production of iron oxide NPs for commercial applications in

environmental fields.

Green tea extract was used to synthesize iron nanoparticles (GT-Fe NPs) and
degrade malachite green (MG) in aqueous solution by X. Weng et al. [19]. The results
showed that the damage to morphology and increase in size of GT-Fe NPs after reaction
with MG were observed by SEM and EDS. XRD had showed that there were few changes
in the characteristic peaks of GT-Fe NPs before and after reaction. UV-vis spectroscopy
showed that the absorption peak of MG decreased, while FTIR showing that the band at
1585 cm™* corresponded to the phenyl group after reaction. The factors impacting on the
removal efficiency of MG, including the initial solution pH, the initial concentration of MG,
the dosage of GT-Fe NPs, and the reaction temperature, was also investigated. It emerged
that 96% of MG was removed with a 50 mg/L at 298K. Kinetics studies showed that the

removal of MG fitted well to the pseudo first-order mode.

Synthesis of iron nanoparticles using Azadirachta Indica leaf extract is performed
by C.P. Devatha et al [20]. Different proportions of precursor (ferrous sulphate) to leaf

extract were prepared by varying the volume quantity of leaf extract from 1:1 to 1:5. Their
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morphology, structure and size distribution was confirmed by Scanning Electron
Microscope along with X-ray energy dispersive spectroscopy and Fourier Transform
Infrared spectroscopy analysis. Presence of accountable polyphenols such as total phenolic
content by Folin-Ciocalteau (FC) method (20 mg per gram of leaf extract) and gallic acid
(0.280 mg/g), caffeic acid (0.278 mg/g) & catechin (0.532 mg/g) for synthesis conciliation
and were quantified by High Performance Liquid Chromatography. Its performance was
evaluated on treatment of petrochemical refinery waste water to assess Chemical Oxygen
Demand (COD) and nitrate removal for different proportions. The performance of COD
removal (77%) and nitrate removal (74%) for 1.5 on 5th day was observed to be efficient.
Antibacterial activity of synthesized iron nanoparticles from Azadirachta Indica leaf extract
on bacteria (Escherichia Coli, Pseudomonas Aeruginosa, and Staphylococcus Aureus) was
accomplished by well diffusion method. Size of FeNPs achieved for 1:2 ratio was 98-200
nm and for all proportions varying between 120 and 600 nm due to agglomeration enhanced
bacterial decay. It was portrayed that there was an increase in the inhibition zone as the
proportions increased from 1:2 to 1:5. Hence for the contact time of 48 h, 1:5 found to be

effective in inhibiting a greater number of bacterial cells compared to other proportions.

R A Ismail et al. [21] (50 - 110nm) synthesized magnetic iron oxide (o - Fe203)
nanoparticles were by pulsed laser ablation of iron target in dimethylformamide (DMF) and
sodium dodecyl sulfate (SDS) solutions. The structural properties of the synthesised
nanoparticles were investigated by using Fourier transform infrared spectroscopy (FT-IR),
UV-VIS absorption, scanning electron microscopy (SEM), atomic force microscopy
(AFM), and x-ray diffraction (XRD). The effect of laser fleunce on the characteristics of
these nanoparticles was studied. Antibacterial activities of iron oxides nanoparticles were

tested against gram-positive; Staphylococcus aureus and gram-negative; Escherichia coli,
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Pseudomonus aeruginosa and Serratia marcescens. The results showed that a noteworthy
inhibition on both bacterial strains. The preparation conditions were found to affect
significantly the antibacterial activity of these nanoparticles. The synthesised magnetic
nanoparticles were used to capture rapidly staphylococcus aureus bacteria under the

magnetic field effect.

S. Das et al. [22] focused on the huge importance associated in developing
functional materials, this research study describes the synthesis, characterization of
morphology, bactericidal activity and cytotoxic effect of iron oxide nanoparticles (IONPs).
IONPs had been successfully fabricated through thermal decomposition of a diiron (1)
complex precursor. The morphology of the nanoparticles had been delineated with different
spectroscopic and analytic methods. Scanning and transmission electron microscopy (FE-
SEM and HR-TEM) analysed the cross-linked porous structure of IONPs with an average
size ~97 nm. Dynamic light scattering (DLS) study of IONPs determined the hydrodynamic
diameter as 104 nm. The cytotoxic behavior of IONPs had been examined against human
lung cancer cell line (A549) through different fluorescence staining studies which ensure
the mode of apoptosis for cell death of A549. Furthermore, measurement of reactive oxygen
species suggested that the destruction of mitochondrial membrane of Staphylococcus
aureus, leading to effective bactericidal propensity which holds a good promise for IONPs

to become a clinically approved antibacterial agent.

The chemical synthesis of iron oxide nanoparticles (I0-NPs) followed by
characterization and evaluation of antibacterial activity after treating with Argemone
mexicana L. leaf extract was analysed S. Arokiyaraj et al. [23]. The formation of 10-NPs
was confirmed by the colour change and further examined by UV-vis spectroscopy. The

morphology was characterized by using SEM and TEM, which showed spherical particles
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of uniform size ranged between 10 and 30 nm and the crystallites were determined through
XRD. The peaks in XRD pattern were in good agreement with that of face-centered cubic
form of iron oxide nanoparticles. FT-IR spectroscopy confirmed the attachment of bioactive
molecules of plant on the IONPs surfaces. Furthermore, the antibacterial efficacy of 10-
NPs, plant extract and 10-NPs treated with plant extract was screened against Escherichia
coli MTCC 443, Proteus mirabilis MTCC 425 and Bacillus subtilis MTCC 441. The results
showed a noteworthy inhibition on P. mirabilis and E. coli with IO-NPs treated plant extract.
This outcome might pave a way for using the magnetic nanoparticles as a drug carrier system

to cure bacterial diseases.

The antibacterial activity of FesO4 nanoparticles synthesized by Y.T Prabhu et al.
[24] through chemical combustion method where ferric nitrate was used as precursor
material and urea as fuel with the assistant of Tween 80, a non-ionic surfactant. The obtained
FesOs nanoparticles were characterized by X-ray diffraction, differential thermal
analysis/thermo gravimetric analysis (DTA/TGA), particle size analyzer, SEM with EDAX
and TEM. Various parameters such as dislocation density, micro strain, analysis of weight
loss and surface morphological studies were calculated. The particle size was calculated
from XRD and it was found to be 33-40 nm. Using well diffusion method antibacterial
activity of Fe304 nanoparticles was tested against gram-positive and gram negative
Staphylococus aureus, Xanthomonas, Escherichia coli and Proteus vulgaris. FezOs

nanoparticles exhibited strong antibacterial activity against bacterial species.

Kumar V G et al. [25] studied the green method of synthesizing iron oxide
nanoparticles from Phyllanthus niruri leaf extract. Furthermore, the green synthesized iron
oxide nanoparticles were characterized and its antimicrobial activity was investigated. A

characteristic comparison with chemical method of synthesis was also done, for iron
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nanoparticles. The characterization of nanoparticle included that the IR, UV-Vis, surface
morphology and size determination using TEM, SEM, and XRD. The analytical studies
revealed that the synthesized iron oxide nanoparticles from these two different methods have
almost identical size and morphology. The synthesized iron oxide nanoparticles showed that
the significant antimicrobial activity against the microbes, E. coli and P. aeroginosa. The
studies concluded that the synthesis of iron oxide nanoparticles using plant extracts was
more beneficial as it is an economical, energy efficient, low cost and environment-friendly

process than the bio-hazardous chemical synthesis.

For the first time, the aqueous extract of Rosemary was applied in green iron
nanoparticle platform by H.K. Farshchi et al. [26] (Rosemary-FeNPs). Various methods,
including dynamic light scattering (DLS), field emission scanning electron microscopy
(FESEM), X-ray diffraction (XRD), Transmission electron microscopy (TEM), and Raman
spectroscopy and Fourier Transform Infrared Spectroscopy (FTIR) were employed to
characterize Rosemary-FeNPs. The mean size of the Rosemary-FeNPs were at about 100nm
with PDI of less than 0.12, which indicated that the homogeneous size distribution of the
nanoparticles. The cytotoxicity of Rosemary-FeNPs and total extract of rosemary was
determined using MTT cytotoxic test on 4T1 and C26 cancer cell lines. The results showed
that Rosemary-FeNPs could exerted more cytotoxic effect than total extract on both cancer

cell lines.

Devatha, C.P et al. [27] explored that the synthesis of iron nanoparticles for treating
domestic waste water. Synthesis of iron nanoparticles was done by using various leaf
extracts viz. Mangifera indica, Murraya Koenigii, Azadiracta indica, Magnolia champaca,
and to check its potential for treating domestic waste water. Characterization of the

synthesized iron nanoparticles was done by UV-Visible spectrophotometer, Scanning
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Electron Microscopy equipped with X-ray energy dispersive spectroscopy and Fourier
Transform Infrared spectroscopy. The characterization results confirmed that the formation
and presence of iron nanoparticles and biomolecules which could help in capping the
nanoparticles. Among the different plant mediated synthesized iron nanoparticles,
Azadiracta indica showed that 98.08% of phosphate, 84.32% of ammonia nitrogen and
82.35% of chemical oxygen demand removal. Overall performance of synthesized iron
nanoparticles using Azadiracta indica showed that the satisfactory results compared to other

leaf extracts for treating domestic waste water.

Spinacia oleracea (spinach) and Musa acuminata (banana) were chosen by Pankaj
Kumar Tyagi et al. [28] for the study, and aqueous extracts of spinach leaf extract (SLE)
and banana peel extract (BPE) were prepared for the synthesis of iron nanoparticles
(FeNPs), and their antibacterial potential against pathogenic bacteria Bacillus
subtilis (MTTC 1133) and Escherichia coli (MTTC 62) was evaluated. The XRD analysis
revealed amorphism, with a weak iron characteristic peak, indicating non crystallinity. The
antibacterial potential of BPE- and SLE-FeNPs was investigated, and inhibition zones (mm)
against B. subtilis and E. coli were observed, as well as SLE-FeNPs against B. subtilis and E.
coli. The findings suggest that FeNPs have a high antibacterial potential and could be used

as antibacterial agents against pathogenic bacteria while being nontoxic in nature.

Iron oxide nanoparticles have been successfully synthesized by Elvan Ustiin et al.
[29] from various plant species using green synthesis pathways and analysed for different
bioactivity properties. Iron oxide nanoparticles were synthesized using a completely non-
hazardous method using Ficus carica leaf extract. The synthesized product was
characterized by SEM, EDX, XRD crystallography, FT-IR, and UV-Vis spectroscopy.

Characterization methods have shown that the product was synthesized in mixed form with
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43-57 nm size. In addition, the antioxidant activity of the product was analysed, and it was

recorded that the nanoparticle has remarkable antioxidant activity.

The aqueous extract of Chlorophytum comosum leaf was applied by Shaker
Ardakani et al. [30] for the preparation of iron nanoparticles (INPs). The synthesized INPs
managed to eliminate methyl orange (MO) from the aqueous solution. The concentration of
MO could be easily checked via ultraviolet-visible (UV-Vis) spectroscopy throughout the
usage of INPs at the presence of H2O2. The synthesized INPs exhibited MO degradation
efficiency of 77% after 6 h. Furthermore, the synthesized INPs exhibited antibacterial
activity against both Gram-negative and Gram-positive bacteria. The prepared INPs had an
impressive effect on Staphylococcus aureus at concentrations below 6 pg/ml. Overall, the
synthesized INPs could considerably contribute to our combat against organic dyes and

bacteria.

Silver and iron nanoparticles were synthesized, characterized and investigated by
RR Chavan et al. [31] for biological screening using alcoholic blumea eriantha DC plant
extract. Formation of silver and iron nanoparticles was confirmed by using UV, FT-IR
spectroscopy, SEM, X-ray diffraction, and TEM. The anti-oxidant, antimicrobial, cytotoxic
activities of the synthesized nanoparticles were determined by using standard protocols. The
results of the studies revealed that the synthesized nanoparticles exhibited effective
antioxidant, antibacterial and cytotoxic activity. Therefore, it may open up a new avenue for

anticancer therapies that needs further research.

The biosynthesis of stable iron nanoparticles was carried out by J.A.A. Abdullah et
al. [32] using Phoenix dactylifera L. extract which was able to reduce iron ions to iron

nanoparticles. The process comprises maceration extraction overnight and heat treatment of
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the extract with iron chloride (FeCls) at 70°C for 1 h. X-ray diffraction (XRD), scanning
electron microscope (SEM), and Fourier transform infrared spectroscopy (FTIR) were used
for nanoparticles characterization. The stability of the bioreduced iron nanoparticle was
analysed using UV-VIS absorption spectra, and their antioxidant and anti-radical activities
were measured against PhosPhoMolybdate (PPM) and 2,2-diphenyl-1-picryl-hydrazyl
(DPPH), respectively. The results demonstrated that ecological biosynthesis of 2-30 nm
stable iron nanoparticles of size with antioxidant activity could be achieved suggesting their

possible applications.

CM Sangode et al. [33] worked on green synthesis of nanoparticles utilizing plant
extract which shown enormous advantages over the methods of synthesis. Green
nanoparticles were generally synthesized using metal atoms like silver, iron, copper, zinc,
and plant extract containing reducible phytoconstituents like alkaloids, flavonoids, tannins,
etc. Several iron nanoparticles were reported using plant extracts. Iron nanoparticles had a
greater advantage of small size, affordable cost stability, or having some biomedical
application. The results suggested the new pathway to synthesize iron nanoparticles by using

the various plant extracts which exhibited high antimicrobial activity.

The anti-cancer, anti-aging, anti-inflammatory, antioxidant, and anti-diabetic effects
of zinc oxide nanoparticles (ZnO-NPs) produced from aqueous leaf extract of Aquilegia
pubiflora were evaluated by H Jan et al. [34]. Several methods were used to characterize
ZnO-NPs, including SEM, FTIR, XRD, DLS, PL, Raman, and HPLC. The nanoparticles
that had a size of 34.23 nm as well as a strong aqueous dispersion potential were highly
pure, spherical or elliptical in form, and had a mean size of 34.23 nm. According to FTIR
and HPLC studies, the flavonoids and hydroxycinnamic acid derivatives were successfully

capped. Synthesized ZnO-NPs in water have a zeta potential of -18.4 mV, showed that they
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are stable solutions. The ZnO-NPs proved to be highly toxic for the HepG2 cell line and
showed a reduced cell viability of after 24 hours of ZnO-NP treatment. ZnO-NPs also
showed an excellent inhibitory potential against the enzyme’s acetylcholinesterase (ICso:
102 ug/mL) and butyrylcholinesterase (ICso: 125 ug/mL). Overall, the enzymes involved in
aging, diabetes, and inflammation showed a moderate inhibitory response to ZnO-NPs.
Given these findings, these biosynthesized ZnO-NPs could be a good option for the cure of
deadly diseases such as cancer, diabetes, Alzheimer’s, and other inflammatory diseases due

to their strong anticancer potential and efficient antioxidant properties.

A Bouafia et al. [35] described that the green synthesis of FesO4 nanoparticles (NPs)
using plant extract was safe for humans and the environment. Magnetite FesO4 NPs were
greenly prepared using Punica granatum L. fruit peel extract as a reducing and capping
agent. The effect of iron precursor contraction (0.01-0.1 M, FeCls) was studied. The
Fe304 crystalline with an average crystallite size range from 21 to 23 nm was proven by X-
ray powder diffraction. Scanning electron microscopy images showed that the synthesized
Fe3Os NPs were mostly cubical. Ultraviolet-visible spectra showed that the prepared
Fe3O4 NPs exhibit absorption at 270 nm related to the Fe3Os NPs with a direct bandgap
ranging from 1.87 to 2.26 eV and indirect bandgap of 2.16-2.48 eV. Fourier transform
infrared spectroscopy analysis showed two characteristic absorption bands at 515 and
567 cm™, which proved the successful formation of FesOs. The proposed method
using Punica granatum L. fruit peel extract offers an economical and environmentally

friendly route for synthesizing many other types of metal oxides.

In this work, six medicinal plants were used by B Khanzada et al. [36] for the
synthesis of gold nanoparticles (AuNPs) and iron nanoparticles (FeNPs). The synthesized

nanoparticles were characterized by different techniques including UV-visible
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spectrophotometry, scanning electron microscopy (SEM), and Fourier transform infrared
spectroscopy (FTIR). Furthermore, the activities of green synthesized nanoparticles were
screened in vitro using, for example, antibacterial, antioxidant, cytotoxic, and DNA
protection assays. Both FeNPs and AuNPs had spherical shapes with an average size less
than 50 nm and were found to have good antimicrobial and nontoxic effects. Furthermore,
FeNPs from Ficus microcarpa demonstrated high drug loading efficiency (65%) as
compared to an anti-inflammatory drug (diclofenac potassium, DFP). This study explained
that the drug delivery potential, as well as anti-inflammatory and anticoagulant properties,
of nanoparticles in vivo. Interestingly, AuNPs of Syzygium cumini exhibited strong anti-
inflammatory potential as compared to DFP and diclofenac-loaded FeNPs of Ficus
microcarpa. The results suggested the potential pharmacological applications of biogenic
synthesized AuNPs and FeNPs which could be explored further. The study revealed that the
green synthesized AuNPs and FeNPs provide a promising approach for the synthesis of

drug-loaded nanoparticles and consequently in the field of targeted drug delivery.

The fresh green and yellow banana peel of (Musa, cv. Cavendish) fruits were treated
by M.S Mokbel et al. [37] with 70% acetone, which were partitioned with chloroform
(CHCI3) and ethyl acetate (EtOAC), sequentially. The antioxidant activities of the extracts
were evaluated by using the thiocyanate method, 3-carotene bleaching method and 1,1-
diphenyl-2-picrylhydrazyl (DPPH) free radical elimination. While, antimicrobial activities
of the extracts and isolated components were evaluated using paper disc methods and
Minimum Inhibition Concentration (MIC). The EtOAc and water-soluble fractions of green
peel displayed high antimicrobial and antioxidant activity, respectively. Antioxidant activity
of water extracts was comparable to those of synthetic antioxidants such as butylated

hydroxyanisole and butylated hydroxytoluene. Among all isolated components R-sitosterol,
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malic acid, succinic acid, palmatic acid, 12-hydroxystrearic acid, glycoside, the d-malic and
12-hydroxystrearic acid were the most active against all the gram-negative and positive

bacterial species tested.

In the present work, nano scaled zero valent irons (nZV1) were synthesized by
Monalisa Pattanayak et al. [38] from the plant extract of under atmospheric conditions.
The obtained iron nanoparticles were mainly in zero valent oxidation state. A systematic
characterization of nZV1 was performed using UV, XRD and SEM studies. The diameter of
iron nanoparticles was predominantly found within the range 50-100 nm. It has been
demonstrated that extract was capable of producing iron nanoparticles that showed the good
stability in solution, under the UV-Visible wavelength nanoparticles shown quiet good
surface plasmon resonance behavior. Ferric chloride with reducing agent i.e. Neem plant
leaves extract has shown a remarkable color change with concerned change in pH of
solution. Success of such a rapid time scale for synthesis of metallic nanoparticles was an
alternative to chemical synthesis protocols and low-cost reductant for synthesizing iron

nanoparticles.

This study explored the potential use of apple peel extract (APE) for the biosynthesis
of iron nanoparticles (FeNPs) by A. S. Y. Ting et al. [39]. The synthesized APE-FeNPs
were characterized by UV-Vis spectroscopy, Fourier-transform infrared spectroscopy
(FTIR), field emission scanning electron microscopy (FE-SEM), energy-dispersive X-ray
spectroscopy (EDX), and transmission scanning electron microscopy (TEM). The
biosynthesis of APE based FeNPs was confirmed with polyphenol peaks (237 nm, 272 nm)
which detected as biological components integrated into APE-FeNPs, and FTIR analysis
profiled the presence of primary functional groups (OH-, NH-, CH bending vibrations). The

formed APE-FeNPs were elliptical and spherical shapes, measuring 50 nm. Treatment of
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malachite green dye with APE-FeNPs showed 71.51% dye decolorization within the first 1
min. This study has shown that apple peel extract could be used to synthesize FeNPs that

are useful for removal for malachite green dye.

Water extracts from different bio-based products of plant origins were studied by
Martinez-Cabanas et al. [40] to evaluate their antioxidant capacity and their potential to
fabricate the metal nanoparticles from aqueous solutions. Two traditional tests, the Folin—
Ciocalteu assay and the DPPH radical scavenging capacity method were compared with a
more recent one, SNPAC, based on the formation of silver nanoparticles. The silver
nanoparticle antioxidant capacity method (SNPAC) was optimized for its application in the
characterization of the extracts selected in this work; kinetic studies and extract
concentration were also evaluated. The extracts were obtained from leaves of oak,
eucalyptus, green tea, white and common thyme, white cedar, mint, rosemary, bay, lemon,
and the seaweed sargassum muticum. The results demonstrated that any of these three
methods could be used as a quick test to identify an extract to be employed for nanoparticle
formation. Additionally, the synthesis of Cu, Fe, Pb, Ni, and Ag nanoparticles using
eucalyptus extracts were studied for demonstrating the efficiency of this plant extract to

form metallic nanoparticles from aqueous metal salt solutions.

The gold nanoparticles (Au-NPs) using aqueous extract of Sumac were synthesized
by H Shabestarian et al. [41]. The bio-synthesized Au-NPs were characterized by the UV-
visible spectroscopy, FTIR, TEM, and zeta-potential measurements. The surface plasmon
resonance band centred at 520 nm for Au-NPs was characterized by UV-visible
spectrophotometer. The probable bio-molecules are polyphenols might be responsible for
reduction of gold ions were recognized through FT-IR. The TEM result showed that the

bio-formed Au-NPs are spherical in shapes with the mean size of 20.83 £4.4 nm. The
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capping of anionic bio-molecules on the surface of Au-NPs was confirmed by zeta potential
assessment (-25.3 mV) and was responsible for the electrostatic stability. In vitro
antioxidant activity studies showed that DPPH (2, 2-diphenyl-1-picrylhydrazyl) and ABTS
(2, 2’-azino-bis 3-ethylbenzthiazoline-6-sulfonic acid) activities increased in a dose
dependent manner. This study not only unveils the roles of sumac extract but also presented
some insights into designing the gold nanoparticles with both high reducing capability and
high stability through the green synthesis route and explained that these nanoparticles could

potentially useful in pharmaceutical and biomedical applications.

Green synthesis of iron nanoparticles (FeNPs) using leaf and seed extracts of
Moringa oleifera (M. oleifera) were prepared by L Katata-Seru et al. [42] mixing
different ratios of plant extracts with iron chloride solution. They were characterized by
using the characterization techniques such as dynamic light scattering, UV-Visible
spectroscopy (UV-Vis), X-ray diffraction (XRD), Fourier transform infrared spectroscopy
(FTIR) and transmission electron microscopy (TEM). The UV-Vis spectrum of M. oleifera
leaf (MOL) and seed (MOS) based on FeNPs showed the absorption at 210 and 240 nm,
respectively. In addition, the green application of synthesized nanoparticles for the removal
of nitrate ion (NO3 -) from surface and ground water was also investigated. The batch
adsorption results showed that the enhanced removal of NO3 - by 85 % and 26 % MOS-
FeNPs and MOL-FeNPs respectively as compared to M. oleifera extracts. Furthermore, the
antibacterial activity illustrated that the maximum zone of inhibition against Escherichia
coli was observed by MOS-FeNPs (6 mm), followed by MOL-FeNPs (5 mm). The results
confirmed that MOL and MOS extracts could play an important role in the bio-reduction
of Fe ions to FeNPs. Nitrate removal from aqueous solutions using M. oleifera extracts and

FeNPs, exhibited better effects in water purification.
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Houng et al. [43] synthesized the silver nanoparticles (AgNPs) using Sapindus
mukorossi fruit pericarp extract as the excellent reducing as well as capping agent. The
synthesized AgNPs had spherical shaped morphology with the unimodal size distribution
and the average particle size was found to be 17.3 nm. The green synthesized AgNPs
exhibited the excellent antibacterial activities against the Staphylococcus aureus (gram +ve)
with the maximum zone of inhibition of 27.3 £ 0.28 mm and Pseudomonas aeruginosa

(gram —ve) with the maximum zone of inhibition of 12.0 + 0.49 mm.

Bhuiyan et al. [44]. reported that the formation of iron oxide nanoparticles (a-Fe,O3
NPs) in a eco-friendly greener approach by the addition of Carica papaya leaf extract as the
reducing agent. The as-prepared a-Fe>O3 NPs were tested for antibacterial activities against
the three gram negative bacterial pathogens like Klebsiella spp., E.Coli, Pseudomonas spp.
and a gram positive bacteria like S.aureus. The a-Fe,O3 NPs showed the higher activity for
S.aureus with the zone of inhibition of 71 mm at 5 pg/ml and 12.5 = 0.5 mm at 30 pg/ml.
In contrast, the Klebsiella pneumoniae exhibited the resistance at 5 pg/ml concentration

but it showed the zone of inhibition of about 9+1 mm at the concentration dose of 30 pg/ml.

David et al. [45] developed the rapid, eco-friendly, and extracellular biosynthesis of
silver nanoparticles (AgNPs) using Sambucus nigra (European black elderberry) fruit
extract. The anti-inflammatory activity of AgNPs was studied in vitro on HaCaT cells that
exposed to UVB radiation and in vivo on acute inflammatory model and in humans on
psoriasis lesions. In vitro anti-inflammatory studies of AgNPs demonstrated that the
decrease of cytokines production on UVB radiation exposure. Similarly, in vivo anti-
inflammatory study of AgNPs showed the reduced levels of edema and cytokines in paw

tissues. The local treatment of psoriasis vulgaris skin lesions exhibited the superior anti-
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inflammatory activity of AgNPs, which confirms the better anti-inflammatory activity

compared with hydrocortisone.

Torresetal. [46]. demonstrated the biosynthesis of selenium nanoparticles (Se NPs)
using the bacterial pathogen of Pantoea agglomerans strain UC-32 under aerobic conditions
to form the bioactive Se NPs with the particle size ranging between 30-300 nm. The
synthesized Se NPs showed the superior anti-oxidant activity by trapping the free radicals
in the induction of seleno enzymes with potential biologic activity by producing the reactive

oxygen species via the human umbilical vein endothelial cells.

1.9  Scope of the work

Conventional nanoparticle synthesis methods like physical and chemical synthesis
methods involve the usage of toxic chemicals, formation of hazardous byproducts, and
contamination from precursor chemicals M Herlekar et al. [47]. Hence, there is a growing
need to develop clean, nontoxic, and environment-friendly procedures for nanoparticle
synthesis. Some of the distinct advantages that biological synthesis protocols have over the
conventionally used physical and chemical methods are clean and eco-friendly method, as
toxic chemicals are not used the active biological component like enzyme itself acts as a

reducing and capping agent, thereby reducing the overall cost of the synthesis process.

Recently, a very wide range of biological resources like microorganisms (bacteria,
yeast, fungi, algae, and viruses) and plants can be used for nanoparticles synthesis. While
microbe-based protocols have been developed from the cumulative research efforts of
several authors, plant-mediated biological synthesis of nanoparticles has gained importance
only in the recent years (Bedlovicova et al.) [48]. Plant extracts reduce the metal ions in a

shorter time as compared to microbes. Depending upon plant types and concentration of
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phytochemicals, nanoparticles are synthesized within a few minutes or hours, whereas
microorganism-based methods require a longer time [49]. All these reasons, along with the
easy availability of plants in nature, make them more preferred biological resources than
microbes. Among the metal nanoparticles, magnetic nanoparticles have been emerged as a
new class of important nanoparticles as they possess many exceptional properties like super

paramagnetism, high coercivity, and so forth.

The major objectives of the work are as follows:
o To extract the bio-active components from the various plants, by using

biosynthesis method.

. To examine the nature of chemical compounds which present in the plants
by standard methods such as UV-Vis and FT-IR spectrophotometric

analysis.

. To evaluate the antioxidant, antibacterial, antifungal and anti-inflammatory

activities of iron nanoparticles samples by well diffusion methods.

. To characterize the plants - mediated iron nanoparticles by the following

sophisticated techniques.

. To confirm the formation of iron nanoparticles by UV-Vis analysis.

. To investigate the bio-components involved in the interaction and
stabilization of the synthesized iron nanoparticles by Fourier Transform-

InfraRed (FT-IR) spectroscopic analysis.

o To determine their crystalline nature of synthesized iron nanoparticles by

X-Ray Diffraction (XRD) Analysis.
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To study the size and shape of the biosynthesized iron nanoparticles by

Scanning Electron Microscopy (SEM) technique.

To confirm the presence of elemental iron nanoparticles by Energy

Dispersive X-ray Diffraction Spectroscopy Analysis (EDS).

To create high magnification images of the internal structure of the iron
nanoparticles by High-resolution-transmission electron microscope (HR-

TEM).

To study the size of particles in solution by Dynamic Light Scattering—

Particle Size Analysis.
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Chapter II

Materials, Experimental Work,
and Characterization Techniques

2.1 Materials utilized

Materials chosen for this research work was iron to synthesize nanoparticles among
all metals because of its magnificent properties towards biomedical applications. Iron (I11)
chloride was used as a metal precursor. Biosynthesis approach has been used for the

synthesis of iron nanoparticles by using plant extracts.

(i) Metal Precursor : Iron (111) Chloride
(i)  Solvent : De-ionized Water
(i)  Plant Extracts : Cinnamomum verum (Cinnamon Bark)

Murraya koenigii (Curry Leaves)
Rosa gallica (Rose Petals)

Camellia sinensis (Green Tea Leaves)

Table 2.1 The details of materials utilized in this work

Materials utilized Chemical Company
formula name

Iron (I11) chloride FeCls Alfa Aesar
2 Deionized water H20 Sigma Aldrich
3 Acetone C3HeO Alfa Aesar
4 Separator (GF/D) - Whatmann
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Using the above materials, the following different combinations of iron
nanoparticles were synthesized and their properties were carried out in aqueous media (table

2.1).

The four different systems given below were taken for this research work.
» 0.01M of FeClz+30 ml of Cinnamomum verum bark extract
» 0.01M of FeCls+30 ml of Murraya koenigii leaves extract
» 0.01M of FeCls+30 ml of Rosa gallica petals extract

> 0.01M of FeCl3+30 ml of Camellia sinensis leaves extract

2.2 Experimental work
The iron nanoparticles were successfully prepared by biosynthesis method by using

plant extracts for biomedical applications.

2.2.1 Plant mediated synthesis

Plant mediated synthesis is the best platform as its being free from toxic chemicals
and providing natural capping agents for the stabilization of iron nanoparticles. Hence, green
synthesis of iron nanoparticles that provide advancement over physical and chemical
methods are eco-friendly, cost effective. The adaptability in use for medicinal, surgical,

pharmaceutical applications and as bactericidal compounds is being accepted [1].

The plants have medicinal values and are environmental benign, yet chemically
complex structures. This medicinal properties of plants due to presence of bioactive
compounds or phytochemicals such as alkaloids, flavones, ketones, phenolic acids,
polyphenols, organic acids, and quinines, saponins ,enzyme , proteins, sugars, terpenoids,
and vitamins. These bioactive compounds have an important role in reduction followed by
stabilization of metallic ions. However, plant mediated synthesis is quite straightforward

process at room temperature [2].
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2.2.2  Mechanism of plant mediated synthesis of iron nanoparticles

Four different plant extracts were used to synthesize iron nanoparticles (FeNPs).
FeNPs were prepared by varying the plant extract concentration and keeping the
concentration of iron (I11) chloride constant. 0.01M of iron (I11) chloride was added to plant

extract to prepare a solution.

2.2.3 Preparation of plant extracts

The various parts of several plant species such as Cinnamomum verum bark,
Murraya koenigii leaves, Camellia sinensis leaves, and Rosa Gallica petals have been
collected and thoroughly cleansed with tap water and followed by deionized water. The
purified plants were dried at room temperature. About 5g of each plant was weighed and
transferred to the glass kettle with 100ml of deionized water and heated up to 70° C for 20
minutes in a heater mantel under reflux. This mixture put in undisturbed condition to attain
room temperature and then it was filtered through a Whatmann No.1 paper. The extract
solution was stored at 4°C for further use. The obtained extracts of various plants were

subjected separately for the synthesis within two to three days.

2.2.4 Biosynthesis of iron nanoparticles

In the 0.01 M of FeCls solution, the 30 ml extract from the solution of each plant
species such as Cinnamomum verum bark, Murraya koenigii leaves, Rosa gallica petals,
and Camellia sinensis leaves was added in four different beakers in dropwise by a burette
at room temperature. The reaction mixture solution was converted from pale brown into
black color right away. It was indicated the formation of iron nanoparticles, which absorbed
the radiation in the visible region (Fig.2.1). After 24 hours, the reaction mixture was
centrifuged at 10,000 rpm for 15 min. The resultant black pellet was purified with deionized

water and ethanol. Then, it was dehydrated at 60°C in a hot air oven for removing residual
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impurities and moisture. The attained black powder of iron nanoparticles was deposited in

a dried dark place for further analyses.

Murraya koenigiileaves Preparation of extract Murraya koenigiileaves extract

FeNPs Formation of FeNPs FeCls Solution

Fig.2.1 Schematic diagram of green technique for the synthesis of iron nanoparticles

At the end of synthesis, plant extracts have the ability to stabilize the nanoparticle
(NPs) eventually determines the most energetically favourable and stable morphology
(Fig.2.2). The nature of the plant extract, its concentration, the concentration of the metal
salt, the pH, temperature and contact time significantly influencing the rate of production of

the nanoparticles, their quantity and other characteristics [3].

L ]
®e

Reduction Agglomeration Stabilization

Fig.2.2 Synthesis mechanisms of FeNPs
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2.3  Characterization techniques
The biosynthesized nanoparticles were subjected to various characterization

techniques which are listed below for their respective analysis.

+ Phase and morphology characterization techniques
» XRD - X-Ray Diffraction ((X’pert PRO -PANalytical model) using
CuKa radiation (A = 0.15406 A ) between 20 = 10° and 80°)
» SEM - Scanning Electron Microscopy (CARL ZEISS, EVO 18)
» EDS-Energy Dispersive Spectroscopy (Quantax 200 with X Flash ®
6130)
» HR-TEM - High Resolution-Transmission Electron Microscope

(JEOL 2100+)

% Magnetic characterization technique
» VSM-Vibrating Sample Magnetometer (magnetic field upto 2.2 T

Microsense, Model ADE — EV9)

®,

% Optical characterization techniques

» UV-Visible absorption spectrometer (Shimadzu 2600)

» FT-IR - Fourier Transform-Infrared spectroscopy (Thermo Nicolet
380 FT-IR spectrometer)

» DLS-Dynamic Light Scattering

% Analysis of Biological Activities
» Anti-bacterial activity
» Anti-oxidant activity
» Anti —inflammatory activity

» Anti-diabetic activity
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2.3.1 Phase and morphology characterization techniques
2.3.1.1 X-ray diffractometer

X-ray diffraction is a popular analytical technique that provides information about
crystallinity, crystallite size, orientation of the crystallites and phase composition and aid
in molecular modelling to determine the structure of the material [4]. The X-ray diffraction
patterns are obtained by measurement of the angles at which an X-ray beam is diffracted

by the crystalline phases in the specimen (Fig 2.3a).

X-ray crystallography has been used for determining atomic and molecular
structure of our crystalline materials. Here, the atomic planes of the material diffract the
X-rays in different specific directions depending on their atomic orientations [5]. The angle
and intensity of the diffracted beams give us a three dimensional idea about the density of
electrons within the measured crystal. A pictorial representation of a typical X-ray
diffractometer is shown in figure (Fig. 2.3b). When high energy electron beam is incident
on a target, it tears out the inner shell electrons [6]. The electrons from the next excited
states fill up the vacancy and as a result, X-ray is generated. The monochromatic beam of
X-rays of wavelength A from the source is made to fall on a crystalline sample where the
X-rays are scattered elastically by the electrons within the crystal planes and interfere

constructively in few specific directions that are determined by Bragg’s law as:

2d sinf = n\ (2.1)

where, d is the spacing between two consecutive parallel crystallographic planes aligned
in the same direction, @ is the angle of diffraction and n is an integer. The detector moves
accordingly with the sample or source’s movement and records the angles and intensities
of the diffracted beams. The intensity is plotted against the angle 26 which gives us

standard X-ray diffraction pattern [7]. It is possible to estimate the grain size (D) of the
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sample from the width of the diffraction peaks following the Debye-Scherrer formula as

given below:

D =kMp cosb (2.2)
where, K is a Scherrer constant that depends on the particles shape, A is the wavelength of

X-ray, S is the full width at the half maxima of the diffraction peak at angle 26 [8].

(a) (b)

Aperture slits

Fig.2.3 (a) Schematic representation of X-ray diffractometer b) Photograph of
X’pert PRO -PANalytical model

2.3.1.2 Scanning electron microscope (SEM)
Electron microscope is a type of microscope where a beam of highly energetic
electrons illuminates a specimen to produce its magnified image. There are two types of

electron microscopes which have been used to analyze the samples [9].
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(a)
(b)

Electron gun
5 Electron beam

Auger electron

Back scattered
Characteristic electron

X-rays Vst
/ / Continuum
[ /]

X-rays

Sample's surface

Fig.2.4 a) Schematic representation of SEM, b) Photograph of CARL ZEISS, EVO 18

In electron microscopes, a highly energetic beam of focused electrons is allowed to
interact with the sample is shown in figure (Fig.2.4a). The signals that come out from the
sample, give us various important information about the material. The figure (Fig. 2.4b)
represents a photograph of scanning electron microscope (SEM). The thermally ionized or
field emitted beam of electrons from the electron gun is focused in vacuum to incident on

the sample.

The beam of electrons passes through positively charged electrodes, condenser
lenses, scan coils and objective lens. The final focusing of the beam is done by the objective
lens to scan the sample’s surface. The lenses are magnetic in nature which deflect the
electrons and focus them. The typical voltage range for SEM is 2 to 50 kV. The diameter
of the beam can be varied from 5nm to 2um. Highly energetic electrons interact with the
material’s surface and loss most of their energy due to inelastic collision at the surface of
the sample and also via other various mechanisms that produce different types of signals
[10]. Such signals contain low energy secondary electrons (produced during inelastic
scattering of incident electrons with the outer shells’ electrons of the atoms of the sample),

high energy backscattered electrons, diffracted backscattered electrons, characteristic X-
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rays (produced after the inelastic collisions of the incident electrons with the inner shells’
electrons) and visible light (cathodo-luminescence) (Fig. 2.7). The secondary electrons can
easily be separated from the backscattered electrons by considering their energies using a

detector.

The displayed image in SEM is a visualization of the mapped intensities of signals
as produced by the secondary electrons. A three dimensional SEM micrograph may be
visualized due to the large depth of field in the narrow electron beam. The characteristic
X-rays that come out from the inner shells of the atoms of the specimen are used for

elemental analysis.

2.3.1.3 Energy Dispersive X-ray Spectroscopy (EDS)

Energy dispersive X-ray diffraction analysis is used for identifying the elemental
composition of the testing sample (Fig.2.5). During EDX analysis, a beam of electrons
ejects some of the electrons out from the nanoparticles creating a vacancy position in the
atomic structure. This is immediately filled up by electrons from other energy levels [11].
Depending on from which energy level the electrons are transferred that much excess
energy is given out in the form of X-rays, which is characteristic and unique for a particular
element. Peaks in the EDX spectrum corresponds to energy levels for which the most X-
rays had been received. Each of these peaks is unique to an atom, and therefore corresponds
to a single element. The higher peak in a spectrum represents the more concentrated the
element is in the specimen. In the present study, the elemental composition of the
synthesized iron nanoparticles was determined using SUPRA 55 EDX equipment. EDX
analysis also provides information on contaminants and their relative concentrations present

in the sample.
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Fig.2.5 Photograph of EDS (Quantax 200 with X Flash ® 6130)

2.3.1.4 High Resolution-Transmission Electron Microscope (HR-TEM)

HR-TEM is a microscopy technique whereby a beam of electrons is transmitted
through an ultra-thin specimen, thereby interacting with the specimen as it passes through.
When the electron beam passes through the sample, get transmitted and refracted beams are
shown in figure (Fig.2.6a). An image is formed by the interference between transmitted and
diffracted beams; the image is magnified and focused onto an imaging device, such as a
fluorescent screen, on a layer of photographic film, or to be detected by a sensor such as a
CCD camera [12]. Using HR-TEM (Fig.2.6.b), the size and morphology of the particles are
determined. Image of the particles were taken at 300kV accelerating voltage. Transmission
electron microscopic techniques are capable of imaging at a significantly higher resolution
than light microscopes, owing to the small de Broglie wavelength of electrons. This enables
the instrument's user to examine fine detail-even as small as a single column of atoms, which

is tens of thousands times smaller than the smallest resolvable object in a light microscope.
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HR-TEM forms a major analysis method in a range of scientific fields in both the
physical and the biological sciences. At smaller magnifications, HR-TEM image contrast is
due to absorption of electrons in the material, due to the thickness and composition of the
material. At higher magnifications, complex wave interactions modulate the intensity of the
image, requiring expert analysis of observed images. Electrons are usually generated in an
electron microscope by a process known as thermionic emission from a filament, usually
tungsten, in the same manner as a light bulb, or alternatively by field electron emission [13].
The electrons are then accelerated by an electric potential (measured in volts) and focused
by electrostatic and electromagnetic lenses onto the sample. The transmitted beam contains
information about electron density, phase and periodicity; this beam is used to form an

image.

(a) (b)

Electron gun

/‘ Firsk aperture
.«' ,»’ First condenser lens
\/

we|| fee Second aperture

\/

‘ Third aperture
3

\\“”/‘ Third condenser lens
“’W

Final aperture

Fig.2.6 a) Schematic diagram of HR-TEM b) Photograph of HR-TEM (JEOL 2100+)
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From HR-TEM, firstly the particles were dispersed well in suitable solvent,
preferably water or ethanol. Now a very small amount (~5mL) of this dispersion solution
was taken and placed gently on a coated copper grid. The grid was kept under ambient
conditions so that the solvent evaporates and the particles get struck to the grid. The dry
grid was then examined under the HRTEM (TECNAI G2 — 30 U- Twin) instrument to see

the size and morphology of the particles.

2.3.2 Magnetic characterization techniques
2.3.2.1 Vibrating Sample Magnetometer (VSM)

In a vibrating sample magnetometer (VSM) (Fig.2.7.a), an electromagnet is used to
apply the magnetic field to the sample. Two identical but oppositely wound pickup coils are
placed near the sample space. The sample is placed in between the two pick up coils and
oscillated sinusoidally in a particular frequency [14]. The figure (Fig. 2.7b) shows a pictorial
representation of VSM. An applied DC field magnetizes the sample and its mechanical
vibration result in a change in special density of magnetic flux that links with the pickup

coils and thus induces a voltage (V) according to the Faraday’s law:
v = NAZ (2.3)
dt

where, N is the number of turns in a pickup coil, A is its cross-sectional area, B is the
magnetic flux density and t is the time. Now, if M be the magnetization of the sample then
the change in B can be written as

Therefore, the signal becomes:

Adt = -poNAM (2.5)
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The pickup voltage is feed to the input of a lock in amplifier. The mechanical
vibrator’s frequency is given to the lock in as reference which estimates the magnetization
of the sample. The basic principle of the measurement for the AC and DC magnetic
properties is very similar. In the case of AC measurements, the applied time varying field
causes an oscillating response from the sample which induce signal to the secondary coils.
But here, as the applied field is DC and therefore, the sample is vibrated in order to generate
a spatial and temporal oscillation of flux. However, the induced signal is proportional to the
magnitude of the sample’s moment, it also depends on the frequency and amplitude of the
vibration. This can add an error. In order to resolve the problem, a vibrating capacitor is
used to generate the reference signal which varies with the moment, vibrational frequency

and amplitude of the sample in the similar way as the pickup coils’ signal.

(a) (b)

Computer

Reference

Sample and
pick up
assembly

=~

Lock In
-~ Amplifier

Fig.2.7 a) Block diagram of a vibrating sample magnetometer (VSM). b) Pictorial
representation of VSM (Model ADE - EV9)
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2.3.3 Optical characterization techniques
2.3.3.1 UV-Visible spectrometer
Ultraviolet—visible spectroscopy refers to absorption spectroscopy or reflectance
spectroscopy in the ultraviolet-visible spectral region (Fig.2.8a). This means it uses light
in the visible and adjacent (near-UV and near-infrared (NIR)) ranges. The absorption or
reflectance in the visible range directly affects the perceived color of the chemicals
involved. In this region of the electromagnetic spectrum, molecules undergo electronic
transitions. This technique is complementary to fluorescence spectroscopy, in that
fluorescence deals with transitions from the excited state to the ground state, while
absorption measures transitions from the ground state to the excited state [15]. Molecules
containing m-electrons or non- bonding electrons (n-electrons) can absorb the energy in
the form of ultraviolet or visible light to excite these electrons to higher anti-bonding
molecular orbitals. The more easily excited the electrons (i.e. lower energy gap between

the HOMO and the LUMO), the longer the wavelength of light it can absorb.

UV-Vis spectrophotometer measures the intensity of light passing through a sample
(), and compares it to the intensity of light before it passes through the sample (lo). The
ratio 1 / lo is called the transmittance, and is usually expressed as a percentage (%T). The

absorbance, A is based on the transmittance:

A = -log (%T/100) (2.6)

The Beer-Lambert law states that the absorbance of a solution is directly
proportional to the concentration of the absorbing species in the solution and the path length.
Thus, for a fixed path length, UV/Vis spectroscopy can be used to determine the
concentration of the absorbing species in the solution. It is necessary to know how quickly
the absorbance changes with concentration. The wavelengths of absorption peaks can be

correlated with the types of bonds in a given molecule and are valuable in determining the
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functional groups within a molecule. The spectrum alone is not, however, a specific test for
any given sample. The nature of the solvent, the pH of the solution, temperature, high
electrolyte concentrations, and the presence of interfering substances can influence the
absorption spectrum. Experimental variations such as the slit width (effective bandwidth)
of the spectrophotometer will also alter the spectrum. To apply UV/Vis spectroscopy to
analysis, these variables must be controlled or accounted for in order to identify the
substances present. The method is most often used in a quantitative way to determine

concentrations of an absorbing species in solution, using the Beer-Lambert law

A=logw (lo/I)=¢cl (2.7

b

(@ Dector
Mirror )/ B
"1 .

Entrance B Analyzerand

Sure St Prom Bt display

E NN ’,J
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E‘ Dichrole £ Detector

mirror

Fig.2.8 a) Schematic diagram of a UV-visible spectrometer b) Pictorial
representation of a UV-visible spectrometer (Shimadzu 2600)

where, A is the measured absorbance of the sample, 10 is the intensity of the incident light

at a given wavelength, | is that for the transmitted light, | is the path length of light through
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the sample, c is the concentration of the absorbing species and ¢ is the molar absorptivity or
molar extinction coefficient that is constant for a particular absorber. The pictorial diagram
of the UV-visible spectrometer is shown in figure (Fig. 2.8b). The UV-visible absorbance

spectra of our samples were measured using Shimadzu UV-2600 spectrophotometer.

2.3.3.2 Fourier Transform Infrared Spectroscopy (FTIR)

FTIR is an instrument for identifying the functional groups which present in a
molecule (2.9.a). It works by generating infrared absorption spectrum like a molecular
fingerprint. The two beams of Michelson interferometer are the main key of the FTIR. The
parallel IR beam is partly reflected and transmitted across the beam splitter and shift towards
the stationary and moving mirrors, respectively. The transmitted beam from the fixed mirror
and reflected beam from the moving mirror may interfere constructively or destructively at
the behind of the beam splitter [16]. It mainly depends on the wavelengths of the lights and
the optical path difference introduced by the moving mirror. This resulting signal is named

as interferogram [17].

Finally, Fourier transformation of this interferogram is carried out to get a
frequency spectrum. For the FTIR measurements, powdered samples were mixed with KBr
powder and pelletized in a hydraulic press [18]. Before measurement, the background
correction was done using a fresh reference KBr pellet. Fourier-Transform Infrared (FT-IR)
spectroscopy (Fig.2.9.b) is an important technique in organic chemistry. It is an easy way
to identify the presence of certain functional groups in a molecule. Analysis by infrared
spectroscopy is based on the fact that molecules have specific frequencies of internal
vibrations. These frequencies occur in the infrared region of the electromagnetic spectrum:
~ 4000 cm! to ~ 400 cm™!. When a sample is placed in a beam of infrared radiation, the
sample will absorb radiation at frequencies corresponding to molecular vibrational

frequencies, but will transmit all other frequencies. The frequencies of radiation absorbed
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are measured by an infrared spectrometer, and the resulting plot of absorbed energy versus

frequency is called infrared spectrum of the material.

(@)

IITOr /==

Coherent
light source

Fig.2.9 a) Schematic diagram of Michelson Interferometer configured for FTIR
b) Pictorial representation of FT-IR (Thermo Nicolet 380)

2.3.3.3 Dynamic Light Scattering (DLS)

Dynamic light scattering (also known as photon correlation spectroscopy or quasi-
elastic light scattering) is a technique that can be used to determine the size and size
distribution profile of small particles in suspension and polymers in solution [19]. In recent
years, this technique (DLS) has proven to be an invaluable - analytical tool for
characterizing the size distribution of particles (Fig.2.10). The useful size range for the DLS
technique is quite large - from below 5 nm (0.005 micron) to several microns. DLS- based
sizing instruments have been used extensively to characterize a wide range of particulate

systems including synthetic polymers (e.g. latexes, PVCs etc.), oil-in-water and water-in-
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oil emulsions, vesicles, micelles, biological macromolecules, pigments, dyes, Silicas,

metallic sols, ceramics and numerous other colloidal suspensions and dispersions.

When light hits small particles, the light scatters in all directions (Rayleigh
scattering) as long as the particles are small compared to the wavelength (below 250 nm).
If the light source is a laser, and thus is monochromatic and coherent, then one observes a
time-dependent fluctuation in the scattering intensity. This fluctuation is due to the fact that
the small particles in solutions are undergoing Brownian motion, and the distance between
the particles in the solution is constantly changing with time. The dynamic information of
the particles is derived from an autocorrelation of the intensity trace recorded during the

experiment [20].
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Fig.2.10 Schematic diagram of DLS

Once the autocorrelation data have been generated, different mathematical

approaches are employed to determine from it. The simplest approach is to treat the first
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order autocorrelation function as a single exponential decay. This is appropriate for a

monodisperse population.

g'(q:r) = exp(-T7) (2.8)

Where I is the decay rate. The translational diffusion coefficient D may be derived at a

single angle or at a range of angles depending on the wave vector g.

I =q?ur (2.9)
With
n, 0
1===0) (2.10)

Where A is the incident laser wavelength, no is the refractive index of the sample and @ is
angle at which the detector is located with respect to the sample cell. In the absence of
interparticle interaction, the hydrodynamic radius (RH) is then calculated from the diffusion

coefficient using the Stokes-Einstein equation,

qg=X-_X (2.11)

f - 6n.nRH

Where K is the Boltzmann constant, T is the temperature, n is the medium viscosity, and

f = 6nnRH is the frictional coefficient.

D is often used to calculate the hydrodynamic radius of a sphere through the
Stokes— Einstein equation. It is important to note that the size determined by dynamic light
scattering is the size of a sphere that moves in the same manner as the scatterer for example,
if the scatterer is a random coil polymer, the determined size is not the same as the radius
of gyration determined by static light scattering. It is also useful to point out that the
obtained size will include any other molecules or solvent molecules that move with the

particle. So colloidal gold, for example, with a layer of surfactant will appear larger by
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dynamic light scattering (which includes the surfactant layer) than by transmission electron

microscopy (which does not “see” the layer due to poor contrast).

2.4 Analysis of biological activities
2.4.1 Anti-bacterial activity assay
2.4.1.1 Disc preparation

The 6 mm (diameter) discs were made from Whatmann No. 1 filter paper. The discs
were sterilized by autoclave at 121°C. After the sterilization, the moisture discs were dried
on a hot air oven at 50°C. Then various solvent extract discs and control discs have prepared

[21].

2.4.1.2 Collection of test bacterial species
The bacterial strains of Bacillus subtilis, Escherichia coli, Klebsiella pneumonia and
Staphylococcus aureus were obtained from Microbial Type Culture Collection Centre

(MTCC), Chandigarh.

2.4.1.3 Assay of antibacterial activity

The antibacterial activity test was carried out following the modification of the
method originally defined by Bauer et al. (1966). Muller Hinton agar was ready and
autoclaved at 15 fifteen Ibs pressure for twenty minutes and cooled to 45°C. The medium
was permitted to cool and poured on to sterile petri plates and left for solidification. The
plates with media were seeded with their corresponding microbial suspension by utilizing a
sterile swab [22]. The various solvents extract were made as discs individually set on each
petri plates and also placed control and standard (Nitrofurantoin (300 ug) for Bacteria) discs.
The plates were incubated at 37°C for one day. After the incubation period, the diameter of

the zone formed around the paper disc was measured and expressed in mm.
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2.4.2 Anti-oxidant assay

1, 1-diphenyl-2-picryl hydrazyl radical (DPPH) assay was employed for the
determination of free radical scavenging activity [23]. BHT (Butyl Hydroxyl Toluene) was
used as the standard. Absolute methanol is used as the blank. 100ul of different
concentration of the samples were taken in separate test tubes containing 3.7ml of absolute
methanol. 200ul of DPPH reagent was added to all the test tubes including blank [24]. The
reaction mixture was incubated at room temperature under dark conditions for 30 minutes.
The absorbance of the reaction mixture was recorded at 517nm using an UV-Visible
spectrophotometer [25]. The same procedure was done for the standard BHT and its

absorbance was also measured.

Scavenging behavior (%) = 100-[(Ac -As)/Ac] X 100 (2.12)

Where Ac = Control absorbance, As = Sample absorbance.

2.4.3 Anti-inflammatory activity

The anti-inflammatory assay was investigated by the method stated and followed as
in the previous report [26]. At first, 2.8 mL of phosphate-buffered saline (PBS) (pH 6.4)
and 0.2 mL of bovine serum albumin were taken and mixed with prepared NPs sample
solution of 2 mL in varied concentration, viz. 100, 200, 300, 400 and 500 pg/mL. After that,
the reaction mixture solution was incubated at 37 + 2 °C. The procedure was completed in
15 min, and after completing it, it was heated to 70 °C. The solution was allowed to attain
room temperature, and then, the absorbance was recorded from a UV-visible
spectrophotometer. Similarly, positive control diclofenac sodium was treated. The assay

was performed in triplicates

Anti -inflammatory assay (%) = 100- [{Vc - Vt} /Vc] x 100 (2.13)

Where, Vt = Sample absorbance, V¢ = Control absorbance.
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2.4.4 Anti-diabetic assay

The anti-diabetic assay was investigated by the method as stated in the earlier report
[27]. At first, 0.5 mg/mL of a-Amylase was maintained at 25 °C for 10 min. The prepared
NPs solution of 2 mL was taken in varied concentrations, viz. 100, 200, 300, 400 and 500
ug/ mL, and was added to the starch solution. 20 mM of sodium phosphate (pH 6.9) and 6
mM of sodium chloride were also added to the sample solution, and then, it was mixed with
the a-Amylase solution. The reaction mixture solution was maintained at 25 °C for 30 min.
In this solution, di-nitrosalicylic acid was blended to view the color change. Further, the
reaction mixture solution was heated to 70 °C for 5 min. Then, the absorbance was recorded
from a UV-visible spectrophotometer to calculate the percentage of inhibition. Similarly,

positive control acarbose was treated. The assay was performed thrice.

Anti-diabetic assay (%) = 100 — [{Vc - Vt}/Vc] x 100 (2.14)

Where, V¢ = Control absorbance, and Vt = Sample absorbance.
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Green Synthesis of Magnetic Nanoparticles
via Cinnamomum verum Bark Extract
for Biological Application

Abstract

The green synthesis of magnetic Fe nanoparticles (NPs) was prepared via
Cinnamomum verum bark extract. The UV-visible analysis explained the formation of Fe
NPs with SPR band at 288 nm. The powder X-ray diffraction analysis (XRD) explicated the
mean crystallite size was at 36 nm. The fourier transform infra-red analysis (FTIR) revealed
the functional groups in the prepared FeNPs. The scanning electron microscope (SEM) and
high resolution transmission electron microscope (HR-TEM) analyses notified the circular
and spherical shaped FeNPs with the size at 20-50 nm. The energy dispersive X-ray
spectroscopy (EDS) and mapping analyses validated the formation of FeNPs with purity.
The vibrating sample magnetometer (VSM) revealed the paramagnetic behavior of prepared
FeNPs. The phytochemical analysis described the phytochemicals compounds which
present in Cinnamomum verum bark extract. The antibacterial assay described the much
higher inhibition zone of prepared FeNPs upon human pathogenic bacteria. The Antioxidant
(DPPH) assay described the efficient scavenging behavior of Fe NPs with 89 % at 80 pg/mL
concentration. The anti-inflammatory assay explicated the potential protein denaturation
behavior of Fe NPs with 87 % at 500 pg/mL concentration. The anti-diabetic assay reported
the much higher potential efficiency of prepared Fe NPs with 84 % at 500 pg/mL

concentration.

3.1 Introduction
In recent decades, nanotechnology has gained more recognition due to its unique

properties associated with the size distribution and morphology of nanoparticles.
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Nanotechnology was an umbrella term that covers many research areas dealing with objects
that are covered in nanometers such as chemistry, physics, biology, engineering and other
scientific aspects of nanotechnology [1, 2]. Nanoparticles having 1 to 100 nm possess great
impact in the field of chemistry, optics, batteries, physics, environmental remediation, drug
delivery and medicine. Nanoparticles exhibit enormous structures which create a different
approach in catalytic, physical, chemical and medicinal properties of materials than bulk [3-
5]. Nowadays, the researchers concentrate on the metal nanoparticles due to the large
surface area, low melting point, and good optical, catalytic, electrical and thermal properties.
These distinctive properties of metal nanoparticles create exploitation in the industrial area
such as food, agriculture, space, cosmetics, medical and chemical aspects of use in day-to-

day life [6-9].

Recent research in the synthesis of nanoparticles opened a new era in the fast-
growing method for the production of nanoparticles. Physical and chemical methods were
usually used for the synthesis of nanoparticles, however, based on the toxicity of these
methods; the objective of the research has latterly moved towards the biosynthetic method
[10-12]. Nanoparticles of magnetic materials have attracted much consideration due to their
properties deviate from those of bulk materials and they can be used to make materials and
devices with new properties [1]. Magnetic nanoparticles have important applications in
magnetic storage devices, in ferrofluids, i.e. stable suspensions of magnetic nanoparticles,
in magnetic beads that are applied in biotechnology, for contrast enhancement in magnetic
resonance imaging (MRI), and targeted drug delivery, bioelectrochemical sensing,
environmental remediation and as an electrode for supercapacitors and lithium-ion batteries
[2]. The magnetic nanoparticles received from the green synthesis method using plants
applied in many fields such as semiconductors [13], catalysts [14], optics, chemistry [15]

and medicine [16].
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Metal nanoparticles can be synthesized by adopting several methods such as
physical, chemical or photochemical reactions, thermal decomposition, electrochemical and
sonication. However, most of the methods are related to certain disadvantages such as using
hazardous chemicals and high energy requirements which extended the environmental
toxicity and cost ineffectiveness [17-20]. The biosynthetic method has recognized as an
environment-friendly, low-cost, and safer alternative to chemical and physical methods.
Nanoparticles can be synthesized from a variety of biological entities such as actinomycetes,
algae, bacteria, fungi, plants, viruses, and yeast. Mainly, Fe nanoparticles were used in
industrial sites. More focusly, iron nanoparticles used in textile industry [21], plastic
industry [22] with nanowire and nanofibre structure for coatings. In medical field, Fe
nanoparticles are used in tissue repair, drug delivery and detoxification of biological fluids,
hyperthermia, and immunoassay in cell separation. Iron nanoparticles contribution extended
in sunscreen products [23], leather industry [24] and food industry [25]. The antibacterial
effect of Fe nanoparticles creates distinctive position for it among other metal nanoparticles.
The magnetic property of Fe nanoparticles exhibited a specific approach in drug delivery on
targeted cancer cells [26-30]. Plants are particularly assuring for bioreduction since they are
easily available, inexpensive and scalable [31-33]. Plant extracts containing bioactive
alkaloids, phenolic acids, polyphenols, proteins, sugars, and terpenoids which can reduce

the metal ions and then stabilizing them.

Medicinal plants are of most importance in traditional medicine, in which in most
part, the antioxidant activity of the plant-derived compounds deemed responsible for curing
numerous diseases. Cinnamomum verum consists of many polyphenolic compounds with
antioxidant activity. The purpose of this research was to reduce iron Il chlorides to iron
nanoparticles by biosynthesis method using Cinnamomum verum extracts which contain
phenolic compounds that act as reducing and capping agents. Cinnamomum verum plant

was used as a spice to flavor cooking, stewed fruit, and tea. Traditionally, it was used as one
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of the Ayurvedic medicinal herbs in Asia. It required warm climate. Cinnamomum verum
was native to Sri Lanka and favors free-draining soils in a humid position. Cinnamomum
verum was rich in polyphenols and its biomolecules act as reducing and capping agents
during the synthesis of iron nanoparticles. Cinnamomum verum was a spice that has ancient
origins and popularly used as flavorings, condiment in cooking. Cinnamomum verum was
also known to provide various medicinal benefits that include lowering of blood cholesterol,
for diabetes. Cinnamomum verum was widely believed to be high in anti-oxidants. Regular
drinking of Cinnamomum verum tea could be beneficial to oxidative stress-related illness in
humans. Cinnamomum verum barks received from the Cinnamomum verum tree. It has a

polyphenolic compound which diminished the iron chloride to iron nanoparticles [34,35].

There are many plants based reports to synthesize silver and gold nanoparticles. A
few pieces of literature were available on the biosynthesis of metals like iron and palladium.
The present study of biosynthesized nanoparticles was the first report which narrated the
synthesis of iron nanoparticles using Cinnamomum verum extracts. Comparing with recent
literatures, we prepared iron nanoparticles with cost effectiveness and high antibacterial
effect. The phytochemicals in Cinnamomum verum bark extract provide much higher rapid
capping and stabilizing action for Fe nanoparticles. Therefore, the present work was carried

out to synthesize and characterize the iron nanoparticles using Cinnamomum verum extract.

3.2  Experimental Section
3.2.1 Chemicals

Ferric Il chloride (FeCls) (> 98.97 %), ethanol (C2HsOH) (> 98.02 %), acetone
(C3He0) (= 99.20 %) and Deionized water (> 99.58 %) were obtained from Sigma-Aldrich
chemicals. All glass wares was cleaned with distilled water and acetone as well as dried well

before use. The raw Cinnamomum verum barks were used.

69



Chapter I11

3.2.2 Preparation of Cinnamomum verum bark extract

The barks of Cinnamomum verum were purified with deionized water for three times
for eliminating mud and dust. After, it was dehydrated at room temperature for three weeks.
5 g of Cinnamomum verum strands put in 100 mL of distilled water and the solution heated
up to 70°C for 20 min in a heater mantel under reflux. This mixture put in undisturbed
condition to attain room temperature and then it was filtered through a Whatmann No.1

paper. The extract solution was stored at 4°C for further use.

3.2.3 Synthesis of iron nanoparticles

0.01M of FeCls solution and Cinnamomum verum bark extract was taken as
precursor in 1:1 proportion for synthesizing iron nanoparticles. In the 0.01M of FeCls
solution, the extract solution was added in dropwise by a burette. The reaction mixture
solution was converted into black color instantly. It was indicated the formation of iron
nanoparticles, which absorb radiation in the visible region. After 24 h, the reaction mixture
was centrifuged at 10000 rpm for 15 min. The resultant black pellet was purified with
deionized water and ethanol. Then, it was dehydrated at 60°C in a hot air oven for removing
residual impurities and moisture. The attained black powder of iron nanoparticles was

deposited in a dried dark place for further analyses.

3.2.4 Characterization of iron nanoparticles

The synthesized iron NPs characterized with the help of a UV-Vis
Spectrophotometer. X-ray powder diffraction (XRD) data was taken with a Ni filter and Cu
Ko radiation (A=0.15406 nm), on the PANalytical X'pert PRO powder X-Ray
diffractometer. The FTIR spectra of extracts were taken before and after synthesis of iron
NPs by using Thermo Nicolet 380 FTIR spectrometer in attenuated total reflection mode
and using a spectral range of 4000-400 cm™. To identify the average particle size and

morphology of iron NPs, SEM and HR-TEM analyses have performed using CARL ZEISS,
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EVO 18 SEM machine and JEOL-2100+ High-Resolution Transmission Electron
Microscope. The presence of the elemental composition of magnetic NPs was determined
employing EDX analysis. The magnetic measurements were taken utilizing vibrating
sample magnetometer (VSM) at room temperature with a magnetic field up to 2.2 Tesla

using Microsense, Model ADE — EV9.

3.2.5 Biological activities
3.2.5.1 Antibacterial assay
Disc preparation

The 6 mm (diameter) discs were made from Whatmann No. 1 filter paper. The discs
were sterilized by autoclave at 121°C. After the sterilization, the moisture discs were dried
on a hot air oven at 50°C. Then various solvent extract discs and control discs have prepared

[36].

Collection of test bacterial Species
The bacterial strains of Bacillus subtilis, Escherichia coli, Klebsiella pneumonia and
Staphylococcus aureus were obtained from Microbial Type Culture Collection Centre

(MTCC), Chandigarh.

Assay of antibacterial activity

The antibacterial activity test was carried out the following modification of the
method originally defined by Bauer et al., (1966). Muller Hinton agar was ready and
autoclaved at 15 fifteen Ibs pressure for twenty minutes and cooled to 45°C. The medium
was permitted to cool and poured on to sterile Petri plates and left for solidification. The
plates with media were seeded with their corresponding microbial suspension by utilizing a
sterile swab. The various solvents extract were made as discs individually set on each petri

plates and also placed control and standard (Nitrofurantoin (300 ug) for Bacteria) discs. The
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plates were incubated at 37°C for one day. After the incubation period, the diameter of the

zone formed around the paper disc was measured and expressed in mm [36].

3.2.5.2 Antioxidant assay
Aliquot of DPPH methanol solution (2 ml) was added with a sample solution in
various concentrations. For a few min, this solution was stirred. After this, it was allowed
to stand in dark at room temperature for 30min. After, the inhibition percentage was viewed
with the help of spectrophotometer [37]. The inhibition percentage by,
Scavenging behavior (%) =100 — [(A.—As)/A:] X 100 (3.1)

Where Ac = Control absorbance, As = Sample absorbance.

3.2.5.3 Anti-inflammatory assay
0.2 ml of egg albumin, 2.8 ml phosphate-buffered saline at pH 6.4 and 2 ml of
analyzed sample with different concentrations were mixed. Then, this solution was put in
an incubator at 37+ 2°C for 15 min. After, the reaction mixture was dehydrated at 70°C for
5 min. After, the inhibition percentage was viewed with the help of spectrophotometer [37].
The inhibition percentage by,
Inhibition % = 100 — [ {V, - V; }/V. }] x 100 (3.2)

Where, Vi = Sample absorbance, V¢ = Control absorbance.

3.2.5.4 Anti-diabetic assay

For 10 min, 0.5 mg/ml of a-amylase was placed at 25°C. After, it was mixed with
the starch solution, 20 mM of sodium phosphate buffer at pH 6.9 and 6mM of sodium
chloride. Then, this solution was placed at 25°C for 30 min. For 5min, the medium was
dehydrated at 70°C. After, the inhibition percentage was viewed with the help of
spectrophotometer [37]. The inhibition percentage by,

Inhibition %= 100 — [ {v. -V, }/v.}] x 100 (3.3)

Where, Vi = Sample absorbance, V. = Control absorbance.
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3.3 Results and Discussion
3.3.1 UV-Vis spectroscopy analysis

The UV-Vis spectrum of synthesized iron NPs showed (Fig.3.1) a maximum
absorbance at about 288nm which may be assigned to the surface plasmon absorption of
iron NPs [35]. The peak at 220 nm in UV-Vis spectra for the extract assigned to n—n* or
n «mn* transitions confined in the polyphenolic compounds. After the addition of the FeCls
solution to an aqueous Cinnamomum verum extract, the brown color solution was

transferred into black color which intimated the form of Fe® from Fe™ [20].
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Fig. 3.1 UV spectra of a) Extract and b) Synthesized iron NPs

3.3.2 XRD analysis
The structure and formation of iron NPs was further supported by X-ray diffraction
(XRD) analysis. The sample was scanned from 5° to 80° 26 at a scanning rate of 3° 20 per

minute. It was observed that the pattern has deficient in distinctive diffraction peaks and
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suggested that iron NPs exist in amorphous. The reflections in the figure (Fig.3.2) realized
the elemental iron (Fe). The characteristics peak at 32.23° corresponded to iron NPs,
(JCPDS n0.89-7047) [20]. In the XRD pattern of iron NPs, another peak appeared at 26 =
22° which could be enclosed to organic materials adsorbed from extract as a capping or
stabilizing agent [19,20]. The average crystallite size determined with Schererr’s formula
was at 36 nm. This pattern coincides with a similar type of XRD pattern for iron NPs

synthesized using T. Chebula extract [20].
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Fig. 3.2 XRD pattern of FeNPs synthesized using Cinnamomum verum extract

3.3.3 FTIR analysis

The FTIR of synthesized iron NPs was carried out to demonstrate the presence of
polyphenols as antioxidant sources for green synthesis of iron NPs. The FT-IR spectrum of
Cinnamomum verum (Fig.3.3) revealed the peaks at 3428 cm™, 2924 cm™ and 1026 cm™

which was related to C-H and C-OH stretching vibrations due to hydroxyl groups [38]. The
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strong absorption band at 1618cm™ was due to C=0 stretching of the carbonyl group and
the peak at about 1442cm™ which intimated C=C stretching vibrations because of aromatic
hydrocarbon groups. The FT-IR of synthesized iron NPs by Cinnamomum verum peaks
which were slightly modified from the FT-IR spectrum of Cinnamomum verum extract. This
observation confirmed that the organic compounds in the extract which absorbed on the
surface of magnetic NPs by n-electrons interaction. Hence, the constituents of extract not
only act as reducing agents but also played the role of capping agents for the stabilization

on the surface of prepared iron NPs [39].
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Fig. 3.3 FT-IR spectrum of FeNPs synthesized using Cinnamomum verum extract

3.3.4 SEM and EDS analysis

The SEM images (Fig.3.4) of iron NPs exposed that the synthesis of nano-sized
particles. It has simply revealed that the particles varied from 20 to 80 nm with spherical

morphology. It was varied from those iron NPs synthesized using chemicals as reducing
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agents, which tend to have a more homogeneous size distribution [40]. The different shapes
of NPs lead to the different distinctive applications [39]. The spherical shaped NPs were
mainly contributing its efficient application in biomedical field. The hexagonal and
rectangular shaped NPs contributed its tendency mainly in biomedical imaging application
[39]. The circular shaped NPs contributed its potential in electrical, optical and biomedical
applications [37]. It was most surely since the Cinnamomum verum extract was a
combination of various naturally occurred compounds with different reducing properties
[41]. Polyphenols or antioxidants in the Cinnamomum verum bark played an indispensable
role in controlling the agglomeration of the NPs and developed their dispersion by operating
as a capping agent [42]. To furthermore understanding the elements in the synthesized NPs,
the elemental composition of biosynthesized NPs was determined with EDS analysis which
was given in figure 3.5. From that, a strong intense peak of C, O, and Fe in the spectrum

was observed.

Fig. 3.4 SEM images of synthesized iron NPs using Cinnamomum verum extract at
300 nm, and 200 nm magnification
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This spectrum established the existence of Fe in nanoparticles. The C and O peaks
were attributed mainly to the polyphenol groups and other C, O-containing molecules in the
Cinnamomum verum [43, 44]. The weight percentage of molecules present in FeNPs was
registered in the table (table.3.1). This weight percentage was 27 % weight of O, 71% weight
of C and 2% weight of Fe. The EDS spectrum could further be signified with EDS mapping.
EDS mapping designed in different colors (Green, yellow and Red) showed the oxygen,
carbon and iron elements in the FeNPs which bestowed in figure (Fig.3.6). Fe was originated
from FeCls as a precursor in the synthesis of iron NPs. O, may be from high flavonoids
content in Cinnamomum verum extract. The mentioned values would be useful in atomic

content on the surface regions of iron NPs [45, 46].
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Fig. 3.5 EDS Spectrum of synthesized iron NPs using Cinnamomum verum extract
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Table 3.1 Elemental composition of synthesized iron NPs using Cinnamomum verum

extract
CK 3
oK 3
Fe K 94

Fig. 3.6 Mapping of a) Oxygen b) Carbon c) Fe elements in synthesized iron NPs
using Cinnamomum verum extract at 20 pm magnification
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3.3.5 HR-TEM analysis

The HR-TEM analysis (Fig.3.7) of prepared Fe NPs explicated the circular,
spherical shaped NPs with size at 20 to 50nm. The large agglomeration of NPs was
eliminated by extract usage in synthesis. Some agglomeration of NPs was viewed with the
high surface energy of Fe NPs. Further, it was reasoned by the Fe NPs synthesis was carried
out in water medium. The hydrophilic and hydrophobic behavior of prepared Fe NPs was
understood by the black and white regions viewed in the images. The viewed fringes
denoted the regular arrangement of lattice planes in prepared Fe NPs [37, 39]. The fringes

and SAED pattern was merged with the XRD d-spacings of (113) plane.

Fig. 3.7 (a-e) HR-TEM images in the magnification of 100 nm, 100 nm, 10 nm, 5 nm
and 2 nm respectively and f) SAED pattern of synthesized Fe NPs
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3.3.6 Phytochemical analysis

The phytochemical analysis listed the phytochemicals in Cinnamomum verum bark
extract which were responsible for capping and stabilizing action of prepared Fe NPs [39].
In the aqueous extractive value, polyphenols, alkaloids, tannin, steroids, terpenoids, and
glycoside were present in high concentration. These phytochemicals were the reason for the
reduction of iron chloride to iron NPs. Further, it reasoned for the capping and stabilizing
action of prepared Fe NPs. This phytochemicals diminished the size of NPs. It has
represented the Cinnamomum verum bark were rich in antioxidants agents. This further

improved the biomedical application of prepared Fe NPs.

3.3.6.1 Antibacterial Assay

Table 3.2 Inhibition zone of biosynthesized iron NPs against various human
pathogenic bacteria

Zone of Inhibition (mm) against human pathogenic

Bacterial Species bacteria
Standard* Fe
Escherichia coli 18 18
Klebsiella pneumoniae 17 25
Staphylococcus aureus 16 20
Bacillus subtilis 18 19

*Nitrofurantoin (300uQ)

The antibacterial activity of synthesized iron NPs from Cinnamomum verum extract
was investigated against various pathogenic organisms such as Escherichia coli, Klebsiella
pneumonia, Staphylococcus aureus and Bacillus subtilis using disc diffusion method was
shown in figure (Fig.3.8). The diameter of inhibition zones (mm) of iron NPs was reported

in the table (table 3.2).

80




Chapter 11

Fig. 3.8 Antibacterial assay of synthesized iron NPs using Cinnamomum verum
extract against a) Bacillus subtilis b) Staphylococcus aureus c) Escherichia coli
d) Klebsiella pneumonia
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Cinnamomum verum functionalized iron NPs displayed higher inhibition activity

against Klebsiella pneumonia (25mm), Staphylococcus aureus (20mm) and Bacillus subtilis

(19mm) bacterial strains. Therefore, we can conclude that the biosynthesized iron NPs were

shown efficient antibacterial property because of plant extract when compared to a standard

value. This inhibition values were also shown in figure 3.9.
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Fig. 3.9 Inhibition zone of biosynthesized FeNPs against various bacteria

The inhibition of applied bacteria with synthesized iron NPs was demonstrated in

the following ways.

The release of reactive oxygen species such as H.02, Fe?* ions, O2% ions bind
with the cell wall of bacteria.
These species penetrate and perforated the cell membrane. This leads to cell

wall damage.
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o This action released the interior components of the cell and attacks the DNA
of bacteria.
o Moreover, all actions lead to cell damage and death [47]. This result has

comparable with the earlier literatures [37,47].
3.3.6.2 Antioxidant assay
The DPPH antioxidant assay analyzed the scavenging behavior of Fe NPs and which
was showed in figure 3.10. The table 3.3 provided the percentage of inhibition values and
which showed the high concentration of Fe NPs applied have high inhibition. The
concentrations used for analyzing the scavenging behavior of Fe NPs were 20, 40, 60 and

80 pug/mL. Moreover the positive control of ascorbic acid as standard was used in analysis.

The inhibition values of Fe NPs were 20%, 42%, 75% and 89% and for ascorbic
acid were 16%, 36%, 70% and 83% with 20, 40, 60 and 80 pg/mL concentrations

respectively.

Table 3.3 Antioxidant assay of synthesized FeNPs via Cinnamomum verum bark
extract

% of inhibitions (%)

Samples Concentration (ng/mL)
40 60 I1Cso value
Fe 20.19+0.70 | 42.07+0.14 | 75.43+1.10 | 89.24 +0.18 47.50

Ascorbic acid 16.73+0.32 | 36.45+0.71 | 70.81 +1.01 | 83.18 +0.10 50.02
(Standard)

+ indicated the triplicate experimental results.

Further, the 1Cso value measurement described the 50% of inhibition. The low value
of ICso value expressed the efficient inhibition. The 1Csg value measured for FeNPs was at
47.50 pg/mL and for ascorbic acid measured was at 50.02 pg/mL. The phytochemicals in

Cinnamomum verum bark extract may also reasoned for the high scavenging behavior of
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prepared Fe NPs [37]. Overall, the synthesized Fe NPs expressed the efficient scavenging

assay than ascorbic acid. This result has comparable with earlier reports [37,48].
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Concentration (pg/mL)

Fig. 3.10 Antioxidant assay of synthesized Fe NPs using Cinnamomum verum extract

3.3.6.3 Anti-inflammatory assay

The usual process of breaking the proteins as secondary and tertiary structures
provided the loss of biological function. It was an interesting assay for analyzing the
protective action than destroying action as antibacterial assay. With this, the anti-
inflammatory assay was evaluated for synthesized FeNPs and which was showed in figure
(Fig.3.11). The table (table 3.4) has showed the values of inhibition percentage measured in
the analysis. These values expressed the high concentration applied in analysis have high
inhibition percentage value. The concentrations used in analysis were 100, 200, 300, 400
and 500 pg/mL and the positive control of Diclofenac sodium as standard have also

deployed.
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The inhibition percentage of Fe NPs were at 21%, 44%, 70%, 79% and 87% and for
Diclofenac sodium were at 17%, 38%, 63%, 73% and 83% with 100, 200, 300, 400 and 500

pg/mL concentrations respectively.

100

B Fe nanoparticles

B Diclofenac Sodium (Standard)

Percentage of Inhibition (%)

100 pg/mL 200 pug/mL 300 pg/mL 400 pg/mL 500 pg/mL
Concentration (ug/mL)

Fig. 3.11 Anti-inflammatory assay of synthesized Fe NPs using Cinnamomum verum
extract

Table 3.4 Anti-inflammatory assay of synthesized Fe NPs via Cinnamomum verum
bark extract

% of inhibitions (%)

Concentration (ng/mL)

300 400 500 I1Cs0 value

Fe 21.10+0.15 | 4410+0.13 | 70.19+1.05 | 79.45+0.90 | 87.35+0.10 212.10

Diclofenac sodium | 17.20£0.40 | 38.15+0.12 | 63.15+0.20 | 73.06 + 0.70 | 83.03+0.81 250.06
(Standard)

+ indicated the triplicate experimental results.

The 1Cso value measured for Fe NPs was at 212 pg/mL and for Diclofenac sodium
was at 250 pg/mL. These values reported the synthesized Fe NPs have efficient action than

Diclofenac sodium. This result has comparable with the earlier reports [37,49].
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3.3.6.4 Anti-diabetic assay
The biomedical behavior of synthesized Fe NPs was understood via analyzing it in
anti-diabetic assay. The figure (Fig.3.12) described the anti-diabetic assay and the measured

values of inhibition percentages were grouped in the table (table 3.5). The concentrations

Acarbose as standard have also deployed.

100
90 - M Fe nanoparticles
80 - B Acarbose (Standard)

70

used in analysis were 100, 200, 300, 400 and 500 pg/mL and the positive control of
60 -
50

35 thl]

100 pg/mL 200 pg/mL 300 pg/mL 400 pg/mL 500 pg/mL
Concentration (pg/mL)

Percentage of Inhibition (%)

Fig. 3.12 Anti-diabetic assay of synthesized Fe NPs using Cinnamomum verum extract

The inhibition percentage for Fe NPs were at 15%, 26%, 45%, 70%, 84% and for
acarbose were at 11%, 19%, 37%, 63%, 73% with 100, 200, 300, 400 and 500 pg/mL
concentrations respectively. These values described the high concentration applied in

analysis have high inhibition percentage value.
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Table 3.5 Anti-diabetic assay of synthesized Fe NPs via Cinnamomum verum bark
extract

% of inhibitions (%)

Concentration (ng/mL)

Fe 1519+ 0.15 | 26.20+0.13 | 45.09+0.45 | 70.19+1.17 | 84.15+0.170 312.17

Acarbose

11.19+0.19 | 19.17+0.05 | 37.26 +0.15 | 63.15+0.17 | 73.15+0.19 370.13
(Standard)

+ indicated the triplicate experimental results.

The I1Csg value measured for Fe NPs was at 312 ug/mL and for acarbose was at 370
ug/mL. These values proved the effective behavior of Fe NPs than acarbose. This result has

comparable with earlier reports [48,49].

3.3.7 Vibrating Sample Magnetometer (VSM) analysis
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Fig.3.13 Magnetization curve of synthesized Fe NPs using Cinnamomum verum
extract
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To investigate the magnetic behavior of biosynthesized iron NPs, magnetization
measurements filed using a vibrating sample magnetometer (VSM) at room temperature.
Figure 3.13 showed the magnetization curve of synthesized FeNPs. A linear Magnetization-
Applied magnetic field (M-H) graph with no hysteresis loop was achieved, which intimated
that the synthesized iron NPs have paramagnetic properties. Therefore, the biosynthesized
iron NPs were weakly attracted by a strong externally applied magnetic field, and form

internal induced magnetic fields in the direction of the applied magnetic field [50].

3.4  Conclusion

The present study compiled the impact of iron NPs and Cinnamomum verum extract
plays an essential role in the reduction and stabilization of iron NPs. The synthesized
magnetic Fe NPs have confirmed by UV-Vis analysis with SPR band at 288 nm. XRD
analysis revealed the mean crystallite size of iron NPs was at 36 nm. SEM and HRTEM
images revealed that iron NPs were compatible, stable in circular and spherical shaped with
size at 20-50 nm. The EDAX and mapping analysis validated the formation of FeNPs. The
VSM analysis explicated the paramagnetic behavior of prepared NPs. The inhibition zones
that appeared in the antibacterial assay designated the synthesized FeNPs has an efficient
higher inhibition of antibacterial effect against human pathogenic bacteria. The antioxidant,
anti-inflammatory and anti-diabetic assay showed the efficient behavior of FeNPs with low
concentration value in biomedical applications. These studies revealed that green synthesis
of iron NPs has potential as an easy, economical and beneficial process for most scientific
and technical applications in the future, including treatment of wastewater, pesticides in
agriculture and screening of drugs to hasten the natural drug discovery against promising

chemicals.
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Chapter IV

Phytomediated Synthesis of Magnetic
Nanoparticles by Murraya koenigii Leaves
Extract and Its Biomedical Applications

Abstract

Green synthesis of nanoparticles is a facile method as they are eco-friendly, cost-
effective and also the resources are easily available. Nowadays, the demand for magnetic
nanoparticles has increased around 13 % and they are used in magnetic sensing, medical
imaging, waste water treatment, and antibiotic drugs. In this report, the eco-friendly green
synthesis of magnetic iron nanoparticles was efficiently synthesized by using Murraya
koenigii leaves extract. The UV-visible spectrum revealed the presence of a surface plasmon
resonance band at 240 nm and analyzed the formation of iron nanoparticles. X-ray
diffraction pattern determined the crystallinity of nanoparticles. Fourier-Transform Infrared
spectrum illustrated the functional groups of iron nanoparticles. The particle size distribution
graph showed that the formed particles were in the range of nanometer. High resolution-
transmission electron microscopy spectrum realized the spherical shaped iron nanoparticles
were ranging between 4-9 nm in size. The energy dispersive X-ray spectrum and mapping
revealed the iron, oxygen and carbon elements in the prepared nanoparticles. The vibrating
sample magnetometer analysis showed the paramagnetic behavior of the prepared magnetic
iron nanoparticles. The inhibition potent of magnetic nanoparticles on various human
pathogens was revealed through antimicrobial assay. The antioxidant, anti-inflammatory

and anti-diabetic assays revealed the biomedical behavior of the iron nanoparticles.

4.1 Introduction
Nanoparticles (NPs) with a dimension of 1 to 100nm have specific physical,

chemical, magnetic and biological properties. Nanotechnology has shown tremendous
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growth in all the fields such as optical, electronic, textile, agricultural, environmental,
biomedical etc., [1-5]. Nanoparticles have enormous applications with a particularly large
surface to volume ratio property and enhanced efficiency in all the fields in the form of
catalysts, batteries, solar cells, gas sensors, LEDs, semiconductors, glasses, sunscreen
products, cosmetics, building materials, leathers, food packaging, batteries, clothes and
drugs etc., [6-10]. The manipulation of nanoparticles is one of the interesting research areas
for researchers as it creates a demand for the existence of living organisms in the world.
Because, it solves the simple and difficult issues which are imperative in materials science
[11,12]. Nowadays, treating nutrition deficiency diseases and bacterial infections has
become a challenge to the clinical field. The infectious strains are easily spread and cause
huge health crisis problems to humans and animals. Some pathogenic strains are not
responding to antimicrobial agents and create huge damage to the human health system [13].
Bio-nanotechnology involves the production, operation and implementation process of
drugs to several human and animal diseases and hence it aids. It can able to create antibiotic
drugs against human pathogens without producing any side effects. In clinical fields, bio-

nanotechnology plays a vital role in finding drugs to cure life-threatening diseases [13-17].

In nanotechnology, particles were synthesized by various physical, chemical and
biological methods [6,7,15-19]. The synthesis of nanoparticles in some chemical methods
require toxic reducing agents which may produce harmful by-products, that pollute the
environment and affect the living organisms [13,15,16]. But, in green synthesis method, it
can be reduced by substituting the chemicals with plant materials, bacteria or fungi, yeasts
and agricultural wastes. Also, it is inexpensive comparatively and does not require high
energy, pressure and hazardous chemicals. It does not produce any hazards to the
environment [15,16]. Furthermore, green synthesis of nanoparticles using plant extracts is
an easy large productive approach compared to other biological methods and is a cost-

effective method, which utilizes easily available resources. The chemicals and by-products
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in green synthesis of NPs is comparably low hazardous to environment than other methods
[13,16]. The eco-friendly synthesis of nanoparticles has practical applications in clinical,
biomedical, agricultural, and drug delivery fields as drugs without producing any adverse

effects [20,21].

Among the green synthesized nanoparticles, researchers have a specific interest in
inorganic nanoparticles since they are easily available and necessary [11] as they have many
practical applications viz., sunscreen glasses and products [22], cosmetics [23], sensors [24],
catalysts [25], food packaging [26], paints [27], ceramics [28], batteries [29], and drugs [30].
The magnetic NPs attain interest in research with their high catalytic, intrinsic, and versatile
properties. It is used in vast field’s viz., food, bio-sensing, medical and magnetic separation,
degradation of organic pollutants, and waste-water treatment [31]. Iron NPs are mostly used
as dye removers for conserving a pollution-free environment [12]. Mostly, iron NPs are
clinically used as biosensors in a magnetic field-assisted drug delivery therapy [32]. Reports
of green synthesis of magnetic NPs using different plant extracts have gained attention and
some of them are; Cymbopogon citratus [33], Carica papaya [34], Laurus nobilis [35],
Platanus orientalis [36], Amaranthus spinosus [37], Pinus pinaster [38], Moringa
oleifera [39], Eucalyptus [40], Rosemary [41], Mangifera indica [42], Camellia sinensis
[43], Daphne mezereum [12], Vitex negundo [44], Terminalia bellirica [39], and Psoralea

corylifolia [45].

Murraya koenigii is native to India, and they are used in both medicinal and culinary
applications. They are highly aromatic and have a unique citrus flavor. Aside from being a
versatile culinary herb, they offer an abundance of health benefits due to the presence of
powerful phytocompounds. Curry leaves are rich in alkaloids, glycosides, and phenolic
compounds that give potent health benefits and most of them possess antioxidant properties.

Antioxidants play an indispensable role in maintaining our body healthy also; they help us
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to stay away from diseases. Curry leaves are good sources of iron and calcium, and hence
they are used to treat calcium deficiency. Also, it reduces blood glucose levels effectively.
They shield the insulin-producing cells and protect them from the harms caused by free
radicals [46]. Traditionally, curry leaves are assumed to have favorable effect for good-
eyesight, so they can be used to prevent the early onset of cataract problems. Most of the
illnesses caused in our body are initiated by infections or oxidative damage in the body.
Curry leaves can be used as an alternative to treat certain infections. Curry leaves contains
The carbazole alkaloids that are present in the curry leaves possess antibacterial, anti-

inflammatory, antioxidant and anticancer properties [46,47].

In this study, the eco-friendly synthesis of iron NPs by Murraya koenigii leaves
extract from the literature survey were reported for the first time. The prepared magnetic
NPs were studied using various analytical techniques for realizing their spectral, optical,

morphological, electrical, magnetic and biological properties.

4.2  Experimental section
4.2.1 Chemicals used

Ferric chloride (FeCls (> 98.99%)), ethanol (> 99.92%), deionized water and
Murraya koenigii leaves collected from Pudukkottai was used. All the chemicals used for

this study were purchased from Sigma Aldrich, India.

4.2.2 Murraya koenigii leaves extract preparation

5 g of fresh healthy Murraya koenigii leaves were taken and thoroughly cleaned with
tap water and deionized water. The leaves were immersed in 100 ml of deionized water and
heated on a magnetic stirrer to 80°C for 30 min. The solution was allowed to cool once it
reaches room temperature, the solution was filtered with Whatmann No.1 filter paper to
remove the residual impurities. The filtered Murraya koenigii leaves extract solution was

preserved at 4°C in a refrigerator for further use.
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4.2.3 Synthesis of iron NPs by Murraya koenigii leaves extract

About 0.01M of FeCls was dissolved in 90 ml of deionized water by continuous
stirring on a magnetic stirrer. Then, a 10ml of Murraya koenigii leaves extract was taken in
a burette and mixed with ferric chloride solution which was added drop by drop. The
solution was heated to 70°C for 2h and stirred continuously. The brown color solution turned
into black color immediately, which indicated the formation of iron NPs. The dark
brownish-black precipitate was washed with deionized water and dried at 80°C in a hot air
oven. Then, the magnetic NPs were preserved and analyzed by various analytical

techniques. The synthesis scheme was revealed in figure (Fig. 4.1).

Murraya koenigii leaves Preparation of extract Murraya koenigiileaves extract

Iron NPs Formation of Iron oxide NPs Ferric chloride solution

Fig. 4.1 Synthesis scheme of iron NPs green synthesized by Murraya koenigii leaf
extract
4.2.4 Characterization of magnetic nanoparticles
The prepared NPs were characterized by using various analytical techniques. UV-
visible analysis was completed by UV-DRS spectrophotometer Thermofisher Evaluation

220. X-ray powder diffraction (XRD) analysis was recorded with the help of PANalytical
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X'Pert PRO powder X-ray diffractometer at 10° to 80° scan rate using CuKa radiation
(A=1.5406 A). Fourier Transform Infra-Red spectrum was recorded using Thermo Nicolet
380 FT-IR spectrometer at 4000-400 cm™. The particle size distribution analysis (Dynamic
Light Scattering-DLS) was studied by a oarticle size analyzer. The morphology of the
prepared sample was analyzed using JEOL-2100+ High-Resolution Transmission Electron
Microscope. The elemental and mapping analyses were taken from Energy Dispersive X-
ray Spectrometer Quantax 200 with X Flash® 6130. The phytochemical analysis was
carried out by the procedure described as in the earlier reports [48-50,30]. The magnetic
property of the prepared sample was studied by Microsense model ADE-EV9 vibrating

sample magnetometer at room temperature in -2 to 2 T magnetic fields.

4.2.5 Antimicrobial assay

The antimicrobial assay was completed through well plate method using microtitre
plate [48]. LB broth and the chosen microbial cells such as Pseudomonas aeruginosa,
Acinetobacter baumannii, Serratia marcescens, Chromobacterium violaceum,
Enterobacter aerogenes, Klebsiella penumonia (Gram-negative bacterial cells),
Enterococcus faecalis, Staphylococcus aureus (Gram-positive bacterial cells), Candida
albicans, Candida tropicalis, Aspergillus niger, and Aspergillus flavus (fungus cells) were
utilized as a growth medium. The analysis was performed by 96 microtitre plates containing
fully grown microbial cells in the medium and microbial inoculums with the prepared
sample in varied concentrations viz., 5, 10, 25, 50, 100, and 150 pug/ml. Similarly, positive
control chloramphenicol was treated. Then, the plates were put at 37°C for 24h. The analysis
was performed and studied in triplicates. Later, it was analyzed with UV-spectrophotometer.
The changes in absorbance were noted for calculating percentage of inhibition by,

Antimicrobial assay (%) = [(A.—4s)/A:] X 100 (4.2

Where, A = Control absorbance, As = Sample absorbance.
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4.2.6 Antioxidant assay

The antioxidant assay was completed as stated in the earlier report [49]. 0.5 ml of
prepared NPs solution was taken and separated into varied concentrations viz., 20, 40, 60,
80 and 100 pg/ml. It was then mixed with 2 ml of DPPH methanol solution. The reaction
mixture solution was continuously stirred for 30 min. Then, it was kept in a dark place at
room temperature. After 30 min, it was analyzed by UV-visible spectrophotometer and the
absorbance was recorded. Similarly, the positive control ascorbic acid was treated. The

assay was performed thrice.

Antioxidant assay (%) = 100 - [(Ac — As) / Ac] x 100 (4.2)

Where,  Ac = Control absorbance, As= Sample absorbance.

4.2.7 Anti-inflammatory assay
The anti-inflammatory assay was investigated by the method stated and followed as
in the previous report [49]. At first, 2.8 ml of phosphate-buffered saline (PBS) (pH 6.4), 0.2
mL of bovine serum albumin was taken and mixed with prepared NPs sample solution of 2
mL in varied concentration viz., 100, 200, 300, 400, and 500 pg/ ml. After that the reaction
mixture solution was incubated at 37+2°C. The procedure was completed in 15min and after
completing it, it was heated to 70°C. The solution was allowed to attain room temperature
and then the absorbance was recorded from a UV-visible spectrophotometer. Similarly,
positive control diclofenac sodium was treated. The assay was performed in triplicates.
Anti-inflammatory assay (%) = 100 — [ {V. - V; }/V. }] x 100 (4.3)

Where, V.= Control absorbance, V= Sample absorbance.
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4.2.8 Anti-diabetic assay

The anti-diabetic assay was investigated by the method as stated in the earlier report
[49]. At first, 0.5 mg/ml of a-Amylase was maintained at 25°C for 10min. The prepared NPs
solution of 2 ml was taken in varied concentrations viz., 100, 200, 300, 400, and 500 pg/ ml
and was added to the starch solution. 20mM of sodium phosphate (pH 6.9) and 6mM of
sodium chloride were also added to the sample solution then, it was mixed with the a-
Amylase solution. The reaction mixture solution was maintained at 25°C for 30min. In this
solution, di-nitrosalicylic acid was blended to view the color change. Further, the reaction
mixture solution was heated to 70°C for 5min. Then, the absorbance was recorded from a
UV-visible spectrophotometer to calculate the percentage of inhibition. Similarly, the

positive control acarbose was treated. The assay was performed thrice.

Anti-diabetic assay (%) = 100 — [ {V. =V, }/V.. }] x 100 (4.4)

Where, V¢ = Control absorbance, V:= Sample absorbance.

4.3  Results and Discussion

In this report, the iron NPs were green synthesized with Murraya koenigii leaves
extract. Green synthesis is a method that is eco-friendly, cost-effective and also avoids the
production of hazardous by-products. The formation of iron NPs was confirmed when the
solution turns to brownish-black color change during the synthesis. The phytochemicals in
Murraya koenigii leaves extract played the role of capping and stabilizing agents in the
formation of iron NPs [15,16]. The phytochemicals are the most important agents in capping
and stabilizing action of NPs. They interacted and attached to the precursor ions and which
stabilized the NPs [13,15,16]. The phytochemicals in Murraya koenigii leaves extract were
analyzed via two ways viz., alcoholic and aqueous extractive method, among these, aqueous
extracts provided favorable phytochemicals. Then, the synthesis was done in an aqueous

extractive method. The phytochemicals in Murraya koenigii leaves extract were listed in
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Table 4.1. The Murraya koenigii aqueous leaf extract contains flavonoids, alkaloids and
triterpenoids in high concentration, whereas tannin, terpenoids, steroids and polyphenol are
in low concentration. The greener way mediated iron NPs were characterized by various

analytical techniques for perceiving their properties.

Table 4.1 Phytochemical analysis of Murraya koenigii leaf extract

Phytochemicals analysis

Phytochemicals | Aqueous Ethanolic
extract extract
Tannin + +
Flavonoids ++ +
Steroids + -
Saponin - -
Alkaloids ++ +
Terpenoids + +
Triterpenoids ++ +
Polyphenol + ++
Anthraguinone - -
Glycoside - +
Coumarins - -

(-) Absent, (+) Present, (++) High concentration.

4.3.1 UV, XRD, FT-IR, DLS and VSM analysis

The UV-visible spectrum of prepared iron NPs was exposed in figure (Fig.4.2a). The
surface plasmon resonance band was observed at 240nm. It has confirmed the formation of
iron NPs and has compared with the inference recorded in the earlier report [51]. Rajendran
et al. [51] reported that the magnetic NPs synthesized using Sesbania grandiflora leaf

extract had its SPR band at 220 nm.

XRD pattern of prepared iron NPs is shown in figure (Fig.4.2b). The strong and

intense peaks at 36.09°, 41.87°, 60.72°, 72.74°, and 76.54° and their corresponding planes
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(111), (200), (220), (311), and (222) represent the high crystalline formation of iron NPs.
The pattern was matched with JCPDS no. 654150 and indicated the face centered cubic
phase formation of iron NPs. Certain amorphous behavior of noise signal is observed due
to the use of leaf extract in synthesis of NPs [13, 16]. The extra peaks are witnessed due to
the oxidation of iron NPs [52]. The average crystallite size was calculated at 14nm from
Schererr’s formula,

D = KMpcosO (4.5)

Where, K - Schererr’s constant (0.94), 1. - 1.5406 A, B - Full width at half maximum

(FWHM), 6 — Bragg angle. Here, B - 0.635 and 6 - 41.87°

Kanagasubbulakshmi et al. has reported that the magnetic NPs synthesized using
Lagenaria Siceraria had its crystallite size between 14-18 nm [53]. The lattice strain was
calculated at 0.0039 by [54],

AL =L-Lo (4.6)

The dislocation density was calculated at 7.815 x 10'° m by [55],

5 =1/D? (4.7)
The microstrain was found at 5.030 x 107 by [54],

e =pcosdl (4.8)

The high crystalline and small size of iron NPs were attained by using Murraya

koenigii leaves extract.

FT-IR spectrum of the prepared iron NPs has revealed in figure (Fig.4.2c). The bands
were recorded at 3454, 2427, 1767, 1637, 1384, 1112, 831, 537, and 459 cm™. The band at
3454 cm™ may be due to the OH stretching vibration of hydroxyl or phenolic group [55].
The band at 2427 cm™ corresponds to the aromatic aldehyde group of C-H stretching

vibration whereas the band at 1767 cm™ may be due to the ester group of C=0 stretching
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vibration [56]. The band at 1637 cm™ denotes the amino acid stretching vibration whereas

the band at 1384 cm™ represents the germinal methyl group stretching vibration [48].
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Fig. 4.2 a) UV-visible, b) X-ray diffraction (XRD) pattern, c) Fourier Transform
Infra-Red spectrum (FT-IR), d) Particle size distribution (dynamic light scattering-
DLS) graph and e) Magnetization curve (vibrating sample magnetometer-VSM) of
green synthesized iron NPs by Murraya koenigii leaf extract

The band at 1112 cm™ corresponds to carboxylic group stretching vibration [49,54].

The bands at 831, 537, and 459 cm™ represent the metal and oxygen stretching vibration.
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The appearance of oxygen functional group is mainly due to the oxidation of iron NPs [30].
It was clearly understood from the presence of various vibrations than oxygen functional

groups and they were due to the use of leaf extract in synthesis of NPs [13,16].

DLS analysis was carried out to observe the particle size distribution and it is shown
in figure (Fig. 4.2d). The particle size of the prepared iron NPs was at 7-15 nm. It was further
confirmed by TEM particle size measurement. Compared with TEM analysis, the particle
size observed in DLS was greater; it was appeared to be greater due to the measurement in
hydrodynamic size. The polydispersity index (PDI) was obtained at 0.298 which indicates

the potential application of NPs in drug delivery and bio-medical fields [55].

The magnetization curve of prepared iron NPs is revealed in figure (Fig.4.2e). The
paramagnetic behavior of the prepared iron NPs was found to have no hysteresis loop that
contains magnetization versus applied magnetic field (M-H) curve. The green synthesized
magnetic NPs were weakly attracted by the strong magnetic field (B) and formed an internal

induced magnetic field in that applied direction [42,57].

4.3.2 HR-TEM analysis

HR-TEM analysis was carried out to view the morphology of the prepared iron NPs
and its graphs are displayed in figure (Fig.4.3 (a-b)). The spherical shaped [58] iron NPs
was observed and their size ranged from 4-9 nm. Some regions seem to be agglomerated
due to the usage of Murraya koenigii leaves extract in synthesis (plant extract). Arsalani et
al. synthesized magnetic NPs using natural rubber latex and reported that the size ranged
from 7-15 nm and were spherical in shape [59]. Jamzad et al. [35] prepared magnetic NPs
using Laurus nobilis leaf extract and mentioned that they were spherical in shape and the
sizes ranged from 8-10 nm. Figure 4.3c illustrated the selected area electron diffraction

(SAED) pattern of NPs. The polycrystalline formation of NPs was understood from the
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white spots in the black area (SAED pattern). The d-spacing of (200) lattice plane in XRD

was well-matched with SAED d-spacings measurement.

Fig.4.3 (a-b) High resolution-transmission electron micrographs (HR-TEM) at 20nm,
50nm scale and (c) selected area electron diffraction pattern at 1/10nm scale of green
synthesized iron NPs by Murraya koenigii leaf extract
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4.3.3 EDS analysis

The EDS spectrum of iron NPs was shown in figure (Fig.4.4). It has confirmed the
presence of iron (Fe) and oxygen (O) in the synthesized NPs. The low carbon (C) signal was
present due to the use of leaf extract in synthesis of iron NPs [48,54]. The presence of O
represents the oxidation of prepared NPs [30]. The atomic and weight percentages of Fe, O

and C are displayed in the table (Fig.4.4).

Fe 85.83 62.35

@) 1211 30.70

2.06 6.95

L IR R TN T A O R T AN TR TR T S T I R B BT B B

Fig.4.4 Energy dispersive X-ray spectrum (EDX) of green synthesized iron NPs by
Murraya koenigii leaf extract

The EDS spectrum was further analyzed with mapping analysis which is revealed in
figure (Fig.4.5). It has also showed the presence of iron, oxygen and carbon in NPs with red,

green and blue spots.
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Fe Lal,2

Fig.4.5 Energy dispersive X-ray spectrum (EDX) mapping of green synthesized iron
NPs by Murraya koenigii leaf extract

4.3.4 Antimicrobial assay

The antimicrobial analysis is a preliminary investigation in the bio-medical field to
understand the antibiotic behavior against human pathogens as the microbial pathogens
cause huge health crisis in the world. In this analysis, the prepared NPs was tested on various
human pathogens such as Pseudomonas aeruginosa, Acinetobacter baumannii, Serratia
marcescens, Chromobacterium violaceum, Enterobacter aerogenes, Klebsiella penumonia
(Gram-negative bacterial cells), Enterococcus faecalis, Staphylococcus aureus (Gram-
positive bacterial cells), Candida albicans, Candida tropicalis, Aspergillus niger, and
Aspergillus flavus (fungus cells). The analysis was studied through Agar well diffusion

method. The various concentrations such as 5, 10, 25, 50, 100, and 150 pg/ml were applied
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for finding antibacterial potency of prepared NPs. Chloramphenicol was set as a positive
control. The gram-negative bacterium was more pathogenic than the gram-positive
bacterium [60]. Then, the analysis was studied mostly on gram-negative bacterial cells.
Further, the fungi cell has much stronger cell wall structure than bacteria. Therefore,
analysis was also investigated in fungi cells to know the NPs potency. The tested microbes
which were present in the soil, water and air medium produced many dreadful infections.
The microbes that produced the dreadful diseases were the habitats of dirt, hospital, drainage
and unhygienic zones [49]. The inhibition of microbial cells by NPs were expressed as a

percentage in figure (Fig.4.6) and taken in triplicate times.

Among the tested microorganisms, Pseudomonas aeruginosa, Enterobacter
aerogenes, Klebsiella penumonia, Chromobacterium violaceum were more susceptible at
100 pg/ml. Acinetobacter baumannii, Serratia marcescens, Enterococcus faecalis,
Staphylococcus aureus, Candida albicans, Candida tropicalis, Aspergillus niger, and
Aspergillus flavus were susceptible at 25 pg/ml. Gram-positive bacteria were more inhibited
than gram-negative comparatively Premanathan et al. [61]. The high concentration of NPs
used in the analysis has higher inhibition on microbial cells and it was harmonized with
Sangeetha et al. [62]. These results proved the synthesized NPs have antibiotic behavior on

various human pathogens.

The process of inhibition of microbial cells by prepared NPs was as follows:

The generation of reactive oxygen species such as hydrogen peroxide (H20.),
superoxide ions (02> ions), free radicals, Fe?* ions and its attachment on microbial cell wall
leads to rupturing of the cell wall structure. Also, the electrostatic attraction between NPs
and microbial cells prompts the cell wall damage; it has led to the release of cytoplasmic

ingredients from the cell then, the ROS easily penetrated it and has inhibited the DNA nuclei
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of the cell. Finally, it leads to cell decay and it prompts the cell damage and death of the

microbes [49,54,60].
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Fig.4.6 Antimicrobial assay of green synthesized iron NPs by Murraya koenigii leaf
extract on Pseudomonas aeruginosa, Acinetobacter baumannii, Serratia marcescens,
Chromobacterium violaceum, Enterobacter aerogenes, Klebsiella penumonia (Gram-
negative bacterial cells), Enterococcus faecalis, Staphylococcus aureus (Gram-positive
bacterial cells), Candida albicans, Candida tropicalis, Aspergillus niger, and
Aspergillus flavus (fungi cells).
4.3.5 Antioxidant assay
The antioxidant assay of the prepared iron nanoparticles was displayed in the figure
(Fig. 4.7). Antioxidants are the essential agents for the human to attain stable functioning of
the health system. Antioxidants are enormously present in fruits, nuts and vegetables. Free
radicals contained unpaired electrons and they are easily bound to the nearest molecules for
attaining stability. They are produced in the human body to systemize immune function,
chemical signaling, energy supply and detoxification [37]. An assay was carried out with
various concentrations such as 20, 40, 60, 80 and 100 pg/ml. Ascorbic acid was set as a

positive control. The results were expressed as a percentage in figure (Fig.4.7) and was taken

in triplicate times and the values were listed in table (Table 4.2).
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The percentage of inhibition by magnetic NPs and ascorbic acid were 24.04, 45.17,
67.19, 80.06, 91.17% and 20.06, 40.15, 59.12, 75.27, 85.19% with 20, 40, 60, 80 and 100
ug/ml concentrations respectively. The high concentration of iron NPs was directly
proportional to the inhibition percentage. In all concentrations, the iron NPs had a higher

inhibition percentage than the positive control.

90 ®m Magnetic NPs
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Concentration (pg/mL)
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o
1

1
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Percentage of Inhibition (%)

Fig.4.7 Antioxidant assays of green synthesized iron NPs by Murraya koenigii leaf
extract

Table 4.2 Percentage of inhibition in antioxidant assay of green synthesized iron NPs
by Murraya koenigii leaf extract

Percentage of Inhibition (%)

Concentration (ng/mL)

20 40 60 80
Magnetic NPs 24,04+ 0.19 | 45.17+0.97 | 67.19+ 0.93 | 80.06+ 0.06 | 91.17+ 0.04
Ascorbic acid 20.06+ 0.17 | 40.15+ 0.12 | 59.1240.27 | 75.27+ 0.12 | 85.19+ 0.06

+ performed in triplicate times
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ICso value was represented the quantity of sample needed to attain 50 % inhibition;
it denotes the potency of the sample. Low ICso value symbolizes the efficient behavior of
the sample. The ICso value for NPs and ascorbic acid was at 42 and 49 pg/ml respectively.
The results proved the potential behavior of prepared NPs and were compared with earlier

reports [37,48].

4.3.6 Anti-inflammatory assay

The anti-inflammatory assay of synthesized iron NPs is illustrated in figure
(Fig.4.8). It is an interesting analysis to show the protective behavior of the sample than
other destroying analyses. The fragmentation of secondary and tertiary protein structures
caused loss of biological function [50]. The assay was carried out with assorted
concentrations such as 100, 200, 300, 400 and 500 pg/ml. Diclofenac sodium was set as a
positive control. The results were expressed as a percentage in figure (Fig.4.8) and taken in

triplicate times and the values were listed in the table (Table 4.3).
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Fig.4.8 Anti-inflammatory assays of green synthesized iron NPs by Murraya koenigii
leaf extract
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The percentage of inhibition by magnetic NPs and diclofenac sodium were 24.04,
45.27, 57.30, 70.04., 89.12% and 19.04, 39.47, 51.02., 64.17, 79.99% with 100, 200, 300,
400 and 500 pg/mL concentrations respectively. The high concentration of FENPs is directly
proportional to the inhibition percentage. In all the concentrations, FeNPs have a higher
inhibition percentage than the positive control. The I1Cso value for FeNPs and diclofenac
sodium was at 247 and 293 ug/ml respectively. The results have proved the potential

behavior of prepared NPs and have compared with earlier reports [49,50].

4.3.7 Anti-diabetic assay

The anti-diabetic assay of prepared NPs has revealed in figure (Fig.4.9). It is a
preliminary analysis to show the sample has anti-diabetic potency. Free radical causes the
oxidative damage and resist enzyme such as a-Amylase, a-Glucosidase. These enzymes
cause diabetes. In this analysis, a-Amylase was used. It is an enzyme; it is present in saliva
and the pancreas. a-Amylase played a vital role in the conversion of carbohydrates,
glycogen and starch. Further, it was rehabilitated into oligosaccharides from a-D(1,4)
glycosidic bonds [48]. Earlier reports [63] stated that the diabetes can be efficiently healed
by plant-based material. Green synthesized FeSNPs have more efficient results in curing
diabetes than chemically prepared NPs without any adverse effects. The assay was carried
out with various concentrations such as 100, 200, 300, 400 and 500 ug/ml where acarbose
was set as a positive control. The results were expressed as a percentage in figure (Fig. 4.9)

and taken in triplicate times which values were listed in the table (Table 4.3).
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Fig. 4.9 Anti-diabetic assays of green synthesized iron NPs by Murraya koenigii leaf

Table 4.3 Percentage of inhibition in anti-inflammatory and anti-diabetic assays of
green synthesized iron NPs by Murraya koenigii leaf extract

Percentage of Inhibition (%)

Concentration (ng/mL)

Samples
300 400
Magnetic NPs | 24.04+0.12 | 45.27+0.93 | 57.30+ 0.47 | 70.04+0.19 | 89.12+1.06
Diclofenac | 19 144 019 | 30.47+0.27 | 51.02+0.93 | 64.17+0.33 | 79.99+ 1.04
sodium
Magnetic NPs | 24.93+0.33 | 3519+ 0.35 | 45.06+ 1.12 | 59.37+0.39 | 75.06+0.99
Acarbose | 19.12+0.19 | 29.04+ 0.37 | 37.1740.17 | 49.93+0.93 | 69.99+ 0.97

+ performed in triplicate times

The percentage of inhibition on a-Amylase by NPs and acarbose were 24.93, 35.19,

45.06, 59.37, 75.06% and 19.12, 29.04, 37.17, 49.93, 69.99% with 100, 200, 300, 400 and
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500 pg/ml concentrations respectively. The high concentration of iron NPs has the higher
inhibition percentage. In all concentrations, FeNPs have a higher inhibition percentage than
the positive control. The 1Cs value for FeNPs and diclofenac sodium was at 330 and 397
ug/ml respectively. The results proved the potency of prepared NPs and compared with

earlier reports [48,63].

44  Conclusion

In this study, the eco-friendly green synthesis of iron NPs was efficiently performed
by using Murraya koenigii leaves extract. The synthesized NPs were characterized by
various analytical techniques such as UV, XRD, FT-IR, DLS, TEM, and EDS analyses. UV
analysis has confirmed the formation of iron NPs with SPR band at 240 nm. XRD pattern
has proved the high crystalline formation of iron NPs with strong and intense peaks. FT-IR
analysis confirmed the functional groups of iron nanoparticles. DLS spectrum has revealed
that the formed particles were in nano meter range. HR-TEM graphs illustrated that the
formed NPs were spherical and the size ranged from 4-9 nm. EDS spectrum with its
mapping proved the presence of iron in the formed NPs. VSM analysis has revealed the
paramagnetic  behavior of nanoparticles. The biomedical applications-based
characterizations such as antimicrobial, antioxidant, anti-inflammatory and anti-diabetic
assays were performed. The antimicrobial assay has proved the potency inhibition of iron
NPs on various human pathogens. The antioxidant, anti-inflammatory and anti-diabetic
assays have proved the iron NPs have biomedical behavior. With these results, the prepared
iron NPs will be employed as antibiotic, anti-diabetic and anti-inflammatory drugs in

biomedical field in future.
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Biosynthesized Magnetic Nanoparticles using
Rosa gallica Petals Extract and its Antibacterial
Activities against Selected Pathogens
for Biomedical Applications

Abstract

In the present work, novel iron nanoparticles (FeNPs) were successfully fabricated
by a facile and green synthesis approach by using Rosa Gallica extract. The fabricated iron
nanoparticles were extensively examined by using UV-visible spectroscopy, Fourier
Transform Infrared (FTIR) techniques, powder x-ray diffraction (XRD), Energy dispersive
X-ray analysis. The size was measured and found to be the range of 17nm to 45nm.
Furthermore, the ability of antibacterial activity of Rosa Gallica extract mediated FeNPs
was also described against gram positive staphylococcus aureus and gram negative bacteria

such as Klebsiella pneumoniae, E.Coli and Bacillus subtilis.

51 Introduction

A great sustained improvement in nanotechnology is due to its diverse beneficial
applications in biomedical therapeutics, drug delivery systems. Nanoparticles have proven
to be the key elements used for developing biological capabilities in recent scientific
research [1]. Among them, metal nanoparticles have received more attention in recent
decades, attributing their usage extensively in medicine, biology and material science [2].
Nano size materials possess specific surface area to the volume ratio and exhibit excellent
physico- chemical characteristics in the field of optical, electronic and magnetic and also
potential in antimicrobial ability. Iron nanoparticles (FeNPs) are noble and stable materials,
capable of offering unlimited benefits such as biolabeling, optical receptors, antimicrobial

stuff and also used as electrical conductors [3]. FeNPs containing an efficient inhibitory
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ability against several bacterial pathogens was reported and generally found in

pharmaceutical industries [4].

The mode of preparation of iron nanoparticles is performed by adapting diverse
methods that are enlisted as thermal ion, pyrolysis deposition, advanced microwave
irradiation and laser ablation techniques [5]. Among them, chemical deposition techniques
have been presently used in the majority of the investigations with sodium borohydride and
sodium citrate as reducing agents. This conventional synthesis protocol explained the
involvement of metal precursors such as iron nitrate, while sodium borohydride is used as a
reducing agent. However, conventional methods of synthesis of metallic nanoparticles were
required abundant energy inputs, toxic reagents and were highly expensive with regulated

temperature and pressure, resulting in environmental contamination [6].

In contrast, green synthesis of nanoparticles route appeared to be cheap, easily
achievable and considered as an alternative for conventional approaches [7, 8]. Biogenic
iron nanoparticles are reportedly promising, simple and free from environmental pollutants,
an affordable cost. Synthesis enabled in room temperature with sufficient pressure and no
sophisticated instrument is required [9]. Moreover, presence of phytoconstituent and
aqueous surrounding modify the toxic chemicals and organic solvents [10]. Therefore, green
mediated synthesis of nanoparticles has been gaining a top priority in current research.
Occurrence of phytocompounds significant quantities such as polyphenols, tannin,
flavonoids and other amino acids have exerted therapeutics efficiencies and were

extensively studied in earlier investigations [11,12].

Rosa Gallica (Rose) fresh petals (Fig 5.1) are well known for its fragrance and taste.
It also exhibits therapeutic potential for human health benefits [13]. Rosa Gallica is a unique
species, commercially known as Rose plant, possessing abundant quantities of phenolic

compounds and were made use of syntheing nanoparticles [14]. Emerging databases have
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demonstrated that Rosa Gallicais reportedly potentially anti-inflammatory, antioxidant,
improved immune response and played a protective role against dietary pathogenic bacteria
and related other infections [15].These phytochemicals are quite responsible for therapeutics
and cosmetics properties, that include catechins and caffeine, that are key factors in reducing
metal particles, resulting formulation of capping metallic nanoparticles in the application of

drug delivery system [16, 17].

By keeping in view their benefits, in the present investigation, a biogenic synthesis
of iron nanoparticles using extracts of Rosa Gallica plant petals was reported. Such
synthesized NPs were characterized carefully with UV-Vis spectrometry, XRD, EDX
analysis. Interestingly, we further determined antibacterial ability of synthesized iron
nanoparticles, in-vitro against selected bacterial pathogens in order to examine its

biologically acceptable treatment [18].

5.2 Materials and methods
5.2.1 Materials

Iron (111) chloride and accessory reagents were procured from Sigma-Aldrich, Hi
media Biotech, Chennai, Tamil Nadu, India. A complete experiment was used with
analytical grade reagents and deionized water. Rose petals were collected from Tamil Nadu
Tea Estate (TANTEA), Govt of TN, Udhagamandalam, in India. For antimicrobial assays,
culture medium, antibiotics, bovine serum were purchased from High media Biotech
chemical Pvt Ltd, Chennai, Tamil Nadu. Rose petals extracts are rich in polyphenols, and
other reductive biomolecules containing multiple hydroxyl functional groups such as
flavonoids and phenolic compounds. These biocompounds have reduction potential which
are mainly cause for the bioreduction of metal ions and stabilization of the resultant

nanoparticles.
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Fig. 5.1 Rosa Gallica images

5.2.2 Methods
5.2.2.1 Preparation and synthesis of magnetic nanoparticles using Rosa Gallica petals
extract
A quantity of 0.01M of Iron (I11) chloride solution was taken, by dissolving 100ml
of double distilled water and 30ml of extract of Rosa Gallica from petals parts were
assembled. Add in a drop wise manner, for better amalgamation with solution in room
temperature. There was a change in colour, from golden brown solution to black was
noticed, indicating the onset of synthesis of nanoparticles. Such synthesized FeNPs
scrubbed well by using centrifugation at 10,000 rpm around 15 minutes, resulting in good
fabricated nanoparticles. After retrieving the pellets from the tested solution, subsequently

suspended in double distilled water and dried for nano powder.

5.2.3 Characterization of magnetic nanoparticles
UV-Vis Spectroscopy

Preliminary reduction process was confirmed by measuring UV-Vis spectra of the
diluted sample using deionized water. Rosa gallica conciliated iron nanoparticles were
scanned in UV-visible spectroscopy within the wavelength range of 200nm to 800nm to
detect absorption maxima by employing a shimadzu spectrometer, (Model, UV-2600). The

spectra were recorded using deionized water as a reference.
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FTIR Spectroscopy

Biosynthesized iron nanoparticles were subjected into FT-IR spectral measurements
to investigate the occurrence of possible biomolecules which responsible for the reduction
and stabilizing of iron nanoparticles. The measurements of Rosa gallica extract and
synthesized FeNPs were carried out by JASCO FTIR 4100 measurement at resolution of

4cmt in KBr pellets [19].

X-Ray Diffraction
Iron nanoparticles were subjected to X-ray diffraction. The morphology size of the
particles and profile of synthesized FeNPs was detected, using XRD diffraction pattern, by

the (X’ Pert Pro — PAnalytic).

SEM

The shape of the nanoparticles was determined by Scanning Electron Microscope
(SEM) with Sigma HV-Quantum 200ZIOEDS, at the sophisticated laboratory of National
College, Trichy, using SEM-YEGA. The qualitative and quantitative analysis of fabricated

FeNPs were performed, using energy dispersive X-ray spectroscope (EDX).

TEM

The size and morphology of the biosynthesized iron nanoparticles was calibrated by
Transmission Electron Microscope (TEM). The prepared sample was placed on the carbon
coated copper grid, making a thin film of sample on the grid and extra sample was also
removed using the cone of a blotting paper and placed in grid box. The thin film on the grid
was allowed to stand for 5 minutes to dry. The fine powder of biosynthesized iron
nanoparticles has been placed on coated copper grid and the morphology was obtained by

using TEM (TEM-JEOL 1200EX, JAPAN).
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Vibrating Sample Magnetometer

The magnetic behaviours of biosynthesized iron nanoparticles were determined by
using a vibration sample magnetometer (VSM, Cryogenic, UK). The experimental work
was conducted at room temperature with increasing magnetic field upto 10 kOe and field

sweeping from -10 to +10 kOe.

5.2.4 Antimicrobial activity of iron nanoparticles

In the present investigation, common and popular gram negative bacteria strain,
K.pneumoniae, E.Coli and Bacillus subtilis and from positive pathogens, S.aureus were
used for the examination of Rose petals conciliated FeNPs. Efficacy on antimicrobial
properties. The tested bacterial pathogens were procured from Microbial Type Culture
Collection Center (MTCC), Chandigarh. Antimicrobial properties were determined the
following methods described originally by Bauer et al [20], with mere changes based on
their laboratory conditions. Mullar Hinton agar was used and different dilution of
synthesized NPs such as 10, 20, 30, 40 and 50pg, solvent extracts were prepared and placed
separately in each petridish, whereas, Nitrofurantoin (300/pug) was maintained as
control/standard. Experimental plates were incubated, over a day, at 37°C temperature.
Further, zone diameter was measured using millimetre ruler and noted expressed with nm
units. Minimum inhibitory concentration (MIC) was evaluated against each strain.
Subsequently, microorganisms were incubated, evaluated for low inhibitory concentration
and scaled up. The whole experiment was performed in triplicate with mean value (X) used

for statistical analysis.

5.3 Results and Discussion
5.3.1 UV-visible analysis
In this section, table (Table.5.1) showed the process of colour transformation due to

the fabrication of nanoparticles during period and post period while blending with extract
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of Rosa gallica. The UV visible absorption spectra of so formed FeNPs have been depicted
in figure (Fig.5.2). Usually, the reduction reaction was noticed while changes occurred in

the colour of the solution, indicating golden brown to black colour.

Table 5.1 Change in color of the solution during synthesis of magnetic nanoparticles

Solution Color change Color change

Before reduction After Reduction Time

1. Rosa gallica Extract Pale yellow

Black
2. 0.01M FeCls Solution Golden brown

Immediately ‘

Absorbance (au)
N

200 400 600 800
Wavelength(nm)

Fig.5.2 UV-vis spectrum of Rosa gallica extract in green synthesis nanoparticles

The UV-vis spectrum of synthesized iron nanoparticles showed (Fig.5.2) the

maximum absorbance at about 263 nm which may be assigned to the surface plasmon

absorption of iron nanoparticles. The peak at 205 nm in UV-Vis Spectrum for the extract
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assigned to m —»7* transition confined in the phenolic compounds. After the addition of the
FeCls solution to Rosa gallica extract, the brown color solution is immediately shifted into
black color which intimates the form of Fe® from Fe™. Moreover, metal nanoparticles contain
unique characteristics such as prevalent free electrons to confer surface resonance
absorbance that, attributed to the mutual vibrating electrons of metal NPs in waves of light
energy. The obtained aspects of curve peaks denoting the surface resonance of fabricated
nanoparticles. The absorption spectrum shows a decline trend of the absorbance coupled
with a shift in the wavelength range from 263 to 205 nm. It has been reported that a strong
association prevailing between the intensity of the plasmon resonance bands and has shown
to be a decrease in the band width was observed [21]. The UV spectra results showed an
increase in the intensity of absorbance. Surface plasmon peaks that elute at 263 nm and
gradually declines to the lower wavelength at maximum concentration. Prevention studies
were favoured to our finding that vibration in the curve might have been attributed to the
indicator of shape and size of FeNPs [22, 23]. In another investigation, Absorbance of
colloidal nanoparticles in the specific wavelength attributed to the vibration of surface

plasmon vibration [24].

5.3.2 Fourier Transform-InfraRed (FT-IR) Analysis

The FT-IR spectrum of Rosa gallica petals extract is shown in figure (Fig.5.3) and
was carried out to identify the functional biomolecules caused for the reduction and capping
agent of the iron nanoparticles. The C-H bending of aromatic compounds absorption occurs
at 819 cm™. The alkane residue is detected from C-H stretching absorptions at 1446 cm™.
As C-H does not take part in hydrogen bonding, its absorption position is little effected by
chemical environments. Since the most of the organic compounds possess alkanes residue,

C-H absorption bands in a spectrum are of little diagnostic value [25].
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Fig.5.3 FT-IR spectrum of biosynthesized iron nanoparticles using Rosa gallica
extract

The C=0 stretching absorption in amides takes place at 1621cm™. The existence of
nitrogen atom has electro-negative atom effect but a lone pair of electrons present on
nitrogen atoms are involved in conjugation which tend to decrease C=0 force constant. This
effect is more prominent in amides groups because of the greater mobility of electron pair
on nitrogen atom (less electronegative) and hence, it has greater participation in conjugation.
The peak at 3412 cm™ indicates the O-H stretching vibrations of phenols group. Phenols
form intermolecular hydrogen bonds more readily than alcohols [26]. It can be concluded
that, aspects of the obtained peaks for iron nanoparticles capped with functional molecules
that reduced the iron reaction in iron nanoparticles fabrication due to the presence of Rosa

gallica petals extract [27].
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5.3.3 X-ray diffraction analysis

The crystalline nature of FeNPs was further confirmed by X-Ray diffraction (XRD)
analysis. the pattern of X-Ray diffraction for fabricated iron nanoparticles mediated by the
petals extract of Rosa gallica as shown in the figure 5.4 which exhibited sharp peak
including diffraction angle at 32°. The average crystallite size of the FeNPs was calculated
using the peak (111) according to Debye Scherrer equation [28] and found to be in the range
of 24 nm, indicating values are used for calculating unit cell dimension that enable to
identify (hkl) Miller indices value, can be obtained by employing technique as depicted in
table 1. According to the Debye-Scherrer formula,

d=kA/B sinB

Here, d is the particle size of the nanoparticles(nm), k is the Scherrer constant (0.9),

A is the wavelength of X-ray (0.15406nm), f is the full width half maximum of XRD peak,

and 0 is Bragg diffraction angle.

A43

200 A

100 +

| | | | | | |
20 30 40 50 60 70 80

Position [*2Theta] (Copper (Cu))

Fig.5.4 XRD pattern of biosynthesized iron nanoparticles using Rosa gallica extract
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Outcome of our experiments of XRD were compatible with earlier investigations
that evidence the preferred FeNPs is shown to be highly crystalline, with FCC crystalline
structure and confirmed by lattice para moker. 20 values for tested and control (JCPDS)
values file No 04-0783 of FeNPs resulting in equal and assured synthesis of iron

nanoparticles with FCC well balanced shape.

5.3.4 SEM and EDAX spectral analysis

EHT=2000kV  Signal A=NTSBSD  Date :12 Mar 2020

EHT=2000kV  Signl A=NTSBSD Date :12 Mar 2020 -@
WD=100mm Mag= 250KX Time :12:31:01 - WD=100mm Mag= 500KX Time :12:34:36

Fig.5.5 (a-b) SEM images of biosynthesized iron nanoparticles using Rosa gallica
petals extract

External morphological structure of fractional iron nanoparticles was evaluated by
scanning electron Microscope (SEM). As indicated in the figure (Fig.5.5a-b) depicted that
shape of FeNPs was found to be FCC in nature. EDX was also performed to understand the

chemical profile of the Rosa gallica petals extract (Fig.5.6). Appearance of sharp peak has
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confirmed the nano sized crystalline iron, whereas the Cl indexed about 0.5V might have
been derived from the extract of Rosa gallica Petals [29]. These findings were agreed with

prior investigation as demonstrated by Wallace et al.[30].

Mag: 600( akeoff: 36.5 ve Time(s ) Amp Time(us): 3.84 tesolution:(eV) 129

4 UUR
C Kal

360K

3.20K
2.B0K!
240K 0 Kal
2.00K
1.60K
1.20K E Ag Lp2
050K e la i Ka Ag La Fe Ka
Pk j L ula Al KiP.Kﬂ I l 918 Fe Kp1 CuKa  CuKpl
000K — =
0a 13 26 39 52 6.5 78 91 104 11.7 130

0 Cnts 0.000 keV Det: Element-C2B

Smart Quant Results

Element Weight % Atomic %  Error % Kratio

CK 42.2 57.5 7.1 0.2074
0K 359 36.7 10.1 0.0727
AIK 0.4 0.3 16.8 0.0025
SiK 04 03 16.0 0.0029
PK 0.4 0.2 20.9 0.0031
AgL 6.9 1.0 6.1 0.0555
FeK 12.9 3.8 3.4 0.1062
CuK 09 02 224 0.0072

Fig.5.6 EDAX images of biosynthesized iron nanoparticles using Rosa gallica petals
extract

5.3.5 TEM Analysis

TEM micrographs of the iron nanoparticles biosynthesized by using Rosa gallica
extract are shown in figure (Fig.5.7). TEM images revealed that the most of the iron
nanoparticles were spherical in shape with a lower degree of agglomeration [31,32,&33]. It
was also noticed that these iron nanoparticles were covered by a thin layer of biological

matrix showing the role of biological compounds in Rosa gallica extract act as agents which
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are responsible for reducing the iron (111) ions to iron nanoparticles and also controlling

clustering [34,35].

Fig.5.7 TEM micrographs of biosynthesized iron nanoparticles using Rosa gallica
Extract

5.3.6 VSM Analysis

0.3 A
0.2 -

0.1 4

M (emu/g)
=3

—-0.3 T T T T T T T T T
—~10000 —~5000 0 5000 10000
H (Oe)

Fig.5.8 Magnetization curve of biosynthesized iron nanoparticles using Rosa gallica
extract
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Figure 5.8 showed that the magnetic behaviours of biosynthesized iron nanoparticles
by using Rosa gallica extract examined by a vibrating sample magnetometer at room
temperature. A hysteresis curve from Magnetization-Magnetic field (M-H) graph was
observed which represents that the iron nanoparticles have minimum properties of
ferromagnetic materials [36,37, 38 &39]. Ferromagnetic materials were attracted by a strong
externally applied magnetic field and form induced magnetic fields internally in the

direction of the applied magnetic field [40].

5.3.7 Antibacterial properties of synthesized FeNPs

Antibacterial potential of the Iron nanoparticles mediated by Rosa gallica petals
extract (Fig.5.9) was determined against gram positive S.aureus (ID ATCC 29213) and
gram negative strain, K. pneumoniae (ATCC 700603), E.Coli and B.subtilis with diverse
concentrations (Table 5.2) denoted that the MIC values were achieved after over a period of
day [41]. Incubation with fabricated nanoparticles obviously, it can be visualised, the effect

of antibacterial action of synthesized FeNPs was close specificity with pathogens [42]).

Results showed that S. aureus exhibited strong rigidity due to its cell wall
composition and forbids to invade iron nanoparticles into the cell crossing cell wall.
Whereas gram negative bacterial strain, K.pneumoniae have lower vulnerability to the

antibiotics as reported earliest by Sarkar et al [43].

The presented figure (Fig.5.10) indicated the strength of the antibacterial potential
against four pathogens among them K. pneumoniae exerted a significant zone of inhibition
when compared with S.aureus. Moreover, while FeNPs with standard (300pg
Nitrofurantoin), it exerted effective zone of inhibition even in the least concentration (10pg)
and indicated the potential of FeNPs to fight and compete against harmful pathogens [44].
The effects may be underlined by different factors such as size of FeNPs chemical profile,

surface resonance and assemblage state [45]. The mechanisms involved in toxicity against
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pathogens involve direct affinity with strain and surface area of NPs has played a crucial

role.

Fig. 5.9 Antibacterial activity of iron nanoparticles using Rosa gallica petals extract
a) Escherichia coli b) Klebsiella pneumoniae c) Staphylococcus aureus d) Bacillus
subtilis

Table 5.2 Assay of antibacterial activity

Zone of Inhibition (mm in

Bacteria Name diameter)
Standard*
1 Escherichia coli 17 18
2 Klebsiella pneumoniae 16 20
3 Staphylococcus aureus 21 22
4 Bacillus subtilis 19 21
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Fig. 5.10 Inhibition zone of biosynthesized FeNPs against various bacteria

Infact, Antibacterial actions remain still unclear. It has been presumed that magnetic
nanoparticles directly touched the pathogen cell wall due to the affinity of proteins
possessing sulphur residue [46, 47]. This action would lead to permeability distraction
causing effect of intracellular content, resulting in DNA injury, ROS production and

ultimately end with death of bacteria [48].

Besides, nano size of the particle might increase the invasion into the cell wall while
photo constituents on the particle surface can accelerate the antimicrobial properties [49].
Studies have deciphered that the presence of phytocompound, catechin gallate in Rose
Petals caused the injury to the cell wall and cytoplasmic membrane related function [50].
Interestingly, W. R. Rolim et al., 2019 reported that FeNPs synthesized from Rose petals

have exhibited more effectiveness in antimicrobial activity than PEG-FeNPs.
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54  Conclusion

This study has revealed the Rosa gallica petals extract was more compatible for the
biosynthesis of iron nanoparticles. The formation of iron nanoparticles has been confirmed
primarily by changing of immediate black colour while adding Rosa gallica petals extract
to iron 111 chloride solution. It has been further confirmed by UV-vis spectroscopic analysis.
From X-ray diffraction analysis, the average crystalline size of iron nanoparticles was
calculated by using Debye Scherrer equation and was found to be in the range of 24nm.
Most of the iron nanoparticles have spherical in shape was identified by TEM analysis.
Moreover, iron nanoparticles have potential for antimicrobial activity against harmful
bacteria strains., it can be suggested that the synthesis of iron nanoparticles from green route
is an effortless, hazardless, affordable and reliable. Due to the fabricated magnetic
nanoparticles exhibited highly potent antibacterial actions against K.pneumoniae strain and
stable nature, it can also be suggested that these magnetic nanoparticles may be used for
various biomedical and biotechnological applications such as biosensors, MRI, Multi Drug
Resistance pathogens in clinical settings, MDR pathogens for protecting human health and

environment.
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Antimicrobial Efficacy of Iron Nanoparticles
(INps) using Camellia Sinensis Leaves Extract
an Alternate Approach

Abstract

In the present investigation, a simple traditional heating process was employed to
fabricate iron nanoparticles (INPs), concealed from Camellia sinensis leaf extract (Green
tea plant), used for its medicinal properties. The formation of INPs was confirmed by the
color change and further examined by UV-vis spectroscopy. The results have showed that
the size of the synthesized INPs was found to be 21nm by using XRD. The morphology was
characterized by SEM and EDX techniques which ensured the synthesized INPs with nano
sized crystalline affirmed with Fe metal. FT-IR study confirmed the attachment of bioactive
molecules of plant on the surfaces of INPs. The Vibrating Sample Magnetometer (VSM)
revealed the ferromagnetic behavior of prepared INPs. Moreover, antibacterial activities of
green tea leaf extract mediated INPs against both gram-positive bacterial strains such as
Staphylococcus aureus and Bacillus subtilis and gram-negative bacteria such as Klebsiella
pneumoniae and Escherichia coli, were examined. The results described that the much

higher inhibition zone of prepared INPs upon human pathogenic bacteria.

6.1 Introduction

Metal based nanoparticles are the inorganic elements and most familiar, promising
remedy, against resistance pathogens to the chemical antibiotics. They exhibited actions
against bacteria targeting numerous biomolecules, arbitrating emergence of resistance
strains [1]. Fabrication of metal-based NPs, has been extensively studied over the last
decades and widely described its applications in the fields of cosmetics and textiles, hence

forth [2]. Characterization of metal-based iron nanoparticles (INPs) has been carried out
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using diverse sophisticated techniques. These offer unlimited information on its
morphology, physico-chemical, electrical characteristic features of metal based INPs, and
played a vital part in their in-vivo actions. The desirable properties of INPs are shape size,
rigidity and end surface energy [3]. Their multifaceted properties confer new avenues and
endless quest for comfortable synthesis route and composition. However, recent research

has been targeted to other precise metals such as silver, gold, copper, zinc and iron [4,5].

The developed synthesis routes can be grouped as physical, chemical and recently
emerged biological methods [6,7]. INPs have unique nanostructures used in various fields
such as biomaterials and biomedical research using their most relevant properties of
biocompatibility, ability to change a surface, and its high surface area to the volume ratio
[8]. Their properties caused a major portion of the atom to occupy the surface to make them
versatile, compared to the bulk materials. This unique feature is reportedly responsible for
catalytic reactions and it has been extensively described earlier in various investigations
[9,10]. Moreover, INPs applications are used in a wide spectrum of environmental cleaning

technology and utilized as nanosorbents and photocatalysts [11].

Iron nanoparticles are also used in detoxification techniques [12], and waste water
treatment due to its ability to clean toxic and deteriorating hazardous materials from water,
that attracted considerable attention in water treatment measures [13]. INPs possess the
potential to remove the pollutes with higher capability than bulk materials were reported
[14]. There is an increasing demand for their bulk production with cost effective, in spite of
various physical and chemical methods of preparations available for INPs [15, 16].
Nevertheless, existing methods have shown to be highly expensive, involvement of toxic
reagents and tedious processing protocols. Recently, green synthesis of INPs route appeared

to be cheap, easily accessible and achievable and alternative for classical approaches [17].
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C.sinensis is a well-known species for its pleasant smell and possessing abundant
quantities of phenolic phyto compounds and can be used for fabricating nanoparticles [18].
Emerging data evident that C.sinensis possesses ability in anti-inflammatory, antioxidant,
improved immune response and showed protective role against dietary pathogenic bacteria
and related harmful infections [19, 20]. The phytochemicals including catechins and
caffeine are reportedly responsible for therapeutics and cosmetics properties and used as
key factors in reducing metal particles, for the manufacturing capping metallic nanoparticle

applied, in drug delivery system [21].

All taking into account, in the present investigations were reported the synthesis of
INPs using leaf extract of C.sinensis and characterised them carefully with UV-Vis
spectrometry, XRD, EDX mechanistic analyses. In order to exmine the susceptibity of INPs
to the biological organisms, the antibacterial ability of synthesized INPs, in-vitro against

selected gram positive and gram-negative bacteria strains were determined.

6.2 Materials and methods
6.2.1 Plant collection

Green tea leaves were collected from Tamil Nadu Tea Estate (TANTEA), Govt of
TN, Udhagamandalam, in India. Ferric chloride and accessory reagents were procured from
Sigma-aldrich, Hi media Biotech, Chennai, Tamil Nadu, India. A complete experiment was
used with analytical grade reagents and water. For antimicrobial assays, culture medium,
antibiotics, bovine serum were purchased from High Media Biotech Chemical Pvt Ltd,

Chennai, Tamil Nadu.

6.2.2 Preparation of extract and synthesis of INPs using C. sinensis leaves
10 grams quantity of green tea was amalgamated in 100ml of deionized water and
heated upto 80°C temperature for the preparation of tea extract and the extract was filtered

for avoiding particles contaminant. Subsequently, the collected solution was added with
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0.01M Ferric chloride (FeClsz) in 30ml of green tea extract, a sudden black colour was
noticed, indicating onset of fabrication of INPs [22]. These formed solutions were scrubbed
well using centrifugation at 10,000 rpm for 15 minutes, resulting in good pallet formation

and washed well with deionized water, followed by a drying at 60°C for further analysis.

6.2.3 Characterization methods

C.sinensis conciliated iron nanoparticles were scanned in UV- visible spectroscopy
within the wavelength range of 200nm to 800 nm to detect absorption maxima by employing
a Shimadzu spectrometer, (Model, UV-2600). To investigate the occurrence of active
functional groups in C.sinensis leaf extract and synthesized INPs were carried out by FTIR
[23]. The morphology size of the particles and profile of synthesized INPs was detected,
using XRD diffraction pattern, by the XPERT-PRO. Moreover, the shape of the iron
nanoparticles was determined by Scanning Electron Microscope (SEM) with Sigma HV-
Quantum 200ZIOEDS, at the sophisticated laboratory of Kalasalingam university, using
SEM-YEGA. The qualitative and quantitative analysis of fabricated INPs were performed,

using energy dispersive X-ray spectroscope (EDX).

6.2.4 Microorganisms

Three bacterial strains chosen for studies of antibacterial assay were two gram
positive bacteria and two gram negative bacteria consigned from Institute of Microbial
Technology, Chandigarh, India. Bacterial cultures were prepared in Mueller Hinton Broth
(Hi- Media, Pvt. Ltd., Mumbai, India) and maintained for 24 h at 37°C. The cell suspensions

were diluted with sterile MHB to provide an initial cell count of about 108 CFU/m.

6.2.5 Antibacterial activity
In the present investigation, common and popular gram negative bacteria strains,
such as K.pneumoniae and E.coli and gram positive bacteria such as B.subtilis and S.aureus

were used and examined green tea leaf conciliated INPs efficacy on antibacterial properties.
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The tested bacterial pathogens were procured from Microbial Type Culture Collection
Center (MTCC), Chandigarh. Antimicrobial properties were determined the following
methods described by Gottimukkala et al. [24] with mere changes based on their laboratory
conditions. Mullar Hinton agar was used and different dilution of synthesized INPs such as
10, 20, 30, 40 and 50pg, solvent extracts were prepared and placed separately in each
petridish, whereas, Nitrofurantoin (300/pug) was maintained as control/standard.
Experimental plates were incubated, over a day, at 37°C temperature. Further, zone diameter
was measured using millimetre ruler and noted expressed with nanometer units. Minimum
inhibitory concentration (MIC) was evaluated against each strain. Subsequently,
microorganisms were incubated, evaluated for low inhibitory concentration and scaled up.
The whole experiment was performed in triplicate with mean value (X) used for statistical

analysis.

6.3  Results and Discussion

In this section, the characterization of synthesized INPs conciliated from tea extract
using green synthesis routes were discussed. Furthermore, potential antimicrobial activity
against selected bacterial strains were reported. The figure (Fig.6.1). Showed transformation
of colour while FeCls was added with green tea extract, illustrated the fabrication of INPs

[25].

Fig.6.1 Color changes of iron nanoparticles fabrication a) FeCls b) Green tea leaves
extract c) After plant extract added with FeCls solution
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6.3.1 UV-Visanalysis

UV-vis spectrum has revealed the formation of dark black color was attributed to
the reduction reaction and was documented with visual proof [26, 27]. Usually, INPs contain
more relevant properties such as increasing free electrons to offer surface resonance
absorbance, due to the vibrating electrons of INPs in light energy. The obtained aspects of

peaks and curves indicated the surface resonance of synthesized INPs (Fig.6.2).

Absorbance spectra illustrated that the decline trend of absorbance coupled with a
shift in the range of wavelength of 251-271nm, symptomating that hydrolysis process to
discharge iron Il hydro molecules hydrolysis conferring INPs (Turner and Miles,1957),
was similar to the earlier investigation in literature. However, fabricated INPs size range
was recorded as 5nm to 33nm. The observed results were in good agreement with findings

of Huang et al. [28].
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Fig.6.2 UV-vis spectrum of C.sinensis leaf extract in green synthesis iron
nanoparticles
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6.3.2 FTIR analysis

FTIR measurements were performed to know the possible functional groups of
biomolecules found in the extract of C.sinensis, the figure (Fig.6.3) which might bind on
the surface of the particles. The peaks were sharply eluted at 3412, 2922, 2854,1621 and
449cm-1 and our findings were more or less similar to the earlier report of Makarov et al.

[29].

Among them, high value peaks 3412cm™ indicating O-H functional groups
stretching of phenol and alcohol groups. Other peaks eluted at 2854cm™, 1621cm™ and
449cmPindicating C-O stretching C=0 corresponding to the carbonyl functional group
alcohol and ester [30,31]. Moreover, 1621-449cm* within this range of iron nanoparticles

was synthesised, Pattanayak and Nayak et al.[32].

FTIR analysis revealed that carbamoyl groups derived from organic and
phytochemical constituents have offered powerful stability to bind with Fe metal
nanoparticles to avoid agglomeration. Therefore, it can be presumed that biological

molecules execute dual targets such as formation and stableness of INPs.

FTIR analysis has confirmed, phytocompounds such as polyphenols, tanine,
flavonoids and saponin present in green tea leaf have participated in the reduction of Fe3*

reaction [33].

It has been concluded that presence of peaks in FTIR spectra is symptomatic of

functionalization of INPs with organic phytocompound [34].
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Fig.6.3 FTIR spectrum of C.sinensis leaf extract and iron nanoparticles

6.3.3 XRD-analysis

X-ray diffraction analysis on green synthesis INPs using green tea extract
contributed amorphous INPs prediction. Previous studies reported the synthesis of
amorphous INPs, using leaf extracts of various plant and waste materials of dietary
industries [35]. As shown in figure (Fig.6.4), XRD pattern of synthesized INPs mediated by
Green tea extract exhibited sharp peaks covering diffraction angles at 10°, 20°, 32.5° and
35°. The peak value in the range of Harelenth can be calculated using a standard Debye
Scherrer’s equation followed by a standard formula and illustrated in the table.6.1. The
dividing constant crucial for this computation as reported by Jan et al. [36]. Our study results

were agreed in the line of earlier studies reported [37, 38].
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Fig.6.4 XRD pattern of C. sinensis leaf extract iron nanoparticles

Table 6.1 XRD pattern of C. sinensis leaf extract iron nanoparticles

Pos. FWHM Left d-spacing
[°2Th.] [°2Th.] [A]
23.7482 63.07 1.5587 3.74674 41.70
33.1223 151.25 0.1299 2.70468 100.00
35.5989 66.23 0.1948 2.52199 43.79
54.0647 26.28 0.3897 1.69625 17.37

Appeared small peaks were accounted for tea valent INPs and demonstrated in
previous studies [39, 40]. High peaks signals ranging from 10° to 35° 20 value was indicated
occurrence of organic photo constituents present in the tea extract which are key factors for

stabilizing INPs. 32.5° and 35° were associated with meghemite and was agreed with the
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finding of Njagi et al. [41]. Similarly, the characteristic peaks of 16° and 20° were
corresponding to iron oxyhydroxides as reported by Xio et al. [42]. It has been Confirmed
that fabricated INPs have shown to be highly crystalline in nature with FCC well balanced

shape.

6.3.4 SEM and EDX analysis

SEM analysis was performed to know the topology of synthesized INPs displaying
external structure and shown to be in uniformed materials represented instantly the formed
INPs were agglomerated due to the affinity properties resulting in irregular appearance
(Fig.6.5). EDX was performed to understand the presence of elements in the fabricated INPs

using green synthesis. The profile reverted that the INPs exhibited a powerful indicative of

the Fe atom in the crystalline property.

2 - § .
EMT=2000W  SignslA=NTSBSD Date 12 Mar 2020 = EWT=2000W  SgualA=NTSBSD Date 12 Mar 2020 @ -
WD=100mm Mag= 500KX Time :12:34:36 = WD=100mm  Mag= 250KX Time :12:31:01

Fig.6.5 SEM images synthesized iron nanoparticles of C.sinensis leaf extract

As illustrated in figure (Fig.6.6) the energy KeV value fell in the range of 6 to 7 KeV
indicating the value of metallic iron crystalline. Apart from Fe, C and O were recorded, would

have emerged from the biomolecules on the surface of INPs due to the phytocompounds.
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Fig.6.6 EDX images of biosynthesized iron nanoparticles of C.sinensis. leaf extract

6.3.5 VSM Analysis

The figure (Fig.6.7) illustrates that the magnetic behaviour of iron nanoparticles using

C. sinensis leaf extract measured by vibrating sample magnetometer at room temperature.

The M-H curve with hysteresis loop has been noticed, which represents that the synthesized

iron nanoparticles have ferromagnetic properties. Ferromagnetism gives the property of

nanoparticles which are strongly attracted by externally applied magnetic field and form

internal induced magnetic fields in the direction of the applied magnetic field.
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Fig.6.7 Hysteresis curve of biosynthesized iron nanoparticles using
C. sinensis leaf extract

6.3.6 Antibacterial activity
Antibacterial potential of the INPs mediated by C.sinensis leaf extract was
determined against gram positive S.aureus and B.subtilis and gram negative strains such as

E.coli and K.pneumoniae were tested with different concentrations (Table 6.2).

Table 6.2 Assay of antibacterial activity

Bacteria Name Zone of Inhibition (mm in diameter)
s
1 | Escherichia coli - 17 19
2 | Klebsiella pneumoniae - 16 17
3  Staphylococcus aureus - 21 24
4 | Bacillus subtilis - 19 21

NIT-Nitrofurantoin (300pg).

MIC values were achieved over a period of 24 hrs. Results exhibited S.aureus have

a strong susceptibility to the INPs whereas other bacterial pathogens have lower
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vulnerability as reported in the previous investigation [43, 44]. In fact, the mechanism of
action of antibacterial activity remains unclear. However, the zone of inhibition indicated
S.aureus exerted is susceptibility with INPs. When compared to the control and other

pathogens.

Fig.6.8 Antibacterial activity of iron nanoparticle a) Bacillus subtilis b) Escherichia
coli ¢) Klebsiella pneumoniae d) Staphylococcus aureus

This indicated the potential of INPs to fight against harmful pathogens [45, 46]. It
has been believed that INPs adhere to the cell wall of the pathogen due to the interaction of

protein containing sulfur residue [47,48]. The activity leads to the permeability distraction
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of intercellular content, DNA injury, accelerating ROS production and ultimately ends with
death of bacteria (Fig.6.8) [49-51]. Graphical representation of zone of inhibition of INPs

versus standard value was also shown in figure (Fig.6.9).

Zone of inhibition(mm)

f Standard value

» Escherichia coli

m Klebsiella pneumoniae

| = Staphylococcus aureus

m Bacillus subtilis

Fig.6.9 Graphical representation of zone of inhibition of INPs versus standard value

6.4  Conclusion

In summary, the iron nanoparticles were synthesized using Camellia sinensis as a
reducer and stabilizer. The green approach on iron nanoparticles was treated with Camellia
sinensis leaf extract was the most rapid, easy, cost effective method and it has a wide scope
in opting as an outstanding drug delivery system. The morphological study of
biosynthesized iron nanoparticles has been revealed the size was around 27nm with
amorphous morphology. The antibacterial activity results of biosynthesized iron
nanoparticles showed the higher inhibition zone upon bacterial pathogens treated with leaf
extract. It has summarized that the further studies on this area are much importance in
elaborating bio synthesized iron nanoparticles and is highly recommended for

pharmaceutical and biomedical applications.
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Chapter VI

A Comparative Study of Antibacterial Activities

7.1.

7.2.

of Plant Mediated Iron Nanoparticles

Highlights

A comparison of four different leaf extracts with good anti-oxidant capacity was
made to find out the best available leaf extract for green synthesis for iron
nanoparticles for its biomedical applications.

The Cinnamomum verum barks were used for the first time for the synthesis of iron
nanoparticles, and they showed promising results in the form of high antibacterial
capacity.

These green-synthesized nanoparticles were characterized using EDS, XRD, FTIR,
SEM, TEM, DLS, VSM, UV and antibacterial studies.

The iron nanoparticles which are having best anti-oxidant, reducing and capping

properties were fabricated from Green tea to Cinnamomum verum bark extracts.

Introduction

In recent years, biosynthesis of nanoparticles has been acquired growing attention

and developed as a promising alternative for chemical and physical methods, due to its

advantages of a simple, rapid and inexpensive synthesis, biodegradable materials instead of

hazardous reagents and less agglomeration of nanoparticles. In this synthesis, a variety of

materials from bio-renewable natural sources can be employed, which are even considered

as wastes or do not have any added value in some cases. And the extracts of biomaterials

can also act as a nutrient source to improve complementary biodegradation.
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Nowadays, nanoparticles have potential effects in sciences and human health care
applications. Among the nanoparticles, iron nanoparticles are playing a pivotal role in the
field of biomedical fields. Iron is a naturally occurring precious metal, most often as a
mineral ore in association with other elements. lron nanoparticles have a natural
antimicrobial effect against many pathogens such as bacteria, fungus, viruses, and yeast.
The biosynthesis of iron nanoparticles has several advantages such as cost-effectiveness and
compatibility for biomedical and pharmaceutical applications as well as for large-scale

commercial productions.

Iron nanoparticles were traditionally synthesized by chemical synthesis techniques
that used chemicals used which were quite often toxic and flammable. So, a reliable and
eco-friendly process for the synthesis of iron nanoparticles has become an important step in
the field of nanotechnology. Plant extracts are eco-friendly and are economic and efficient

alternatives for the large-scale synthesis of iron nanoparticles.

The present study has planned to compare the biosynthesis of iron nanoparticles
using the fresh plant extracts of four potential plants with high medicinal value such as
Camellia sinensis, Murraya koenigii , Rosa Gallica, Cinnamomum verum barks. A rapid
reduction of iron ions leading to the formation of stable iron nanoparticles in the solution
immediately at room temperature as compared to that on heating was studied. The UV-
Visible spectrum of iron nanoparticles in an aqueous solution has shown an absorbance peak
of around 265 nm due to surface plasmon resonance. Transmission electron microscope
images have shown the particle size as around 30 nm. This is the first attempt to perform
ecofriendly synthesis of iron nanoparticles using fresh plants of Murraya koenigii ,
Cinnamomum verum barks and produced the maximum yield which may benefit various

industries with wide a range of applications. These biologically synthesized iron
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nanoparticles were tested for antibacterial activity against four human pathogens such as

Escherichia coli, Klebsiella pneumonia, Bacillus subtilis, and Staphylococcus aureus.

Plenty of microorganisms and plant extracts have been applied to synthesize
inorganic nanostructures either intracellularly or extracellularly. It can be revealed by
electrostatic interaction between Fe+ and negatively charged carboxylate groups on the cell
surface. In the reduction of metal ions process using microorganism occurs on their cell
surface by enzymes present in the cell wall. The development of bioprocesses for the
synthesis of nanoparticles is develop gradually into an important branch of nanotechnology.
Several plant biomass or plant extracts have been successfully used for the extracellular
biosynthesis of iron nanoparticles. The metal ions reduction occurs very rapidly, and the
reduction of Fe ions will be achieved within hours. Rapid synthesis and excellent yield of
iron nanoparticles through this plant-mediated biosynthesis have a time-related (~2h)

advantage in comparison with microbial synthesis (~24h).

7.3.  Plants chosen for the comparative analysis

Plant extracts have been used as stabilizing agents for the synthesis of numerous
nanoparticles because of their high antioxidant magnitude and environmentally benign
reducing properties. Four different plant species were chosen among several plants (Tomato,
Murungai Leaves and so on) for this comparative study of the synthesis of iron
nanoparticles. Based on the amazing reducing properties from the analysis, the following

plants were selected for this study:

= Green tea leaves (Camellia sinensis)
= Curry Leaves (Murraya koenigii)
= Rose Petals (Rosa Gallica)

= Pattai (Cinnamomum verum bark)
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Iron nanoparticles were synthesized by using the green synthesis method with the

above mentioned plants.

Fig. 7.1. Pictorial representation of Camellia sinensis, Cinnamomum verum,
Murraya koenigii and Rosa Gallica

7.4. Nomenclature

GT-INPs Camellia sinensis (Green tea) extract -based iron nanoparticles

CL-INPs Murraya koenigii (Curry leaves) extract -based iron nanoparticles

RP-INPs Rosa Gallica (Rose petals) extract -based iron nanoparticles

AW |IN|BE

PT-INPs Cinnamomum verum (Pattai) bark extract-based iron
nanoparticles

The objective of this comparative study was to investigate the use of four different
selected locally available plants that showed excellent antioxidant capacities (Machado et al.
2013) for the synthesis of iron nanoparticles. The four iron nanoparticles, thus synthesized,
were compared for the antibacterial activities against selected pathogens. The biosynthesized
iron nanoparticles act as the best reducing agent was determined. Characterization techniques
such as SEM combined EDS, TEM, VSM, DLS, FTIR, UV visible spectroscopy and XRD

were used to analyze the nanoparticles in terms of size, morphology, and structure.

The employ of plant extracts for the synthesis of nanoparticles has been of much

interest in recent years (Parsons et al. 2007; Shahwan et al. 2011; Kuang et al. 2013; Mahdavi
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et al. 2013; Huang et al. 2014; Wang et al. 2014). These extracts are inexpensive, non-toxic,
and biodegradable. Because of these reasons, biosynthesized iron nanoparticles can have
applications in medical and biomedical fields (Shiv Shankar et al. 2004). The polyphenols in
plants also act as capping agents; thus, there is no need for an extra stabilization agent.
Multiple researchers have applied green synthesis of nanoparticles using different plant
extracts (Shahwan et al. 2011; Machado et al. 2013; Nethaji et al. 2013; Huang et al. 2014;
Wang et al. 2014). Different plant extracts have different organic compounds that can make

changes to the behaviour of the iron nanoparticles by using them.

7.5.  Comparison of antibacterial activities

Cinnamomum Verum and Murraya koenigii functionalized iron NPs have displayed
higher inhibition activity compared to other plant species against Klebsiella pneumonia,
Staphylococcus aureus and Bacillus subtilis bacterial strains. Therefore, the biosynthesized
iron NPs were shown efficient antibacterial properties because of Cinnamomum Verum and
Murraya koenigii extracts when compared to Rosa Gallica and Camellia sinensis mediated
iron nanoparticles. The comparison of inhibition values of all plant species was also shown

in the figure (fig.7.2).
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Flg.7.2. Comparison of antibacterial capacity of biosynthesized
iron nanoparticles

30
25
20
15
10
5
0
Escherichia coli Klebsiella pneumoniae | Staphylococcus aureus Bacillus subtilis
B GT 19 15 24 17
mCL 20 18 26 20
= RP 18 20 22 21
mPT 18 25 20 19

BGT mCL WRP mPT
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Table 7.1 Summarized Characterization results of Biosynthesized iron nanoparticles

Reducing &
Stabilizing

Particle
Size

Magnetic

Saleis Y [e] gs]gle][0]s)% Applications

Extracting
Change

Nanoparticles

Agent (nm) Behaviour Capacity
Camellia . . . .
GT-INPs sinensis Leaves 21 Paramagnetic High Black Irregular Anti-bacterial
Anti-bacterial, Anti-
Murraya . . Black . diabetic,Anti-
Sl koenigii Leaves S FEIOITERIIALE | ety =l (Immediately) Sfpinofesl inflammatory, Anti-
oxidant.
Ros;eg;!sllca 24 Ferromagnetic High Black Spherical Anti-bacterial
Anti-bacterial, Anti-
Cinnamomum . . Black . oxidant,Anti-
PT-INPs verum barks 36 Paramagnetic Very High (Immediately) Spherical diabetic Anti-
inflammatory.
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7.6.  Conclusion

The current study gives a comparison between the biosynthesis of Fe NPs by using
the aqueous extracts of the fresh leaves of Camellia sinensis, Murraya Koenigii, Rosa
Gallica, Cinnamomum verum barks (Table 7.1). The plant extract of Murraya Koenigii
leaves and Cinnamomum verum barks had the higher reducing and stabilizing capacity,
giving rise to spherical iron nanoparticles. Rosa gallica mediated iron nanoparticles had the
strong ferromagnetic behavior when compared to Cinnamomum verum barks. Fe NPs were
crystalline in nature; the average size of the iron nanoparticles was in the range of around
30 nm. The biosynthesized Fe NPs can be used for medical applications, especially in the

drug delivery process because of their higher antibacterial activity.
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SUMMARY

Green synthesis of iron nanoparticles using plants, fungus and bacterial extracts has
gained a lot of attraction in the research community during the last decade. The basic
premise for this attention includes economic viability, non-toxicity and environment
friendly nature of iron NPs. Chemical synthesis of NPs requires the use of expensive and
non-biodegradable capping agents which are highly toxic to both the environment and
human. Synthesis of NPs from commonly available plants can overcome all these

limitations and provide a basis for utilizing the untapped potential of nanotechnology.

In this research work, iron nanoparticles were synthesized by using plants the
extracts such as Cinnamomum Verum, Murraya Koenigii, Rosa Gallica and Camellia
Sinensis by a biological method. In this work, results and discussion were split up into four
chapters. All the chapters were clearly discussed through effective microscopic and
spectroscopic techniques. The antibacterial, anti-inflammatory, antioxidant and antidiabetic

assays were also investigated. From this entire works, the summary was given below;

The iron nanoparticles were successfully synthesized by Cinnamomum verum bark
extract by a greener method. From the XRD, UV, FTIR, EDS, VSM and spectral analyses,
the formation of iron nanoparticles was confirmed. SEM and HR-TEM analyses were
depicted the spherical iron nanoparticles formation. The plant has improved the surface
morphology synthesized of iron nanoparticles. The antibacterial assay showed the better
inhibition by plant assisted iron nanoparticles. The antioxidant and anti-inflammatory assays
have depicted better inhibition by plant-derived iron nanoparticles. In the antidiabetic assay,

better inhibition was illustrated by plant-assisted iron nanoparticles.

The study has compiled the impact of iron NPs and Cinnamomum Verum extract

played an essential role in the reduction and stabilization of iron NPs. The synthesized

164



Summary

magnetic Fe NPs have confirmed by UV-Vis analysis with SPR band at 288 nm. XRD
analysis has revealed the mean crystallite size of iron NPs was at 36 nm. SEM and HR-TEM
images revealed that iron NPs were compatible, stable in circular and spherical shaped with
size at 20-50 nm. The EDAX and mapping analysis validated the formation of Fe NPs. The
VSM analysis has explicated the paramagnetic behavior of prepared NPs. The inhibition
zones that appeared in the antibacterial assay designated the synthesized Fe NPs has an
efficient higher inhibition of antibacterial effect against human pathogenic bacteria. The
antioxidant, anti-inflammatory and anti-diabetic assay have showed the efficient behavior
of Fe NPs with low concentration value in biomedical applications. These studies have
revealed that green synthesis of iron NPs has potential as an easy, economical and beneficial
process for most scientific and technical applications in the future, including treatment of
wastewater, pesticides in agriculture and screening of drugs to hasten the natural drug

discovery against promising chemicals.

In the present research work, the eco-friendly green synthesis of iron NPs was
efficiently performed by using Murraya koenigii leaves extract. The synthesized iron oxide
NPs were characterized by various analytical techniques such as UV, XRD, FT-IR, DLS,
TEM, and EDS analyses. UV analysis has confirmed the formation of iron NPs with SPR
band at 240 nm. XRD pattern proved that the high crystalline formation of iron NPs with
strong and intense peaks. FT-IR analysis has confirmed the functional groups of iron
nanoparticles. DLS spectrum has identified the formed particles was in nano meter range.
TEM graphs were illustrated that the formed NPs were in spherical shape with size from 10-
25 nm. EDS spectrum with its mapping proved that the iron, oxygen presence in formed
NPs. VSM analysis has revealed the paramagnetic behavior of nanoparticles. The
biomedical applications based characterizations such as antimicrobial, antioxidant, anti-
inflammatory and anti-diabetic assays were performed. The antimicrobial assay has proved

the potency inhibition of iron NPs on various human pathogens. The antioxidant, anti-
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inflammatory and anti-diabetic assays proved the iron NPs have biomedical behavior. With
these results, the prepared iron NPs by using Murraya koenigii leaves extract will be utilized
as antibiotic, anti-diabetic, anti-inflammatory anti-cancer drugs and pesticides in biomedical

and agricultural fields in future.

The study has figure out the Rosa Gallica petals extract was more compatible for
the biosynthesis of iron nanoparticles. The formation of iron nanoparticles has been
confirmed primarily by changing of immediate black colour. It has been further confirmed
by UV-vis spectroscopic analysis. From X-ray diffraction analysis, the average crystalline
size of iron nanoparticles was calculated by using Debye Scherrer equation and was found
to be in the range of 24nm. Moreover, iron nanoparticles offered potential antimicrobial
activity against harmful bacteria strains. Interestingly, fabricated FeNPs exhibited effective
antibacterial actions against K.pneumoniae strain. The results of this study were suggested
the synthesis of iron nanoparticles from green route is an easy, effective and can be used for
various biomedical and biotechnological applications such as Multi Drug Resistance

(MDR)pathogens in clinical settings due to its highly potent antibacterial actions.

In this study, the iron nanoparticles were synthesized using Camellia sinensis as a
reducer and stabilizer. The green approach on iron nanoparticles treated with Camellia
sinensis leaf extract is the most rapid, easy, cost effective method and it has a wide scope in
opting as an outstanding drug delivery system. The morphological study of biosynthesized
iron nanoparticles has been revealed the size was around 27nm with amorphous
morphology. The antibacterial activity results of biosynthesized iron nanoparticles showed
a higher inhibition zone upon bacterial pathogens treated with leaf extract. It was
summarized that the further studies on this area are much importance in elaborating bio
synthesized iron nanoparticles and was highly recommended for pharmaceutical and

biomedical applications.
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Tremendous efforts have been made to composite the bio-methodologies in order to
fabricate new sustainable nanoparticles. This research confers about different investigations
in which microorganisms, and biomolecules are being used to produce iron nanoparticles.
Biosynthesis method has been used because of an inexpensive, environmentally friendly
and an alternative approach to fabricate nanoparticles for multiple applications. This work
deals with different characterization techniques to examine the properties of the fabricated
nanoparticles, such as morphology, size, surface, crystallinity, and so on. The green method
has been used for the synthesis of iron nanoparticles using the aqueous extract of plants,
which are believed to be responsible for the reduction of Fe ions. The comprehensive study
has also compared the extracts of four plants for the synthesis of iron nanoparticles and their
efficacy in various fields. The overall analysis has revealed that the biosynthesized iron
nanoparticles can be made for biomedical applications due to their anti-oxidant, anti-
bacterial, anti-diabetic and anti-cancer properties. Though all of the synthesized iron
nanoparticles showed a high affinity toward reduction and stabilization, the Cinnamomum
verum FeNPs and curry leaf FeNPs showed particularly higher reducing capacity than green
tea, Rose petals FeNPs. Cinnamomum verum bark and curry leaf extracts have found
particularly compatible for the fabrication of such nanoparticles. The greater reducing
capacities of biosynthesized iron nanoparticles have recommended that the plant-based iron

nanoparticles can be applied for both biomedical and industrial applications.
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Future work

In future, the nanoparticles based on iron and copper were synthesized by diverse
medicinal green extracts like Vitis vinifera, Punica granatum, Beta vulgaris, Solanum
lycopersicum, and Musa extracts. Moreover, the morphology can be improved by
incorporating other metals like zinc in to the nanoparticles to improve the biological
activities. The synthesized nanoparticles will be tested for structural, vibrational, optical,
morphological, and elemental analyses using XED, FTIR, UV, PL, SEM, HR-TEM, EDX
and XPS analyses. Furthermore, the synthesized iron nanoparticles will be tested for
antibacterial activity, anti-oxidant activity, anti-inflammatory activity and anticancer

activity to ensure its potential over diverse biological activities.
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ARTICLE INFO ABSTRACT

Editor: GL Dotto The green synthesis of magnetic Fe nanoparticles (NPs) was prepared via Cinnamomum Verum bark extract. The

UV-vis analysis explained the formation of Fe NPs with SPR band at 288 nm. The powder X-ray diffraction

Keywords: analysis (XRD) explicated the mean crystallite size was at 36 nm. The Fourier Transform Infra-Red analysis
Blosynthes11s (FTIR) revealed the functional groups in the prepared Fe NPs. The Scanning Electron Microscope (SEM) and
Nanoparticles

High-Resolution Transmission Electron Microscope (HR-TEM) analyses notified the circular and spherical shaped
Fe NPs with the size at 20—50 nm. The Energy dispersive X-ray spectroscopy (EDS) and mapping analyses
validated the formation of Fe NPs with purity. The Vibrating Sample Magnetometer (VSM) revealed the para-
magnetic behavior of prepared Fe NPs. The phytochemical analysis described the phytochemicals compounds
which present in Cinnamomum Verum bark extract. The Antibacterial assay described the much higher inhi-
bition zone of prepared Fe NPs upon human pathogenic bacteria. The Antioxidant (DPPH) assay described the
efficient scavenging behavior of Fe NPs with 89 % at 80 pg/mL concentration. The Anti-inflammatory assay
explicated the potential protein denaturation behavior of Fe NPs with 87 % at 500 pg/mL concentration. The
Anti-diabetic assay reported the much higher potential efficiency of prepared Fe NPs with 84 % at 500 pg/mL

Cinnamomum verum bark

Antibacterial activity

Scanning electron micrographs
Vibrating sample magnetometer analysis

concentration.

1. Introduction

In recent decades, nanotechnology has gained more recognition due
to its unique properties associated with the size distribution and
morphology of nanoparticles. Nanotechnology was an umbrella term
that covers many research areas dealing with objects that are covered in
nanometers such as chemistry, physics, biology, engineering and other
scientific aspects of nanotechnology [1,2]. Nanoparticles having 1-100
nm possess great impact in the field of chemistry, optics, batteries,
physics, environmental remediation, drug delivery and medicine.
Nanoparticles exhibit enormous structures which create a different
approach in catalytic, physical, chemical and medicinal properties of
materials than bulk [3-5].

Nowadays, the researchers concentrate on the metal nanoparticles
due to the large surface area, low melting point, and good optical, cat-
alytic, electrical and thermal properties. These distinctive properties of
metal nanoparticles create exploitation in the industrial area such as
food, agriculture, space, cosmetics, medical and chemical aspects of use

in day-to-day life [6-9].

Recent research in the synthesis of nanoparticles opened a new era in
the fast-growing method for the production of nanoparticles. Physical and
chemical methods were usually used for the synthesis of nanoparticles,
however, based on the toxicity of these methods; the objective of the
research has latterly moved towards the biosynthetic method [10-12].

Nanoparticles of magnetic materials have attracted much consider-
ation due to their properties deviate from those of bulk materials and
they can be used to make materials and devices with new properties [1].
Magnetic Nanoparticles have important applications in magnetic stor-
age devices, in ferrofluids, i.e. stable suspensions of magnetic nano-
particles, in magnetic beads that are applied in biotechnology, for
contrast enhancement in magnetic resonance imaging (MRI), and tar-
geted drug delivery, bioelectrochemical sensing, environmental reme-
diation and as an electrode for supercapacitors and lithium-ion batteries
[2]. The magnetic nanoparticles received from the green synthesis
method using plants applied in many fields such as semiconductors [13],
catalysts [14], optics, chemistry [15] and medicine [16].
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Metal nanoparticles can be synthesized by adopting several methods
such as physical, chemical or photochemical reactions, thermal
decomposition, electrochemical and sonication. However, most of the
methods are related to certain disadvantages such as using hazardous
chemicals and high energy requirements which extended the environ-
mental toxicity and cost ineffectiveness [17-20]. The biosynthetic
method has recognized as an environment-friendly, low-cost, and safer
alternative to chemical and physical methods. Nanoparticles can be
synthesized from a variety of biological entities such as actinomycetes,
algae, bacteria, fungi, plants, viruses, and yeast. Mainly, Fe nano-
particles were used in industrial sites. More focussly, iron nanoparticles
used in textile industry [21], plastic industry [22] with nanowire and
nanofibre structure for coatings. In medical field, Fe nanoparticles are
used in tissue repair, drug delivery and detoxification of biological
fluids, hyperthermia, and immunoassay in cell separation. Iron nano-
particles contribution extended in sunscreen products [23], leather in-
dustry [24] and food industry [25]. The antibacterial effect of Fe
nanoparticles creates distinctive position for it among other metal
nanoparticles. The magnetic property of Fe nanoparticles exhibited a
specific approach in drug delivery on targeted cancer cells [26-30].

Plants are particularly assuring for bioreduction since they are easily
available, inexpensive and scalable [31-33]. Plant extracts containing
bioactive alkaloids, phenolic acids, polyphenols, proteins, sugars, and
terpenoids which can reduce the metal ions and then stabilizing them.

Medicinal plants are of most importance in traditional medicine, in
which in most part, the antioxidant activity of the plant-derived com-
pounds deemed responsible for curing numerous diseases. Cinnamo-
mum Verum consists of many polyphenolic compounds with antioxidant
activity. The purpose of this research was to reduce iron III chlorides to
iron nanoparticles by biosynthesis method using Cinnamomum Verum
extracts which contain phenolic compounds that act as reducing and
capping agents. Cinnamomum Verum plant was used as a spice to flavor
cooking, stewed fruit, and tea. Traditionally, it was used as one of the
Ayurvedic medicinal herbs in Asia. It required warm climate. Cinna-
momum Verum was native to Sri Lanka and favors free-draining soils in
a humid position. Cinnamomum Verum was rich in polyphenols and its
biomolecules act as reducing and capping agents during the synthesis of
iron nanoparticles. Cinnamomum Verum was a spice that has ancient
origins and popularly used as flavorings, condiment in cooking. Cinna-
momum Verum was also known to provide various medicinal benefits
that include lowering of blood cholesterol, for diabetes. Cinnamomum
Verum was widely believed to be high in anti-oxidants. Regular drinking
of Cinnamomum Verum tea could be beneficial to oxidative stress-
related illness in humans. Cinnamomum Verum barks received from
the Cinnamomum Verum tree. It has a polyphenolic compound which
diminished the iron chloride to iron nanoparticles [34,35].

There are many plants based reports to synthesize silver and gold
nanoparticles. A few pieces of literature were available on the
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Fig. 1. UV Spectra of (a) Extract and (b) Synthesized Iron NPs.
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biosynthesis of metals like iron and palladium. The present study of
biosynthesized nanoparticles was the first report which narrated the
synthesis of iron nanoparticles using Cinnamomum Verum extracts.
Comparing with recent literatures, we prepared iron nanoparticles with
cost effectiveness and high antibacterial effect. The phytochemicals in
Cinnamomum Verum bark extract provide much higher rapid capping
and stabilizing action for Fe nanoparticles. Therefore, the present work
was carried out to synthesize and characterize the iron nanoparticles
using Cinnamomum Verum extract.

2. Materials and methods
2.1. Chemicals

Ferric III chloride (FeCls) (>98.97 %), ethanol (CoHsOH) (>98.02
%), acetone (C3HgO) (>99.20 %) and Deionized water (>99.58 %) were
obtained from Sigma-Aldrich chemicals. All glass wares was cleaned
with distilled water and acetone as well as dried well before use. The raw
Cinnamomum Verum barks were used.
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Fig. 2. XRD pattern of Fe NPs synthesized using Cinnamomum Verum extract.
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Fig. 3. FT-IR spectrum of Fe NPs synthesized using Cinnamomum
Verum extract.
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Fig. 4. SEM images of synthesized iron NPs using Cinnamomum Verum extract at 300 nm, and 200 nm magnification.

2.2. Preparation of Cinnamomum Verum bark extract

The barks of Cinnamomum Verum were purified with deionized water
for three times to eliminating mud and dust. After, it dehydrated at room
temperature for three weeks. 5 g of Cinnamomum Verum strands put in
100 mL of distilled water and the solution heated up to 70 °C for 20 minina
heater mantel under reflux. This mixture put in undisturbed condition to
attainroom temperature and then it was filtered through a Whatman No.1
paper. The extract solution was stored at 4 °C for further use.

2.3. Synthesis of iron nanoparticles

0.01 M of FeCljs solution and Cinnamomum Verum bark extract was
taken as precursor in 1:1 proportion for synthesizing iron nanoparticles.

EDS Spectrum: map201907031449001120.5pc

In the 0.01 M of FeCls solution, the extract solution was added in
dropwise by a burette. The reaction mixture solution was converted into
black color instantly. It indicated the formation of iron nanoparticles,
which absorb radiation in the visible region. After 24 h, the reaction
mixture was centrifuged at 10,000 rpm for 15 min. The resultant black
pellet was purified with deionized water and ethanol. Then, it dehy-
drated at 60 °C in a hot air oven for removing residual impurities and
moisture. The attained black powder of iron nanoparticles was depos-
ited in a dried dark place for further analyses.

3. Characterization of iron nanoparticles

The synthesized iron NPs characterized with the help of a UV-vis
Spectrophotometer. X-ray powder diffraction (XRD) data was taken with
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Fig. 5. EDS Spectrum of synthesized iron NPs using Cinnamomum Verum extract.
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Table 1
Elemental composition of synthesized iron NPs
using Cinnamomum Verum extract.

Elements Weight (%)
CK 3

OK 3

Fe K 93

a Ni filter and Cu Ka radiation (A = 0.15406 nm), on the PANalytical
X’pert PRO powder X-Ray diffractometer. The FTIR spectra of extracts
were taken before and after synthesis of iron NPs by using Thermo
Nicolet 380 FTIR spectrometer in attenuated total reflection mode and
using a spectral range of 4000—400 cm™!. To identify the average par-
ticle size and morphology of iron NPs, SEM and HR-TEM analyses have
performed using CARL ZEISS, EVO 18 SEM machine and JEOL-2100+
High-Resolution Transmission Electron Microscope. The presence of the
elemental composition of magnetic NPs was determined employing EDX
analysis. The magnetic measurements were taken utilizing vibrating
sample magnetometer (VSM) at room temperature with a magnetic field
up to 2.2 T using Microsense, Model ADE — EV9.

3.1. Antibacterial assay

3.1.1. Disc preparation

The 6 mm (diameter) discs were made from Whatman No. 1 filter
paper. The discs were sterilized by autoclave at 121 °C. After the ster-
ilization, the moisture discs were dried on a hot air oven at 50 °C. Then
various solvent extract discs and control discs have prepared [36].

3.1.2. Collection of test bacterial species

The Bacterial strains of Bacillus subtilis, Escherichia coli, Klebsiella
pneumonia and Staphylococcus aureus were obtained from Microbial Type
Culture Collection Centre (MTCC), Chandigarh.

Journal of Environmental Chemical Engineering 8 (2020) 104420

3.1.3. Assay of antibacterial activity

The antibacterial activity test was carried out following the modifi-
cation of the method originally defined by Bauer et al. (1966). Muller
Hinton agar wasready and autoclaved at 15 fifteen Ibs pressure for twenty
minutes and cooled to 45 °C. The medium was permitted to cool and
poured on to sterile Petri plates and left for solidification. The plates with
media were seeded with their corresponding microbial suspension by
utilizing a sterile swab. The various solvents extract were made as discs
individually set on each Petri plates and also placed control and standard
(Nitrofurantoin (300 pg) for Bacteria) discs. The plates were incubated at
37 °C for one day. After the incubation period, the diameter of the zone
formed around the paper disc was measured and expressed in mm [36].

3.2. Antioxidant assay

Aliquot of DPPH methanol solution (2 mL) was added with a sample
solution in various concentrations. For a few min, this solution was
stirred. After this, it was allowed to stand in dark at room temperature
for 30 min. After, the inhibition percentage was viewed with the help of
spectrophotometer [37]. The inhibition percentage by,

Scavenging behavior (%) = 100 —[(A. — A;)/A.]X 100 (@D)]
Where Ac = Control Absorbance, Ag = Sample Absorbance.
3.3. Anti-inflammatory assay

0.2 mL of egg albumin, 2.8 mL Phosphate-buffered saline at pH 6.4
and 2 mL of analyzed sample with different concentrations were mixed.
Then, this solution was put in an incubator at 37 + 2 °C for 15 min. After,
the reaction mixture was dehydrated at 70 °C for 5 min. After, the in-
hibition percentage was viewed with the help of spectrophotometer
[37]. The inhibition percentage by,

% inhibition = 100 —[{V. — V,}/V, |x 100 2)

Where,

Fig. 6. Mapping of a) Oxygen b) Carbon c) Fe elements in synthesized iron NPs using Cinnamomum Verum extract at 20 pm magnification.
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Vi = Sample Absorbance, V. = Control Absorbance.

3.4. Anti-diabetic assay

For 10 min, 0.5 mg/mL of a-Amylase was placed at 25 °C. After, it
was mixed with the starch solution, 20 mM of sodium phosphate buffer
at pH 6.9 and 6 mM of sodium chloride. Then, this solution was placed at
25 °C for 30 min. For 5 min, the medium was dehydrated at 70 °C. After,
the inhibition percentage was viewed with the help of spectrophotom-
eter [37]. The inhibition percentage by,

% inhibition = 100 — [{V, — V, }/V, }]x 100 3)

Where,
Vi = Sample Absorbance, V. = Control Absorbance.

4. Results and discussion
4.1. UV-vis spectroscopy analysis

The UV-vis spectrum of synthesized iron NPs showed (Fig. 1) a
maximum absorbance at about 288 nm which may be assigned to the
surface plasmon absorption of iron NPs [35]. The peak at 220 nm in
UV-vis Spectra for the extract assigned to @ n* or n =n* transitions
confined in the polyphenolic compounds. After the addition of the FeCls
solution to an aqueous Cinnamomum Verum extract, the brown color
solution was transferred into black color which intimated the form of Fe®
from Fet [20].

Journal of Environmental Chemical Engineering 8 (2020) 104420
4.2. XRD analysis

The structure and formation of iron NPs was further supported by X-
ray diffraction (XRD) analysis. The sample was scanned from 5° to 80°
26 at a scanning rate of 3° 26 per minute. It was observed that the pattern
has deficient in distinctive diffraction peaks and suggested that iron NPs
exist in amorphous. The reflections in the Fig. 2 realized to iron (Fe). The
characteristics peak at 32.23° corresponded to iron NPs, (JCPDS no.89-
7047) [20]. In the XRD pattern of iron NPs, another peak appeared at 20
= 22° which could be enclosed to organic materials adsorbed from
extract as a capping or stabilizing agent [19,20]. The average crystallite
size determined with Scherer’s formula was at 36 nm. This pattern co-
incides with a similar type of XRD pattern for iron NPs synthesized using
T. Chebula extract [20].

4.3. FTIR analysis

The FTIR of synthesized iron NPs was carried out to demonstrate the
presence of polyphenols as antioxidant sources for green synthesis of
iron NPs. The FT-IR spectrum of Cinnamomum Verum (Fig. 3) revealed
the peaks at 3428, 2924 and 1026 cm ! which was related to C—H and
C—OH stretching vibrations due to hydroxyl groups [38]. The strong
absorption band at 1618 cm™! was due to C=O stretching of the
carbonyl group and the peak at about 1442 cm ™! which intimated C=C
stretching vibrations because of aromatic hydrocarbon groups. The
FT-IR of synthesized iron NPs by Cinnamomum Verum peaks which
were slightly modified from the FT-IR spectrum of Cinnamomum Verum
extract. This observation confirmed that the organic compounds in the

Fig. 7. (a—e) HR-TEM images in the magnification of 100 nm, 100 nm, 10 nm, 5 nm and 2 nm respectively and (f) SAED pattern of synthesized Fe NPs.
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Fig. 8. Antibacterial assay of synthesized iron NPs using Cinnamomum Verum extract against a) Bacillus subtilis b) Staphylococcus aureus c) Escherichia coli d)

Klebsiella pneumonia.

Table 2

Inhibition zone of biosynthesized iron NPs against various human pathogenic

bacteria.

Zone of Inhibition (mm) against human pathogenic bacteria

Bacterial Species

Standard®  Fe
Escherichia coli 18 18
Klebsiellapneumoniae 17 25
Staphylococcus aureus 16 20
Bacillus subtilis 18 19

@ Nitrofurantoin (300pg).

extract which absorbed on the surface of magnetic NPs by n-electrons
interaction. Hence, the constituents of extract not only act as reducing
agents but also played the role of capping agents for the stabilization on
the surface of prepared iron NPs [39].

4.4. SEM and EDS analysis

The SEM images (Fig. 4) of iron NPs exposed that the synthesis of
nano-sized particles. It is simply revealed that the particles varied from
20 to 80 nm with spherical morphology. It varied from those iron NPs
synthesized using chemicals as reducing agents, which tend to have a
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Inhibition zone of biosynthesized FeNPs against
various bacteria
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Fig. 9. Inhibition zone of biosynthesized FeNPs against various bacteria.

more homogeneous size distribution [40]. The different shapes of NPs
lead to the different distinctive application [39]. The spherical shaped
NPs were mainly contributing its efficient application in biomedical
field. The hexagonal and rectangular shaped NPs contributed its ten-
dency mainly in biomedical imaging application [39]. The circular
shaped NPs contributed its potential in electrical, optical and biomedical
application [37]. It was most surely since the Cinnamomum Verum
extract was a combination of various naturally occurred compounds
with different reducing properties [41]. Polyphenols or antioxidants in
the Cinnamomum Verum bark played an indispensable role in control-
ling the agglomeration of the NPs and developed their dispersion by
operating as a capping agent [42]. To furthermore understanding the
elements in the synthesized NPs, the elemental composition of bio-
synthesized NPs was determined with EDS analysis which was given in
Fig. 5. From that, a strong intense peak of C, O, and Fe in the spectrum
was observed. This spectrum established the existence of Fe in NPS. The
C and O peaks were attributed mainly to the polyphenol groups and
other C, O-containing molecules in the Cinnamomum Verum [43,44].
The weight percentage of molecules present in Fe NPs was registered in
Table 1. This weight percentage was 27 % weight of O, 71 % weight of C
and 2% weight of Fe. The EDS spectrum could further be signified with
EDS mapping. EDS mapping designed in different colors (Green, yellow

100
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and Red) showed the Oxygen, Carbon and Iron elements in the Fe NPs
which bestowed in Fig. 6. Fe was originated from FeCls as a precursor in
the synthesis of iron NPs. O, may be from high flavonoids content in
Cinnamomum Verum extract. The mentioned values would be useful in
atomic content on the surface regions of iron NPs [45,46].

4.5. HR-TEM analysis

The HR-TEM analysis (Fig. 7) of prepared Fe NPs explicated the
circular, spherical shaped NPs with size at 20-50 nm. The large
agglomeration of NPs was eliminated by extract usage in synthesis.
Some agglomeration of NPs was viewed with the high surface energy of
Fe NPs. Further, it was reasoned by the Fe NPs synthesis was carried out
in water medium. The hydrophilic and hydrophobic behavior of pre-
pared Fe NPs was understood by the black and white regions viewed in
the images. The fringes viewed denoted the regular arrangement of
lattice planes in prepared Fe NPs [37,39]. The fringes and SAED pattern
was merged with the XRD d-spacings of (113) plane.

4.6. Phytochemical analysis

The phytochemical analysis listed the phytochemicals in Cinnamo-
mum Verum bark extract which were responsible for capping and sta-
bilizing action of prepared Fe NPs [39]. In the aqueous extractive value,
Polyphenols, Alkaloids, Tannin, Steroids, Terpenoids, and Glycoside
were present in high concentration. These phytochemicals were the
reason for the reduction of iron chloride to iron NPs. Further, it reasoned
for the capping and stabilizing action of prepared Fe NPs. This phyto-
chemicals diminished the size of NPs. It represented the Cinnamomum
Verum bark were rich in antioxidants agents. This further improved the
biomedical application of prepared Fe NPs.

4.7. Antibacterial assay

The antibacterial activity of synthesized iron NPs from Cinnamomum
Verum extract was investigated against various pathogenic organisms
such as Escherichia coli, Klebsiella pneumonia, Staphylococcus aureus and
Bacillus subtilis using disc diffusion method was shown in Fig. 8. The
diameter of inhibition zones (mm) of iron NPs was reported in Table 2.
Cinnamomum Verum functionalized iron NPs displayed higher inhibi-
tion activity against Klebsiella pneumonia (25 mm), Staphylococcus aureus
(20 mm) and Bacillus subtilis (19 mm) bacterial strains. Therefore, we
can conclude that the biosynthesized iron NPs were shown efficient
antibacterial property because of plant extract when compared to a
standard value. This inhibition values were also shown in Fig. 9.

The inhibition of applied bacteria with synthesized iron NPs was

90
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Fig. 10. Antioxidant assay of synthesized Fe NPs using Cinnamomum verum extract.
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Table 3
Antioxidant assay of synthesized Fe NPs via Cinnamomum Verum bark extract.

% of inhibitions (%)

Concentration (pg/mL)

Samples
20 40 60 80 ICsp
value
Fe 20.19 + 42.07 + 75.43 £ 89.24 + 47.50
0.70 0.14 1.10 0.18
Ascorbic acid  16.73 + 36.45 + 70.81 + 83.18 + 50.02
(Standard)  0.32 0.71 1.01 0.10

+ indicated the triplicate experimental results.

demonstrated in the following ways.

o The release of reactive oxygen species such as HyOo, Fe?* jons, 03~
ions bind with the cell wall of bacteria.

e These species penetrate and perforated the cell membrane. This leads
to cell wall damage.

e This action released the interior components of the cell and attacks
the DNA of bacteria.

e Moreover, all actions lead to cell damage and death [47].

This result has comparable with the earlier literatures [37,47].
4.8. Antioxidant assay

The DPPH antioxidant assay analyzed the scavenging behavior of Fe
NPs and which was showed in Fig. 10. The (Table 3) provided the per-
centage of inhibition values and which showed the high concentration of
Fe NPs applied have high inhibition. The concentrations used for
analyzing the scavenging behavior of Fe NPs were 20, 40, 60 and 80 pg/
mL. Moreover the positive control of ascorbic acid as standard was used
in analysis.

The inhibition values of Fe NPs were 20 %, 42 %, 75 % and 89 % and
for ascorbic acid were 16 %, 36 %, 70 % and 83 % with 20, 40, 60 and 80
pg/mL concentrations respectively.

Further, the ICsg value measurement described the 50 % of inhibi-
tion. The low value of ICs value expressed the efficient inhibition. The
ICs value measured for Fe NPs was at 47.50 pg/mL and for ascorbic acid
measured was at 50.02 pg/mL. The phytochemicals in Cinnamomum
Verum bark extract may also reasoned for the high scavenging behavior
of prepared Fe NPs [37]. Overall, the synthesized Fe NPs expressed the
efficient scavenging assay than ascorbic acid. This result has comparable
with earlier reports [37,48].

100
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4.9. Anti-inflammatory assay

The usual process of breaking the proteins as secondary and tertiary
structures provided the loss of biological function. It was an interesting
assay for analyzing the protective action than destroying action as
antibacterial assay. With this, the anti-inflammatory assay was evalu-
ated for synthesized Fe NPs and which was showed in Fig. 11. The
Table 4 showed the values of inhibition percentage measured in the
analysis. These values expressed the high concentration applied in
analysis have high inhibition percentage value. The concentrations used
in analysis were 100, 200, 300, 400 and 500 pg/mL and the positive
control of Diclofenac sodium as standard have also deployed.

The inhibition percentage of Fe NPs were at 21 %, 44 %, 70 %, 79 %
and 87 % and for Diclofenac sodium were at 17 %, 38 %, 63 %, 73 % and
83 % with 100, 200, 300, 400 and 500 pg/mL concentrations
respectively.

The ICso value measured for Fe NPs was at 212 pg/mL and for
Diclofenac sodium was at 250 pg/mL. These values reported the syn-
thesized Fe NPs have efficient action than Diclofenac sodium. This result
has comparable with the earlier reports [37,49].

4.10. Anti-diabetic assay

The biomedical behavior of synthesized Fe NPs was understood via
analyzing it in anti-diabetic assay. The Fig. 12 described the anti-
diabetic assay and the measured values of inhibition percentages were
grouped in Table 5. The concentrations used in analysis were 100, 200,
300, 400 and 500 pg/mL and the positive control of Acarbose as standard
have also deployed.

The inhibition percentage for Fe NPs were at 15 %, 26 %, 45 %, 70 %,
84 % and for acarbose were at 11 %, 19 %, 37 %, 63 %, 73 % with 100,
200, 300, 400 and 500 pg/mL concentrations respectively. These values
described the high concentration applied in analysis have high inhibi-
tion percentage value.

The ICs¢ value measured for Fe NPs was at 312 pg/mL and for
acarbose was at 370 pg/mL. These values proved the effective behavior
of Fe NPs than acarbose. This result has comparable with earlier reports
[48,49].

4.11. Vibrating sample magnetometer (VSM) analysis J1-2

To investigate the magnetic behavior of biosynthesized iron NPs,
magnetization measurements filed using a vibrating sample magne-
tometer (VSM) at room temperature. Fig. 13 showed magnetization
curve of synthesized Fe NPs. A linear Magnetization-Applied magnetic
field ((M-H)) graph with no hysteresis loop was achieved, which

M Fe nanoparticles

M Diclofenac Sodium (Standard)

Percentage of Inhibition (%)

100 pg/mL 200 pg/mL

300 pg/mL

400 pg/mL 500 pg/mL

Concentration (ug/mL)

Fig. 11. Anti-inflammatory assay of synthesized Fe NPs using Cinnamomum verum extract.
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Table 4
Anti-inflammatory assay of synthesized Fe NPs via Cinnamomum Verum bark
extract.

% of inhibitions (%)

Concentration (pg/mL)

Samples
100 200 300 400 500 ICsp
value
Fe 21.10 44.10 70.19 79.45 87.35 212.10
+ 0.15 +0.13 +1.05 + 0.90 + 0.10
Diclofenac 17.20 38.15 63.15 73.06 83.03 250.06
sodium + 0.40 +0.12 +0.20 +0.70 +0.81
(Standard)

+ indicated the triplicate experimental results.

Table 5
Anti-diabetic assay of synthesized Fe NPs via Cinnamomum Verum bark extract.

% of inhibitions (%)

Concentration (pg/mL)

Samples
100 200 300 400 500 1Cso
value
Fe 1519+ 26.20+ 4509+ 70.19+ 8415+ 312.17
0.15 0.13 0.45 1.17 0.17
Acarbose 11.19+ 19.17 + 37.26 + 63.15 + 73.15+ 370.13
(Standard)  0.19 0.05 0.15 0.17 0.19

+indicated the triplicate experimental results.

Journal of Environmental Chemical Engineering 8 (2020) 104420
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Fig. 13. Magnetization curve of synthesized Fe NPs using Cinnamomum
verum extract.
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Fig. 12. Anti-diabetic assay of synthesized Fe NPs using Cinnamomum verum extract.

intimated that the synthesized iron NPs have paramagnetic properties.
Therefore, the biosynthesized iron NPs were weakly attracted by a
strong externally applied magnetic field, and form internal induced
magnetic fields in the direction of the applied magnetic field [50].

5. Conclusion

The present study compiled the impact of iron NPs and Cinnamomum
Verum extract plays an essential role in the reduction and stabilization of
iron NPs. The synthesized magnetic Fe NPs have confirmed by UV-vis
analysis with SPR band at 288 nm. XRD analysis revealed the mean
crystallite size of iron NPs was at 36 nm. SEM and HRTEM images
revealed that iron NPs were compatible, stable in circular and spherical
shaped with size at 20—50 nm. The EDAX and mapping analysis vali-
dated the formation of Fe NPs. The VSM analysis explicated the para-
magnetic behavior of prepared NPs. The inhibition zones that appeared

in the antibacterial assay designated the synthesized Fe NPs has an
efficient higher inhibition of antibacterial effect against human patho-
genic bacteria. The antioxidant, anti-inflammatory and anti-diabetic
assay showed the efficient behavior of Fe NPs with low concentration
value in biomedical applications. These studies revealed that green
synthesis of iron NPs has potential as an easy, economical and beneficial
process for most scientific and technical applications in the future,
including treatment of wastewater, pesticides in agriculture and
screening of drugs to hasten the natural drug discovery against prom-
ising chemicals.
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Abstract

Green synthesis of nanoparticles is a facile method as they are eco-friendly and cost-effective and also the resources are easily
available. Nowadays, the demand for magnetic nanoparticles has increased around 13% and they are used in magnetic sensing,
medical imaging, wastewater treatment and antibiotic drugs. In this report, the eco-friendly green synthesis of magnetic iron
nanoparticles was efficiently synthesized by using Murraya koenigii leaves extract. The UV-visible spectrum revealed the
presence of a surface Plasmon resonance band at 240 nm and analyzed the formation of iron nanoparticles. X-ray diffraction
pattern determined the crystallinity of nanoparticles. Fourier-transform infrared spectrum illustrated the functional groups
of iron nanoparticles. The particle size distribution graph showed that the formed particles were in the range of nanometer.
High-resolution transmission electron microscopy spectrum realized the spherical-shaped iron nanoparticles were ranging
between 4 and 9 nm in size. The energy-dispersive X-ray spectrum and mapping revealed the iron, oxygen and carbon ele-
ments in the prepared nanoparticles. The vibrating sample magnetometer analysis showed the paramagnetic behavior of the
prepared magnetic iron nanoparticles. The inhibition potent of magnetic nanoparticles on various human pathogens was
revealed through antimicrobial assay. The antioxidant, anti-inflammatory and anti-diabetic assays revealed the biomedical

behavior of the iron nanoparticles.

Keywords Iron nanoparticles - Spherical shape - Antimicrobial - Anti-inflammatory - Anti-diabetic

1 Introduction

Nanoparticles (NPs) with a dimension of 1-100 nm have
specific physical, chemical, magnetic and biological proper-
ties. Nanotechnology has shown tremendous growth in all
the fields such as optical, electronic, textile, agricultural,
environmental and biomedical [1-5]. Nanoparticles have
enormous applications with a particularly large surface-
to-volume ratio property and enhanced efficiency in all the
fields in the form of catalysts, batteries, solar cells, gas sen-
sors, LEDs, semiconductors, glasses, sunscreen products,
cosmetics, building materials, leathers, food packaging,
batteries, clothes and drugs [6-10]. The manipulation of
nanoparticles is one of the interesting research areas for
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researchers as it creates a demand for the existence of living
organisms in the world, because it solves the simple and
difficult issues which are imperative in materials science
[11, 12]. Nowadays, treating nutrition deficiency diseases
and bacterial infections has become a challenge to clini-
cal field. The infectious strains are easily spread and cause
huge health crisis problems to humans and animals. Some
pathogenic strains are not responding to antimicrobial agents
and create huge damage to the human health system [13].
Bio-nanotechnology involves the production, operation and
implementation process of drugs to several human and ani-
mal diseases, and hence, it aids. It can able to create antibi-
otic drugs against human pathogens without producing any
side effects. In clinical fields, bio-nanotechnology plays a
vital role in finding drugs to cure life-threatening diseases
[13-17].

In nanotechnology, particles were synthesized by various
physical, chemical and biological methods [6, 7, 15-19].
The synthesis of nanoparticles in some chemical methods
requires toxic reducing agents which may produce harm-
ful by-products, that pollute the environment and affect

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00339-022-05437-9&domain=pdf

272 Page 2 of 13

M. Sivakami et al.

the living organisms [13, 15, 16]. But, in green synthesis
method, it can be reduced by substituting the chemicals with
plant materials, bacteria or fungi, yeasts and agricultural
wastes. Also, it is inexpensive comparatively and does not
require high energy, pressure and hazardous chemicals. It
does not produce any hazards to the environment [15, 16].
Furthermore, green synthesis of nanoparticles using plant
extracts is an easy large productive approach compared to
other biological methods and is a cost-effective method,
which utilizes easily available resources. The chemicals and
by-products in green synthesis of NPs are comparably low
hazardous to environment than other methods [13, 16]. The
eco-friendly synthesis of nanoparticles has practical applica-
tions in clinical, biomedical, agricultural and drug delivery
fields as drugs without producing any side effects [20, 21].

Among the green synthesized nanoparticles, researchers
have a specific interest in inorganic nanoparticles since they
are easily available and necessary [11] as they have many
practical applications, viz. sunscreen glasses and products
[22], cosmetics [23], sensors [24], catalysts [25], food pack-
aging [26], paints [27], ceramics [28], batteries [29] and
drugs [30]. The magnetic NPs attain interest in research
with their high catalytic, intrinsic and versatile properties.
It is used in vast fields, viz. food, bio-sensing, medical and
magnetic separation, degradation of organic pollutants and
wastewater treatment [31]. Iron NPs are mostly used as
dye removers for conserving a pollution-free environment
[12]. Mostly, iron NPs are clinically used as biosensors in a
magnetic field-assisted drug delivery therapy [32]. Reports
of green synthesis of magnetic NPs using different plant
extracts have gained attention, and some of them are: Cym-
bopogon citratus [33], Carica papaya [34], Laurus nobilis
[35], Platanus orientalis [36], Amaranthus spinosus [37],
Pinus pinaster [38], Moringa oleifera [39], Eucalyptus [40],
Rosemary [41], Mangifera indica [42], Camellia sinensis
[43], Daphne mezereum [12], Vitex negundo [44], Termina-
lia bellirica [39] and Psoralea corylifolia [45].

Murraya koenigii is native to India, and they are used in
both medicinal and culinary applications. They are highly
aromatic and have a unique citrus flavor. Aside from being
a versatile culinary herb, they offer an abundance of health
benefits due to the presence of powerful phytocompounds.
Curry leaves are rich in alkaloids, glycosides and phenolic
compounds that give potent health benefits and most of
them possess antioxidant properties. Antioxidants play an
indispensable role in maintaining our body healthy also;
they help us to stay away from diseases. Curry leaves are
good sources of iron and calcium, and hence, they are used
to treat calcium deficiency. Also, it reduces blood glucose
levels effectively. They shield the insulin-producing cells
and protect them from the harms caused by free radicals
[46]. Traditionally, curry leaves are assumed to have favora-
ble effect for good-eyesight, so they can be used to prevent

@ Springer

the early onset of cataract problems. Most of the illnesses
caused in our body are initiated by infections or oxidative
damage in the body. Curry leaves can be used as an alterna-
tive to treat certain infections. Curry leaves contains the car-
bazole alkaloids that are present in the curry leaves possess
antibacterial, anti-inflammatory, antioxidant and anticancer
properties [46, 47].

We are reporting about the eco-friendly synthesis of iron
NPs by Murraya koenigii leaves extract from the literature
survey for the first time. The prepared magnetic NPs were
studied using various analytical techniques for realizing
their spectral, optical, morphological, electrical, magnetic
and biological properties.

2 Materials and methods
2.1 Chemicals used

Ferric chloride (FeCl; (>98.99%)), ethanol (>99.92%),
deionized water and Murraya koenigii leaves collected from
Pudukkottai were used. All the chemicals used were pur-
chased from Sigma-Aldrich, India.

2.2 Murraya koenigii leaves extract preparation

5 g of fresh healthy Murraya koenigii leaves was taken and
thoroughly cleaned with tap water and deionized water. The
leaves were immersed in 100 mL of deionized water and
heated on a magnetic stirrer to 80 °C for 30 min. The solu-
tion was allowed to cool once it reaches room temperature,
and the solution was filtered with Whatman No.1 filter paper
to remove the residual impurities. The filtered Murraya
koenigii leaves extract solution was preserved at 4 °C in a
refrigerator for further use.

2.3 Synthesis of iron NPs by Murraya koenigii leaves
extract

About 0.1 M of FeCl; was dissolved in 90 mL of deionized
water by continuous stirring on a magnetic stirrer. Then, a
10 mL of Murraya koenigii leaves extract was taken in a
burette and mixed with ferric chloride solution which was
added drop by drop. The solution was heated to 70 °C for 2 h
and stirred continuously. The brown color solution turned
black immediately, which indicated the formation of iron
NPs. The dark brownish-black precipitate was washed with
deionized water and dried at 80 °C in a hot air oven. Then,
the magnetic NPs were preserved and analyzed by various
analytical techniques. The synthesis scheme is revealed in
Fig. 1.
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Fig. 1 Synthesis scheme of iron NPs green synthesized by Murraya koenigii leaf extract

2.4 Characterization of magnetic NPs

The prepared NPs were characterized by using various
analytical techniques. UV—visible analysis was completed
by UV-DRS spectrophotometer Thermofisher Evaluation
220. X-ray powder diffraction (XRD) analysis was recorded
with the help of PANalytical X'Pert PRO powder X-ray dif-
fractometer at 10°-80° scan rate using Cu K o radiation
(A=1.5406 A). Fourier-transform infrared spectrum was
recorded using Thermo Nicolet 380 FT-IR spectrometer
at 4000-400 cm™!. The particle size distribution analysis
(dynamic light scattering—DLS) was studied by a particle
size analyzer. The morphology of the prepared sample was
analyzed using JEOL-2100 + High-Resolution Transmission
Electron Microscope. The elemental and mapping analy-
ses were taken from Energy-Dispersive X-ray Spectrom-
eter Quantax 200 with X Flash® 6130. The phytochemical
analysis was carried out by the procedure described as in
the earlier reports [30, 48—50]. The magnetic property of the
prepared sample was studied by Microsense model ADE-
EV9 vibrating sample magnetometer at room temperature
in —2-2 T magnetic fields.

2.5 Antimicrobial assay

The antimicrobial assay was completed through well plate
method using microtiter plate [48]. LB broth and the cho-
sen microbial cells such as Pseudomonas aeruginosa,
Acinetobacter baumannii, Serratia marcescens, Chromo-
bacterium violaceum, Enterobacter aerogenes, Klebsiella

penumonia (Gram-negative bacterial cells), Enterococcus
faecalis, Staphylococcus aureus (Gram-positive bacterial
cells), Candida albicans, Candida tropicalis, Aspergillus
niger and Aspergillus flavus (fungus cells) were utilized as
a growth medium. The analysis was performed by 96 micr-
otiter plates containing fully grown microbial cells in the
medium and microbial inoculums with the prepared sample
in varied concentrations, viz. 5, 10, 25, 50, 100 and 150 pg/
mL. Similarly, positive control chloramphenicol was treated.
Then, the plates were put at 37 °C for 24 h. The analysis was
performed and studied in triplicates. Later, it was analyzed
with UV spectrophotometer. The changes in absorbance
were noted for calculating percentage of inhibition by,

Antimicrobial assay (%) = [(Ac —Ag)/Ac | x 100 (1)

where A, = Control absorbance, and A; = Sample
absorbance.

2.6 Antioxidant assay

The antioxidant assay was completed as stated in the earlier
report [49]. 0.5 mL of prepared NPs solution was taken and
separated into varied concentrations, viz. 20, 40, 60, 80 and
100 pg/mL. It was then mixed with 2 mL of DPPH methanol
solution. The reaction mixture solution was continuously
stirred for 30 min. Then, it was kept in a dark place at room
temperature. After 30 min, it was analyzed by UV—vis-
ible spectrophotometer and the absorbance was recorded.
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Similarly, the positive control ascorbic acid was treated. The
assay was performed thrice.

Antioxidant assay (%) = 100 — [(A.— A,) /A.] x 100

(2)
where A, = Control absorbance, and A; = Sample
absorbance.

2.7 Anti-inflammatory assay

The anti-inflammatory assay was investigated by the method
stated and followed as in the previous report [49]. At first,
2.8 mL of phosphate-buffered saline (PBS) (pH 6.4) and
0.2 mL of bovine serum albumin were taken and mixed with
prepared NPs sample solution of 2 mL in varied concentra-
tion, viz. 100, 200, 300, 400 and 500 pg/mL. After that, the
reaction mixture solution was incubated at 37 +2 °C. The
procedure was completed in 15 min, and after completing
it, it was heated to 70 °C. The solution was allowed to attain
room temperature, and then, the absorbance was recorded
from a UV-visible spectrophotometer. Similarly, positive
control diclofenac sodium was treated. The assay was per-
formed in triplicates.

Anti - inflammatory assay (%) = 100 — [ {VC - VT}/VC] x 100

3
where V., = Control absorbance, and V, = Sample
absorbance.

2.8 Anti-diabetic assay

The anti-diabetic assay was investigated by the method
as stated in the earlier report [49]. At first, 0.5 mg/mL
of a-Amylase was maintained at 25 °C for 10 min. The
prepared NPs solution of 2 mL was taken in varied con-
centrations, viz. 100, 200, 300, 400 and 500 ug/ mL, and
was added to the starch solution. 20 mM of sodium phos-
phate (pH 6.9) and 6 mM of sodium chloride were also
added to the sample solution, and then, it was mixed with
the a-Amylase solution. The reaction mixture solution was
maintained at 25 °C for 30 min. In this solution, di-nitros-
alicylic acid was blended to view the color change. Further,
the reaction mixture solution was heated to 70 °C for 5 min.
Then, the absorbance was recorded from a UV-visible
spectrophotometer to calculate the percentage of inhibition.
Similarly, positive control acarbose was treated. The assay
was performed thrice.

Anti — diabetic assay (%) = 100 — [ {V =V, }/V]| x 100

4)
where V., = Control absorbance, and V, = Sample
absorbance.

@ Springer

3 Results and discussion

In this report, the iron NPs were green synthesized with
Murraya koenigii leaves extract. Green synthesis is a method
that is eco-friendly and cost-effective and also avoids the
production of hazardous by-products. The formation of iron
NPs was confirmed when the solution turns to brownish-
black color change during the synthesis. The phytochemi-
cals in Murraya koenigii leaves extract played the role of
capping and stabilizing agents in the formation of iron NPs
[15, 16]. The phytochemicals are the most important agents
in capping and stabilizing action of NPs. They interacted
and attached to the precursor ions, which stabilized the
NPs [13, 15, 16]. The phytochemicals in Murraya koenigii
leaves extract were analyzed via two ways, viz. alcoholic and
aqueous extractive method; among these, aqueous extracts
provided favorable phytochemicals. Then, the synthesis was
done in an aqueous extractive method. The phytochemicals
in Murraya koenigii leaves extract are listed in Table 1. The
Murraya koenigii aqueous leaf extract contains flavonoids,
alkaloids and triterpenoids in high concentration, whereas
tannin, terpenoids, steroids and polyphenol are in low con-
centration. The greener way mediated iron NPs were charac-
terized by various analytical techniques for perceiving their
properties.

3.1 Characterization of NPs
The UV-visible spectrum of prepared iron NPs is exposed in
Fig. 2a. The surface Plasmon resonance band was observed

at 240 nm. It confirms the formation of iron NPs, and it was
compared with the inference recorded in the earlier report

Table 1 Phytochemical analysis of Murraya koenigii leaf extract

Phytochemicals analysis

Phytochemicals Aqueous extract Etha-
nolic
extract

Tannin + +

Flavonoids ++ +

Steroids + -

Saponin - -

Alkaloids ++ +

Terpenoids + +

Triterpenoids ++ +

Polyphenol + ++

Anthraquinone - -

Glycoside - +

Coumarins - -

(—) Absent, (+) present, (++) high concentration
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Fig.2 a UV-visible, b X-ray diffraction (XRD) pattern, ¢ Fourier-
transform infrared spectrum (FT-IR), d particle size distribution
(dynamic light scattering—DLS) graph and e magnetization curve

(vibrating sample magnetometer—VSM) of green synthesized iron
NPs by Murraya koenigii leaf extract
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[51]. Rajendran et al. [S1] reported that the magnetic NPs
synthesized using Sesbania grandiflora leaf extract had its
SPR band at 220 nm.

XRD pattern of prepared iron NPs is shown in Fig. 2b.
The strong and intense peaks at 36.09°, 41.87°, 60.72°,
72.74° and 76.54° and their corresponding planes (111),
(200), (220), (311) and (222) represent the high crystalline
formation of iron NPs. The pattern was matched with JCPDS
no. 654150 and indicated the face-centered cubic phase for-
mation of iron NPs. Certain amorphous behavior of noise
signal is observed due to the use of leaf extract in synthesis
of NPs [13, 16]. The extra peaks are witnessed due to the
oxidation of iron NPs [52]. The average crystallite size was
calculated at 14 nm from Scherer’s formula,

D = KA/Bcoséb 3)

where K is the constant (0.94), 1=1.5406 A, p is the full
width half maximum (FWHM), 0 is the Bragg angle. Here,
$=0.635 and 6=41.87°.

Kanagasubbulakshmi et al. reported that the magnetic
NPs synthesized using Lagenaria Siceraria had its crystal-
lite size between 14 and 18 nm [53]. The lattice strain was
calculated at 0.0039 by [54],

AL = L-1I, ©)

The dislocation density was calculated at 7.815x 105 m~2
by [55],

6= 1/D? @)
The microstrain was found at 5.030 x 1073 by [54],
€ = fcosq/4 (¥

The high crystalline and small size of iron NPs were
attained by using Murraya koenigii leaves extract.

FT-IR spectrum of the prepared iron NPs is revealed in
Fig. 2c. The bands were recorded at 3454, 2427, 1767, 1637,
1384, 1112, 831, 537 and 459 cm™". The band at 3454 cm™"
may be due to the OH stretching vibration of hydroxyl or
phenolic group [55]. The band at 2427 cm™' corresponds
to the aromatic aldehyde group of C-H stretching vibration,
whereas the band at 1767 cm™' may be due to the ester group
of C=O0 stretching vibration [56]. The band at 1637 cm™!
denotes the amino acid stretching vibration, whereas the
band at 1384 cm™! represents the germinal methyl group
stretching vibration [48]. The band at 1112 cm™! corre-
sponds to carboxylic group stretching vibration [49, 54].
The bands at 831, 537 and 459 cm™! represent the metal
and oxygen stretching vibration. The appearance of oxygen
functional group is mainly due to the oxidation of iron NPs
[30]. It was clearly understood from the presence of various
vibrations than oxygen functional groups, and they were due
to the use of leaf extract in synthesis of NPs [13, 16].

@ Springer

DLS analysis was carried out to observe the particle
size distribution, and it is shown in Fig. 2d. The particle
size of the prepared iron NPs was at 7-15 nm. It was
further confirmed by TEM particle size measurement.
Compared with TEM analysis, the particle size observed
in DLS was greater; it appeared to be greater due to the
measurement in hydrodynamic size. The polydispersity
index (PDI) was obtained at 0.298 which indicates the
potential application of NPs in drug delivery and bio-
medical fields [55].

The magnetization curve of prepared iron NPs is revealed
in Fig. 2e. The paramagnetic behavior of the prepared iron
NPs was found to have no hysteresis loop that contains mag-
netization versus applied magnetic field (M-H) curve. The
green synthesized magnetic NPs were weakly attracted by
the strong magnetic field (B) and formed an internal induced
magnetic field in that applied direction [42, 57].

HR-TEM analysis was carried out to view the mor-
phology of the prepared iron NPs, and its graphs are dis-
played in Fig. 3a, b. The spherical-shaped [36] iron NPs
were observed, and their size ranged from 4 to 9 nm. Some
regions seem to be agglomerated due to the usage of Mur-
raya koenigii leaves extract in synthesis (plant extract).
Arsalani et al. synthesized magnetic NPs using natural rub-
ber latex and reported that the size ranged from 7 to 15 nm
and they were spherical in shape [58]. Jamzad et al. [35]
prepared magnetic NPs using Laurus nobilis leaf extract and
mentioned that they were spherical in shape and the sizes
ranged from 8 to 10 nm. Figure 3c illustrates the selected
area electron diffraction (SAED) pattern of NPs. The poly-
crystalline formation of NPs was understood from the white
spots in the black area (SAED pattern). The d-spacing of
(200) lattice plane in XRD was well matched with SAED
d-spacings measurement.

The EDS spectrum of iron NPs is shown in Fig. 4. It
confirmed the presence of iron (Fe) and oxygen (O) in the
synthesized NPs. The low carbon (C) signal was present due
to the use of leaf extract in synthesis of iron NPs [48, 54].
The presence of O represents the oxidation of prepared NPs
[30]. The atomic and weight percentages of Fe, O and C are
displayed in Fig. 4. The EDS spectrum was further analyzed
with mapping analysis which is revealed in Fig. 5. It also
shows the presence of iron, oxygen and carbon in NPs with
red, green and blue spots.

3.2 Biomedical applications

3.2.1 Antimicrobial assay

The antimicrobial analysis is a preliminary investigation in
the biomedical field to understand the antibiotic behavior

against human pathogens as the microbial pathogens cause
huge health crisis in the world. In this analysis, the prepared



Phytomediated synthesis of magnetic nanoparticles by Murraya koenigii leaves extract and...

Page70f13 272

Fig.3 a-b High-resolution transmission electron micrographs (HR-TEM) at 20 nm, 50 nm scale and c¢ selected area electron diffraction pattern
at 1/10 nm scale of green synthesized iron NPs by Murraya koenigii leaf extract

NPs were tested on various human pathogens such as Pseu-
domonas aeruginosa, Acinetobacter baumannii, Serratia
marcescens, Chromobacterium violaceum, Enterobacter
aerogenes, Klebsiella penumonia (Gram-negative bacte-
rial cells), Enterococcus faecalis, Staphylococcus aureus
(Gram-positive bacterial cells), Candida albicans, Candida
tropicalis, Aspergillus niger and Aspergillus flavus (fungus
cells). The analysis was studied through Agar well diffusion
method. The various concentrations such as 5, 10, 25, 50,
100 and 150 pg/mL were applied for finding antibacterial

potency of prepared NPs. Chloramphenicol was set as a
positive control. The Gram-negative bacterium was more
pathogenic than the Gram-positive bacterium [59]. Then,
the analysis was studied mostly on Gram-negative bacte-
rial cells. Further, the fungi cell has much stronger cell
wall structure than bacteria. Therefore, analysis was also
investigated in fungi cells to know the NPs potency. The
tested microbes which were present in the soil, water and air
medium produced many dreadful infections. The microbes
that produced the dreadful disease are the habitats of dirt,

@ Springer
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Fig.4 Energy-dispersive X-ray
spectrum (EDX) of green syn-
thesized iron NPs by Murraya
koenigii leaf extract
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Fig.5 Energy-dispersive X-ray spectrum (EDX) mapping of green synthesized iron NPs by Murraya koenigii leaf extract

hospital, drainage and unhygienic zones [49]. The inhibition Among the tested microorganisms, Pseudomonas aerugi-
of microbial cells by NPs was expressed as a percentage in  nosa, Enterobacter aerogenes, Klebsiella penumonia, Chro-

Fig. 6 and taken in triplicate times.
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mobacterium violaceum were more susceptible at 100 pg/
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Fig.6 Antimicrobial assay of green synthesized iron NPs by Murraya
koenigii leaf extract on Pseudomonas aeruginosa, Acinetobacter bau-
mannii, Serratia marcescens, Chromobacterium violaceum, Entero-
bacter aerogenes, Klebsiella penumonia (Gram-negative bacterial

mL. Acinetobacter baumannii, Serratia marcescens, Entero-
coccus faecalis, Staphylococcus aureus, Candida albicans,
Candida tropicalis, Aspergillus niger and Aspergillus flavus
were susceptible at 25 pg/mL. Gram-positive bacteria were
more inhibited than Gram-negative comparatively Premana-
than et al. [60]. The high concentration of NPs used in the
analysis has higher inhibition on microbial cells, and it har-
monized with Sangeetha et al. [61]. These results proved the
synthesized NPs have antibiotic behavior on various human
pathogens.

The process of inhibition of microbial cells by prepared
NPs was as follows:

The generation of reactive oxygen species such as hydro-
gen peroxide (H,0,), superoxide ions (022' ions), free radi-
cals, Fe2* ions and its attachment on microbial cell wall
leads to rupturing of the cell wall structure. Also, the elec-
trostatic attraction between NPs and microbial cells prompts
the cell wall damage; it led to the release of cytoplasmic
ingredients from the cell, and then, the ROS easily pene-
trated it and inhibits the DNA nuclei of the cell. Finally, it
leads to cell decay and it prompts the cell damage and death
of the microbes [49, 54, 59].

3.2.2 Antioxidant assay

The antioxidant assay of the prepared NPs is displayed in
Fig. 7a. Antioxidants are the essential agents for the human
to attain stable functioning of the health system. Antioxi-
dants are enormously present in fruits, nuts and vegetables.
Free radicals contain unpaired electrons, and they are eas-
ily bound to the nearest molecules for attaining stability.
They are produced in the human body to systemize immune

cells), Enterococcus faecalis, Staphylococcus aureus (Gram-positive
bacterial cells), Candida albicans, Candida tropicalis, Aspergillus
niger and Aspergillus flavus (fungi cells)

function, chemical signaling, energy supply and detoxifica-
tion [37]. An assay was carried out with various concentra-
tions such as 20, 40, 60, 80 and 100 pg/mL. Ascorbic acid
was set as a positive control. The results were expressed as
a percentage in Fig. 7a and taken in triplicate times, and the
values are listed in Table 2.

The percentage of inhibition by magnetic NPs and ascor-
bic acid were 24.04, 45.17, 67.19, 80.06, 91.17% and 20.06,
40.15, 59.12, 75.27, 85.19% with 20, 40, 60, 80 and 100 pg/
mL concentrations, respectively. The high concentration of
NPs was directly proportional to the inhibition percentage.
In all concentrations, the NPs had a higher inhibition per-
centage than the positive control.

ICs, value represents the quantity of sample needed to
attain 50% inhibition; it denotes the potency of the sam-
ple. Low ICj, value symbolizes the efficient behavior of the
sample. The IC, value for NPs and ascorbic acid was at 42
and 49 pg/mL, respectively. The results proved the potential
behavior of prepared NPs and were compared with earlier
reports [37, 48].

3.2.3 Anti-inflammatory assay

The anti-inflammatory assay of synthesized NPs is illus-
trated in Fig. 7b. It is an interesting analysis to show the
protective behavior of the sample than other destroying
analyses. The fragmentation of secondary and tertiary pro-
tein structures caused loss of biological function [50]. The
assay was carried out with assorted concentrations such as
100, 200, 300, 400 and 500 pg/mL. Diclofenac sodium was
set as a positive control. The results were expressed as a
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percentage in Fig. 7b and taken in triplicate times, and the
values are listed in Table 3.

The percentage of inhibition by magnetic NPs and
diclofenac sodium were 24.04, 45.27, 57.30, 70.04., 89.12%

and 19.04, 39.47, 51.02., 64.17, 79.99% with 100, 200, 300,
400 and 500 pg/mL concentrations, respectively. The high
concentration of NPs is directly proportional to the inhi-
bition percentage. In all the concentrations, NPs have a
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Fig.7 a Antioxidant, b anti-inflammatory and ¢ anti-diabetic assays of green synthesized iron NPs by Murraya koenigii leaf extract

Table 2 Percentage of

JOEES T aer Samples Percentage of Inhibition (%)

inhibition in antioxidant assay

of green synthesized iron NPs Concentration (pg/mL)

by Murraya koenigii leaf extract

20 40 60 80 100

Magnetic NPs 24.04+0.19 45.17+0.97 67.19+£0.93 80.06 +0.06 91.17+£0.04
Ascorbic acid 20.06+0.17 40.15+0.12 59.12+0.27 75.27+0.12 85.19+0.06
+performed in triplicate times

Ta b'Ie.3. P‘?rcem?{%e of Samples Percentage of Inhibition (%)

inhibition in anti-inflammatory

and anti-diabetic assays of Concentration (pg/mL)

green synthesized iron NPs by

Murraya koenigii leaf extract 100 200 300 400 500
Magnetic NPs 24.04+0.12 45.27+0.93 57.30+£0.47 70.04+0.19 89.12+1.06
Diclofenac sodium 19.04+0.19 39.47+0.27 51.02+0.93 64.17+0.33 79.99+1.04
Magnetic NPs 24.93+0.33 35.19+0.35 45.06+1.12 59.37+0.39 75.06+0.99
Acarbose 19.12+0.19 29.04+0.37 37.17+0.17 49.93+0.93 69.99+0.97

+ performed in triplicate times
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higher inhibition percentage than the positive control. The
ICs, value for NPs and diclofenac sodium was at 247 and
293 pg/mL, respectively. The results proved the potential
behavior of prepared NPs and were compared with earlier
reports [49, 50].

3.2.4 Anti-diabetic assay

The anti-diabetic assay of prepared NPs is revealed in
Fig. 7c. It is a preliminary analysis to show the sample
has anti-diabetic potency. Free radical causes the oxida-
tive damage and resists enzyme such as a-Amylase and
a-Glucosidase. These enzymes cause diabetes. In this anal-
ysis, a-Amylase was used. It is an enzyme; it is present in
saliva and the pancreas. a-Amylase played a vital role in the
conversion of carbohydrates, glycogen and starch. Further, it
rehabilitated into oligosaccharides from a-D(1,4) glycosidic
bonds [48]. Earlier reports [62] stated that diabetes can be
efficiently healed by plant-based material. Green synthe-
sized NPs have more efficient results in curing diabetes than
chemically prepared NPs without any side effects. The assay
was carried out with various concentrations such as 100,
200, 300, 400 and 500 pg/mL where acarbose was set as a
positive control. The results were expressed as a percentage
in Fig. 7c and taken in triplicate times in which values are
listed in Table 3.

The percentage of inhibition on a-Amylase by NPs and
acarbose were 24.93, 35.19, 45.06, 59.37, 75.06% and 19.12,
29.04, 37.17, 49.93, 69.99% with 100, 200, 300, 400 and
500 pg/mL concentrations, respectively. The high concentra-
tion of NPs has a higher inhibition percentage. In all con-
centrations, NPs have a higher inhibition percentage than
the positive control. The ICs, value for NPs and diclofenac
sodium was at 330 and 397 pg/mL, respectively. The results
proved the potency of prepared NPs and compared with ear-
lier reports [48, 62].

4 Conclusion

In this study, the eco-friendly green synthesis of iron NPs
was efficiently performed by using Murraya koenigii leaves
extract. The synthesized NPs were characterized by various
analytical techniques such as UV, XRD, FT-IR, DLS, TEM
and EDS analyses. UV analysis confirmed the formation of
iron NPs with SPR band at 240 nm. XRD pattern proved
the high crystalline formation of iron NPs with strong and
intense peaks. FT-IR analysis confirmed the functional
groups of iron nanoparticles. DLS spectrum confirmed that
the formed particles were in nanometer range. HR-TEM
graphs illustrated that the formed NPs were spherical, and
the size ranged from 4 to 9 nm. EDS spectrum with its map-
ping proved the presence of iron in the formed NPs. VSM

analysis revealed the paramagnetic behavior of nanoparti-
cles. The biomedical applications-based characterizations
such as antimicrobial, antioxidant, anti-inflammatory and
anti-diabetic assays were performed. The antimicrobial assay
proved the potency inhibition of iron NPs on various human
pathogens. The antioxidant, anti-inflammatory and anti-dia-
betic assays proved the iron NPs have biomedical behavior.
With these results, the prepared iron NPs will be employed
as antibiotic, anti-diabetic and anti-inflammatory drugs in
biomedical field in future.
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