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Summary

Summary
Biosynthesis of silver nanoparticles (AgNPs) from plant

extracts is considered one of the green chemistry methods, as this
method is characterized by ease, fast and low cost. Interestingly,
AgNPs have an important role, especially in nano-medicine. In this
study, silver nanoparticles were biosynthesized using Dodonaea
viscosa leaves extract. The first evidence for the formation of these
particles was proven through the color change.

Gas chromatography and mass spectroscopy analysis was used to
indicate the constituents found in the agqueous leaves extract of D.
viscosa, which involved the reduction of silver ion into silver
nanoparticles. The biosynthesized AgNPs were characterized using
different techniques. UV.-visible spectrophotometry that indicated the
formation of AgNPs at the wavelength of 463 nm. and Fourier
Transform Infra-Red (FT-IR) spectroscopy which revealed the
effective functional groups that have ability to bio-reduction Ag™. In
addition, X-ray diffraction (XRD) determined the crystal structure of
AgNPs, as shown by the peaks at 20 values of 38.1874, 46.2491,
57.5409 and76. 8313°.The atomic force microscopy (AFM) analysis
showed the size and the surface properties of biosynthesized
nanoparticles, and the silver nanoparticles had an average size of
60.22 nm. Finally, scanning electron microscopy (SEM) showed
spherical shape of AgNPs and having different average diameter D1
(21.10), D2 (21.39) and D3 (11.86) nm.

In vitro study, the synthesized AgNPs exhibited potential anti-
tumor activities against human lung cancer (A549) carcinoma cell line
in a dose-dependent manner. The efficacy of AgNPs against bacteria

and its potential as an antioxidant was tested. AgNPs inhibited some



Summary

bacterial growth and their biofilm such as, gram-positive bacteria
(Staphylococcus aureus and Streptococcus pneumonia.) and gram-
negative bacteria (E. coli and Pseudomonas aeruginosa). AgNPs
showed antioxidant activity and can be used as a potential radical
scavenger against damages produced by the free radicals.

The results of clinical applications showed that the synthesize
AgNPs and the aqueous D. viscosa leaves extract prolonged the
coagulation time by increasing prothrombin time and activated partial
thromboplastin time as well as, AgNPs have a low effect on the

human red blood cells hemolysis.
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Chapter One Introduction and Literature Review

1-1 Introduction

Nanotechnology is concerned with small structures or materials and
can be described as the synthesis, characterization, exploration, and
application of nanosized materials (1-100 nm). Nanoparticles have entirely
different or improved properties as compared to larger particles in bulk
materials. Furthermore, due to its cutting-edge nature and broad application
spectrum in various branches of science such as chemistry, biology,
physics, medicine, material science, and engineering, nanotechnology
involving metal nanoparticles has gotten a lot of attention (1). The term
"nano" comes from the Greek word "dwarf," and it refers to a reduction in
size 10® time of, which is 1,000 times smaller than a micron (2). The
biological activity of nanoparticles increased as the total surface area of the
particles increased (3). Owing to their broad range of applications, interest
in the synthesis of metallic nanoparticles has risen recently. Metallic
nanoparticles are made from metal salts such as silver, lead, titanium, iron,
platinum, gold, copper, etc. Silver nanoparticles (AgNPs) are the most
widely used metal nanoparticles (MNPs) due to their high antibacterial
activity, antioxidant properties, anti-tumor, anti-fungal, and anti-
inflammatory properties, as well as a wide range of commercial and
industrial applications, especially in the pharmaceutical industry due to the
valuable potentials of nanoscale size (4). Nanoparticles are currently used
in a variety of fields due to their unique properties. Metallic nanoparticles
can be made in various ways, including physical, chemical, and biological
methods. Chemical and physical approaches are commonly used to process
dangerous toxic byproducts, and the routes are often very costly. There has
been a quest for low-cost, healthy, and environmentally friendly, and
"green" methods to synthesize stable metal nanoparticles with regulated

size and shape (5). Biological methods for nanoparticle synthesis have

1
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proven to Dbe straightforward, cost-effective, dependable, and
environmentally sustainable, with a high production yield of AgNPs. As an
alternative to chemicals, biological systems used microorganisms (bacteria,
fungi, and yeasts), plant extracts, and small biomolecules including
vitamins and amino acids to synthesize nanoparticles (6). Nanoparticles
made from medicinal plant extracts are also very interesting. Polyphenols,
alkaloids, terpenoids, phenolic acids, carbohydrates, and proteins are all

critical reducing agents in the bio-reduction of silver ions (Ag") into (Ag°)

(7).
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1-2 Literatures Review
1-2-1 Dodonaea viscosa Lin.

The Sapindaceae family includes Dodonaea viscosa Lin., a shrub.
This plant can be found in Africa, the Americas, South Asia, and Australia
in tropical, subtropical, and warm temperate climates (2). Dodonaea is a
genus of about 60 species. The most important feature of this plant is
whether it is dioecious or monoecious and whether it is a single or multi-
stemmed tree or shrub. The tree can grow up to 7 meters in length and has a
blackish-brown bark with varying roughness. The leaves are distinguished
by their simplicity, as they have short stems, up to 2.5 mm in size, or none
at all, and large, alternate leaves at the end. The leaves are also dark green,
with a length of 4 to 7.5 cm and a width of 1 to 1.5 cm. Flowers may be
bisexual or unisexual and range in color from white to greenish-yellow
(Figure 1-1) (8). This plant thrives in open, sunny areas and is often grown
in clay or sandy soils. It can also withstand salt spray, drought, and windy
conditions (9). Seeds that are dried retain their viability for a long time.
Stem cuttings have been successfully replicated, and seedlings have been
successfully grown in nurseries. Throughout its geographic range, the
Dodonaea has the potential to bloom almost all year. The fruits ripen 11-10
months after the flowers and have long wings, causing them to be dispersed
by the wind (10).

D. viscosa has a wide range of medicinal properties that indigenous
peoples around the world have used. This plant is used as traditional
medicine and is taken orally or topically to treat various ailments. The
plant's leaves are used for swelling pain and itching relief, as the stems are
essential in the treatment of rheumatism (11). The roots and leaves are used
to treat oral discomfort and as a pain reliever. Bruises, sprains, cuts, and

burns are treated with parts of the plant. It's also used to treat

3
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gastrointestinal issues, including ulcers, constipation, and diarrhea. On the
other hand, in the traditional system of medicine, different plant parts such
as roots, seeds, stem, leaves bark and aerial parts are used as antioxidants,

anti-bacteria, anti-inflammatories, anti-viruses, and anti-ulcers (8).

Figure (1-1): Dodonaea viscosa Lin.

1-2-2 Phytochemicals of Dodonaea viscosa Lin.

Plant phytochemicals components offer macronutrients and
micronutrients to humans, in addition to biological activity. It also plays a
role in taste, color, and aroma, protects plants from damage, and prevents
diseases. Phytochemicals are plant components that protect plant cells from
contamination, Ultra-Violet ray exposure, stress, environmental hazards,
and pathogen attack, to name a few. Plants accumulate them in various
places, including leaves, roots, stems, seeds, fruits, and even flowers (12).

These compounds are secondary plant metabolites with biological

4
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properties such as antimicrobial activity, antioxidant activity, anti-cancer
activity, hormone metabolism regulation, platelet aggregation reduction,
detoxification enzyme modulation, and immune system enhancement.
There are over a thousand phytochemicals identified, and several more are
unknown (13). According to a preliminary phytochemical study, Dodonaea
viscosa contained flavonoids, phenolic compounds, alkaloids, tannins,
hormones, saponins, reducing sugar, and terpenes (Figure 1-2) (14).

Flavonoids, a class of secondary plant metabolites with altered
phenolic structures in their molecular system, are widely distributed in the
plant kingdom. Many of these substances have anti-cancer properties.
Flavonoids can protect the body from free radicals and reactive oxygen
species by acting as potent antioxidants.

Phenols are essential secondary metabolites for most medicinal
plants. These phenols can use as treatment for neurodegenerative an anti-
inflammatory, anti-cancer, cardiovascular diseases, osteoporosis, and
diabetes mellitus (15).

Alkaloids are nitrogen-containing organic compounds found in
nature. Living species, such as plants, animals, fungi, and bacteria, produce
alkaloids naturally. They're characterized by their pharmacological activity,
which includes anti-arrhythmic (quinidine, spareien), anti-cancer (dimeric
indoles, vincristine, vinblastine), antihypertensive (many indole alkaloids),
and antimalarial (quinine) impact (12).

Tannins are the most commonly distributed class of plant secondary
metabolites. They are water-soluble polyphenolic biomolecules. Tannins
play various plant biology and human life roles, including herbivore
defense, UV protection, and pathogen defense. For previous resonance,
alkaloids and tannins found in medicinal plants can act as a deterrent to

grazers (16).
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Saponins are plant glycosides with water-soluble sugars bound to a
lipophilic steroid or triterpenoid. Saponins can be found in various plant
components, including roots, leaves, fruits, flowers, and stems, and can be
found in different plant families. When combined with water, it produces a
soapy substance that has been used to treat a variety of diseases, including
high cholesterol, blood pressure, physical pressure, diabetes, blood vessels,
and hepatitis (17).
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Figure (1-2): Structure of the essential phytochemicals of Dodonaea viscosa Lin.
(18); (19).
1-2-3 Major Components of Plant

Secondary plant metabolites are chemical compounds generated by
plant cells. These components are produced as a result of the primary
metabolites’ metabolic pathways. All living cells have a standard primary
metabolic system, including small molecules like glucose (amino acid,
sugars, Krebs cycle intermediates, polysaccharide, nucleic acids, and

proteins). Secondary plant metabolites are divided into many groups based
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on their chemical structure (phenolic, alkaloid, saponins, terpenes, lipids,
and carbohydrates). Due to their ability to protect plants from pathogens.
These metabolites have anti-fungal, antiviral, and antibiotic biological
activities. The phenolic compound (simple phenols, flavonoids, tannins,
coumarins, chromones and xanthones, stilbenes and lignans), alkaloids
(nicotine, caffeine, and vinblastine) are examples of secondary plant
metabolites (Figure 1-3) (20).

Green synthesis of NPs necessitates the use a combination of metal
salts and natural substances such as vitamins, sugars, plant extracts,
biodegradable polymers, and microorganisms. When plant extracts are
used, they can serve as a reduction agent and contribute to the system's
stability (21).

Phenolic .
Flavonoids
compounds
Saponins Alkaloids
Terpenoids e
Secondary metabolites of

plant

Figure (1-3): Secondary metabolites (22)
1-2-4 Biological Applications of Dodonaea viscosa

There are a variety of drugs available to treat various diseases. The
advent of intractable diseases and the development of tumors fueled the
quest for new drugs with more minor side effects. Natural resources have
been used in the treatment of different conditions in the past without any

scientific expertise. Many antibiotics were isolated from microorganisms
7
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after the discovery of penicillin (a fugal product). Plants have long been
used to treat a variety of diseases, according to previous research, because
they contain biologically active substances. The potential activity of the
plant extracts could be due to the presence of important phytochemicals
constituents in the plant (23).

Flavonoids, saponins, phenols, carbohydrates, tannins, sugar, and
gum were all extracted from D. viscosa and displayed various biological
activities. The leaves of D. viscosa are used to treat gastrointestinal and
rheumatic diseases in Africa, while the leaves are used to treat wounds in
New Zealand. Snake bites and bone fractures are also treated with it, in
addition headaches, indigestion, diarrhea, and wound healing. Different
polarity crude plant extracts have other behaviors, for example (anti-
diabetic activity, antioxidant activity, antimicrobial activity, wound healing
activity, and cytotoxic activity). The extract of boiling leaves of the
Dodonaea plant, which is used as a mouthwash, was used to research
another biological application of this plant on stomatitis (24).

Previous pharmacological research on D. viscosa revealed that it is
used to treat a variety of ailments. It's been used for a long time to treat
diarrhea and stomach pain, and it's also good for dermatitis, anti-rash, and
scratching on the face. It has also been used as a muscle relaxant (25); (8).

1-3 Synthesis of Nanoparticles (NPs)

The synthesis of NPs can be accomplished using various approaches,
which are usually divided into two categories. As seen in (Figure 1-4),
there are two approaches: bottom-up and top-down (26). Top-down
synthesis is the mechanical grinding of bulk materials to break them down
into nanosized particles. This process uses a destructive approach that
begins with the larger particle and works its way down to the smaller units,

then transformed into suitable NPs (27). For example, mechanical methods
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(grinding, ball milling, etching, and cutting), laser beam processing,
thermal decomposition, and lithography are examples of this technique
(28). The surface chemistry of the structure, this method can cause
imperfections in the product's surface structure, posing a significant
limitation. Furthermore, the surface structure of NPs has a substantial
impact on their physical properties (29).

Chemical reduction, electrochemical methods, and sono-
decomposition are all examples of bottom-up synthesis. Since NPs are
made from relatively simple substances, this process is often referred to as
the building-up procedure. Nanoparticles are prepared using chemical and
physical methods in both top-down and bottom-up methods. The chemical
process has a high vyield instead of the physical route, which has a low
yield. Furthermore, these approaches are costly and, more than certainly,
environmentally damaging since they necessitate the use of toxic and
hazardous substances that pose various biological risks (28).

Green and biogenic bottom-up synthesis has piqued the interest of
several researchers due to the processes' feasibility and their low toxicity
and environmental friendliness. The synthesis of nanoparticles is carried
out wusing biological reducing agents from plant extracts and

microorganisms (30).
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Metallic Nanoparticles
Synthesis
Bottom-Up
Top-Down Approach
Approach
e Mechanical
milling e E—
inni reen Synthesis by
* Chemical T Bacteria yeasts
etching e Template support ' '

e Sputtering
e Laser ablation
e Electro-

explosion

synthesis

e Plasma or flame
spraying
synthesis

e  Laser pyrolysis

e CVD

e Atomic or
molecular

condensation.

fungi, algae, plants,

etc.

Scheme (1-4): Typical synthetic for nanoparticles for top-down and bottom-up

approach (31).

1-4 Types of Nano-synthesis

Metal nanoparticles can be made using a variety of chemical,

physical, biological, and hybrid methods. Chemical reduction with

stabilizing agents and reducing agents (both organic and inorganic reducing

agents) is the most common method for producing NPs (32).

10
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Chemical synthesis, however, involves the use of toxic and volatile
chemical compound reactants that are incredibly hazardous and detrimental
to the environment, such as vapor aromatic amines and thiols. Reducing
substances like sodium borohydride and hydrazine derivatives is especially
harmful to the environment (33).

Physical synthesis methods have many benefits over chemical
processes, including the absence of solvent contamination in the prepared
thin films and the uniformity of NP delivery. Physical methods are costly
because they require complex instrument design and use a lot of energy to
sustain the high pressure and temperature used in NPs synthesis (34).

The truth is that researchers are interested in developing alternative
routes for NP synthesis that are both environmentally sustainable and safe.
As a result, the scientific community is beginning to consider green
synthetic protocols. The biological synthesis is based on natural principles
and includes a natural process that occurs in biological systems. The
market for "green" NPs has resulted in new and creative approaches to
combating physical and chemical methods.

1-4-1 Biosynthesis of Nanoparticles

Chemical reduction, electrochemical reaction, reverse micelles,
microwave process, sonochemical method, and biosynthesis were all used
to make metal and metal oxide nanoparticles throughout the past (35). The
use of microorganisms, enzymes, and plants or plant extracts in the
biosynthesis of nanoparticles has been suggested as a possible
environmentally sustainable alternative to chemical and physical methods
(6).

Microbial nano-particular synthesis is a highly efficient process
because it involves a biological organism, is cost-effective, and has no

biotic or abiotic side effects. Pseudomonas stutzeri (36), Escherichia coli
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(37), Shewanellaalga (38), and other microorganisms were used to
synthesize NPs. Several methods for generating smaller nanoparticles have
been proposed. Following the discovery of Ag aggregation inside the
bacterial cell, in 1999, Klaus and his colleagues discovered bacterial
biosynthesis mediated in NPs (36). The production of non-toxic NPs is
well-known among bacteria, yeast, and fungi. However, microbial-
mediated NP synthesis is not commercially viable because it necessitates a
costly medium and strict aseptic conditions (39).

Microbes are also used as a tool for NP synthesis in various fungi,
such as Fusarium oxysporum (40), Cladosporium cladosporioides (41), and
Fusarium semitectum (42).

Plant extracts have traditionally been used as reducing agents rather
than chemical reducing agents. These extracts have a reducing and capping
effect. Researchers were able to successfully stabilize and synthesize NPs
using an utterly green approach that did not require the use of any harmful
reducing agents. Plant extract nanoparticles can be biosynthesized rather
than chemically synthesized, and they can be used for various therapeutic
applications. Furthermore, the plant extract was more effective as a
reduction and capping agent than microbial synthesis. Ficus carica (43),
Crocus sativus L. (44), Azadirachta indica (45), Annona muricata, and
other plant extracts have been used to make nanoparticles in recent studies
(46).

1-4-2 Biosynthesis of NPs from Plants

Plant-assisted nanoparticle synthesis is more efficient than microbial
nanoparticle synthesis in terms of yield. Plants have a range of metabolites
and biochemicals (such as polyphenols) that can act as both stabilizing and
reducing agents in the production of biogenic NPs. Plant-mediated NP

synthesis is both environmentally sustainable and cost-effective since it
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avoids the use of dangerous chemicals. Plant-derived NPs were much more
stable than those generated by microbes and champignons in the studies
(47). Compared to medications, food additives, and nutraceuticals,
polyphenols are the main natural antioxidant classes with exceptional
potential (48).

The synthesis of NPs from plants can be divided into extracellular,
intracellular, and phytochemical. Extracellular methods are used when
plant extract is used as a raw material for NP synthesis. The intracellular
method of nanoparticle synthesis uses cellular enzymes to synthesize
nanoparticles within the cells of plant tissue. The NPs are recovered after
synthesis by separating the plant cells' cell walls. Although phytochemical-
mediated NP synthesis is not a popular method because it necessitates
knowledge of the specific phytochemical required to synthesis stabilized
NPs, it is a viable option (33).

The most significant advantages of using plants to synthesize
nanoparticles are the safety, performance, low energy consumption, and the
metabolites that help reduce silver ion. On the other hand, the biological
path generates NPs that are less toxic and better suited to a range of
biomedical applications. Plant NP formations usually range in size from 1
to 100 nm. (49).

Plant sections such as roots, stems, leaves, bark, and even seeds are
used to make nanoparticles. The nature of plant extracts affects NP
formation in a salt solution. In addition to the concentration of each extract
and salt, pH also played a role in the formation of NPs (50)

1-5 Biosynthesis of Silver Nanoparticles

Chemical and physical methods for synthesizing NPs include various
substances that can be harmful to biological and environmental systems.

Whereas biologically-mediated NP synthesis is less toxic and produces a
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higher yield product. NPs need a good source of metals to be synthesized
(51). Silver nanoparticles (AgNPs) are one of the most widely used in
various applications as a medicinal and drug delivery, as well as the fact
that silver at the nanostructure level has gained considerable attention due
to their activity antimicrobial, anticoagulant, biofilm inhibition, anti-cancer,
and anti-inflammatory when compared to bulk silver, making them an ideal
candidate in the medical a sector (52).

Microorganisms (bacteria, fungi, aquatic algae, yeasts), alcoholic or
aqueous plant extracts, and other biosynthesis methods may all be used to
make AgNPs (53). The use of plants to synthesize AgNPs has gained
popularity in the last decade due to its pace, lack of environmental impact,
and lack of pathogens. A two-step method is used. The reduction of Ag”
ions to Ag® is the first step. The formation of oligomeric clusters of
colloidal silver NPs results from the second stage, which is aggregation and
stabilization (54).

Plant extracts provide phytochemicals such as (enzymes,
polysaccharides, alkaloids, tannins, phenols, terpenoids, and vitamins).
Despite their complex structures and pleasant personalities, these
compounds have much medicinal value (55). The synthesis of AgNPs using
plants was identified using Bunium persicum Boiss fruit extract (56),
Cassia roxburghii leaf extract (57), and Piper longum fruit (58). However,
as compared to other biological methods, the synthesis of AgNPs using
plant extracts is advantageous because the removal of metal ions is much
quicker, resulting in high particle stability (26).

1-5-1 Optimized Conditions for Biosynthesis of AgNPs

Many factors contribute to the increased production, scale, and

stability of biogenic AgNPs. In the synthesis of AgNPs, the volume of
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plant extract, the concentration of silver salt, the pH, and the temperature at

which the reduction occurs all play essential roles (Figure 1-5).

pH

l

Temperature Optimized

‘ Extract volume
conditions -

/' \

Salt concentration Incubation period

Figure (1-5): Factors affecting to synthesis AgNPs (59).

The scale, shape, and properties of nanoparticles are all affected by
these factors. When plant extract and Ag-salt are combined, the color
changes from colorless to dark brown, indicating the development of
AgNPs for the first time. AgNPs are synthesized at various pH levels (2—
14). The different temperatures used to manufacture Ag nanoparticles
range from (25°C to 45°C), with low temperatures producing sharp peaks
and high temperatures making significant peaks. The optimum temperature
for the synthesis of AgNPs at room temperature is 25°C, and the ideal pH is
considered pH 7. The most substantial Ag-salt concentrations are between
0.25 and 10 mM, with concentrations above 10 mM causing the silver
accumulation. As the salt concentration rises, the surface plasmon bands
move to a higher frequency, indicating aggregation. AgNPs efficiency is

determined by the reaction's incubation period (60).
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1-6 Biological Applications of Silver Nanoparticles

AgNPs have grown in popularity due to their numerous applications
in various fields (biomedicine, pharmacy, agriculture, and food industry).
Due to their unique properties in industrial applications, silver
nanoparticles are one of the most intriguing particles (61).

Since silver products, such as metallic silver and silver salts, have
been used as potent antimicrobial agents in medicine for decades, silver
nanoparticles are an integral part of nanotechnology (62).

Silver nanoparticles also have effective against a broad spectrum of
Gram-positive and Gram-negative bacteria, together with some antibiotic-
resistant strains. They have been used to prevent diseases for decades.
Furthermore, AgNPs have gained interest in cancer therapeutic
applications. The chemical and physical properties of these metallic
nanoscale particles are peculiar. Its ease of inactivation limits the
antibacterial activity of the Ag” ion by complexation and precipitation. At
the same time, silver nanoparticles have a higher bactericidal activity due
to its larger surface area. Furthermore, the broad impact of biologically
synthesized AgNPs disrupts the bacterial system's protein synthesis
mechanism by breaking the cell membrane. These NPs inhibit bacterial cell
division at high concentrations, causing an increase in cell membrane
permeability. They play a significant role in rupturing the bacteria's cell
wall, ultimately leading to cell death (7). It is now possible to synthesize
silver nanoscale particles in various shapes that can communicate with
microbes, resulting in a difference in antibacterial performance (4).

Plant-derived silver nanoparticles are used not only as antibacterial,
anti-fungal, antiviral, anti-inflammatory, wound healing, anti-angiogenic
therapy, cancer diagnosis, and drug delivery but also in bio-imaging
(Figure 1-6) (63). There may be drawbacks to using silver NPs since they

16



Chapter One Introduction and Literature Review

cause toxicity of varying degrees. Ag nanoparticles in high concentrations
can cause a variety of health issues. When appropriately used, these
particles are environmentally friendly, but when used randomly, they

become a formidable foe (64).

Anti?a_ncer Antibacterial
activity \ / activity
Antiviral Applications Antifun
gal
i < —>
activity of AgNPs activity
Anti- / \ .
inflammatory Antl—an_gl_ogemc
activity activity

Figure (1-6): Different applications of silver nanoparticles in biomedical fields (61).

1-6-1 Antioxidant Activity

Antioxidants are substances that can defend cells against free radical
damage. Free radicals are natural compounds produced in the body due to
the breakdown of food within the body or exposure to radiation or
pollutants. These radicals are a significant contributor to heart disease,
cancer, and other illnesses (65).

Even though free radicals are usually present in the body, tiny
amounts are considered toxic molecules. The generation of superoxide
radicals is primarily carried out in the mitochondria of a cell. The majority
of the adverse effects are caused by radicals, which strike and destroy

molecules inside cells due to the continuous production of oxygen. The
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reactive oxygen species capable of causing oxidative damage involve
superoxide (O,7), hydroxyl (OH"), perhydroxy radical (HOO"), alkoxyl
radical (RO"), and peroxyl (ROQ"), organic hydroperoxide (ROOH), and
monooxygen (10,), etc. The sources of reactive oxygen species (ROS)
include the leak of an electron from electron transport systems,
decompartmentalization of iron which facilitates the generation of highly
reactive hydroxyl radical, and also various biological redox reactions.
Many physiological processes and reactions produce reactive oxygen
species (ROS) and reactive nitrogen species (RNS), such as peroxynitrite
(ONOOQ), nitric oxide (NO), and peroxynitrate, among others, in our
bodies. Antioxidant protection systems in living organisms include both
enzymatic and non-enzymatic antioxidants that sustain the level of
ROS/RNS and restore oxidative cells. Antioxidants are classified as either
protective or chain-breaking antioxidants based on their mechanism of
action. A defensive antioxidant that serves as the first line of protection
suppresses ROS and RNS. The active species are easily removed by the
scavenging antioxidants until the essential molecules are biologically
attacked. For instance, superoxide (O,") free radicals are converted to
hydrogen peroxide (H,O,) and oxygen (O,) by the enzyme superoxide
dismutase (SOD), and hydrogen peroxide is then converted to (H,0) and
(O,) by catalase (CAT) or glutathione peroxidase (GPx) (Figure 1-7) (66).
If CAT does not transform H,O, to H,O and O,, it will form an OH’
radical, which is the most active radical and causes damage to living cells.
The action of the enzyme in scavenging ONOO, ROO, 10,, and HO" is
unknown. Enzymes are the first line of defense in the fight against ROS
and RNS since they actively engage in their neutralization. The second line
of defense is the antioxidants that scavenge the active radicals to suppress
chain initiation and or break the chain propagation reactions. They are
hydrophilic and other lipophilic.
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Step 1 O," +0," + 2H" o 0z +H;0,
—>

Step 2 H,0, + H,0, T 5 2H0 + O

Step 3 H,0, + 2GSH ~ _SXy  2H,0 +GSSG
GR

Figure (1-7): The main enzymes responsible for oxidative stress and scavenging
free radicals Superoxide Dismutase (SOD), Catalase (CAT), Glutathione
Peroxidase (GPx), Glutathione Reductase (GR) (67).

These include vitamin C, vitamin E, uric acid, bilirubin, albumin, and
thiols. The antioxidants and repair proteins, proteases, and peptides in
mitochondria's cytosol are the third line of protection. Previous research
has shown many different types of natural antioxidants, each with its
composition, worksite, mechanisms, and properties such as enzymes and
high molecular weight compounds. Proteins like (albumin, ceruloplasmin,
and transferrin) which limit the production of metal-catalyzed free radicals,
minerals like (zinc, manganese, and selenium), and low molecular weight
compounds include water-soluble and lipid antioxidants. Uric acid,
ascorbic acid, and some other polyphenols come under water-soluble ones,
and bilirubin, tocopherol, quinines, and some polyphenols come under
lipid-soluble antioxidants (68).
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Natural antioxidants can be present in all parts of plants. Vitamins,
carotenoids, flavonoids, and phenols are antioxidants that neutralize free

radicals by contributing electrons. (Figure 1-8) (69).

Vitamins A, C, and E
Carotenoids,
Flavonoids, and
Glutathione

>

Figure (1-8): The Non- enzymatic Natural Antioxidants (70).

1-6-2 Anti-cancer Activity

Cancer incidence has risen in recent years due to oxidative damage
and numerous environmental and genetic factors that have a direct or
indirect impact. Cancer is a form of irregular tissue growth in which cells
divide uncontrollably. Researchers have been developing therapies that
reduce side effects, mainly because administering chemotherapy agents
intravenously is a time-consuming process. The majority of the researchers
focused on developing nanomaterials as an alternative to chemotherapy that
could kill cancer cells directly. Anti-cancer drugs have been used in most in
vitro and biological model systems by various laboratories. Cell death is
programmed based on concentration under certain circumstances,
according to the molecular mechanism of AgNPs (4).

Biosynthesis silver nanoparticles have previously been shown to
have anti-cancer activity in cancer cell lines such as COLO 205 (colon

carcinoma), AGS (human gastric carcinoma), HEPG2 (human liver
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cancer), MCF-7 (human breast cancer), and A431 (epidermoid carcinoma)
(60); (71).

Silver nanoparticles' anti-cancer activity is mediated by changes in
cell morphology, a decrease in cell viability, metabolic activity, and an
increase in oxidative stress, which contributes to mitochondrial damage and
an increase in reactive oxygen production species (ROS), culminating in
DNA damage. The ability of AgNPs to change the morphology of cancer
cells is a sign of apoptosis. Apoptosis has been identified as a major
mechanism of cells death in exposed to AgNPs synthesized using plant
extracts (72).

The human lung (A549) carcinoma cells are more toxic to
synthesized AgNPs from plant extract than non-cancer cells, meaning that
AgNPs can target cell-specific toxicity, which lowers pH in cancer cells
(58).

One study was reported by Muhammad Ovais et al. found that silver
ions released from colloidal biogenic silver nanoparticles cause cancer cell
death. The release of Ag” ions was twice as strong in an acidic medium as
it was in a neutral medium. As a result, when the pH is acidic, silver ions
are abundant, which increases anti-cancer activity in the acidic
environment. The release of silver ions is twice as strong in acidic media,
according to the researchers (60).

1-6-3 Anti-bacterial Activity

Silver nanoparticles are distinguished by two main characteristics:
their nanoscale size and wide surface area, which enhances their
effectiveness. AgNPs are the most widely used nanomaterials due to their
strong antimicrobial properties. These interesting particles have been
widely studied and are used in a wide range of applications. Despite

specific existing antimicrobial and anti-cancer pathways and multiple
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studies that have applied the theory, the properties of AgNPs remain
unknown. AgNPs can prevent or destroy bacteria growth by inducing
membrane destruction, ROS development, DNA damage, enzyme
inactivation, and protein denaturation (73).

Antibiotics were used widely for long periods, allowing bacteria to
establish resistance. This resistance can happen as a result of gene mutation
or as a self-defense mechanism for bacteria. As a result, enzymes that
inactivate antibiotics are generated. As a result, the bacteria's resistance to
antibiotics grew. Scientists were developing new antimicrobial
therapeutics. AgNPs were one of the most effective antimicrobial agents,
and they've been used as nano-carriers for drugs and antibiotics to help
boost antibiotic activity against resistant bacteria (33).

Silver is now commonly used as an antibacterial and wound dressing
ingredient. Silver nanoparticles have good antibacterial activity because of
their tiny nanoscale size and broad surface region (74). The antibacterial
activity of synthesized AgNPs derived from plant extracts is mediated by
(i) the generation of reactive oxygen species (ROS) that cause oxidation of
cell components and cell destabilization (Figure 1-9) (ii) As AgNPs enter
the cell, they convert to silver ions, which interact with biomolecules
(sulfur-containing substances), forming a bond with the sulfhydryl group of
enzymatic proteins in bacteria, causing bacterial protein denaturation, and
(iii) the release of Ag™ ions from AgNPs, which can penetrate the cell

membrane, causes further damage to bacteria, eventually killing them (75).
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Figure (1-9): Mechanism of action of AgNPs against bacteria (76).

One study was reported by Senthil, B., et al. that AgNPs were found
to be more effective against Gram-negative bacteria than Gram-positive
bacteria. Gram-negative bacteria have lipid polysaccharides on their
surfaces that made them negatively charged and are correlated with the
positive charge of silver. Gram-negative bacteria have a thin layer of
peptidoglycans and linear polysaccharides bonded to each other. In
contrast, Gram-positive bacteria have a thick layer of peptidoglycans and
linear polysaccharides bonded to each other. In another meaning, the
integral proteins provides a cellular rigidity that impedes the attachment of
AgNPs to its surface (77).

1-6-4 Coagulation of Blood

One of the most critical characteristics of NPs is their small size,
which allows them to enter the circulatory system through the skin,

injection, inhalation, or even feeding. When these particles enter the
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bloodstream, they contact blood cells and plasma proteins, potentially
triggering a pathophysiological response. According to 1SO-10993-4, blood
compatibility with these NPs must be tested and their relationship with
blood, thrombosis, coagulation, platelet aggregation, hematology, and
complementary systems. Many experiments were performed to determine
the biological effects of AgNPs on blood, but comparisons were difficult
due to differences in the materials used (62).

Blood coagulant is vital for maintaining a constant blood flow and
preventing bleeding. It also aids the innate immune system in preventing
the spread of infection, and this is flow system can malfunction, causing a
blood clot to develop, which can lead to organ failure and is most
commonly linked to cardiovascular disease. Pro-inflammatory cytokines,
the expression of molecules that promote clotting on cancer cells' surfaces,
and interactions with platelets can all contribute to blood clotting.
Controlling the blood clotting system has become critical for maintaining
health and avoiding complications that may occur from coagulation
disorders. Since AgNPs are non-toxic to platelets and have strong
antimicrobial properties, they could pave the way for new ways to treat
blood coagulants. Nanoparticles of various sizes and shapes have been
shown to have varying degrees of effect on the blood clotting system in
studies. Since the blood clot must be resolved quickly and effectively, it is
preferable to improve care with nanotechnology (78).

Coagulation screening tests are traditionally categorized into tests of
primary hemostasis (platelet plug formation), secondary hemostasis (fibrin
clot formation), or fibrinolysis (clot breakdown). A secondary hemostasis
pathway is activated partial thromboplastin time (APTT) studies. It's
similar to triggered clotting time in terms of diagnostics, but APTT is less
affected by platelet defects or hematocrit. Prothrombin time (PT) is used to
estimate the typical and extrinsic pathways and their ability to transform
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fibrinogen to fibrin. Both the APPT and the PT are used to detect defects in
the extrinsic, intrinsic, or general coagulation pathways as checking tests.
Each APTT and PTT test necessitates the addition of specific coagulation
activating reagents to citrated plasma, followed by the measurement of the
time it takes for the coagulate to shape. The anticoagulant sodium citrate
(3.2 or 3.8 percent) in the tubes used to collect blood for PT and APTT
(blue top tube) (79).

Previous researchers Katja Heise et al. have used silver nanoparticles
in a variety of areas, including medicine. It is important to continue to
improve this area because it has a direct connection to human life. Enabled
partial thromboplastin time (APTT) and prothrombin time (PT) assays with
normal citrated human plasma were used to assess the anticoagulant
activity of AgNPs and crude extract. The ability to function in the
fibrinolytic system is what activated partial thromboplastin time (APTT)
and prothrombin time (PT). For PT and APTT research, the clotting time
ranges from 10 to 14 seconds and 22 to 40 seconds, respectively.
Anticoagulant antibodies or inhibitors of fibrinogen conversion, for
example (heparin administration or other anticoagulants), extend the
clotting time of both the PT and APTT tests (80).

1-6-5 Hemolysis

Hemolysis is the breakdown or destruction of the membrane of
erythrocytes (red blood cells), which is harmed by the release of
hemoglobin into the plasma. Red blood cells can break down prematurely
due to diseases like hemolytic anemia or processes like blood
centrifugation (81). Hemolysis can cause these hemoglobin removal
systems to become saturated and depleted, resulting in an accumulation of

hemoglobin and heme within the vascular compartment (82).
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Extracellular hemoglobin is harmful because it can damage the heart
muscle, blood vessels, central nervous system tissues, and kidneys (83). As
the clinical use of AgNPs grew, researchers gained a deeper understanding
of their safety in the bloodstream. The study of nano-toxicity on blood,
especially red blood cells, is critical because the blood that comes into
contact with NPs, whether directly or indirectly, can pass the foreign
substances to cells, tissues, and organs. The tendency of a blood-contacting
medical substance to hemolyze when combined with blood in vitro is one
of the most basic tests used to determine its protection. Nano-size particles
compared with micro-size particles have more potential for hemolysis
because their greater surface area would facilitate the release of more silver
ions. Accidental exposure to silver nanoparticles through ingestion and
inhalation, or even through the skin, may cause them to enter the
bloodstream and interact with blood components. Given their associations
with blood components and the cardiovascular system, determining AgNPs
compatibility with blood is critical (84).

The percent of hemolysis was calculated in most in vitro studies
using a spectrophotometric assay after incubating the particles with blood

and then centrifuging the intact cells (85).
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1-7 The Aims of the Study

1. Green synthesis of silver nanoparticles from the environmentally
friendly substance (Dodonaea viscosa leaves extract).

2. Characterization of synthesized silver nanoparticles.
3. Study the antioxidant activity of synthesized silver nanoparticles.

4. Clinical applications of synthesized silver nanoparticles.
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2. Materials and Methods
2-1 Materials

2-1-1 Apparatuses

The apparatuses and equipment are summarized in (Table 2-1)

Table (2-1): The apparatuses and equipment used in this study

Instruments

Company

Atomic Force Microscopy AFM

CSEM

Centrifuge

D-78532/Germany

CO, incubator

England /Gallenkamp

Cooling centrifuge

D-78532/Germany

Fourier Transform Infrared FT-IR

Shimadzu (8400S)/Japan

GC-mass chromatography— mass Aligant/ U.S.A
spectrophotometer
Gemyy orbit shaker VRN-480/ Germany

Hot plate with magnetic stirrer

LabTech/Korea

Micro pipette

DragoLAB/China

Micro-titer plate reader

Bio-Rad (Germany)

Oven

D-91126 Schwabach FRG/ Germany

Sensitive balance

ABS 220-4/KERN

Tescan Mira3 SEM

French

Ultrasonic cleaner set

WUC-D06H/Korea

UV-Vis spectrophotometer

UV-1800/ Kyoto, Japan

Water distillatory

LabTech/ Korea

Water bath

England /Gallenkamp

X-ray diffraction XRD

Philips Xpert /Holland
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2.1.2 Chemicals and Kits

The chemicals and kits are summarized in (Table 2-2)

Table (2-2) Chemicals and kits used in this study

Material

Company

1,1-Diphenyl-2-picrylhydrazyl free
radical (DPPH)

Tokyo Chemical Industry TCI

Acetic acid

HiMedia

Ammonium molybedate

BDH Chemical Ltd Pool/England

Anhydrous acetic acid

Chem- Supply

Ascorbic acid

HiMedia

Basic nitrate bismuth

BDH Chemical Ltd Pool

BIO-CK APTT Kaolin Kit

BIOLABO, 02160, Maizy, France

BIO-TP Prothrombin Time (PT) Kit

BIOLABO, 02160, Maizy, France

Calcium chloride

Stago

Chloroform

Gainland Chemical Company

Copper sulphate solution

Analar Trad Mark

Dimethyl sulfoxide (DMSO)

Sigma (USA)

Ethanol

Gainland Chemical Company

Ferric chloride FeCl;

BDH Chemical Ltd Pool

Fetal bovine serum Sigma (USA)
Hydrochloric acid BDH Chemical Ltd Pool
L-Ascorbic Acid HiMedia, India

Lead acetate

BDH Chemical Ltd Pool

Mercuric chloride

BDH Chemical Ltd Pool

MTT kit

Intron Biotech (Korea)

Potassium citrate

Merck

Potassium dihydrogen phosphate

Merck

Potassium ferricyanide

Analar Trad Mark
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Potassium iodide Analar Trad Mark
RPMI-1640 Media Sigma (USA)

Silver nitrate Reagent World, Ice / U.S.A
Sodium hydroxide Analar Trad Mark

Sodium phosphate BDH Chemical Ltd/England
Sulfuric acid Belgium

Trichloroacetic acid Gainland Chemical Company
Triton-X 100 HiMedia
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2-2 Methods

2-2-1 The General Procedure for Synthesis Silver Nanoparticles and
their Applications.
The general steps for synthesis silver nanoparticles and their

applications summarized in scheme (2-1).

Preparation of aqueous D.viscosa leaves extract

Heza(’;l:qgi:or Heating for Heating for
10 min 15 min
/
Filtration
I
Filtarate DIl
mass
Addition 1mM FT-IR GEimacs Qualitative
AgNO; phytochemical analysis
Silver
nanopartical
7
Characterization Applications
| |
Clinical Antioxidant
UV-Visible FT-IR XRD AF SEM applications Activity
| | |
Coagulation factors Cytotoxicity Antibacterial
(PT, and PTT), and hemolysis Activity

Scheme (2-1): The general steps of synthesis AgQNPs and their applications
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2-2-2 Collection of Plant

Fresh D.viscosa leaves were collected from the garden of the
University of Kerbala, College of Science from 1 September to 30 October
2019. First, the leaves were washed using tap water and then deionized
water, then they are left to dry at room temperature. Finally, the dry leaves
were cut into small slices and stored in a dark and dry place for further use
to prepared extract. The identification of the plant species was done by the
Botanist Dr. Nibal Muteer at the University of Kerbala, College of

Education of Pure Science.
2-2-3 Qualitative Phytochemical Analysis

The crude solution of D. viscosa leaves extract was submitted to
phytochemical analysis. These phytochemical were alkaloids, flavonoide,
coumarins, saponins, sugars, resins, phenolic compound, terpenes, tannins,

and steroids.

e Alkaloid test ®

Dragendorff’s reagent is a color reagent to detect alkaloids in a test
sample and prepared as following:
Solution A: it was prepared by dissolving 0.85gm of basic bismuth nitrate
in a mixture of 10 mL of acetic acid and 40 mL of deionized water in a 50
mL volumetric flask.
Solution B: it was prepared by dissolving10 gm of potassium iodide (KI)
in 25 mL of deionized water.
Stock solution: it was prepared by mixing 5 mL of solution A and 5 mL of
solution B (equal volumes).
Spray reagent: it was prepared by mixing 10 mL of stock solution with 20
mL of acetic acid and then added into a 100 mL volumetric flask and

diluted to volume with deionized water to obtain the Dragendorff’s reagent.
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Dragedorftf’s reagent gives orang color when spraying it over a spot of
alcoholic extract. That means presence alkaloid in the plant.
e Coumarin test &

A five mL of alcoholic extract was added to the 5% sodium
hydroxide in a test tube and then boiling in water bath for 5 minutes
observation of yellow fluorescence, develops when dried paper is place

under UV- light for 5-10 minutes.

e Flavonoid test ©®

Alcoholic extract was treated with equal volumes of 50 % ethyl
alcohol, and 50 % sodium hydroxide with the same volume of extract.

Formation of intense yellow indicates the presence of flavonoids.

e Resins test ¢

A twenty-five mL of 95 % ethanol was mixed with 5 gm of plant,
and then boiled in water bath for 2 minutes. The extract was filtered and
treated with a few drops of 4 % HCL. Appearance of the strong turbidity

indicate to a positive test.

e Saponins test

A one mL of the aqueous extract was added to 2 mL of deionized in
a test tube and was shaken vigorously for a few minutes. A thick foaming

remained for long time; this is evidence for a positive test.

e Sugar test ©Y

Bendect’s reagent was used for testing monosaccharide and
prepared by dissolving 173 gm of potassium citrate with 100 gm of
anhydrous sodium carbonate in 800 mL distilled water. The mixture was
boiled and filtrated. The copper sulphate solution 17.3% was added to the

filtrate, and then the volume was completed to 1liter of distilled water.

33



Chapter Two Materials and methods

To one mL of plant extract, 2 mL of Benedict’s reagent was added
in a test tube. The mixture was heated in a water bath for 5 minutes. A red
color precipitate indicates the presence of sugar.

e Terpene and Steroid test ©*

A 1 mL of alcoholic extract was treated with 2 mL of chloroform;
one drop of anhydrous acetic acid and one drop of concentrated H,SO,
were added slowly. Steroid solution is indicated through green blue color

while formation terpenoid solution is indicated through red violet color.

e Phenolic compound test ©V

The 3-4 drops of 1% (v/v) ferric chloride (FeCl3) solution were
added to 1 mL of alcoholic extract of plant. Green, purple, blue or black

color, indicates the presences of phenolic compounds.

e Tannins test ®?
A one mL of alcoholic extract was added to 1 mL (1%) lead acetate.

Appearance of white mucilage precipitate indicates the presence of tannins.
2-2-4 Gas Chromatography and Mass spectroscopy

Gas chromatography and mass spectroscopy, GC-MS, is a type of
analysis that incorporates the characteristics of gas-chromatography and
mass spectrometry to find various materials in the sample. GC-MS was
used to analyze the chemical constituents of D. viscosa leaf extract. This
analysis was done at the University of Kashan/lran. In brief, the
instruments use electron ionization with two columns, while Helium,
Nitrogen, and Zero air was used as carrier gas. The oven temperature was
400°C, and the chromatogram of GC-MS for organic compound was
detected by contrasting their spectra with comparing spectra to those stored

on the computer library.
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2-2-5 Preparation of Aqueous Dodonaea viscosa Extract

Ten grams of small pieces of dry leaves were added into deionized
water (200 mL) and heated for 10 minutes (2). Followed, the crude extract
was filtered by using filter paper Whatman No.1. The same filtrate extract

was used to synthesize the silver nanoparticles (AgNPs).

2-2-6 Preparation of 1mM AgNO; Solutions

A one millimolar (1mM) solution of silver nitrate was prepared by
dissolving 0.0425 gm in 250 mL deionized water and stored in a dark and

dry place.

2-2-7 Synthesis of Silver Nanoparticles (AgNPs)

An aqueous solution (1 mM) of silver nitrate (AgNO3) was prepared
to use in (AgNPs) synthesis and various crude aqueous extract volumes of
D. viscosa (3, 5, and 7 mL) were added to 45 mL of AgNOs. The mixture
was shaken for 4 hours and then incubated for 24 hours at 45 °C. The color
was gradually changed from light yellow to dark brown after 24 hours of
incubation, indicating silver nanoparticles' formation.

The pellets of formed nanoparticles were collected by Ultra-
centrifugation at 5300 xg for 15 minutes. Then the obtained pellets were
washed three times with distilled water before they were dried and stored in
a dark dry place at room temperature for further use.

2-2-8 Effect of Boiling Time of Extract

The influence of boiling time of the plant leaves to prepare the
aqueous extract of D.viscosa was considered in this study. Ten grams of
dry leaves were heated for (10, 15, and 20 min) respectively with 200 mL
of deionized water. Using the UV-vis spectrophotometer (UV-
1800/Kyoto), the color change in the solution from yellow to brown was

detected at different time periods.
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2-2-9 Influence of the Extract Volume

To study the effect of extract volumes on particles synthesis,
different volumes of plant extract (3, 5, and 7 mL) respectively were added
to 45 mL of AgNO; (1mM) solution. Synthesized silver nanoparticles were
observed using a spectrophotometer (UV-1800/Kyoto) and the change of
color was followed with time.
2-2-10 Characterization of Synthesized Silver nanoparticles
2-2-10-1 UV-Visible Spectroscopy

The synthesized AgNPs were characterized using UV-visible
spectroscopy (UV-1800/ Kyoto, Japan). The absorbance of the solution
mixture was measured at different periods in the range from 300 to700 nm.
Free electrons give height to the surface plasmon resonance (SPR)
absorption band, and this is due to the oscillation of the electrons of AgNPs

when affected by light.
2-2-10-2 Fourier-Transform Infrared Spectroscopy

FT-IR spectra were used to compare the IR spectra before and after
formation of AgNPs via D. viscosa leaves extract and to identify functional
groups for both extract and synthesized AgNPs. The pellets of AgNPs
were measured with the KBr disk in the wavenumber ranging from 400 to
4000 cm'* using Shimadzu (8400S)/Japan FT-IR spectrophotometer.

e Preparation of Sample for FT-IR Spectroscopy

Silver nanoparticles were washed through centrifugation then the
pellets were washed in deionized water. Process was repeated three times,
removes the filtrate and the pellet were dried at 50°C. After drying pellet
powder well, the pellet were measured with the KBr disk in the
wavenumber ranging from 400 to 4000cm™ using Shimaduz (8400S)/Japan
FT-IR spectrophotometer
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2-2-10-3 X-ray Diffraction (XRD)

The average grain size, crystallinity, strain, and crystal defect were
characterized using XRD (Philips Xpert /Holland XRD). Cu-ka radiation
(k=1.50456) was used in the range of (10° to 80°). Using Scherer’s

equation, the crystal size of all prepared samples was calculated as follows:

_0.9%

Bcos

Where D i1s the average size of crystallite, lambda (A) is the X-ray
wavelength, 0 is the angle of Bragg in radians, and B is the full width in

radians at half the maximum of the peak.

2-2-10-4 Atomic Force Microscopy (AFM).

The Atomic Force Microscopy (AFM) analysis provides images
with near-atomic resolution for measuring surface topography of biological
specimens in atmospheric liquid or gas environments. It is capable of
quantifying surface roughness of samples down to the nano-scale. In
addition to presenting a surface image, AFM is also capable of
complementary techniques, which provide information on other surface
properties, e.g. hardness, friction or elasticity.

The size and the surface properties of biosynthesized nanoparticles
were visualized by atomic force microscopy (CSPM Scanning Probe
Microscope). The highest measurement was obtained using AFM image
analysis software.

o Preparation of sample for AFM

A thin film of the silver nanoparticles was prepared by mixing the
powder of AgNPs with ethanol, dropped on glasses slide, and then left on

air to dry at room temperature.
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2-2-10-5 Scanning Electron Microscopy (SEM)

A scanning electron microscope (SEM) is a kind of electron
microscope that scans the surface to create images of a sample with a
directed electron beam. The electrons overlap with atoms to reveal
information about the surface topography and the sample composition. The
sample was examined using Tescan Mira3 SEM /French.

e Sample Preparation for SEM

The pellet of AgNPs was treated with ethanol properly and carefully
placed on a glass slide, and then left on air to dry at room temperature. The
cover slip itself was used during scanning electron microscopy (SEM)

analysis.

2.2.11 Biological Activities
2-2-11-1 Antioxidant Assay

The antioxidant activities for both synthesize AgNPs and D. viscosa
extract were evaluated using three methods. Ascorbic acid has been used as

a reference.

2-2-11-1-1 1, 1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging
assay
e Principle

The DPPH (1,1-diphenyl-2-picryl-hydrazyl-hydrate) free radical
scavenging test is an antioxidant method based on electron-transfer that
produces a violet solution in ethanol (93). This free radical, stable at room
temperature due to the delocalization of the spare electron on the whole
molecule. So, DPPH’ does not dimerize, as happens with most free radicals
(94).

DPPHe reacts with an antioxidant that can donate hydrogen, the
reduced molecular of (DPPH) is form, and the color is change from the

violet to yellow. The intensity of the yellow color produced depends on the
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amount and existence nature of radical scavenger available in the sample
(95).
e DPPH Solution:

DPPH solution was prepared freshly by dissolving 0.0053gm of
DPPH radical in 100 mL ethanol.

e Procedure:

Free radical scavenging of AgNPs and the extract was estimated
using DPPH assay (96).
1. A serial of dilutions of each AgNPs, D. viscosa extract, and ascorbic
acid (ascorbic acid was used as a positive control) were prepared (100,
50, 25, 20, and 15 pg/mL) respectively.
2. An equal volume (ImL) of DPPH (0.135 mM in ethanol) and AgNPs or
D. viscosa extract was mixed.
3. The mixture was vortexed vigorously and then left in the dark place at
room temperature for 30 minutes.
4. The control was prepared as above without adding an extract or AgNPs.
5. The absorbance of the samples and that of control were estimated at
517 nm.
e Calculation
The ability of Dodonaea extract and Ag NPs to scavenge the DPPH
radical was calculated as a percentage of inhibition.
% Inhibition= [(Abs. control —Abs. sample) / Abs. control)] x 100
Where Abs. is the absorbance

2-2-11-1-2 Total Antioxidant Assay
e Principle

The total antioxidant capacity test of the AgNPs and D. viscosa
leaves extract was evaluated by the phosphomolybdenum assay as

39



Chapter Two Materials and methods

described by the method of Prieto et al (97). The analysis is based on the
ability of a sample to donate electrons and, reduction of Mo (VI) to Mo
(V) as a consequence, the formation of a green phosphate/Mo (V) complex

with a peak absorption at 695 nm.
e Solutions

e Reagent solution

The reagent solution (0.6 M sulfuric acid, 28 mM sodium phosphate,
4 mM ammonium molybdate) was prepared by mixing 3.2 mL of
concentrated sulfuric acid (18.4 M), 0.0397 gm of anhydrous sodium
phosphate, and 0.465 gm of ammonium heptamolybdat, all these materials

were dissolved in 100 mL of deionized water.
e Procedure ©®:

1. A 0.3 mL of each diluted extract and synthesized AgNPs at
concentration (100, 50, 25, 20, and 15 pg/mL) respectively was mixed
with 3 mL of the reagent solution.

The tubes were covered and incubated at 95°C for 90 minutes.

The mixture was cooled.

The absorbance of solution was measured at 695 nm.

o B W

Control was prepared as above except adding AgNPs or extract.

e Calculation

The antioxidant activity was calculated a percentage (%) as the following
equation:

%Total antioxidant = [(Abs. control —Abs. sample) / Abs. control)] x 100

Where Abs. is the absorbance.
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2-2-11-1-3 Reducing power assay

e Principle

The potassium ferricyanide reducing power was determined as the
method described by Félix-Silva et al. (99). In this method an absorbance
increase can be correlated to the reducing ability of antioxidants. The
compounds with antioxidant capacity react with potassium ferricyanide, to
form potassium ferrocyanide. The latter reacts with ferric trichloride,
producing a color complex of ferric ferrocyanide, which is measured with a

maximum absorbance at 700 nm.
e Solutions

e Phosphate buffer (pH 6.6) was prepared by dissolving 34.83 gm of
K,HPO, and 2.7 gm of KH,PO, in 1L of deionize water.

e Potassium ferricyanide K; Fe(CN)s(1%w/v) was prepared by dissolving
1 gm of it in 100 mL deionize water.

e Trichloroacetic acid (TCA) solution (10%) it was prepared by
dissolving 10 gm in100 mL deionize water.

e Ferric chloride (FeCls) (0.1%, wi/v)) was prepared by dissolving 0.1 gm
in 100 mL deionize water.

e Procedure:

1. A one mL of AgNPs or Dodonaea extract at various concentrations
(100, 50, 25, 20, and 15 pg/mL) respectively, was mixed with an equal
volume of (0.2 M of phosphate buffer, pH 6.6), and K;Fe(CN)s (1%
A%

2. The mixture was incubated for 20 minutes at 50°C.

3. Tri-chloroacetic acid (TCA) solution (1mL) was added to stop the
reaction.

4. The mixture was centrifuged at 7500 xg for 20 minutes.

41



Chapter Two Materials and methods

5. The supernatant solution (1.5 mL) was mixed with the 1.5 mL distilled
water and 0.1 mL of ferric chloride solution (0.1%, w/v), and then left
for 10 minutes.

6. The absorbance was measured at 700 nm. When the absorbance of the
reaction mixture increased, this indicated that the reducing power of the
extract or AgNPs increased.

2-2-11-2 Antitumor Assay

To measure the activity of the AgNPs as anti-tumor agent, in vitro
study was evaluated against both lung cancer cell line adenocarcinoma
human cells (A549), which were obtained from human alveolar cell
carcinoma and ovarian cancer cell line (SK-OV-3), which were obtained
from Homo sapiens, human, ovary: ascites and compared with normal liver
cells WRL68. The cell viability was determined using tetrazolium dye(3-

(4,5-Dimethyl-2-thia-zolyl)-2,5-diphenyl-2H-tetrazolium bromide) (MTT

assay ), which is a colorimetric assay for measuring cell metabolic activity

and depend on the reduction of the tetrazolium salt by actively growing
cells actively to form formazan, which is a purple water-insoluble product

(100).

e Media
e Roswell Park Memorial Institute — 1640 Medium (RPMI):

A ready to use package (100 mL) RPMI was used throughout this
study. The medium was already supplied with 4-(2-hydroxyethyl)-1-
piperazineethane sulfonic acid (HEPES) and L-glutamine as illustrated by

manufacturer.
The medium was completed by adding the following ingredients:
Penicillin G 10° IU

Streptomycin 0.001 g
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Sodium Bicarbonate 1%
Fetal Bovine Serum 10 %

e Serum Free Medium

Serum free medium is RPMI-1460 excluded from fetal calf serum.
e MTT Cytotoxicity Assay

e Principle

MTT 3-(4,5-dimethylthiazol-2yl) 2,5diphenyl tetrazolium bromide
method is colorimetric assay for assessing cell metabolic activity. This
method based on the conversion of the soluble tetrazolium, a yellow salt,
into purple insoluble formazan, the reaction and produce purple color
which indicate to the cell viability and depth of color reflect the number of

cell viability in the culture (100).

o Kit Contents

1. MTT solution 3-(4,5-dimethylthiazol-2yl) 2,5diphenyl tetrazolium

bromide (MW=414) 1mL x 10 vials.

2. Solubilization solution 50 mL x 2 bottle.

e Procedure ®%:

1. Tumor cells (1x10° cells per well) have been grown in 96 micro-liter
plates flat well, with a final volume of 200 uL. The type of medium fresh
complete Roswell Park Memorial Institute — 1640 Medium (RPMI) from
15 to 20 mL was added and then pipetting was used to disperse cells
from the wedding surface into growth medium.

2. Using sterilized parafilm to seal the microplate and it was gently held.

Plates flat wells were incubated for 24 hours at 37°C in 5% CO..
3. The medium was extracted, and serial dilutions of the appropriate for
both AgNPs and extract of D. viscosa (100, 50, 25, 20, 15 ug /mL)
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respectively were prepared in the mixture (ethanol-deionized water)
(1:1 v/v), and then were applied into the wells.

4. For each concentration, triplicates and positive controls (cells treated
with the serum-free medium and water) and negative control (cells
treated with the serum free medium) were used.

5. The plates were incubated at 37 °C in 5% CO, for a selected exposure
time of 24 hours.

6. A 10 uL of MTT solution were added to each well. Plates were further
incubated in 5% CO, for 3-4 hours at 37°C.

7. A 100 pL of Dimethyl sulfoxide (DMSQO) was added as solubilization
solution to each well for 30 minutes to each well to remove the medium

and produce purple color which indicates cell viability.

oo

. The absorbance of the formazan product which formed by viable cells
(purple color) was read using a microplate reader (Bio-Rad (Germany))
at wavelength of 575 nm.

e Calculation

The experiment was conducted in triplicate and (ICsq) value which
expresses half of the inhibitory concentration that kill 50% of the cell
population. The percentage of cell viability was calculated using the
following formula and expressed as ICsy utilizing non-linear regression

with graph pad prism statistical program (Version 8).

Viability (%) = OD value of treated cells/ OD value of untreated cells
(control) x100%

Where OD. is the optical density

2-2-11-3 Anti-bacterial Assay

The antibacterial activity of synthesized AgNPs and D. viscosa was

assessed against Gram-negative bacteria (E. coli and Pseudomonas
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aeruginosa) and Gram-positive bacteria (Staphylococcus aureus and

Streptococcus pneumonia) using the agar well diffusion method (102).

e Procedure

1. Mueller-Hinton agar plates were inoculated with tested (10°-10°
CFU/mL).

2. Agar wells of 10 mm diameter were made using crok borer.

3. The wells were cultured three times by rotating the plate 60° between
streaking, 1-2 cup, 10 mm in diameter were made in each Muller
Hinton agar plates.

4. Serial dilution for both extract and AgNPs were prepared at various
concentrations (100, 50, 25, 20, and 15 pug/mL), and (5000, 10000,
15000, 20000, and 25000 pg/mL).

5. All wells were filled with (100 uL) of each test sample (AgNPs and D.
viscosa extract).

6. The plates were incubated at 37 °C for 24 hours.

7. The inhibition zone diameter of each sample was measured in
millimeters.

2-2-12 Clinical Application
2-2-12-1 Measurement of Coagulation Factors APTT and PT
2-2-12-1-1 Collection of Blood Specimens

Blood was collected from twenty apparently healthy volunteers
(n=20) who were volunteers for this study. Their ages ranged from 18 to 40
years old who were free from any medication for at least two weeks. In
addition, we make sure that all of our control group didn't take
anticoagulants, antiplatelet, antibiotics drugs, herbal drugs, vitamin or
mineral supplements for at least two weeks before blood donation. Two mL
of peripheral blood sample was collected by venepuncture in 3.2% sodium

citrate tubes.
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2-2-12-1-2 Preparation of Samples

The human plasma was obtained from the supernatants of blood after
centrifugation at 3000 xg for 10 minutes. The obtained plasma was mixed
with different concentration of D. viscosa aqueous extract or AgNPs (100,
50, 25, 20 and 15 pg/mL) respectively with the ratio of 1:1 (plasma
AgNPs) or (plasma: extract). The mixture was incubated at 37°C for 2
minutes, this mixture will be used for APTT and PT tests. Plasma alone

was as positive control (99).
2-2-12-1-3 Activated Partial Thromboplastin Time (APTT)

APTT Kaolin kit and 0.025 M calcium chloride were used for
professional, in vitro measurement APTT.
e Principle

BIO-CK reagent involves recalcification of plasma in the presence of
standardized amount of cephalin (platelet substitute) and a factor XIlI
activator (Kaolin). The use of Kaolin minimizes reading time and
optimizes the optical detection.
e Reagents
Reagent 1 Vial R1: Cephalin (Rabbit cerebral tissues) Kaolin.

It was prepared by dissolving the contents of one vial of reagent 1

(R1) by added promptly the amount of deionized water (4 mL). The reagent
was mixed gently until completely dissolve and left approximately 2

minutes before use. The reagent was stored at (2-8 °C).

Reagent 2 Vial R2 (Calcium Chloride 0.025 M) It was ready for use.

e Procedure ®
Bio-CK APTT Kaolin 2 kit was used in estimated of APTT

1. A 100 pL of homogenised Bio-CK APTT Kaolin (R1) was added into

the 100 pL of human plasma.
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2. The mixture in the step above (R1 and human plasma) was incubated at
37 °C exactly for 3 minutes.

3. Clotting was initiated with the addition of 100 puL 0.025 M aqueous
CaCl, solution (pre-warmed at 37°C).

4. The clotting time was recorded in seconds using the timer.

5. The procedure was repeated with the samples that were prepared as
(2.2.14.1.2) at different concentration (100, 50, 25, 20, and 15 pg/mL).

2-2-12-1-4 Prothrombin Time (PT)

BIO-TP Prothrombin Time (PT) BIOLABO kit was used for

measurement of prothrombin time.
e Principle

The principle of PT test is a universal screening test that measures
the efficiency of the extrinsic coagulation system. It contains factors |
(fibrinogen), 11 (prothrombin), V (proaccelerin), VII (proconvertin), and X
(Stuart factor). The clotting time is estimated at 37°C in the presence of
tissular thromboplastin and calcium (103). The Prothrombin Time is a one-
stage test based upon the time required for a fibrin clot to form after the
addition of Tissue Factor (TF - historically known as tissue thromboplastin)

to platelet poor plasma.
e Reagents

Reagent 1: (Vial R1) Thromboplastin. Freeze-dried Thromboplastin
(Rabbit cerebral tissue)

Reagent 2: (Vial R2) aqueous solvent (Reconstitution Buffer)

e Preparation of working reagent
Working reagent was prepared by adding promptly to the contents of
the (vial R1) to the reconstitution buffer (vial R2). It was mixed gently
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until complete dissolution. Working reagent (R1+R2) is stable for 8 hours
at room temperature.

e Procedure %9

1. A 100 pL of human plasma was incubated at 37 °C in water bath for 2
minutes.

2. A 200 pL of the working reagent was added to 100 pL of citrated
plasma (pre-warmed at 37°C) in the step above.

3. The clotting time in second was recorded starting from the plasma-
reagent mixing to clot formation using the timer.

4. The procedure was repeated with the samples that were prepared as
(2.2.14.1.2) at different concentration (100, 50, 25, 20, and 15ug/mL).

2-2-12-2 Hemolysis Assay

Five healthy donors were subjected to this study, their ages ranging
from 18 to 40 years old. Blood was collected by venipuncture into test
tubes containing ethylenediaminetetraacetic acid (EDTA). This method is
described by Flaih and Al-Saadi (105).

e Principle

In vitro hemolysis assay evaluates hemoglobin release in the plasma
(as an indicator of red blood cell lysis) following test agent exposure.
Spectrophotometric method reported for hemolytic activity was followed

after exposure to various concentrations of AgNPs (106).

e Procedure %"

1. The AgNPs solution (15 uL) at concentration (100, 50, 25, 20, and 15
ug/ml) respectively, was added into 0.1 mL of blood sample and then,
mixed well for 5 seconds

2. A 10 mL of normal saline was added to prevent excessive hemolysis.

3. The mixture was centrifuged at 3000 xg for 10 minutes.
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4. At 540 nm, the absorbance of mixture was measured

5. Complete hemolysis (100%) was achieved by diluting blood with 100
fold of distilled water.

6. Triton X-100 was used as positive control and normal saline as
negative control.

e Calculation

After measuring the absorbance, the percentage of hemolysis was

calculated by following equation:

% Hemolysis= (AT-AS) /(A 100%-AS) x 100%

AT: Absorbance of test solution.

AS: Absorbance of normal saline.

A 100%: Absorbance of 100% hemolysis (Triton X-100).
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2-2-13 Statistical Analysis

All data obtained from the MTT method were expressed as the
meanz standard deviation of three independent experiments. Statistical
significance was implemented utilizing Graph Pad Prism version 8
(Graph Pad Software Inc., La Jolla, CA). The value was measured from
a dose response-inhibition curve (log concentration vs. absorbance)
utilizing non-linear regression with graph pad prism statistical program.
While the results of (APTT and PT) were statistically analyzed using
Statistical Package for the Social Sciences (SPSS) version 24. t-test and
One-Way Variance of Analysis (ANOVA) were used. The p-Value at <

0.05 considered statistically significant.
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3. Results

3-1 Qualitative Phytochemical Analysis of Dodonaea viscosa Leaves
Extract

The aqueous leaves extract of D. viscosa was investigated for the
presence of phytochemicals important constituents such as alkaloids,
coumarins, saponins, flavonoids, resins, sugar, tannins, phenolic

compounds, and terpenes (Table 3-1).

Table (3-1): Qualitative phytochemical analysis of D. viscosa leaves extract

Phytoconstituents Reagents Detection indicator Results
Alkaloids Dragendroff's reagent Orange spots +
Coumarins Filter paper saturated Yellow-green +
with dilute NaOH
Flavonoids 50%ethanol+50% Yellow color +
NaOH
Phenolic 1% FeCl; Green color +
compounds
Resins 95% ethanol+ 4% HCI Turbidity +
Saponins Shaking the extract Foaming remaining +
vigorously for long time
Sugar Benedect Red precipitate +
Tannins 1% lead acetate White mucilage +
precipitate
Terpenes +
Steroids Chloroform + glacial Brown color _
acetic acid
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The plant extracts act as a capping agent and cause metal NPs
aggregation in their respective salt solutions. Several researchers have
reported the biosynthesis of metal nanoparticles by plant leaves extracts
(26); (45). These plant reductants are phytochemicals, including flavonoids,
phenol derivatives, terpenoids, and some plant enzymes such as
hydrogenases, reductases, and their derivatives (108).

The presence of phytochemicals in different parts of the plants
participate in coating produced nanoparticles. So, the plant phytochemicals
adhering on the surface of plant-mediated nanoparticles can lead to the
synergistic effects and enhance the antimicrobial and anticancer activities
of nanoparticles. The significant numbers of plant phytochemicals
accumulate in their leaves. So, the majority of research works based on
plant-mediated AgNPs synthesizes, have been carried out by using plant
leaves extract. Due to complex or even undefined composition of
phytochemicals in plant extracts, it is difficult to predict the exact
mechanism of plant extract mediated nanoparticles synthesis (12); (109).

Seyed Mohammad Amini in (2019) described the relationship of
surface chemistry to biogenic NPs as a major factor that not only
determined the several applications of the NPs but also is very important
for the stability of synthesized NPs. Where phenolic compound coated
metal NPs represent more stability in comparison with NPs that have been
synthesized by other chemical reductants such as citrate or sodium
borohydride. Various mechanisms were described in the biological
synthesis of metal NPs, especially of AgNPs, by a diverse group of plants
where the reducing agents were adsorbed on the surface of the particles.
The adsorption affinity on the surfaces NPs may be variable for various
crystalline orientations (110).

Another mechanism exhibited the synthesis of NPs, the addition of
metal salts to the plant extract at optimized conditions, the metal ions
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rapidly bind to the functional groups of (-COOH, and -OH) protein
molecules available in the solution of the plant extract and are entrapped.
This process leads to conformational changes in proteins and exposes its
hydrophobic residues to aqueous phases. This causes the introductions of
reducing agents from plant extracts and favors the transformations of
entrapped metal into metal NPs (111).

A previous study reported that D. viscosa is a good source of
phenolic compounds, flavonoids, alkaloids, tannins, and sugar. These
phytochemicals compounds and vitamins have significant roles in
reductant, capping, and stabilizing the nanoparticles. Probably, the
flavonoids present in D. viscosa leaves can perform the reductant of metals
salts, and the tannins and saponins may act as the capping agents. As
flavonoids have various functional groups, which are capable of reductant
metal ions to NPs (112). Generally, various phytochemicals present in the
plant extracts could play a key role in the conversion of the ionic form of
silver Ag” into the metallic nano-form Ag’.

3-2 GC-Mass Spectroscopy

In this study GC-MS was utilized to identify the different biological
components of D. viscosa leaves extract. The chromatogram of the analysis
showed six peaks of most constituents (Figure 3-1). Most of these included
1, 3, 6-octatriene, Estragol, pentadecane, hexadecane, 9, 12-
octadecadienoic acid, and octadecanoic acid (Table 3-1). The heights of
different peaks show the relative concentration of the compounds present in
the aqueous extract of D. viscosa leaves.

The GC-MS analysis of plant extract results in identification several
phytochemicals, which have pharmacologically and industrially potential
like antioxidants, phyto-steroids and number of unsaturated fatty acids. The

GC-mass analysis displayed the existence of phytochemical components in
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D. viscosa leaves extract. As of these compounds have biological activity
(113).

Identifying the biological active compounds of D. viscosa leaves
extract facilitates the therapeutic application of this plant for various
diseases. Anethole is such a substance used from ancient times in
traditional medicine. Anethole has potent antioxidant activity, anti-
inflammatory and anti-nociceptive activity, and antimicrobial properties,
against bacteria, yeast and fungi (114). While estragole is a volatile
terpenoid, which occurs naturally as a constituent of the essential oils of
many plants. Estragole have many biological and pharmacological
activities. Pharmacological actions of estragole, like antioxidant,
antimicrobial, anti-inflammatory and anti-edematogenic (115).

The primary compound was 9, 12-octadecadienoic-acid, which is the
main fatty acid in the extract. This fatty acid is characterized for several
applications in the biomedical field (anti-arthritic, anti-inflammatory, and
antioxidant properties and used in the commercial preparation of oleates
and lotions and as pharmaceutical solvent). Besides, the presence of
octadecanoic acid, exhibits biological activity such as antimicrobial activity
(116). These molecules clearly indicate the medicinal roles of D.viscosa.

A previous study showed that Octadecanoic acid present in most of
plant such as Aesculus hippocastanum, Cassia Obtusifolia, Jasminum
Sambac Linn, and Cenchrus setigerus, etc. Several reports claimed that
Octadecanoic acid acted as anti-fungal, anti-tumor, and anti-bacterial (117).
A 9,12-Octadecadienoic acid (Z,Z) was found in Morenga oleifera leaves
extract, and Pleiospermium alatum , etc. These fatty acid plays an

important biological activities (118).
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Figure (3-1): GC-mass of D. viscosa leaves extract.
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Table (3-2): GC-mass analysis of D. viscosa leaves extract.

Peak R. Time Area % Name

1 7.25 6.20 Trans -.beta.-Ocimene
(+)-4-Carene
1, 3, 6-Octatriene, 3, 7-dimethyl

2 10.79 53.01 Estragole
Anethole

3 15.80 5.35 Pentadecane

4 17.50 4.16 Hexadecane

5 26.01 12.34 9, 12-Octadecadienoic

6 26.25 9.95 Octadecanoic acid

3-3 Synthesis of Silver Nanoparticles

Agueous leaves extract of D. viscosa was used to synthesize silver
nanoparticles (AgNPs). Ag® ions of AgNO; were reduced to AgNPs. The
crude extract of D. viscosa is considered a reducing agent for Ag” and
stabilizer for AgNPs. The first indication for AgNPs construction was the
color change from light yellow to dark brown within 24 hours, indicating
the excitation of surface plasmon resonance of AgNPs. The color intensity
increased with time (Figure 3-2). The color change indicates the reduction
of Ag™ into Ag® (119). Due to nucleation and growth processes, these free
silver atoms (Ag®) accumulated to form AgNPs (120). It is the oscillatory
movement of electrons existent in the conduction band that causes the
surface plasmon resonance (SPR) phenomenon. The color change gradually

was followed via measuring UV-visible absorption with time.
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Figure (3-2): Biosynthesis of (AgNPs) showing the color change with time. (a) at
zero time (b) after 10 min. (c) after 30 min. (d) after 2 hours (e) after 4 hours (f)
after 6 hours (g) after 8 hours (h) after 10 hours (i) after 12 hour (j) after 24 hours.

The formation of AgNPs depends on how long the reducing agents
are exposed to metal ions. Therefore, when the incubation period of silver
with the reducing agent increase, the synthesis of AgNPs would increase
more (121).

The previous study reported that Lantana camara L. leaves extract
reduced Ag™ ion into AgNPs was followed by color changes in the
reaction mixture from yellow to dark brown due to the excitation of surface
plasmon resonance (122).

The intensity of absorption peak was increases with increasing time
period of mixing plant extract with aqueous solution of AgNO; (Figure 3-
3). This increase in the absorbance intensity was due to growth of silver
nanoparticles (5). The mechanism of reduction involved the dissolves silver
nitrate (substrate) in water and mixed it with aqueous leaves extract of D.
viscosa. Probably, the flavonoids in D. viscosa leaves act as the reductions

of metal ions, whereas saponins and tannins may act as the capping agents.
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Moreover, polyhydroxy groups may be responsible for the reduction of Ag”
ions into metal NPs (112).

U -
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34000 <2020 830 O¢ 302 03 2000 00 1190 00

Figure (3-3): UV-visible spectra of AgNPs at different time of incubation

3-4 Characterization of the Synthesized Silver Nanoparticles
3-4-1 UV-Visible Spectroscopy

The synthesized AgNPs from aqueous leaves extract of D. viscosa
were analyzed using UV-visible spectrophotometer, where Surface
Plasmon Resonance (SPR) absorption band at 463 nm after 24 hours of
incubation at 45°C (Figure 3-4). The broad, single, and strong absorption
peak showed the formation AgNPs in the sample. In order to evaluate the
effect of boiling time for the plant aqueous extract of D. viscosa, the dry
leaves were boiled for 10, 15, and 20 minutes. The UV-vis. absorption

spectra of AgNPs were recorded at different time. There was very little
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difference in the formation of AgNPs by 15 and 20 min boiling time but 10
min boiling time increased the formation of AgNPs (Figure 3-5).

The effect of amount of plant extract of D.viscosa to be added to
aqueous solution of silver nitrate for the formation of AgNPs, different
volumes of 10 minutes boiled leaves extract (3, 5 and, 7 mL) respectively
were added to 45 mL of AgNO; (1mM) solution. The UV-vis. absorption
spectra of AgNPs were recorded at different time. At the wave length 463
nm, the volume 3 mL of Dodonaea extract was the best than 5 and 7 mL
and the nanoparticles synthesis occurred faster (Figure 3-6). While the
effect of temperature on the biosynthesis of AgNPs was studied by
performing reactions at different temperatures (25 °C), and 45°C. The UV-
vis absorption spectra of the synthesized AgNPs at different temperatures
are illustrated in (Figure 3-7). At relatively low temperature, the intensity
of the Surface Plasmon Resonance peak was a little weak and the width of
the SPR band was broad, which means few nanoparticles are formed.

Hence, the optimal formation of AgNPs was obtained using 10
minutes boiling time of the leaves extract, 3 mL volume of D. viscosa
extract. Incubated at 45°C, the absorbance was constant even after 24
hours, indicating the completion of the reaction and the obtained results
showed that AgNPs were stable even after 48 hours at room temperature,
that is mean that AgNPs prepared are not aggregate (Figure 3-8). All these

conditions were selected for synthesizing Ag NPs.
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Figure (3-4): UV-Visible spectra of Ag NPs at 463 nm.
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Figure (3-5): UV-Visible spectra for AgNPs at different boiling time of extract.
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Figure (3-6): UV-Visible spectra for AgNPs at different volumes of extract
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Figure (3-7): UV-Visible spectra of effect temperature on AgNPs synthesis at
25°C, and 45°C.
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Figure (3-8): UV-Visible spectra of AgNPs with the time

Characterization of Ag nanoparticles is essential to assure the
synthesis of AgNPs and know whether the preparation is suitable for a
specific application. UV-visible spectroscopy exhibited a clear peak at a
wavelength of 463 nm. Similarly, the same the maximum absorbance 463
nm of the synthesized AgNPs from aqueous leaf extract of Parkia speciose
(123).

Formation and stability of AgNPs by D. viscosa extract in an
aqueous medium is due to the effect of surface plasmon resonance (SPR) of
an electron in the reaction mixture (124). Dependent on the quantum size
effects, these (SPR) bands undergo red-shift or blue-shift. The plasmon
absorption shifts toward red, when particles size increased. The conduction
electrons move collectively in order to examine the turbulent charge
distribution known as the plasma localized that is near the surface of
metal, when an external electro-magnetic field such as light is applied to a
metal occurs what is known as plasma localized near the surface of the

metal (125). The broad absorption band is perfect for silver nanoparticles
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due to excitation of SPR where the peak shows that the particles are
spherical with an extensive range of size distribution (120).

The intensity of Surface Plasmon Resonance increased with the
temperature increase. These results reveal that higher temperature is in
favor of the formation of AgNPs with higher yields (126). Mostly sharp
peak is associated with low temperature-mediated synthesis, which
produces uniformly sized AgNPs, while broad peak is associated with
higher temperature-mediated synthesis. In sum, the temperature chosen in
this study to fabricate AgNPs was 45 °C. A similar result was found in the
extract of Oak Fruit Hull Quercus infectoria and the optimal temperature
for synthesizing AgNPs was at 45°C (127).

3-4-2 Fourier Transform Infrared Spectroscopy (FT-IR)

Identifying the functional groups for both leaves extract (Figure 3-9)
and the synthesized AgNPs (Figure 3-10) were carried out using the FT-IR
spectrum. The FT-IR spectrum of D. viscosa leaves extract showed peaks
at 3394.84, 2929.97, 1610.61, 1514.17, 1400.37, 1271.13, 1062.81, 868.00,
650.03 and 542.02 cm*; while synthesized AgNPs synthesized from D.
viscosa had spectrum peaks at 3448.84, 2929.97, 1620.26, 1518.03,
1388.79, 1057.03, 873.78 and 692.47 cm™. The synthesized AgNPs had
shifted the absorption peaks from 3394.84 cm™ to 3448.84 cm ™ indicating
the existence of O-H vibration of alcohol, and phenol with stretching
linkage of N-H of primary, secondary, amides, and amine. In addition, a
peak of 2929.97 cm™' was observed, which represents the stretching
vibrations of methyl groups (C-H) in D. viscosa leaves extract and AgNPs.

Other peaks in leaves extract such as 1610.6land 1514.17 cm*
represent the existence of (C=0), and (C=C), respectively. Moreover, the
peaks of extract 1400.37and 1271.13 cm* were shifted to 1388.79 and
1057.03 cm™, respectively in the synthesized AgNPs.
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In addition, the band at 650.03cm™" in the leaves extract shifted to
692.47 cm ™ in chart of AgNPs. As observed in both leaves extract, and the
synthesized AgNPs a distinct shift of functional groups’ peaks. The distinct
bands may reveal some organic compounds like protein, phenolic, or
glycosides in plant extract that can act as a reducer to Ag” and stabilizer to
the AgNPs. Stability of AgNPs can be attributed to existence of these
compounds in shell of silver nanoparticles in the aqueous medium (127).

To determine the interaction of NPs and biomolecules, FT-IR
analysis was performed to identify the active groups of these molecules.
These groups are responsible for the capping, performance, and
stabilization of metal nanoparticles (112). FT-IR measurement of D.
viscosa extract and AgNPs showed several peaks that represent several
functional groups such as hydroxyl group (-OH) 3394.83 cm™ and carboxy!
group (-C=0) 1610.61 cm™ related to extracting and shifted to 3331.18 cm’
! and 1620.26 cm™ respectively. These groups act as reducing and stabilizer
agents which and prevent particles agglomeration. The bending and
stretching sensations display that biomolecules such as alcoholic groups,
polyphenols, carboxylic acid, and proteins are responsible in the reduction
Ag’ and stabilizing of the AgNPs (128). Supposedly the water soluble
compounds of plant extracts such as flavonoids, terpenoids are the
adsorbed molecules on the surface of NPs.

Bethu et al. study using FT-IR analysis showed that flavonoids and
phytochemical compounds of the plant extracts act as reducing and
stabilizing agent through the biosynthesis of NPs (101). Previous studies
have proven that proteins can bind with minerals and metallic nanoparticles
through free amine groups or reduce cysteine in the proteins (129). Many
other researchers found similar FT-IR spectra of AgNPs using Cassia
obtusifolia and Cassia roxburghii leaves extract (105); (57). Similarly, the
same phytochemical compounds (flavonoids, phenolic, triterpenoids,
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proteins or organic acid, and polysaccharides) and the active groups (O-H,
C-H, C=0, and C=C) that are present in plant extract of Fumaria
officinalis L. have been reported to be capable of acting as the important

roles of reducing and capping agents in the synthesis of AgNPs (130) .

65



Chapter Three Results and Discussion

9T |

1 11 1 i 1 (I | i [ | 11 i 11 [ | i (I | 1 1 (I | i 1 (I | i (| [ | i 11 [ | i (I | 1 i (I | 1 i 1 11 1 i | [ | |
4000 3600 3200 2800 2400 2000 1300 1800 1400 1200 1000 g00 600 400
extract water for 10 min 1fcm

Figure (3-9): FT-IR spectrum of Dodonaea leaves extract
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Figure (3-10): FT-IR spectrum of synthesized AgNPs.
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3-4-3 X-Ray Diffraction (XRD)

The crystalline nature of the AgNPs and the poly-crystals’ lattice
parameters were verified using X-ray diffraction analysis. The X-ray
diffraction analysis revealed five featured peaks at 20 values of 38.1874°,
46.2491°, 54.8851°, 57.5409°, and 76.8313° were indexed to Bragg
reflections (111), (200), (220) and (311) planes of silver (Figure 3-11). The
extra peaks near to 54.8851°, and 57.5409° are due to the presence of
biomolecules on the surface of particles (131). The diffraction peaks and
Miller indices (h k 1) to each peak are assigned in (Figure 3-11). Values of
these angles were comparing with those 20 of AgNPs standard sample
(JCPDS PDF card 87-0718), which confirmed the Face Centered Cubic
(FCC) structure of the formed AgNPs by aqueous extract D. viscosa and
indicated that the particles were crystalline. The crystallographic planes of
each angle value were also demonstrated and compared with the standard
data file of AgNPs. The average crystal size of AgNPs was estimated to be
37.665 nm. The intensity of 100% was observed at 20 with 46.2491°,

XRD results illustrate the crystalline structure and purity of the
produced NPs. The Brag reflection at 38.1874°, 46.2491°, 54.8851°,
57.5409° and 76.8313° at 20 values confirmed the crystalize structure of
silver nanoparticles. Bragg’s law is a principle for the action of X-ray
diffraction (132). Generally, X-ray diffraction is based on X-ray elastic
wide-angle scattering. Using the Debye Scherrer equation, the average
crystallite size was determined, where full width at half maximum
(FWHM) data was used (122). When X-ray passing through a crystal of
particle was produced a diffraction pattern, that diffraction provides the
information about the atomic arrangement within the crystals (1). Other
peaks in the diffraction can be detected because of AgNO; as, not all
AgNO; reduced and remained in the sample in a precise quantity.
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Table (3-3) shows a comparison of our XRD spectrum with standard

value of the theoretical values of standard X-ray diffraction powder
patterns (JCPDS PDF card 87-0718).

The obtained XRD results were similar with previous study which

showed synthesis of AgNPs by Ricinus communis var. carmencita leaves

extract (7).
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Figure (3-11): X-Ray diffraction (XRD) of synthesized AgNPs from D. viscosa

leaves extract.

Table (3-3): The result of the XRD for synthesized and standard AgNPs.

Pos. [©2Th] FWHM [2Th] d a Exp (A) d i Std. (A?) HkI
38.1874 0.5904 2.35678 2.3723 111
46.4491 0.2460 1.96301 2.0545 200
54.8851 0.3936 1.67283 1.6730 202
57.5409 0.3936 1.60187 1.6016 220
76.8314 0.6000 1.23969 1.2389 311

hkl: Miller indices

d nii Std.: is the distance between parallel planes of atoms for standard
d ni Exp. is the distance between parallel planes of atoms for experiment

69

80



Chapter Three Results and Discussion

3-4-4 Atomic Force Microscopy (AFM)

The AgNPs surface morphology (the topography of the surface and
the particles’ size) of nanoparticles was determined using the AFM. AFM
holds many advantages in measuring dispersion and particles, as this test
would not be affected by the surface oxidation and conductivity. AFM can
also measure as small particle size as a sub-nanometer in aqueous fluids
(4). The measured AgNPs in this study had an average size of 60.22 nm.
The two-dimensional and three-dimensional images of the particles,
revealed homogenous uniform size and shape of synthesized AgNPs by 3
mL of D. viscosa aqueous leaf extract for boiling 10, 15, and 20 minutes
(Figure 3-12), (Figure 3-14), and (Figure 3-16)

The typical AFM analysis confirmed the average particle diameter of
the synthesized Ag nanoparticles for the leaves extract of boiling for 10
min with the average size of 60.22 nm (Figure 3-13). In addition, the
average particle diameter of the synthesized silver nanoparticles for the
extract boiling for 15 and 20 min was 57.26, and 42.57 nm. respectively
(Figure 3-15), and (Figure 3-17).

The surface properties and the average size of silver nanoparticles
prepared in agueous solution 3 mL of D. viscosa aqueous leaf extract
boiling for 10, 15, and 20 min and incubated at 45°C for 24 hours
respectively was indicates in Table (3-4).

The size of Ag nanoparticles is mainly determined by the rate of
reaction and involvement of phytochemicals, when AgNO; is reduced to
Ag®, Ag° undergoes nucleation to form AgNPs in the presence of leaves
extract. After fractionation, the majority of the phytochemicals might be
lost leading to aggregation of AgNPs. If the reacting solution contains more
reducing molecules and less phytochemicals, then the size of synthesized
AgNPs would be larger. This might be one of the reasons for the synthesis
of larger-sized AgNPs by leaves extract, where reducing molecules were
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increased but phytochemicals were reduced. Similarly, less reducing
species and more capping agents in the leaves extract could be responsible
for smaller AgNPs (133).

Previous studies have presented that the synthesis of AgNPs from
commercially available plant extracts such as (Centella asiatica, Solanum
tricobatum Citrus sinensis, and Syzygium cumini) have different
unorganized forms with the particles size 53, 41, 52, and 42 nm
respectively (105). In this study, the synthesized AgNPs in aqueous
solution (3 mL) of aqueous leaves extract boiling for 10 minutes and
incubated at 45°C for 24 hours have an average size of 60.22 nm, much
bigger than the previously reported papers (112); (134). In the another
study, the average size of AgNPs synthesized from the Peltophorum
pterocarpum plant extract was in the same average size of the particles in
the current study (135).
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Figure (3-12): AFM assay of AgNPs, synthesized by 3 mL of D. viscosa aqueous
leaves extract for 10 min. (a) Two dimensional image (b) Three dimensional image.
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Figure (3-13): Distribution of flow diameter of the silver nanoparticles for 3mL
extract and boiling for 10 min.
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Figure (3-14): AFM assay of AgNPs, synthesized by 3 mL of D. viscosa aqueous
leaves extract for 15 min. (a) Two dimensional image (b) Three dimensional image.
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Granularity Cumulation Distribution Chart
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Figure (3-15): AFM assay of AgNPs, synthesized by 3 mL of D. viscosa aqueous
leaves extract and boiling for 15 min.
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Figure (3-16): AFM assay of AgNPs, synthesized by 3 ml of D. viscosa aqueous
leaves extract for 20 min. (a) Two dimensional image (b) three dimensional
image.
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Figure (3-17): AFM assay of AgNPs, synthesized by 3 mL of D. viscosa agueous
leaves extract and boiling for 20 min.

Table (3-4): Values of surface roughness analysis

Amplitude

Parameters

3ml-10min boiling

3ml-15min boiling

3ml-20min boiling

Average diameter 60.22 nm 57.26 nm 42.57 nm
Root mean 33.9nm 9.92 nm 8.88 nm
square
Average 28.4nm 8.6 nm 7.54 nm
Roughness
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3-4-5 Scanning Electron Microscopy SEM

AgNPs high magnification images were obtained using SEM
technique. This technique can determine morphological features (number,
dimension, and shape) of small particles by scanning reflections of a
focused beam of electrons over the particles’ surfaces. SEM images of the
particles showed spherical shape particles and having different average
diameter D1 (21.10), D2 (21.39) and D3 (11.86) nm with smooth surfaces
morphology, and well scattered with a nearly compact arrangement (Fig. 3-
18).

D3 =11.86 nm

D2=21.39nm

D1=21.10 nm
SEM MAD: 200 kx Det nBoam MIRAY TESCAN

WO 4.4 mm 8 7.00 200 nm
View field: 1.04 pm  Date{m/ay): 0205720

SEM MAG: 330 kx Det nBeam | MIRA) TRSCAN
™ s 100 1w

View fletd: 0 02% pm  Date(mvavy): 020520

Figure (3-18): SEM image of biosynthesized silver nanoparticles (a) The particle
size at different average diameter D1, D2 and D3. (b) SEM shows the spherical
shape of particles.

SEM image analysis of surface morphology of AgNPs showed a
precise spherical shape without any agglomeration (136).

3-5 Biological Activities
3-5-1 Antioxidant Activity

The antioxidant activity of synthesized AgNPs was measured via three
different assays, DPPH free radical scavenging, total antioxidant, and
reducing power, and ascorbic acid was used as a reference. Among the

three methods used, DPPH scavenging capacity assay is the best choice
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because characterized by fast, stability, and simplicity. The results
introduced that the AgNPs have a high antioxidant activity, which
increased gradually with the concentration compared to the aqueous extract
of D. viscosa when using the DPPH method (Fig. 3-19).

The total antioxidant assay was performed using the
phosphomolybdenum which, based on reducing Mo (V1) to Mo (V) by the
antioxidant compound and formation of a green phosphate/ Mo(V)
complex. The total antioxidant activity of D. viscosa leaves extract was a
little more than AgNPs comparing with the ascorbic acid (Fig. 3-20).

Besides, the results revealed that the synthesized AgNPs have a
reducing power more than D. viscosa leaves extract (Fig. 3-21).

Free radicals and other ROS are continuously formed in many
organisms due to the oxidative processes produced to produce energy. Free
radicals can be formed from enzymatic and non-enzymatic reactions of
oxygen with organic compounds. The antioxidant activity of AgNPs and D.
viscosa extract was determined using three methods. To assess the
antioxidant activity that cannot be accurately determined in one way.
DPPH scavenging capacity test is the best method for evaluating
antioxidant activity because DPPHe is a stable free radical, not dimerize
because of the delocalization of the spare electron on the whole molecule
(94).

Silver nanoparticles demonstrated a good ability to scavenge free
radicals when comparing it with the D.viscosa leaves extract and ascorbic

acid, which is used as a well-known standard antioxidant.
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Figure (3-19): Antioxidant activity of the phyto-synthesized AgNPs and plant
extract by using DPPH free radical scavenging. Ascorbic acid (AA.) as a reference
(positive control).
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Figure (3-20): Total antioxidant ability of AgNPs, D. viscosa extract and Ascorbic
Acid (AA).
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Figure (3-21): Reducing power of AgNPs, D. viscosa extract and Ascorbic Acid
(AA)

Previous studies have shown that phenolic compounds are
commomly present in plants that are both edible and inedible. In addition to
the presence of various other phytochemicals including carbohydrates,
saponins, tannins and terpenoids. These compounds have biological effects,
including their antioxidant activity (99). Antioxidant activity of plant
extracts due to the ability of phytochemicals (phenolics, flavonoids, and
tannins) to oxidize and could play an important role in satiating singlet and
triplet oxygen, rotting the peroxides or nullifying the free radicals. Since
phenolics and flavonoids are responsible for the antioxidant activity, and
high amount present in the extract indicates good antioxidant activity (137).

Similar reports indicated that the AgNPs have high antioxidant
activity against DPPH (138); (139). The antioxidant capacity methods
determines the ability of a sample to donate electrons and neutralizing free

radicals.
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3-5-2 Anti-tumor Activity

The 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium
bromide (MTT) assay was used to assess cytotoxic potency for each
synthesized AgNPs and D. viscosa leaves extract. MTT assay in this study
tested the viability of two cell line human cancer cell lines A549 (lung
cancer) and SK-OV-3 (ovarian cancer) and compared with normal liver
cells line WRLG68. After 24 hours of treatment with various concentrations
of leaves extract and AgNPs (15, 20, 25, 50 and 100 pg.ml™) respectively.
The cytotoxicity results showed reduction in cell viability in a dose-
dependent manner.

Besides, AgNPs and extract of D. viscosa shows weak cytotoxic on
normal WRL68 and ovarian SK-OV-3 cell lines as ICs, range between
2.45-2.76 ug mL™ and 2.23-2.42 respectively. These results indicate does
not get I1Csq in SK-OV3 and normal cell lines WRL68 due to the inability
of AgNPs and extract of D. viscosa to inhibit 50% from cell viability at the
chosen concentrations (Fig. 3-23).

The A549 cell proliferation was significantly repressed by AgNPs at
concentration (100 pg.ml™") with an 1Cs, value of 1.73 upg.ml?, as
demonstrated in (Table 3-5). The A549 cell lines treatment with the various
concentration of D. viscosa plant extract (15, 20, 25, 50, and 100 pg.mL™)
was did not exhibit any significant cytotoxicity with an 1Cs, value of 1.96
ng.mL™, the results exhibited AgNPs more sensitive towards A549 cell
lines than SK-OV-3.The use of plants as a source for the synthesis of
AgNPs showed more of an effect and sensitivity on cancer cell lines A549
than SK-OV-3 and normal cells.

In one study was reported by Asra Parveen and Srinath Rao display
that on the effects of AgNPs on cancer cells, AgNPs act on disrupts normal
cellular function affects the membrane integrity, and induces different

apoptotic of mammalian cells leading to programmed cell death. The

79



Chapter Three Results and Discussion

cytotoxic effects of AgNPs were due to active physicochemical interaction
between Ag atoms with the functional groups of intracellular proteins, as
well as with the nitrogen bases and phosphate groups in DNA (140).

The finding of this study is in a good agreement of previous studies
where they showed anti-cancer activity of produced AgNPs from Cleome
viscosa fruit extract against A549 (lung) and PA1 (ovaries) cell lines. The
anticancer effect of AgNPs was more obvious on lung cancer cells than
ovarian cancer cells (141). Sriranjani et al. showed cytotoxic effect of
biosynthesis silver nanoparticles against human colorectal adenocarcinoma
(HT29) and Ehrlich ascites cell carcinoma (EAC) (142). As well as,
biosynthesized AgNPs from Chaenomeles sinensis and Cibotium barometz
demonstrated anti-cancer efficacy against breast cells cancer (MCF-7)
(143); (144). Based on the similar study showed the cell exposure to
AgNPs could lead to different changes in cell morphology and reduce cell
vitality. Generally, cellular morphological changes in the cell might be due
to the disturbance in cell composition due to interaction between the cell
surface and AgNPs (145).

The mechanism of the anticancer activity of silver nanoparticles
involve, the entry of AgNPs into the cell lead to its damage by forming
stable S-Ag bond with a thiol group of enzyme in cell membrane and its
deactivation; or breaking hydrogen bonds between nitrogen bases of DNA
and thereby denaturing it (122). In general, it was found that the AgNPs
synthesized in the green methods have broad activity against cancer cells in

dose-dependent manner with no or little toxicity to normal cells.
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Figure (3-22): The viability of (A) A549 cells for AgNPs and D. viscosa extract (B)
SK-OV3 cells for AgNPs and D. viscosa extract comparing with normal cell WRLG68.
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Table (3-5): Inhibition concentrations (ICso) for cytotoxic activity of D. viscosa

extract and synthesized silver nanoparticles on human lung cancer (A549) and

ovarian cancer (SKOV3) compared with the liver normal cells (WRL68).

Log Cell %Cell %Cell 1Cs Normal %Cell %Cell 1Cs
Concentration line viability inhibition | (ug/mL) cell viability inhibition | (pg/mL)
(Mg/mL)
2.000 A549 39.429 60.571 1.73* WRL68 70.795 29.205 245
1.699 (Nano) 52.122 47.878 85.185 14.815
1.398 61.381 38.619 92.824 7.176
1.301 73.457 26.543 94.560 5.440
1.176 95.949 4.051 94.560 5.440
2.000 A549 50.309 49.691 1.96 WRL68 76.890 23.11 2.76
1.699 (Ex.) 63.503 36.497 84.915 15.085
1.398 76.350 23.650 93.326 6.674
1.301 89.429 10.571 94.946 5.054
1.176 95.023 4.977 94.637 5.363
2.000 62.654 37.346 75.810 24.19 2.68
1.699 SKOV3 75.270 24.730 2.23 WRL68 86.806 13.194
1.398 (Nano) 85.340 14.660 92.052 7.948
1.301 95.216 4.784 94.637 5.363
1.176 94.637 5.363 96.181 3.819
2.000 SKOV3 70.988 29.012 242 WRL68 76.968 23.032 2.76
1.699 (Ex.) 81.983 18.017 86.728 13.272
1.398 94.637 5.363 93.981 6.019
1.301 94.560 5.440 94.599 5.401
1.176 95.062 4.938 94.599 5.401

Ex.: D. viscosa extract

Nano: Synthesized silver nanoparticles
*Significant difference (P-value <0.001)

A459: human lung cancer

SKOV3: ovarian cancer

WRL68: liver normal cells

ICsp: Inhibition concentrations

3-5-3 Antibacterial Activity

The antibacterial activity for each AgNPs and D.viscosa leaves extract

were tested against Gram-positive bacteria (Staphylococcus aureus and
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Streptococcus pneumonia) and Gram-negative bacteria (E.coli and
Pseudomonas aeruginosa). The results did not show any antibacterial
activity at various concentrations of leaves extracts and AgNPs at the
concentrations (15, 20, 25, 50 and 100 pg.ml™) respectively (Figure 3-23),
whereas the synthesized AgNPs at the concentrations (5000, 10000, 15000,
20000, and 25000 pg/mL) respectively revealed antibacterial activity
against all tested bacteria compared with the D. viscosa leaves extract,
which did not show any antibacterial activity (Fig. 3-24). The highest
activity of AgNPs was noticed against Staphylococcus aureus with an
inhibition zone of 20 mm at the concentration of 5000 (ug/mL) (Table 3-6).

These results of antibacterial activity of AgNPs were compared with
the positive control (Amoxicillin antibiotic), and D. viscosa leaves extract.
The antibacterial activity of AgNPs due to the size, shape, and large surface
area of AgNPs relative to the small size as the smaller NPs have more
antibacterial activity due to them providing more surface exposure to the
bacterial membrane. The decreased size and increased surface area of
AgNPs lead to the interaction with the cell wall of bacteria and binding to
the cell membrane, and change the permeability by changing the membrane
potential (146). When AgNPs enter the cell, it turns into silver ions that
interact with the biomolecules, causing cell damage due to binds to DNA,
which hinders its replication. Besides, these ions interfere with cell division
via binding to membrane proteins and cell proteins, which help division
cells (33). Also, AgNPs can cross the wall and bacterial membrane and
increase the production of ROS by inhibiting respiratory chain enzymes
and promoting their accumulation inside bacteria (147).

In a previous study of the effect AgNPs against bacteria, it was shown
that the AgNPs interact with the membrane components causing the
alteration and damage to the membrane structure and the excretion of

cellular components which leads to the cell's death (79); (148).
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Table (3-6): Anti-bacterial assay of AgNPs and D. viscosa extract against some
pathogenic microorganisms.

Test sample Concentration Inhibition zone diameter (mm)
(ng/mL)
Gram-negative Gram-positive
E. coli Pseudomonas Staphylococcus Streptococcus
aeruginosa aureus pneumonia
5000 10+0.40 13+1.64 20+0.60 15+0.94
RN 10000 10+0.13 15+0.81 12+1.30 15+0.65
15000 10+0.52 15+0.87 12+0.86 12+1.27
20000 10+0.82 10+1.63 15+0.43 -
25000 12+1.23 10+1.09 15+1.15 -
5000 - - - -
Extract 10000 i i i i
15000 - - - -
20000 - - - -
25000 - - - -
Positive control Antibiotic
(Amoxicillin) 32+0.41 21+0.17 20+0.23 26+0.15

Negative control (solvent)

Values are expressed as mean SD of triplicates

+ indicates Standard Error
- indicates no inhibition zone
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Figure (3-23): The antibacterial activity of (a) AgNPs (b) D.viscosa leaves extract
against Gram-positive bacteria (Staphylococcus aureus.) and Streptococcus
pneumonia and Gram-negative bacteria (E.coli and Pseudomonas aeruginosa )( C,
C,, Cs, C4 and Cs) represents the concentrations of AgNPs and extract (15, 20, 25,
50, and 100 pg/mL). Negative control represents solvent Amo. (Amoxicillin)
positive control.
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Figure (3-24): The antibacterial activity (1) silver nanoparticles (AgNPs) and (2)
Dodonaea viscosa leaves extract against Gram-positive bacteria (Staphylococcus aureus
and Streptococcus pneumonia and Gram-negative (E.coli and Pseudomonas aeruginosa
). (Cy1, Cy, C3, C4, and Cs) represents the concentrations of AgNPs and extract (5000,
10000, 15000, 20000 and 25000 pg/mL) Negative control represents solvent. Amo.
(Amoxicillin) positive control.
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3-5-4 Coagulation Factors

The anti-coagulant activity of D. viscosa extract and AgNPs were
evaluated via prothrombin time (PT) and activated partial thromboplastin
time (APTT) tests using normal citrated human plasma. The results were
expressed as mean and standard deviation (SD). AgNPs cause a highly
significant increase in PT at concentrations (15, 20, 25, 50, and 100 pg/mL)
comparing with the control and there is a highly significant difference
(p<0.001) between all groups (Table 3-7).

In addition, APTT increased significantly with an increased
concentration of AgNPs in comparison with the control and there is a
highly significant difference (p<0.001) between all groups. Normal citrated
human plasma was used as control (Table 3-8).

Also, the results of clotting times appeared that D. viscosa extract
causes a highly significant increase in PT at the concentrations (15, 20, 25,
50, and 100 pg/mL) respectively compared with the control and there is a
significant difference (p<0.001) between all groups (Table 3-9).

Besides, the results of anticoagulant activity of D. viscosa showed that
there were significant increase in APTT at concentrations (15, 20, 25, 50,
and 100 pg/mL) respectivly comparing with control (Table 3-10).

Also, in order to comparison between the effect of AgNPs and D.
viscosa extract on the coagulation factors, the results showed that there was
a highly significant increase (p= 0.02, 0.05, and 0.01) in PT at
concentrations (15, 50, and 100 pg/mL) respectivly of AgNPs comparing
with the extract (Table 3-11), whereas there was a highly significant
difference in APTT at all concentrations (15, 20, 25, 50, and 100 pg/mL) in
both values to AgNPs and D. viscosa extract (Table 3-12).

In this study, PT and APTT are performed in citrated plasma and are

the most commonly employed laboratory tests in patients suspected of
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having a coagulopathy. This study showed that both PT and APTT were

significantly prolonged.

Table (3-7):Prothrombin Time (PT) of blood samples with and without Ag NPs.

Groups Mean+ SD P-value P-value LSD
N=20

Control 13.93+0.62

15 pg/mL 15.93+0.24 0.17*
<0.001 2.86

20 pg/mL 17.85+3.21 0.008*
25 pg/mL 20.445.1 <0.001*
50 pg/mL 22.58+6.3 <0.001*
100 pg/mL 25.38+6.8 <0.001*

P-value<0.05 is significant

*AgNPs vs. Control

LSD: least significant difference

SD: Standard Deviation

N: Number of volunteers

Table (3-8): Activated Partial Thromboplastin Time (APTT) of blood samples with and

without AgNPs
Groups Mean+ SD P-value P-value LSD
N=20
Control 30.67+2.02
15 pg/mL 33.29+3.35 0.05* <0001 579
20 pg/mL 34.89+3.76 0.003*
25 pg/mL 37.23+4.29 <0.001*
50 pg/mL 38.76+4.66 <0.001*
100 pg/mL 42.64+6.56 <0.001*

P-value<0.05 is significant

*AgNPs vs. Control

LSD: least significant difference

SD: Standard Deviation

N: Number of volunteers
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Table (3-9): Prothrombin Time (PT) of blood samples with and without Dodonaea

viscosa extract

Groups Mean+ SD P-value P-value LSD
N=20
Control 13.93+0.62
15 pg/Ml 15.12+0.99 0.15* <0.001 1.64
20 pg/mL 16.45+2.3 0.003*
25 pg/mL 18.14+2.84 <0.001*
50 pg/mL 19.35+3.82 <0.001*
100 pg/mL 20.92+3.82 <0.001*

P-value<0.05 is significant

*Dodonaea viscosa extract vs. Control

LSD: least significant difference

SD: Standard Deviation

N: Number of volunteers

Table (3-10): Activated Partial Thromboplastin Time (APTT) of blood samples

with and without Dodonaea viscosa extract

Groups Mean+ SD P-value P-value LSD
N=20
Control 30.67+2.02
15 pg/mL 31.12+1.72 0.059* <0.001 2.12
20 pg/mL 32.37+£2.59 0.05*
25 pg/mL 33.68+2.32 0.001*
50 pg/mL 35.91+3.1 <0.001*
100 pg/mL 37.57+£3.9 <0.001*

P-value<0.05 is significant

*Dodonaea viscosa extract vs. Control

LSD: least significant difference

SD: Standard Deviation

N: Number of volunteers
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Table (3-11): Comparison between the effect of AgNPs and D. viscosa extract on
Prothrombin Time (PT)

Groups Mean=SD P-value
N=20

15 pg/mL AgNPs 15.93+1.11 0.02
15 pg/mL Extract 15.12+0.99

20 pg/mL AgNPs 17.85+3.21 0.12
20 pg/mL Extract 16.45+2.3

25 pg/mL AgNPs 20.4+5.19 0.09
25 pg/mL Extract 18.14+2.84

50 pg/mL AgNPs 22.58+6.3 0.05
50 pg/mL Extract 19.35+3.4

100 pg/mL AgNPs 25.38+6.8 0.01
100 pg/mL Extract 20.92+3.82

P-value<0.05 is significant
SD: Standard Deviation
N: Number of volunteers

Table (3-12): Comparison between the effect of AgNPs and D. viscosa extract on
Activated Partial Thromboplastin Time (APTT)

Groups Mean=SD P-Value
N=20
15 pg/mL AgNPs 33.29£3.35 0.01
15 pg/mL Extract 31.12+1.72
20 pg/mL AgNPs 34.89+3.7 0.01
20 pg/mL Extract 32.3.£25
25 pg/mL AgNPs 37.23+4.29 0.003
25 pg/mL Extract 33.68+2.32
50 pg/mL AgNPs 38.76+4.66 0.02
50 pg/mL Extract 35.91+3.1
100 pg/mL AgNPs 42.64+6.56 0.005
100 pg/mL Extract 37.57+£3.9

P-value<0.05 is significant
SD: Standard Deviation
N: Number of volunteers
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Prolongation of APTT is related to inhibition of the common pathway
or intrinsic of coagulation, whereas not showing prolongation of PT does
not indicate inhibition of the external pathway (99).

Nanoparticles can have harmful or beneficial effects on the
coagulation system depending on whether they are desired or not. Also, the
nanoparticles can be contrived to exclusively work together with the blood
coagulation system to circumvent various blood disorders (149).

Similar studies indicated the anticoagulation properties of
biosynthesized AgNPs had also been previously reported by Flaih and Al-
Saadi; and Muhammad et al. the presence of flavonoids and phenolic acids
in plant caused highly significant prolonged PT and APTT (105); (150).
Some studies have indicate that AgNPs possessed antiplatelet activity as
well as fibrinolytic activity which prevented blood coagulation. The blood
clotting system is a complex system that includes series of coagulation
factors. Until now it is not understood whether AgNPs are related to
inhibiting the real prothrombin (factor I1), proconvertin (factor VII), and
Stuart’s factor (factor X) to prevent the formation of thrombin (factor Ila).
However, the anti-fibrinogen, anti-platelte, and anti-fibrin combined are
undoubtedly contribute to the anticoagulant activity of AgNPs as obtained
in this study (151). Recently, nanomaterials are being positioned for use as
anticoagulants with incredible performance in forestalling coagulation of
blood (152).

3-5-5 Hemolytic activity

Hemolysis is a phenomenon in that the breakdown or destruction of
red blood cells (RBC) takes place, so that, the contained hemoglobin is
released into the supernatant plasma. The results of the hemolytic activity
of AgNPs synthesized from D.viscosa were tested on human whole blood
as a percentage hemolysis and reported for ten healthy nonsmoker donors.
The results showed the percentage of hemolysis, which was 3.16%, 3.53%,
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4.3%, 5.1%, and 5.8% respectively at a concentrations (15, 20, 25, 50, and
100 pg/mL) (Fig 3-24). The synthesized AgNPs at all concentrations
showed a reduction of absorbance values. The percent hemolysis was
determined using colorimetric detection of hemoglobin in the supernatant
in normal saline-treated with AgNPs. Triton X-100 was used as a positive
control and normal saline as negative control. The concentration and
surface area to the ratio of the volume of AgNPs greatly influence on the
hemolysis. In this study, the synthesized AgNPs showed a little effect on

heamolytic.
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Figure (3-25): The percentage of hemolysis induced by AgNPs. Triton X-
100 was used as a positive control and normal saline as a negative control.

The mechanism of AgNPs for inducing hemolysis still not revealed.
Metallic silver undergoes ionization when came in contact with the body
fluids, releasing Ag™ ions according to particle surface area response. RBC
hemolysis in vitro could be induced by low concentrations of Ag™ (153).
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The metallic NPs ioinzes and release their ions from contact with the blood,
which can interact with membrane proteines. However Ag” ion generation
iIs not the only factor for hemolysis; other mechanisms contribute to
hemolysis induced by NPs (deformability, adhesiveness, membrane
vesiculation, etc.) (107).

The previous study showed that hemolytic activity of green
synthesized silver nanoparticles from Hyphaene thebaica fruits similar
dose-dependent trend was observed in the hemolytic activity of the NPs.
Hemolysis was decreased with a decrease gradually in the concentration
and reported to be 10.68 % at 12.5 ug mL ™" (154). Another study show
hemolysis induced by silver nanoparticles was less than 0.4 %, which was
well within the acceptable limits of 1 % (155). Also, earlier studies
reported by Gajendra et al. indicate materials with a hemolysis ratio of less

than 5% were regarded as hemocompatible (156).
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Conclusions

Conclusions

1.

Dodonaea viscosa is consided a good source of phytochemical which
was responsible for synthesis AgNPs.
Phytochemicals of plant are responsible for the reducting and

stabilizing of nanoparticle.

Silver nanoparticles have good antioxidant activity.

The AgNPs synthesized in the green methods have broad activity
against cancer cells in a dose-dependent manner with no or little toxicity
to normal cells.

The synthesized AgNPs have good antibacterial activity, hence we can
use them as a drug in bacterial infections after further study.

Silver nanoparticles can be used in the medical field, especially in
diseases related to thrombosis, as they cause a prolongation of clotting
time but after further study.

Silver nanoparticles did not cause hemolysis and therefore can be used
in pharmaceutical fields.

In all the clinical applications experiments, AgNPs was the best
effective than D. viscosa extract, so the use AgNPs with the adsorbed

phytochemicals on their surface is the best choice in clinical application.
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Future Studies

1.

Studying biosynthesis of another nanoparticles using different medicinal
plants.

Biosynthesis of silver nanoparticles using microorganisms such as
bacteria or fungi.

Studying the clinical applications of the synthesized silver nanoparticles
in vivo.

Studying the anti-inflammatory activity of the synthesized silver
nanoparticles from D. viscosa leaves extract.

Studying the catalytic activity of the synthesized silver nanoparticles

from D. viscosa leaves extract.
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