I"..'. ‘-4 -»-~}.’
e e—

University of Kerbala
College of Science

Department of Chemistry

Green Synthesis of Copper Nanoparticles Using Myrtus
communis Leaves Extract: Characterization and
Applications

A Thesis

Submitted to the council of the college of science / university of Kerbala as
partial fulfillment of the requirements for the Degree of Master in Chemistry

Science

By
Ayat Kareem Daylee

Supervised by

Prof. Dr. Narjis Hadi Al-Saadi Assist. Prof. Dr. Mohammed A. Kadhem

2022 A.D 1443 AH



Certification of Supervisor

We certify that this thesis “Green Synthesis of Copper

Nanoparticles  Using Myrtus  communis  TLeaves Extract:

Characterization and Applications” was Prepared under our supervision
at the Department of Chemistry, College of Science, University of Kerbela,

as partial fulfillment of the requirements for the degree of Master of
Chemistry.

Signature: /\)JX@

Name: Dr. Narjis Hadi Al-Saadi

Title: Professor

Address: University of Kerbala /College of Science / Department of
Chemistry

Date: 1/ 1 /2022

s

Signamr/e’//i"/%,}?—_/

Name: Dr. Mohammed A. Kadhem
Title: Assist. Prof.

Address: University of Kerbala /College of Science / Department of
Physics

Date: t{ /A /2022



Report of the Head of Chemistry Department

According to the recommendations presented by the Supervisor and
the Postgraduate Studies Director, I forward this thesis " Green Synthesis
of Copper Nanoparticles Using Mpyrtus communis Leaves Extract:

Characterization and Applications " for examination.

Signature: jQ

A

—

Name: Prof. Dr. Luma Majeed Ahmed
Head of Chemistry Department

Address: University of Kerbala /College of Science / Department of
Chemistry.

Date: 4 / /2022



Examination Committee Certification

We, the examining commitlee, certify that we have read this thesis
“Green Synthesis of Copper Nanoparticles using Myrtus communis
Leaves Extract: Characterization and Applications™ and examined the
student (Ayat Karcem Daylee) in its contents and that in our opinion; it is
adequate as a thesis for the degree of Master of Science in Chemistry.
Signature =
Name: Dr. Nazar Ahmed Naji
Title: Professor
Address: University ol Tikrit, College of Science, Department of Chemistry.

Date:2¢/ 5/ 2022
(Chairman)

2 gl
Signature: %@‘7\ Signature:

Name: Dr. Thaer Mahdi Madlool Name: Dr. Luma Majeed Ahmed

Title: Assist. Prof. Title: Professor

Address: University of Kerbala, College  Address: University of Kerbala, College
ol Science, Department of Chemistry. of Science, Department of Chemistry.
Date: 24 572022 Date:26/5 / 2022

(Member) \ T -(Membe:)_B

Signature: N Signature: M T
Name: Dr. Narjis Hadi Al-Saadi Name=Dr. Mohammed A. Kadhem
Title: Professor Title: Assist. Prof.

Address: University of Kerbala, College Address: University of Kerbala, polkgc
of Science, Department of Chemistry.  of Science, Department of Physics.

Date: 2¢/5 /2022 (Member & Supervisor)
Approved by the ncil of the College of Science

)
oSy
Name: Dr. Jasem Harfoon Hashim Al-Awadi

Signature:

Title: Assistant Professor
Address: Dean of College of Science, University of Kerbala.

Date: 5 /712022



Dedication

| wish to dedicate this thesis; -

To my late father. He taught me to persevere and prepared me to face
challenges with faith and humility. He was a constant source for inspiration
in my life. Although he is not here to give me strength and support, | always

feel his presence that used to urge me to strive to achieve my goals in life.

To my mother who always had confidence in me and offered me

encouragement and support in all my endeavors.

To the one who supported me and stood by me and the secret of my
success in every step and bearing the difficulties of my studies.... My dear
husband.

To the shining stars in the sky of our life .... My dear brothers and my

beloved sister. To all of you I dedicated my humble efforts.



Acknowledgements
Praise be to Allah, the Lord of the worlds, and the prayer and peace upon the
messenger, mercy to the worlds, our prophet Mohammad, and to his household. In the
beginning, | would like to thank the dean of the College of Science, University of
Kerbala. I, also want to thank the head of the department of Chemistry (Dr. Luma

Majeed Ahmed), and the staff in the Department of Chemistry for their help.

Words cannot express my sincere gratitude and appreciation to the supervisor
Professor Dr. Narjis Hadi Al-Saadi and Dr. Mohammed A. Kadhem for their
assistance, great interest, kindness, and supportive advice in this work. I am very
grateful to her for her continuous encouragement and support during the completion of
the work. Calling on God Almighty to give her long health and more scientific

prosperity.

To my angel in life, to the meaning of love, compassion, and dedication to the
smile of life. To the secret of existence and to those whose pray was the secret of my

success (My dear parents, my husband).

| would like to thank those who have great credit for encouraging me and their
presence gave me strength. My thanks go to all the professors and staff of the

Department of Chemistry.

| am grateful to those who were friendly and distinguished by loyalty. Also
special thanks are due to Mr. Hussein Mubarak and Dr. Nibal Muteer for their

assistance.



Summary

The biological synthesis of nanoparticles is being carried out by
different organisms such as plants, bacteria, fungi, seaweeds, and
microalgae. Plants extracts are considered one of the safest methods in
green chemistry for synthesizing nanoparticles.

This study was designed to synthesize copper nanoparticles from safety
substance (plant) and evaluate their biochemical and biological activity.

Different techniques were used to characterize copper nanoparticles.
Ultraviolet-Visible absorption spectroscopy (UV-Vis) was used to examine
the Surface Plasmon Resonance (SPR) of the nanoparticles in the range
from 300 to 700 nm. The influential functional groups that can bio-reduce
the copper ion Cu?* were identified using Fourier Transform Infrared (FT-
IR) spectroscopy. The crystal structure of copper nanoparticles was
determined using X-ray diffraction (XRD), as evidenced by the peaks at 26
values of 43.35, 50.50, and 74.21°. In transmission electron microscopy
(TEM), the particles have spherical morphology with an average diameter
of 35-75 nm, while scanning electron microscopy (SEM) reveals the
sphere-like shape of Copper nanoparticles. The atomic force microscopy
(AFM) analysis showed the size and the surface properties of
biosynthesized nanoparticles and revealed an average size of 55 nm.

synthesized Copper nanoparticles in this study were examined as
antioxidants and catalysis. The results showed that Copper nanoparrticles
had superior radical scavenging activity when compared to an extract from
Myrtus communis leaves. It is common to use 4-nitrophenol (4-NP) as a
model reaction to evaluate synthesized nanomaterials' catalytic properties,
results show that CuNPs have better catalytic activity than extract at higher

concentrations.



In this study, the efficacy of both CuNPs and extract against bacteria
and their anti-inflammatory activity were tested. Antibacterial activity of
the (CuNPs) and M. communis extract was evaluated against Gram-
negative bacteria (Klebsiella pneumonia and Pseudomonas aeruginosa)
and Gram-positive bacteria (Staphylococcus aureus and Lactobacillus
salivarins). In vitro, the anti-inflammatory activity was evaluated for both
extract and CuNPs using (albumin denaturation assay, membrane
stabilization assay, and proteinase inhibitory activity) at different
concentrations. The results of CuNPs exhibited a strong anti-inflammatory

activity compared with standard drug (Aspirin).

In conclusion, M. communis is considered a good source for reducing
copper salt into copper nanoparticles and the last have antioxidant and anti-

inflammatory activity, besides they can be used as a catalyst.
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Chapter One Introduction and Literature Review

1-1 Introduction

Nanotechnology is a vital area of modern research that deals with the
design, synthesis, and manipulation of particle structures ranging in size
from 1 to 100 nm (1).

Nanoparticles (NPs) have numerous applications in fields such as
health care, cosmetics, food and feed, environmental health, mechanics,
optics, biomedical sciences, chemical industries and electronics, space
industries, drug-gene delivery, energy science, optoelectronics, catalysis,
single-electron transistors, light emitters, nonlinear optical devices, and

photoelectrochemical applications (2).

The prefix nano is derived from the Greek word Nanos, which means

"dwarf," and refers to one billionth (10°°m) in size (3).

Nanoparticles have been synthesized from a variety of animal, plant,
and microorganism sources. Copper has been widely used among metallic
nanoparticles due to its stable and catalytic properties. Copper
nanoparticles have sparked a lot of interest due to their excellent physical

and chemical properties, as well as their low preparation cost (4).

Top-down and bottom-up approaches are commonly used to synthesize
nanoparticles. In the top-down approach, bulk materials are gradually
broken down into nanosized materials. Atoms or molecules are assembled
into nanometer-scale molecular structures using the bottom-up approach.
For nanoparticle chemical and biological synthesis, a bottom-up approach
is commonly used (5).

Copper nanoparticles can be synthesized using plant extract and have
been shown to have a wide range of applications including ,antimicrobial

activity (6).
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Novel secondary metabolites found in plant crude extract include
phenolic acid, flavonoids, alkaloids, and terpenoids. These compounds are
primarily responsible for the reduction of ionic nanoparticles into bulk

metallic nanoparticles (7).
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1-2 Literature Review
1-2-1 Myrtus communis Linn.

Myrtle (Myrtus communis Linn.) is an evergreen shrub with white
fragrant flowers that is native to the Mediterranean littoral and is found
primarily in France, Tunisia, Morocco, Lebanon, and the former
Yugoslavia (8). Myrtus is a flowering plant genus with about 16 species
that grow in temperate, tropical, and subtropical climates. This evergreen
shrub grows to a height of about (1-5 m) and blooms in the wild at
altitudes ranging from 0—600 m. The ovate-lanceolate leaves are (2-5 cm)
long, coriaceous, glabrous, punctate-glandular, and entire. These leaves a
delicate aromatic odor when crushed. Five petals, five sepals, and a mass of
tufted stamens characterize the white star-like flowers. The berries are pea-
sized, orbicular, or ovoid-ellipsoid in shape, blue-black or white, and have
hard kidney-shaped seeds. They vary in size (0.7-1.2 cm) and shape. The
glabrous berry is rounded (vase-like) in shape, with a swollen central part
and a persistent 4-5 partite calyx at the outer part, and it ranges in color
from dark red to violet (9). Insects pollinate the flowers, and birds,
mammals, and ants use a specialized seed dispersal strategy. Seeds do not
appear to be dormant. As a result, germination can occur soon after
dispersal, and their rapid establishment strategy may allow seedlings to
benefit from autumn and winter rains during the critical first stages of
growth. These characteristics can be beneficial for maximizing
reproductive  success, seedling establishment, and survival in

Mediterranean environments (10).

Because of the high essential oil content in its leaves and flower,
Myrtus communis is an important medicinal and aromatic plant. The
essential oil found in the leaves and berries of certain plants provides

astringent, antiseptic, anti-hypertensive, anti-inflammatory, and insecticide
3
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activity. The essential oil found in the leaves and berries of certain plants
also has nematicidal activity (11). Furthermore, myrtle berries and leaves
are used primarily in the industrial formulation of sweet liquors with
digestive properties. M. communis has been used for medicinal, food, and
spice purposes since antiquity. M. communis has been used as an infusion
in Iranian folk medicine for a variety of purposes including skin discords,

antiseptic (smoking), women's diseases, wound (antimicrobial), digestive

discords, astringent, for good hair, a bronchodilator, and many other
activities(12).

Figure (1-1): Picture of Myrtus communis Lin.
1-2-2 The Constituents of Plants

Phytochemistry is a branch of chemistry concerned with the chemical
nature of plants or plant products (chemistry of natural products). Plants
with a high concentration of chemical constituents may be therapeutically

active or inactive. Active components can be found in all parts of the plant,
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including the bark, leaves, flowers, roots, fruits, and seeds (13).
Phytochemicals are divided into two categories: primary and secondary
metabolites. Sugars, amino acids, proteins, and chlorophyll are examples of
primary metabolites, whereas secondary metabolites are substances
produced by plants to help them compete in their environment (14).
Secondary metabolites such as alkaloids, flavonoids, saponins, tannins, and
others (Figure 1-2) have been shown to have anti-diarrheal, antiulcer,
antidiabetic,  antihypertensive,  antioxidant,  antimicrobial,  and
antimutagenic properties. These small molecules have a variety of effects
on the plant and other living organisms. In the plant kingdom, over 50,000
secondary metabolites have been discovered. Secondary plant metabolites
are responsible for the actions of medicinal herbs and many modern
medicines (15). The study of active compounds which were found in plants
has resulted in the discovery of new medicinal drugs with effective
protection and treatment roles against a variety of diseases, including
cancer and Alzheimer's disease (16). Other research has found these

secondary metabolites in the M. communis plant (17).

Phenols are the most common type of secondary metabolite. They
range from simple compounds with a single aromatic ring to complex
polymers such as tannins and lignin. These compounds have biological
properties such as anti-apoptosis, anti-carcinogenesis, anti-inflammatory
activity, anti-atherosclerosis, cardiovascular protection, endothelial
function improvement, and inhibition of angiogenesis and cell proliferation
(18).

Flavonoids are a type of polyphenolic secondary metabolite that occurs
naturally in plants. That have numerous biological activities, including
anti-carcinogenic, anti-inflammatory, anti-radical, and antioxidant

properties. In addition , Flavonoids may have anti-oxidative properties as

5
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free radical scavengers, hydrogen-donating compounds, singlet oxygen
quenchers, and metal ion chelators, in particular. The phenolic hydroxyl
groups attached to the ring structures are responsible for these properties
(19).

The plant extracts were also found to contain saponins, which are
known to have an anti-inflammatory effect. Saponins are known for their
ability to precipitate and coagulate red blood cells. Saponins' properties

include the formation of foams in aqueous solutions (20).

Terpenes are necessary plant metabolites. Floral fragrances, which serve
as insect attractants, pine oil, growth inhibitors, the two plant hormones,
gibberelic acid, abscisic acid, and some insecticidal substances are among
them. Tri-terpene has anti-tussive, expectorant, analgesic, anti-

inflammatory, and cytotoxic properties (21).

Alkaloids are plant-derived compounds that contain one or more
nitrogen atoms, usually in a heterocyclic ring (an amine functional group),
and have a significant effect on animals, including humans. Their
pharmacological activity, which includes anti-arrhythmic, anti-cancer, and

anti-malarial effects, distinguishes them (22).

Tannins are a type of plant secondary metabolite. Tannins and alkaloids
in plants are known to play anti-herbivore defense roles. As a result, the
presence of tannins and alkaloids in medicinal plants may deter grazers.
Tannin-containing herbs are widely used as diuretics, anti-diarrhea, and
hemostatic agents for a variety of conditions, including inflammation, liver
damage, kidney problems, arteriosclerosis, hypertension, stomach

problems, and suppression of adequate oxygen (23).
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Figure (1-2): The chemical structure of the essential phytochemicals of M.

communis leaves extract (24).

1-2-3 Biological Activity of Myrtus communis

Plants have long been used in folk medicine as natural healing
remedies with therapeutic effects such as preventing cardiovascular
disease, inflammation disorders, and cancer risk. Furthermore, the
pharmacological industry uses medicinal plants as agents for drug synthesis
due to the presence of active chemical substances. They are also useful as
additives in the food and cosmetic industries due to their preservative
properties and the presence of antioxidants and antimicrobial constituents
(25).

Myrtle has been used as a spice and medicinal agent, as well as for food

preparation, since ancient times. Despite its pleasant odor, myrtle limited

7
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widely used as a spice due to its bitterness. Because the flavor is intense,
unpleasant, and bitter, its culinary application is limited to the regions of
origin, such as Italy (26). In Italy, particularly in Sardinia, the berries and
leaves of this plant are used to make two well-known liquors (Mirto Rosso
and Mirto Bianco, respectively); in Italian folk medicine, the fruit of this
plant is used to treat many types of infectious disease, including diarrhea
and dysentery; and the leaves are used as an antiseptic and anti-
inflammatory agent, as well as a mouthwash, for the treatment of
candidiasis (27). Foods flavored with myrtle smoke are popular in rural
areas of Italy. Some of the plant's parts are used in the food industry to
flavor meat and sauces (26), and its berries and leaves are primarily used in
the industrial formulation of sweet liquors with advertised digestive
properties. The fragrant leaves have been widely used in the perfume and
cosmetic industries, particularly in Portugal and Turkey (28). It's been used
for centuries as an antiseptic, disinfectant, and hypoglycemic agent. In
villages throughout Turkey, myrtle leaves and fruits have been used as an
antiseptic medicine (27). The essential oil extracted from myrtle leaves has
been used to treat lung conditions. Myrtle is commonly used as an infusion
and decoction (10). Infusions of the leaves and young branches are used as
stimulants, antiseptics, astringents, and hypoglycemic. They are used to
treat conditions such as asthma, eczema, psoriasis, diarrhea, gastrointestinal
disorders, and urinary infections. The leaf decoction is used for vaginal
washing, enemas, and to treat respiratory diseases; the fruit decoction is
used as an antidiarrheal and anti-hemorrhoidal agent, as well as to treat
mouth and eye diseases (29).

Myrtus communis has previously been used to treat a variety of
ailments, according to previous research. It has long been used to treat

diarrhea, hemorrhoids, bleeding, headache, leucorrhoea, excessive
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perspiration, pulmonary and skin diseases, as well as for hemostatic,

stimulant, and the treatment of constipation and respiratory diseases (30).
1-3 Synthesis of Nanoparticles (NPs)

Two basic approaches, which include various preparation methods and
have been used since ancient times, are used in the synthesis of
nanoparticles, which can be of natural or synthetic origin and exhibit
unique properties at the nanoscale. The first method is the "top-down"
method, which uses external force to break down solid materials into small
pieces. Many physical, chemical, and thermal techniques are used in this
approach to provide the necessary energy for nanoparticle formation. These
include photolithography, e-beam lithography, dip-pen lithography,
molecular beam epitaxy, and others. The second approach, is known as
"bottom-up,” implies that nanostructures are created using atoms as
building blocks. This approach includes chemical solution-phase synthesis,
vapor deposition, and plasma/flame spraying synthesis. Bottom-up
approaches have gotten a lot of attention because they are generally less
expensive, can be controlled by manipulating many experimental
parameters, and have the potential to reach an industrial scale Figures (1-3)
(31).

Due to cavities and roughness in nanoparticles, it is impossible to
obtain perfect surfaces and edges in the top-down approach, which is more
expensive to implement, whereas excellent nanoparticle synthesis results
can be obtained in the bottom-up approach. Furthermore, the bottom-up
approach produces no waste materials that must be removed, and
nanoparticles with smaller sizes can be obtained (32).

Biogenic Reduction, like chemical Reduction, is a "Bottom-Up"

approach in which a reducing agent is replaced by an extract of natural
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products with inherent stabilizing, growth terminating, and capping
properties. Researchers are focusing on green NP synthesis, in which plant
extract is primarily used to synthesize NPs. Green synthesis of NPs from
metal ions is more environmentally friendly, free of chemical
contamination, less expensive, and safe for biological applications (33),
(34).

There are numerous physical, chemical, biological, and hybrid methods
for the synthesis of various types of nanoparticles. To synthesize NPs, the
most common chemical approaches, such as chemical reduction using a
variety of organic and inorganic reducing agents, electrochemical
techniques, physicochemical reduction, and radiolysis, are widely used
(35).

The distinct properties of biologically synthesized NPs are preferred
over physical-chemically produced nanomaterials. Physical-chemical
procedures can be used to create nanoparticles. However, these methods
are capital intensive and have numerous issues, such as the use of toxic
solvents, the generation of hazardous by-products, and surface structure
imperfections. Chemical methods are typically made up of multiple
chemical species or molecules, which can increase particle reactivity and
toxicity while also harming human health and the environment due to

composition ambiguity and lack of predictability (33).

10
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Nanoparticle synthesis
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Figure (1-3): Typical synthetic for nanoparticles for top-down and bottom-up

approach (36).

1-4 Biosynthesis of Nanoparticle

Many studies in the literature indicate that chemical approaches to

nanoparticle synthesis are both environmentally unfriendly and costly. As a
11
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result, there is an increasing need to develop environmentally and
economically friendly processes that do not rely on toxic chemicals in the
synthesis protocols. The use of plant parts and microorganisms in the
biosynthesis of nanoparticles has been proposed as a cost-effective and

environmentally friendly alternative to physical and chemical methods
(37), (1).

Reductase enzymes, microorganisms can accumulate and detoxify
heavy metals by reducing metal salts to metal nanoparticles with narrow
size distribution and, thus, less polydispersity. Microorganisms, such as
bacteria (such as Actinomycetes), fungi, and yeasts, have been studied
extra- and intracellularly to synthesize metal nanoparticles in recent years
(38). In another study, Bacillus, Pseudomonas, Klebsiella, Escherichia,
Enterobacter, Aeromonas, Corynebacterium, Lactobacillus, and other

microorganisms were used to synthesize metal nanoparticles (35).

Plants and plant extracts appear to be the most promising alternative to
chemical synthesis and the more complex culturing and isolation
techniques required for many microorganisms. Furthermore, plant extract-
derived molecule combinations act as both reducing and stabilizing
(capping) agents during nanoparticle synthesis (39). These biological
molecules are chemically complex, but they are environmentally friendly.
Nanoparticles have been created using Azadirachta indica (40),
Enicostemma axillare (Lam.) (41), Cissus arnotiana (42), and other plant
extracts (43).

1-4-1 Biosynthesis of NPs from plants

By the wide availability of plant materials, using plants for
nanoparticle synthesis can be advantageous over other biological processes.

It also eliminates the ease of large scale-up and the process of culture

12
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maintenance, and there is no need to use high pressure, energy,
temperature, or toxic chemicals (44). Noble metal nanoparticles are the
most promising because they have good anti-bacterial properties due to
their large surface area to volume ratio, which is gaining attention among
researchers due to the growing microbial resistance to metal ions,
antibiotics, and the development of resistant strains. These distinct
properties are primarily determined by the size, shape, and surface area of

the nanoparticles (45).

The biosynthesis of metal nanoparticles by plants is currently being
explored, with (inactivated plant tissue, plant extracts, and living plant)
receiving attention as a viable alternative to chemical and physical
methods. Metal nanoparticle synthesis using plant extracts is very cost-
effective and thus can be used as an economical and valuable alternative
for large-scale metal nanoparticle production. Plant extracts have the
potential to act as both reducing and capping agents in the synthesis of
nanoparticles. Metal nanoparticle reduction via biomolecules found in plant
extracts (e.g. enzymes, proteins, amino acids, vitamins, polysaccharides,
and organic acids such as citrates) is environmentally friendly but
chemically complex (36). Plant NP synthesis can be classified as
extracellular, intracellular, or phytochemical. When plant extract is used as
a raw material for NP synthesis, extracellular methods are used, whereas
intracellular methods use cellular enzymes to synthesize nanoparticles
within plant cells. After synthesis, the NPs are recovered by separating the
plant cell walls (46).

Nanoparticles are made from plant parts such as roots, stems, leaves,
bark, and even seeds. The composition of plant extracts influences NP
formation in a salt solution. Aside from the concentration of each extract

and salt, pH was also important in the formation of NPs (47).

13
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1-5 Biosynthesis of Copper Nanoparticles

Copper nanoparticles (CuNPs) are highly interested due to their unique
properties, which include a high surface-to-volume ratio, high vyield
strength, ductility, hardness, and flexibility. In a variety of applications,
copper nanoparticles exhibit catalytic, antibacterial, antioxidant, and

antifungal activities, as well as cytotoxicity and anticancer properties (48).

Copper nanoparticles can be produced using microorganisms (bacteria,
fungi, aquatic algae, and yeasts), alcoholic or aqueous plant extracts, and
other biosynthesis methods (49). The use of plant extracts to make CuNPs
has grown in popularity due to the abundance of biological entities,
diversity, and environmentally friendly production methods (50). The
synthesis of copper nanoparticles has piqued the interest of researchers
because it is less expensive than obtaining silver or gold (51). Copper
nanoparticles research has advanced significantly in the last decade as a
result of its numerous applications in nanotechnology and nanomedicine,
such as catalysis, optics, electrical, and antifungal/antibacterial treatment
(52).

Metal ions with monovalent or divalent oxidation states are converted
into zero-oxidation copper nuclei during the CuNPs synthesis process, and
these nuclei are merged to form various shapes. During nucleation, nuclei
aggregate to form various shapes such as wires, spheres, cubes, rods,
triangles, pentagons, and hexagons (48). In the literature, copper
nanoparticles were synthesized and stabilized using various plants such as
Ocimum sanctum (53), Ginkgo biloba L. (54), Calotropis Procera L., and
others. However, when compared to other biological methods, the synthesis
of CuNPs with plant extracts is advantageous because metal ions are

removed much faster, resulting in high particle stability (55).
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1-5-1 Optimized Conditions for Biosynthesis of CUNPs

Several controlling factors are involved in the nucleation and
subsequent formation of stabilized nanoparticles during the biological
synthesis of metallic nanoparticles. Metal salt concentration, reaction time,
reaction solution pH, and temperature are among the factors that have a
significant impact on the quality, size, and morphology of the synthesized

nanoparticles (Figure 1-4).

pH
Extract Optimized Temperature
volume > Conditions
Salt Incubation
concentration period

Figure (1-4): Factors affecting to synthesis CuNPs (56).

When plant extract and Cu-salt are combined, the color changes from
colorless to dark brown, indicating the first appearance of CuNPs. Copper
salt has a significant impact on the size and structure of CuNPs. As the
concentration of salt increases, the surface plasmon bands shift to a higher
frequency, indicating aggregation. The incubation period of the reaction
determines the efficiency of CuNPs (57). The best results for CuNPs
synthesis are obtained by varying the pH of the reaction medium within the

desired range. The pH of the reaction mixture was changed to control the

15



Chapter One Introduction and Literature Review

size of the nanoparticles. Smaller-sized nanoparticles were obtained at
higher pH values compared to those obtained at lower pH values. This
difference can be attributed to a difference in the rate at which metal salts
are reduced by plant extract. The inverse relationship between pH value
and nanoparticle size revealed that increasing the pH value yields small-
sized spherical nanoparticles while decreasing the pH value yields large-
sized (rod-shaped and triangular) nanoparticles (58). While it is well known
that reaction temperature is an important factor in any synthesis, it has
recently been discovered that temperature also plays a role in determining
the size, shape, and yield of nanoparticles synthesized using plant extracts.
Both the reaction and particle formation rates appear to accelerate as the
reaction temperature rises; however, the average particle size decreases,

and the particle conversion rate steadily rises as the temperature rises (59).
1-6 Biological Applications of Copper Nanoparticles

Copper nanoparticles have piqued the interest of researchers in variety
fields (biomedicine, pharmacy, agriculture, and food industry) due to their
outstanding chemical and physical properties, constantly renewable

surface, low cost, and nontoxic preparation.

In various applications, copper nanoparticles exhibit catalytic activity,
antibacterial activity, cytotoxicity or anticancer activity, antioxidant
activity, and antifungal activity (Figure 1-5) (52). Copper-NPs are used in
catalytic activity for the Huisgen cycloaddition of alkynes and azides in a
variety of solvents under ligand-free conditions. Different dyes, toxic
organic compounds, and pesticides found in industrial waste are extremely
harmful to the environment and living organisms; therefore, CuNPs are
used for the degradation and reduction of various dyes such as methylene
blue (60), and the reduction of 4-nitrophenol (61). Copper- NPs in high

concentrations have been linked to several health problems. When used
16



Chapter One Introduction and Literature Review

properly, these particles are environmentally friendly; however, when used

arbitrarily, they become a formidable foe (62).

Anti-inflammatory

Anti-bacterial Antioxidant

activity

activity activity

Applications
of

Anti-viral Water

activity treatment

CuNPs

Anticancer

Drug carrier Catalytic

activity

activity

Figure (1-5): Different applications of Copper nanoparticles in biomedical fields
(63).

1-6-1 Antioxidant Activity

One of the most important free radical-producing processes in food,
chemicals, and even living systems is oxidation. Free radicals play an
important role in the degradation of food and chemical materials, as well as
in the development of over a hundred human diseases. Antioxidants
significantly postpone or prevent the oxidation of easily oxidable substrates
(64).

The byproducts of normal cellular metabolism are free radicals. A free
radical is an atom or molecule that has one or more unpaired electrons in its

valence shell or outer orbit and can exist independently. A free radical's
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odd number of electron(s) makes it unstable, short-lived, and highly
reactive. They can capture electrons from other compounds to achieve
stability due to their high reactivity. As a result, the attacked molecule loses
an electron and becomes a free radical, triggering a chain reaction cascade
that eventually damages the living cell. Both reactive oxygen species
(ROS) and reactive nitrogen species (RNS) are produced by both
endogenous (mitochondria, peroxisomes, endoplasmic reticulum,
phagocytic cells, etc.) and exogenous (pollution, alcohol, tobacco smoke,
heavy metals, transition metals, industrial solvents, pesticides, certain drugs
such as halothane, paracetamol, and radiation) sources (65). ROS and RNS
are both components of free radicals and other non-radical reactive species.
ROS/RNS serve a dual purpose in the living system, acting as both
beneficial and toxic compounds. ROS/RNS have beneficial effects at
moderate or low levels and are involved in a variety of physiological
functions such as immune function (i.e. defense against pathogenic
microorganisms), some cellular signaling pathways in mitogenic response,
and redox regulation. However, at higher concentrations, both ROS and
RNS cause oxidative stress and nitrosative stress, respectively, which can
damage biomolecules. Oxidative and nitrosative stress occur when there is
an excess of ROS/RNS production on one side and a deficiency of

enzymatic and non-enzymatic antioxidants on the other (66).

In humans, oxidative processes are responsible for the formation of
various forms of activated oxygen. Free radicals, which include hydroxyl
(OH"), superoxide (O;7), alkoxyl (RO"), and peroxyl (RO"), are molecules
with an unpaired electron in the outer orbit that are generally unstable and
highly reactive. Although hydrogen peroxide (H,O,) and singlet oxygen
(!0,) are not free radicals, they can cause free radical reactions (67).

Preventative mechanisms, repair mechanisms, physical defenses, and
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antioxidant defenses are all part of the human body's defense against ROS-
induced damage. The enzymes catalase and glutathione peroxidase (both of
which remove H,0,), as well as superoxide dismutase (which catalyzes the
dismutation of O, to form H,0,), provide an enzymatic antioxidant defense
(Figure 1-6). In humans, glutathione peroxidase is thought to be more
important than catalase as an H,O,-removing system. Furthermore, low-
molecular-mass substances like uric acid, ascorbate (vitamin C),
glutathione, tocopherols (vitamin E), ubiquinol, ergothioneine, hypotaurine,
and lipoic acid may act as antioxidants in the human body (25). "Oxidative
stress™ is caused by an imbalance between the production of ROS and the
activity of antioxidant defenses. Severe oxidative stress can cause cell
damage and tissue destruction by causing mutations and mitochondrial and
membrane disruption. As a result, when endogenous antioxidant defenses
are insufficient to completely scavenge ROS, ongoing oxidative damage to
DNA, lipids, proteins, and other molecules can be demonstrated. ROS have
been linked to a variety of human diseases, including atherosclerosis,
inflammation, cancer, rheumatoid arthritis, and neurodegenerative diseases
such as Alzheimer's and multiple sclerosis. However, ROS may contribute
to the occurrence of these diseases, but they may not be the primary cause
(67).

Plant extracts and products, such as flavonoids and other polyphenolic
constituents, are effective radical scavengers and lipid peroxidation
inhibitors (68).
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Figure (1-6): The main enzymes responsible for oxidative stress and scavenging
free radicals are Superoxide Dismutase (SOD), Catalase (CAT), Glutathione
Peroxidase (GPx), Glutathione Reductase (GR) (69).

1-6-2 Catalytic Activity

The reduction process is a fundamental chemical transformation in
organic synthesis and industrial chemistry, with the key step being the
transformation of electrons from a donor to an acceptor substance.
Nitrophenol (NP) reduction is a common and simple method for producing
aminophenol (AP), which are important intermediates in the synthesis of a
variety of nitrogen-containing compounds such as agrochemicals,

pharmaceuticals, polymers, dyes, pesticides, and cosmetics (70).

Nitrophenols are among the most prevalent organic pollutants in
waste-waters generated by agricultural and industrial sources, including
companies that manufacture explosives, dyes, and other products. 4-
Aminophenol (4-AP) on the other hand, is an important intermediate in the
production of antipyretic and analgesic drugs. As a result, various NPs can
be reduced to their amino counterparts using catalysts, with the catalysts
used playing a significant role (71). Concerning the greener aspect of
catalytic processes, it is highly desirable to develop environmentally benign
procedures that can be carried out preferably in aqueous media, thus
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avoiding the use of volatile organic solvents; sodium borohydride (NaBH.)
Is one such preferred water-soluble reductant for representative reducting

processes (70).

Copper-NPs have been reported to be effective in the reduction of 4-
NP. Cu is a low-cost alternative to the more expensive noble metal NPs,
with a wide range of potential applications in nanoscience. Because of its
reusability and stability, it is regarded as an effective catalyst, particularly
with the assistance of various supports. Furthermore, for 4-NP Reduction,
CuNPs exhibit higher catalytic activity than other metal NPs such as Ag,
Au, Pt, and Pd (72), (73). A hypothetical mechanism (Figure 1-7) depicts
the reduction of 4-NP; in the mechanism, 4-NP and sodium borohydride
are present in the solution as ions. The protons of the borohydride ion
adsorb on the surface of the copper nanoparticles, producing BO,. 4-
Nitrophenolate ions adsorb on the surface of CuNPs as well. CuNPs
overcome the Kinetic barrier of reactants due to the adsorption of both
protons and 4-nitrophenolate ions, and 4-nitrophenolate ion is converted
into 4-aminophenolate ions. After conversion, the 4-aminophenolate ion is

desorption and converted into 4-aminopheno|(48).

Adsorption ?
OH Desorption ]"/:::' \'ﬂ
[ L /\ /\ NH: m
NH2

NO: NaBH. +

4-NP
2H0

4H

BO
2 / \hsoi/

Figure (1-7): Mechanism of Reduction of 4-nitrophenol (48).

21



Chapter One Introduction and Literature Review

1-6-3 Anti-bacterial Activity

Antibiotic resistance in pathogenic bacteria is a challenging global
health issue that has prompted the search for new and more effective
antibacterial agents. Nanotechnology has been proven to be a powerful
weapon in the fight against bacteria. Antibiotics have enabled significant
advances in therapeutics, contributing to the rise of modern medicine (74).
The antimicrobial activity of nanoparticles (NPs) is known to be
proportional to their surface area in contact with microorganisms. As a
result, high surface area NPs ensure a diverse range of reactions on the
surface of microorganisms, inhibiting normal cell function or causing cell
death (75). Copper -NPs have received a lot of attention in recent years due
to their low cost, abundance, and exceptional antimicrobial activity (76). In
recent years, there has been an increase in the occurrence of multiple
resistances in human pathogenic microorganisms, owing largely to the
indiscriminate use of commercial antimicrobial drugs commonly used in
the treatment of infectious diseases. This has compelled scientists to look
for new antimicrobial substances in unexpected places, such as medicinal
plants. The search for new antibacterial agents should be expanded by
screening a wide range of plant families. Antimicrobial activity testing of
plant extracts and plant products has revealed that higher plants may be a
source of novel antibiotic prototypes (77). Many mechanisms of
antibacterial activity have been reported by previous researchers; thus, the
action of CuNPs on bacteria has yet to be fully explored. CuNPs are
thought to be adsorbed onto bacteria cell walls and interact with
electronegative elements within the cell membrane. This results in failed
metabolism, which interferes with and disrupts transcription in bacteria,
resulting in antibacterial activity by CuNPs. It is also thought that the
synergistic effect of CuNPs with extract bioactive compounds would have
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had a significant impact on inhibiting the activity of pathogenic bacteria.
The helical structure of DNA molecules is thought to have been disrupted
by the action of CuNPs. Furthermore, when CuNPs interact with the
released Cu metal ion, the electrochemical potential across the cell

membrane decreases, compromising membrane integrity (78).

Controlling the growth of bacterial biofilms with nanoparticles (NPs)
has gained prominence in the medical field. The use of nanoparticles is a
promising therapeutic strategy for combating the emergence of multidrug-
resistant bacteria. Although the antimicrobial effects of NPs on various
bacterial species have been demonstrated, the bactericidal mechanisms of
NPs are still being researched. Several factors, including NP
physicochemical properties and bacterial species involved, may play
important roles in NP antibacterial activity. Certain bacterial species are

more sensitive to specific NPs than others (79).
1-6-4 Anti-inflammatory Activity

Inflammation is a complex reaction to local injury or other trauma; it
is distinguished by redness, heat, swelling, and pain. Inflammation is a
normal protective response to tissue damage caused by physical trauma,
noxious chemicals, and/or microbial agents. It is the body's response to
inactivate or destroy organisms, remove irritants, and prepare the

environment for tissue repair (80).

Excessive activation of phagocytes, production of Oy, OH, radicals, as
well as non-free radical species (H,O,), which can harm surrounding tissue
either directly or indirectly with hydrogen peroxide (H.0O,;) and OH,
radicals formed from O, which initiates lipid peroxidation resulting in
membrane destruction, is seen in many inflammatory disorders. Tissue

damage causes an inflammatory response by releasing mediators and
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chemotactic factors. Reactive oxygen species are also known to activate
matrix metalloproteinase (e.g., collagenase), resulting in increased tissue
destruction, such as collagenase damage seen in various arthritic reactions.
As a result, agents that can scavenge reactive oxygen species may be useful

in the treatment of inflammatory disorders (81).

There are two types of inflammation: acute and chronic. Acute
inflammation is the body's initial response to harmful stimuli, and it is
achieved through the progressive movement of plasma and leukocyte-like
constituents from the blood into the injured tissues (locations). Chronic
inflammation causes a progressive shift in the type of cells present at the
site of inflammation and is characterized by the inflammatory process's

simultaneous breakdown and healing of the tissue (82).

To reduce inflammation, a variety of nonsteroidal anti-inflammatory
drugs (NSAIDs) are used. These anti-inflammatory NSAIDs have several
side effects that can be mitigated by the use of medicinal plants instead
(83). Traditional medicine has used plant extracts to treat a wide range of
disorders, including acute and chronic inflammation. Flavonoids are a
family of substances found in these extracts that have many interesting
biological properties, including anticancer, antimicrobial, antiviral, anti-

inflammatory, immunomodulatory, and antithrombotic properties (84).
1-6-5 Hemolysis

Hemolysis is defined as the breakdown or disruption of the integrity of
the red blood cell (RBC) membrane, which results in hemoglobin release.
The presence of free hemoglobin in the red cell suspending media, such as
plasma or additive solutions, usually indicates hemolysis in blood products.
Some diseases, such as hemolytic anemia, or processes, such as blood

centrifugation, can cause RBCs to break down prematurely. Despite
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significant progress in improving RBC stability during processing, storage,
and transfusion, being outside the body increases the risk of hemolysis
(85).

The presence of NPs in the environment is significant in terms of their
impact on human health; thus, the combination of nanotechnology and
toxicology gives rise to the new term 'nanotoxicology.' One of the major
contributors to the toxic potential is the release of metal ions from NPs.
The dissolution of metal ions from metal NPs, as well as the environment

in which the NPs are exposed, play critical roles in inducing toxicity (86).

Copper-NPs can cause toxicity due to their small size and ability to
release ions in acidic conditions. In general, the physicochemical properties
of any nanoparticle system are critical to comprehending toxicological
mechanisms. Particle size, shape, crystallinity, aggregation, and surface

coating are examples of these properties (87).

Copper is kept in homeostasis in the human body. If the amount of
copper consumed exceeds the range of human tolerance, toxic effects such

as hemolysis, jaundice, and even death will occur (88).

The membrane mechanical stability of red blood cells (RBCs) is a
good indicator for estimating in vitro cytotoxicity as cells with cytotoxic
compounds. Lyses can have a variety of health consequences and cause a
variety of disorders. Hemolysis has been observed in transferable diseases
as a result of microbe action. Phenolic compounds, flavonols, and
glycosides have numerous biological activities that may be important in
antioxidant and cytotoxic activity (89).
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1-7 The Aims of this Study

1. Green synthesis of CuNPs from the environmentally friendly substance

(Myrtus Communis leaves extract).
2. Optimization of the suitable conditions for the synthesis of the CuNPs
3. Characterization of the synthesized nanoparticles.

4. Applications of synthesized CuNPs.
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Materials & Methods

2.Material 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’s used in this study

Instruments

Company

Atomic force microscopy (AFM)

CSEM

Cooling Centrifuge

D-78532/Germany

Electronic Balance

ABS 220-4/KERN

Fourier transform infrared (FT-IR)

Shimadzu (8400S)/Japan

GC-mass chromatography— mass
Spectrophotometer (GC-MS)

Aligant/ U.S.A

Gemyy Orbit Shaker

VRN-480/ Germany

Centrifuge

D-78532 Germany

Hot plate with magnetic stirrer

LabTech/Korea

Micro pipette

DragoLAB/China

D-91126 Schwabach FRG/
Oven

Germany
Scanning electron microscopy (SEM) Tescan Mira3 SEM/French
Transmission electron microscopy (TEM) | (EM10C/Germany)

Water bath

Gallenkamp / England

UV-Vis spectrophotometer

UV-1800/ Kyoto, Japan

Vortex mixer

945307 /ITHE.U.S.A

X-ray diffraction (XRD)

Philips Xpert /Holland
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2-1-2 Chemicals

The chemicals which used in this study are listed in table (2-2)

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

Chemicals Company

1,1-Diphenyl-2picrylhydrazyl Free
PRENYI-epICTyTyErazy Tokyo Chemical Industry TCI

Radical

Ammonium molybdate BDH Chemical Ltd Pool/England
Anhydrous acetic acid Chem- Supply

Anhydrous sodium carbonate Chem- Supply

Basic nitrate bismuth BDH Chemical Ltd Pool
Calcium chloride Stago

Chloroform Gainland Chemical Company
Copper sulphate solution Analar Trad Mark

Ethanol Gainland Chemical Company
Iron chloride BDH Chemical Ltd Pool
L-Ascorbic Acid Himedia, India

Lead acetate BDH Chemical Ltd Pool
Mercuric chloride BDH Chemical Ltd Pool
Potassium citrate Merck

Potassium dihydrogen phosphate | Merck

Potassium ferricyanide Analar Trad Mark

Potassium iodide Analar Trad Mark

Sodium hydroxide Analar Trad Mark

Sodium Phosphate BDH Chemical Ltd

Sulfuric Acid Belgium

Trichloroacetic Acid Gainland Chemical Company
Bovine serum albumin Sigma (USA)
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Sodium borohydride Chem- Supply
perchloric acid Himedia
Trypsin Sigma (USA)
Triton-X 100 Himedia
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2-2 Methods

2-2-1 Summary of Experimental Part

The general steps for synthesis copper nanoparticles and their

applications summarized in figure (2-1).

Preparation of aqueous M. communis leaves

Boiling for
5 minutes

Filtrate

Addition 1ImM
CuS04.5H20

Copper
nanoparticle

Characterization

(UAVE FT-IR XRD SEM
Visible

Boiling for | Boiling for
10 minutes 15 minutes
Filtration
Discard
mass
FT-IR GC-mass Qualitative
Analysis
Applications
TEM | AFM Clinical Antioxidant | | Catalytic
application ivi
pp Activity Activity
Anti-inflammatory Hemolysis Antibacterial

Activity Activity

Figure (2-1): Schematic diagram for synthesizing CuNPs and their applications
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2-2-2 Collection of Plant

Myrtus communis fresh leaves were obtained from the garden of the
University of Kerbala, College of Science. The leaves were cleaned with
distilled water and rinsed with deionized water. The clean leaves were
dried and crushed into small slices before being stored in a dark and dry
place for future use. Myrtus communis was identified 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 M. communis leaves extract was submitted to
phytochemical analysis. These phytochemical included alkaloids,
coumarins, flavonoids, resins, saponins, sugars, tannins, phenolic

compound, terpenes and steroids
« Alkaloid test 9

Dragendroff's reagent was used for the identification of alkaloids and,

prepared as, follows:

Solution A: it was prepared by dissolving 0.85 g of basic nitrate bismuth in

a mixture of 10 mL of acetic acid and 40 mL of distilled water.

Solution B: it was prepared by dissolving 8 g of potassium iodide in 20 mL

of distilled water.

Stock solution: it was prepared by mixing equal volumes of solution A and
B.

Spray reagent: it was prepared by mixing 1 mL of stock solution with 2

mL of acetic acid and 10 mL of distilled water.

Dragendroff's reagent gives orang color when spraying it over a spot of
alcoholic extract. That mean presence alkaloid in the plant.
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o Coumarin test @

A 5 mL of alcoholic extract was taken in a test tube and covered using
the filter paper and then, spraying it with 5% sodium hydroxide, and
boiling in water bath for 5 minutes; intense yellow-green fluorescence

develops when dried paper is placed under UV-light for 5-10 minutes.
« Flavonoid test ©®?

Equal volumes of 50 % ethyl alcohol and 50 % sodium hydroxide were
mixed and the alcoholic extract was added within the same volume, the

yellow color indicates the presence of flavonoid.
* Resins test ¥

A 25 mL of 95 % ethanol was added to 5 g of plant, boiling it for 2
minutes in water bath, the extract was filtered and few drops of 4 % Hcl

were added. When strong turbidity appears, indicate a positive test.
 Saponins test 9

A 5 mL of aqueous extract of plant was added in a test tube and was
shaken vigorously a thick foaming remained for long time; this is evidence

for a positive test.
e Sugar test 4

Benedict reagent was used for testing monosaccharide and prepared by
dissolving 173 g of potassium citrate with 100 g of anhydrous sodium
carbonate in 800 mL distilled water, then boiling and filtration, the copper
sulphate solution 17.3% was added to the filtrate, the volume was

completed to 1liter of distilled water.
RCHO + 2 Cu?* +50H — RCOO™ + Cu,0 + 3 H,0

Plant extract (1 mL) was taken and 2 mL of Benedict reagent was added
in a test tube, then boiling in water bath for 5 minutes. A red color
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precipitate, indicate the presence of sugar.

 Phenolic compound test ¢4

A few drops of 1 % FeCl; were added to 1 mL of alcoholic extract of
plant. Green, purple, blue or black color, one of them given in solution

contains phenols.
 Tannins test 2

A 1mL of lead acetate was added to 1 mL of alcoholic extract.

Appearance of white mucilage precipitate indicates the presence of tannin.
 Terpene and Steroid test ¢4

A 1 mL of alcoholic extract was mixed with 2 mL of chloroform; one
drop of anhydrous acetic acid and one drop of concentrated H,SO, were
added. Brown color indicates the presence of terpene while formation blue
color after leaving the mixture for a period indicates the presence of

steroid.
2-2-4 GC-Mass Spectroscopy

Gas chromatography—mass spectrometry (GC-MS) is an analytical
method that combines the features of gas-chromatography and mass
spectrometry to identify different substances within a test sample. GC- MS
were used to analyze the chemical constituents of M. communis leaves
extract. This analysis was done at the University of Kashan, Iran. The
instrument used electron ionization with two columns, Helium, Nitrogen,
and zero air, as a carrier gas. The furnace temperature was 400 °C; after
getting a chromatogram of GC-Mass for organic compound, the
constituents were identified by comparing their spectra to those stored on

the computer library.
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2-2-5 Preparation of Myrtus communis Leaves Extract

The crude extract of M. communis was made by weighing 10 g of
dried leaves and adding them to 100 mL of deionized water, then heating
the combination for 10 minutes on a hot plate at 50 °C. The mixture was
filtered using Whatman No. 1 filter paper. The filtrate was used for
synthesis CuNPs (95).

2-2-6 Synthesis of Copper Nanoparticles (CuNPs)

For the synthesis of CuNPs, aqueous solution of (ImM) of copper
sulfate (CuSQO4.5H,0) was prepared, then various volumes of aqueous
leaves extract of M. communis 10% (3, 5, and 10 mL) (the pH of the
extract was adjusted to pH 10 by the addition of 0.1 mM NaOH) was mixed
with 10 mL aqueous solution of (ImM) CuSO45H,0 and stirred
continuously for 30 minutes at room temperature. The reduction took place
rapidly, which is indicated by the change in color of the solution. The
mixture was incubated at room temperature overnight. The mixture was
centrifuged at 8000 xg for 15minuets to get copper nanoparticles. The
nanoparticles were purified and washed three times by deionized water
with repeated centrifugation; finally, the pellets of CuNPs were dried using

an air oven and collected for further use.
2-2-7 Effect of Heating Time of Extract

To measure the influence of heating time to prepare the aqueous
leaves to extract M. communis. A 10 g of cut leaves were boiled with 100
mL of deionized water for (5, 10, and 15 min) respectively. The color
change in the solution from yellow to brown was followed using UV-

visible spectroscopy at different time periods.
2-2-8 The Influence of the Extract Volume
To measure the effect of extract volume, various volumes of aqueous
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extract (3, 5, and 10 mL) respectively was added into 10 mL of (1 mM)

CuS0QO,4-5H,0; the synthesized CuNPs were observed as a function of time
of reaction using UV-visible spectroscopy at periods and follow the

exchange of color with the time.
2-2-9 Effect of pH of Extract

pH is an essential factor for any synthesis reaction, especially for
biochemical reactions. The development of pH values of leaves extract on
the synthesis of CuNPs was studied using various pH (5, 6, 7, 8,9 and 10)
with the constant volume and concentration of CuSO4-5H,0 (10 mL, 1mM)

and temperature (50°C). The effect of pH values was analyzed using UV—

visible spectroscopy.

2-2-10 Effect of CuSO4-5H>0 Concentration on Synthesis of CuNPs

The concentration of precursor is also a significant parameter for
nanoparticles synthesis. The concentration of CuSO,4-5H,0 was optimized
by varying the concentration of CuSO4-5H,0 (1ImM, 2mM, and 3mM) with
the constant other factors, the volume of extract (10 mL), pH of the
medium (10), and temperature (50°C). The effect of CuSO45H,0

concentration was evaluated using UV-visible spectroscopy.
2-2-11 Characterization of Synthesized Copper Nanoparticles
2-2-11-1 UV-Vis Spectroscopy

The synthesis of CuNPs was confirmed by a color change and UV-
visible absorption spectra. The absorbance of the solution mixture was
measured at different periods, and the maximum absorption was

determined with the scanning at the range from 300 to 700 nm.
2-2-11-2 Fourier Transform-Infrared (FT-IR) Spectroscopy

FT-IR analysis was done for both extract and synthesized CuNPs. FT-

35



Chapter Two Materials & Methods
IR spectroscopy is commonly used to examine interactions between NPs

and capping agents. Using this method, the interactions of the functional
group and the metal NPs can be checked when two or more functional

groups are present in the capping agent.
» Sample Preparation for FT-IR Spectroscopy

Copper nanoparticles were purified then filtrate and pellet washed in
deionized water. Process was repeated three times, removes the filtrate and
dried pellet. After drying pellet powder well, the pellet was measured with

the KBr disk in the wavelength ranging from 400 to 4000 cm.
2-2-11-3 X-ray Diffraction Analysis

X-ray diffraction (XRD) is an effective non-destructive method for the
characterization of crystalline materials. This provides information on
structures, phases, desired crystal orientation (texture), and other structural
parameters, such as average crystal size, crystallinity, strain, and crystal

defects.

The synthesized CuNPs were characterized using (XRD) (Philips
Xpert /Holland XRD) with Cu-Ka radiation (A =1.50456) in the range of
(10° to 80°). Different phases present in the synthesized samples were
determined by X' pert high score software with search and match facility.
The crystal size of the prepared samples was calculated using the Scherer

equation as follows:
D=09A/Bcos O ------ (2-1)

Where D is the average of crystal size, A is the wavelength of X-ray, B is
the half maximum of the full width, and 0 is Bragg's angle in radians. Cu-
kal radiation (A =1.50456) was used in the range of 100 to 80°. This

analysis was done in Iran.
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2-2-11-4 Atomic Force Microscopy (AFM).

The Atomic Force Microscope (AFM) is commonly used for the
topological investigation of surfaces of biomaterials also in the presence of
adhered cells with atomic resolution. In addition to topographic
measurements, AFM is also capable of quantifying surface roughness of

samples down to the nano-scale.

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

analysis software.
e Sample preparation for AFM

The powder of copper nanoparticles mixed with ethanol, dropped on
glasses slide, and then left on air to dry at room temperature after that the

sample was examined.
2-2-11-5 Scanning Electron Microscopy (SEM)

A scanning electron microscope (SEM) scans a focused electron beam
over a surface to create an image. The electrons in the beam interact with
the sample, producing various signals that can be used to obtain
information about the surface topography and composition. This analysis

was done in Iran.
e Sample Preparation for SEM

The powder of CuNPs was mixed with ethanol and dropped on glasses

slide, and then left on air to dry at room temperature.
2-2-11-6 Transmission Electron Microscopy (TEM)

Transmission electron microscopy (TEM) is a microscopy technique

whereby a beam of electrons is transmitted through an ultra-thin specimen,
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interacting with the specimen as it passes through. An image is formed

from the interaction of the electrons transmitted through the specimen. It
provides information about the structure, crystallization, morphology and

stress of a substance.
o Sample Preparation for TEM

The powder of CuNPs was mixed with ethanol then dropped on
glasses slide, and then left on air to dry at room temperature after that the

sample was examined.
2-2-12 Biochemical Applications
2-2-12-1 Antioxidant Assay

The synthesized CuNPs from M. communis leaves extract was evaluated
for their antioxidant activity using three methods. Ascorbic acid was used

as a reference.

2-2-12-1-1 1,1-Diphenyl-2-picrylhydrazyl (DPPH) Radical Scavenging
Assay

* Principle

At room temperature, the DPPH reagent (1,1-diphenyl-2-
picrylhydrazyl) is a stable radical with a strong absorption band centered at
about 517 nm. It has a deep violet color in solution and becomes colorless
or pale yellow when neutralized by radical scavengers. It thus offers a
quick and easy method to measure the radical scavenging activity (90).

DPPH" is characterized as a stable free radical due to the delocalization
of the spare electron over the molecule. Thus, the molecule cannot
dimerize, as would happen with other free radicals (63). When DPPH"
reacts with a hydrogen donor, the reduced (molecular) form (DPPH) is
generated, accompanied by the disappearance of the violet colour.

Therefore, the absorbance diminution depends linearly on the antioxidant
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concentration (96).

e Solutions:

DPPH (0.135 mM) was prepared freshly by dissolving 0.0053g in 100

mL ethanol.
* Procedure:

The free radical scavenging capacity of the extracts and CuNPs were
determined using DPPH (97).

1. A serial of dilutions of each CuNPs , M.communis extract ,and ascorbic

acid were prepared (5, 10, 20, 25, 50,and 100) pg/mL respectively.

2. An equal volume 1 mL of DPPH (0.135 mM in ethanol) and CuNPs or

M.communis extract was mixed.

3. The mixture was vortexed vigorously and it was left in the dark at room

temperature for 30 minutes.
4. The control was prepared as above without addition extract or CuNPs.

5. The absorbance of the samples and control were measured at 517 nm.

Ascorbic acid was used as a positive control.
 Calculations

The ability of M. communis extract and CuNPs to scavenge the DPPH
radical was calculated as a percentage of inhibition.

% Inhibition = [(A control - A sample) / A control] % 100 ------ (2-2)
where A is the Absorbance.
2-2-12-1-2 Reducing Power.
* Principle

The reducing power was determined according to the method described
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by (98). In this process, 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, yielding ferric ferrocyanide, a blue

coloured complex, with a maximum absorbance at 700 nm.
e Solutions:

» Phosphate buffer (pH 6.6) was prepared by dissolving 34.83 g of
KoHPO, and 2.7 g of KH,PO, in 1L of the deionize water.

» K; Fe(CN)g(1%wi/v) was prepared by dissolving 1 g of it in 100 mL

deionize water.

« Trichloroacetic acid (TCA) solution (10%): was prepared by dissolving

10 g in100 mL deionize water.

« Ferric chloride (FeCl3) (0.1%) was prepared by dissolving 0.1 g in 100

mL deionize water.
e Procedure ¥:

1. A1 mL of each CuNPs and M.communis extract at various
concentration (100, 50, 25, 20, 10 , and 5) pg/mL respectively, was
mixed with equal volume of phosphate buffer (0.2 M ,pH 6.6) and K3
Fe(CN)s (1% wiv).

2. The mixture was incubated at 50 °C for 20 minute and the 1 mL of

trichloroacetic acid (TCA) solution (10%) was added to stop reaction.
3. The mixture was centrifuged at 6000 xg for 15 minutes.

4. The supernatant solution (1.5 mL) was mixed with distilled water (1.5
mL) and 0.1 mL of ferric chloride (0.1%) for 10 minutes.

5. The absorbance was measured at 700 nm. As the absorbance of the

reaction mixture increased, reducing power of the CuNPs increased.
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2-2-12-1-3 Determination of Total antioxidant Activity

* Principle

The antioxidant capacity of CuNPs and M.communis extract was
measured spectrophotometrically through phosphomolybdenum method
described by (98), which was based on the reduction of Mo (VI) to Mo (V)
by the sample analyte and the subsequent formation of green phosphate/Mo

(V) compounds with a maximum absorption at 695 nm.
* Solutions
» Reagent Solutions

The reagent solution (4 mM ammonium molybdate, 28 mM sodium
phosphate and 0.6 M sulfuric acid) was prepared by mixing 3.2 mL of
concentrated sulfuric acid (18 M), 0.0397 g of anhydrous sodium
phosphate, and 0.494 g of ammonium heptamolybdate, all these materials

were dissolved in 100 mL of deionized water.
 Procedure (109):

1. An aliquot of 0.3 mL of each diluted extract and synthesized CuNPs at
concentration (5, 10, 20, 25, 50 and 100 pug/mL) respectively was mixed

with 3 mL for reagent solution.
2. The tubes were incubated at 95 °C for 90 minutes.
3. The mixture was cooled.
4. The absorbance of the solution was measured at 695 nm.

5. Control (Ascorbic acid) was prepared as above accepting CuNPs or

extract.
* Calculations
The antioxidant activity was calculated as a percentage (%) as
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following:

% Total antioxidant = [(A control — A sample) / A control] X 100 ----- (2-3)
where A is the Absorbance.
2-2-12-2 Catalytic Activity
* Principle

The reduction of 4-nitrophenol by an excess of NaBHy, in the presence
of metal NPs was often used as a model reaction to evaluate the catalytic
activity of different systems. The reduction of 4-nitrophenol to 4-
aminophenol is of industrial importance as 4-aminophenol is a
commercially important intermediate for the manufacturing of analgesic
and antipyretic drugs. The reduction of 4-nitrophenol can be monitored by
successive decrease of peak intensity at 400 nm (attributed to the presence

of 4-nitrophenate ions) (71).
* Solutions:

 Sodium borohydride (NaBH,) was prepared by dissolving 0.757 gm in

100 mL of the deionize water.

* 4-nitrophenol (4-NP) was prepared by dissolving 0.0028 gm of it in 100

mL deionize water.
e Procedure:

The catalytic activity of CuNPs and M.communis extract was
determined according to the method described by (101).

1. To a 3 mL cuvette containing freshly prepared sodium borohydride
(ImL, 0.2 M) solution, a 4-nitrophenol (1.9 mL, 0.2 mM) solution was
added.

2. The cuvette was then placed in a UV-vis spectrophotometer, and the
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absorbance against wavelengths was recorded.

3.A 0.1 mL of each CuNPs and M. communis extract at various
concentrations (5, 10, 20, 25,50, and 100) ug/mL were added to the

cuvette and shaken vigorously for mixing.

4. The cuvette was kept in a UV-vis. spectrophotometer and scanned from

200 to 800 nm ranges.
2-2-12-3 Anti-bacterial Assay:

The antibacterial activity of M. communis leaves extract and CuNPs
was determined using the agar well diffusion method (102). The
antibacterial activity was assessed against Gram-negative bacteria
(Klebsiella pneumonia and Pseudomonas aeruginosa) and Gram-positive

bacteria (Staphylococcus aureus and Lactobacillus salivarins).
 Procedure:

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

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

3. A serial of dilutions for both CuNPs and M. communis extract were
prepared at various concentration (100000,75000, 50000, 25000 pg/mL).

4. All wells were filled with (100 pL) of each test sample (CuNPs and M.

communis extract)
5. The plates were incubated at 37 °C for 24 hours.

6. The inhibition zones diameter of each sample was measured in

millimeters.
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2-2-12-4 In vitro Anti-inflammatory Activity

The anti-inflammatory activity of plant extracts and synthesized CuNPs
was evaluated using three in vitro-based assays (protein denaturation,

proteinases action, Human Red Blood Cells (HRBC) membrane

stabilization) method, Aspirin was used as a reference.

2-2-12-4-1 Inhibition of Albumin Denaturation

Denaturation of proteins is a well-documented cause of inflammation
(82). As part of the investigation on the changes in the anti-inflammatory
activity, the ability of CuNPs and M.communis extract on prevent protein

denaturation was studied.
e Solutions:

*Bovine serum albumin (BSA) (1% aqueous solution) was prepared by

dissolving 1 gm of it in 100 mL deionize water.
* Procedure:
Method of Govindappa et al (103) , was followed.

1. A serial of dilutions of each CuNPs, M. communis extract, and aspirin

were prepared at various concentration (100, 50, 25, 20, 10, 5) pg/mL.

2. The reaction mixture (0.5 mL) was prepared by adding 0.45 mL bovine
serum albumin (1% aqueous solution) into test sample (M. communis

extract, CuNPs, and aspirin).

3. The pH of reaction mixture was adjusted at 6.3 using a small amount of
HCI.

4. Samples were incubated at 37°C for 20 minutes.
5. Samples were heated at 51°C for 20 minutes.

6. After cooling, the turbidity of the samples was measured
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spectrophotometrically at 660 nm.

 Calculations

« The Percentage of inhibition of protein denaturation was calculated as

follows:
% inhibition = [(A Control — A Sample) /A Control] x 100 ----- (2-4)

where A control is the absorbance of solution without test sample, A
sample is the absorbance of solution with sample extract or CuNPs or

standard.
2-2-12-4-2 Protein inhibitory action

Proteinases have been implicated in arthritic reactions. Neutrophils are
known to be a rich source of proteinase which carries in their lysosomal
granules many serine proteinases. It was reported that leukocyte’s
proteinase plays an important role in the development of tissue damage
during inflammatory reactions and a significant level of protection was

provided by proteinase inhibitors (104).

« Solutions:

* Trypsin was prepared by dissolving 0.01 g in 100 mL deionized water
* Tris HCI buffer pH (7.4)

 Casein was prepared by dissolving 0.8 g in 100 mL of sodium hydroxide
(NaOH)

e Procedure:

The test was performed according to the method described by
Govindappa et al (103) .

1. A serial of dilutions of each CuNPs, M.communis extract ,and Aspirin

were prepared at various concentration (5, 10, 20, 25, 50, 100) pg/mL.
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2. The reaction mixture (2 mL) was containing 0.06 mg trypsin, 1 mL (20

Mm) Tris HCI buffer (pH 7.4) and 1 mL test sample (CuNPs ,

M.communis extract , and Aspirin).

3.The mixture was incubated at 37 °C for 5 minutes.

4. Casein 0.8% (w/v) was added to the mixture.

5. The mixture was incubated for an additional 20 minutes.

6. Two mL of 70% perchloric acid was added to terminate the reaction.

7. Cloudy suspension was centrifuged and the absorbance of the

supernatant was read at 210 nm against buffer as blank.
* Calculations

The Percentage of inhibition of proteinase inhibitory activity was

calculated as follows:

% inhibition = [(A control — A sample) / A control] * 100 ----- (2-5)
where A is the absorbance
2-2-12-4-3 Membrane Stabilization Test

According to Chippada et al (105), lysosomal the stabilization of
lysosomal membrane is vital in controlling the inflammatory response by
inhibiting the release of lysosomal constituents of activated neutrophil,
such as bactericidal enzymes and proteases, which may lead to further
tissue inflammation and damage upon extracellular release or by stabilizing

the lysosomal membrane.
» Preparation of Red Blood cells (RBCs) suspension

Fresh whole human blood (10 mL) was collected and transferred to
the heparinized tubes. The tubes were centrifuged at 3500 xg for 10

minutes and they were washed three times with an equal volume of normal

46



Chapter Two Materials & Methods
saline. The volume of the blood was measured and reconstituted as 10%

v/v suspension with normal saline (106).
 Procedure:

Heat-induced hemolysis was carried out, as described by Okoli et al
(107).

1. Serial of dilutions of each CuNPs , M.communis extract ,and aspirin

were prepared at various concentration (5, 10, 20, 25, 50, 100) pg/mL.

2. The reaction mixture (2 mL) consisted of 1 mL of test sample (CuNPs,
M. communis extract ,and aspirin) respectively and 1 mL of 10% RBCs

suspension.
3. Saline was added to the control test tube, instead of test sample.

4. All the centrifuge tubes containing reaction mixture were incubated in
water bath at 56 °C for 30 minutes.

5. After incubation, the tubes were cooled under running tap water.

6. All tubes containing reaction mixture was centrifuged at 2500 xg for 5

minutes.
7. The absorbance of the supernatants was measured at 560 nm.
* Calculations

The Percentage of Membrane stabilization activity was calculated as

follows:
% inhibition = [(A control — A Sample) I A Control] x 100 ----- (2-6)

where A is the absorbance
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2-2-12-5 Hemolytic Assay

* Principle

Hemolysis in blood products is usually manifested by the presence of
free hemoglobin in the red cell suspending media, such as plasma or
additive solutions (108).

* Procedure

Ten healthy donors, their ages ranging from 18-40 years old, were
subjected to this study. Ethylenediaminetetraacetic acid (EDTA) test tube
used to collect blood. This assay was performed as described by the method
of Laheeb and Al-saadi (95).

1. A 30 pL of CuNPs or extract solution at various concentrations (5, 10,
20, 25, 50 and 100) pg/mL respectively, was added to 0.2 mL of blood

sample and mixed well for 5 seconds.
2. Normal saline (10 mL) was added to prevent excessive hemolysis.
3. The mixture was centrifuged at 3000 xg for 10 minutes.
4. The absorbance of mixture was measured at 540 nm.

5. Complete hemolysis (100%) was achieved by diluting blood with 100

fold of distilled water.
6. Triton X-100 used as positive control.

 Calculations

After measuring the absorbance, the percentage of hemolysis was
calculated by following equation:

% Hemolysis= [(AT-AS) / (A 100%-AS)] x 100 % ------- (2-7)
AT: Absorbance of test solution.
AS: Absorbance of normal saline.

A 100%: Absorbance of 100% hemolysis.
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3.Results

3-1 Qualitative Phytochemical Analysis of Myrtus communis Leaves

Extract

The chemical constituents of M. communis leave extract were
investigated. These constituents were flavonoids, resins, saponins, sugar,

tannins, phenolic compound, and terpenes (Table 1).

Table (3-1): Qualitative phytochemical analysis of M. communis leaves extract

Phytoconstituents Reagents Detection indicator | Results
Alkaloids Dragendroff's reagent Orange spots -
Flavonoids 50%ethanol+50% Yellow color +

NaOH
Resins 95% ethanol+ 4% Hcl Turbidity +
Saponins Shaking the extract Foaming remaining +
vigorously for a long time
Sugars Benedict Red precipitate +
Tannins 1% lead acetate White mucilage +
precipitate
Phenolic Green color +
compound 1% FeCls
Terpenes Brown color +
Steroids Chloroform + glacial Blue color -
acetic acid

The plants are considered natural. It has been confirmed through
various studies that the reduction of metals into their respective metals
nanoparticles has been carried out through plant extracts containing
polyphenols, terpenoids, alkaloids, sugars, proteins, and phenolic acids
(30).

Qualitative phytochemical analysis was an initial step to investigate
the active compound in the extract which assure the presence of phenolic

acids, tannins, and flavonoid that have biological properties like antioxidant
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activity, antimicrobial effect, anti-inflammatory, anti-diabetic, anti-

mutagenic, pro-apoptotic activity in cancer cells, cardiovascular, and anti-

atherogenicity effects (21).

Polyphenols are major plant compounds with antioxidant activity,
thought to be mainly due to their redox properties, which play an important
role in adsorbing and neutralizing free radicals, squeezing and triplet

oxygen, as well as decomposing peroxides (109).

Terpenes are the main group of phytochemicals of the essential oils of
various types of medicinal plants which are categorized based on isoprene
structure. Various types of these phytochemicals were identified as
antiviral, antibacterial, and antifungal agents. It was declared that these

chemicals could Kkill microbes through membrane disruption (110).

The complexity of extracts' chemical composition suggests the
involvement of various action mechanisms and consequently, it is difficult
to identify just one pathway of molecular action. It is very likely that each
of the constituents of the extracts has its mechanism of action or on the

other hand, the compounds could act in a synergistic way (29).

Biosynthesis of metal nanoparticles through phytochemicals is usually
carried out in an aqueous solution, surface chemistry is a major factor that
not only determined the various applications of the nanoparticles but also is
very important for the stability of synthesized nanoparticles. Phenolic
compound-coated metal nanoparticles represent more stability in
comparison with nanoparticles that have been synthesized by other
chemical reductants such as citrate or sodium borohydride. In general,
reducing agents were adsorbed on the surface of the particles through
various mechanisms (111). The assembly pattern on the metal surface
depends on various intermolecular interactions between adsorbed

molecules and the metal surface. Hydroxyl, carboxylic, or other functional
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groups of natural compounds are ideal for adsorption on metal surfaces

(112).

Various phytochemicals present in the plant extracts could play a key
role in the conversion of the ionic form of copper Cu?* into the metallic

nano-form Cu®.

A previous study reported that phenolic compounds, flavonoids,
Saponins, tannins, and sugar were found in M. communis. These
phytochemical compounds and vitamins have significant roles in reductant,
capping, and stabilizing the nanoparticles. Probably, the flavonoids present
in M. communis 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
(113).

3-2 GC-Mass Spectroscopy

In this study, GC-MS was utilized to identify the different biological
components of M. communis leaves extract. The chromatogram of the
study showed eight peaks of most constituents (Figure 1). Most of these
included (S)-2-methyl -1-dodecanol, heptadecanoic acid, heptadecyl,
thiosulfuric acid, trifluoroacetic acid, n-tridecyl, carbonic acid, decyl
dodecyl ester, octadecanoic acid and 9-hexadecenoic acid, methyl ester
(Table 2). The heights of different peaks show the relative concentration of

the compounds present in the aqueous extract of M. communis leaves.

The GC-MS analysis of plant extract results in the identification of
several phytochemicals, which have pharmacologically and industrially
potential like antioxidants, and several unsaturated fatty acids. The GC-
mass analysis displayed the existence of phytochemical components in M.
communis leaves extract. These compounds have several biochemical and
biological activities (114).
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Gas chromatography and mass-analysis of aqueous leaves extract of M.

communis detected the chemical compounds as a percentage of the area
which represents the major compounds. Palmitic acid or n-hexadecanoic
acid, ethyl ester is recommended to be a saturated fatty acid and it might
act as an antioxidant, anti-androgenic, hypocholesterolemic, hemolytic, and
alpha-reductase inhibitor. Hexadecanoic acid has earlier been reported as a

component in the alcohol extract of the leaves of Melissa officinalis (115).

A 9-octadecanoic acid is the main fatty acid in the extract. This fatty
acid is characterized for several applications in the biomedical field (anti-
arthritic, anti-inflammatory, anti-fungal, anti-tumor, and anti-bacterial).
These molecules indicate the medicinal roles of M. communis (116). A
previous study showed that Octadecanoic acid is present in most plants
such as Aesculus hippocastanum, Cassia Obtusifolia, Jasminum Sambac
Linn, Cenchrus setigerus, etc. Parasuraman et al. (2009) identified 17
compounds with n- Octadecanoic acid and hexadecanoic acid as the major

compounds in the leaves of Cleistanthus collinus (117).
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Figure (3-1): GC-MS of M. communis leaves extract
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Table (3-2): GC-mass analysis of M. communis leaves extract

Peak | Retention | Area % Name
Time
1 20.62 18.38 (S)-2-methyl -1-dodecanol
Hexyl octyl ether
2 30.15 20.36 9-Hexadecenoic acid, methyl ester, (Z2)-
1-Hexacosanol
3 32.67 2.73 Pentadecafluorooctanoic acid, octadecyl ester
Hexatriacontyl pentafluoropropionate
4 33.76 20.51 N-(2-Phenylethyl)
undeca-(2Z,4E) Heptadecanoic acid, heptadecyl
5 34.42 7.36 9-Octadecenoic acid (2)
Heptadecanoic acid, heptadecyl
6 35.06 12.99 Thiosulfuric acid (H2S203)

cis-Vaccenic acid
9-Octadecenoic acid

7 35.51 4.37 Phenol, 4-bromo-2-(1,2-dimethyl
Trifluoroacetic acid, n-tridecyl
8 36.12 13.30 Heptadecanoic acid, heptadecyl

Carbonic acid, decyl dodecyl ester

3-3 Synthesis of Copper Nanoparticles

The addition of copper sulfate solution to the aqueous extract of M.
communis resulted in a color change from yellow to brown due to the
synthesis of CuNPs and the color intensity increased with time (Figure 3-
2). Copper ions of CuS0O4.5H,0 were reduced to CuNPs. The crude extract
of M. communis is considered a reducing agent for Cu?* and stabilizer for
CuNPs. The first indication for CuNPs construction was the color change
within 24 hours, indicating the excitation of surface plasmon resonance of
CuNPs. 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): The gradual change in the color of the synthesized CuNPs with time.

The exposure time of reducing agents to metal ions is responsible for
the synthesis of nanoparticles so, the synthesis is increased as the reaction

incubation time of copper with the reductant increases (118).

The color change in the aqueous extract with copper sulfate solution
may be due to the presence of bioactive compounds in the agueous extract.
Various phytochemicals are responsible for the reduction of copper ions
Probably, the flavonoids or phenolic compounds in M. communis leaves act
as the reductions of metal ions, whereas saponins and tannins may act as
the capping agents. Moreover, polyhydroxy groups may be responsible for

the reduction of Cu?* ions into metal NPs (60).

A previous study reported that the color changes in the reaction mixture
strongly indicate the reduction of Cu?* ions to Cu® it was reported that
Magnolia Kobus leaves extract reduced Cu?* ion into CuNPs was followed
by color changes in the reaction mixture from yellow to dark brown due to
the excitation of surface plasmon resonance (119).

The intensity of absorption peak increased with increasing period of

55



Chapter Three Results& Discussion
mixing plant extract with an aqueous solution of CuSO4.5H,0 (Figure 3-3),

the absorbance was constant even after 24 hours, indicating the completion
of the reaction that is meaning that CuNPs prepared are not aggregate. This
increase in the absorbance intensity was due to the growth of copper

nanoparticles (54).
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Figure (3-3): UV-visible spectra of CuNPs at a different time of incubation

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

The synthesis of CuNPs from M. communis leaves extract was firstly
characterized with their absorbance spectra using UV-Vis spectroscopy,
where Surface Plasmon Resonance (SPR) absorption band at 481 nm after
24 hours (Figure 3-4). The broad, single, and strong absorption peaks
showed the formation CuNPs in the sample. To estimate the effect of the

boiling time of the leaves extract of M. communis, the dry leaves were
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boiled for 5, 10, and 15 minutes respectively. The UV-Vis spectrum of

synthesized CuNPs was measured at different times. The results revealed
that there was very little difference in the formation of CuNPs in 5 and 15
minutes boiling time whereas 10 min boiling time increased the formation
of CuNPs (Figure 3-5). The effect of the amount of plant extract of M.
communis to be added to an aqueous solution of copper sulfate for the
formation of CuNPs, different volumes of 10 minutes boiled leaves extract
(3, 5 and, 10 mL) respectively were added to 10 mL of CuSO,5H,0
(ImM) solution. The UV-vis spectra showed an increase in the intensity of
surface plasmon absorbance when increasing filtrate volume (Figure 3-6).
In 10 mL of filtrate, the maximum absorbance indicates the complete
reducting of copper ions and rapid synthesis of CuNPs. At the wavelength

481 nm, the volume 10 mL of M. communis was the best than 3 and 5 mL.

The result of the effect substrate concentration on the synthesis CUNPs
showed that a concentration of (1mM) copper sulfate yields the best results,
whereas the concentrations of 2mM and 3mM showed the lowest intensity

of reaction (Figure 3-7).

The addition of leave extracts to CuSO4.5H,0 had no effect on the
formation of nanoparticles when pH was considered. Copper-NPs were
obtained after the pH of the extract medium was changed to basic by
adding 0.1 mM NaOH (Figure 3-8). The solution turned light brown at pH
5, 6, 7, and 8 showed the peaks at the range of wavelengths (378-412
nm)respectively, which refers to form Cu,0 (120). It was found that the
formation of CuNPs began at pH 10 and absorption peaked at 481 nm,
revealing the formation of CuNPs. It was observed that with an increase in
pH, the absorption peak shifted towards a higher wavelength, indicating an
increase in the size of synthesized CuNPs. As the diameter of the particle
increases, the energy required to excite the surface plasmon electrons

decreases as a result, the absorption maximum shifted towards a longer
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wavelength. In addition to the spectral shift, there was an increase in the

absorption intensity with an increase in pH . Moreover, it was observed that
higher pH increases the rate of reduction as the color of the solution turned
brown more instantly as compared to a solution of lower pH hence,
alkaline pH is fantastic for the synthesis of CuNPs (121).

Hence, the optimal formation of CuNPs was obtained using 10 minutes
boiling time of the leaves extract, 10 mL volume of M. communis extract,
the concentration of copper sulfate solution (ImM), pH 10 of leaves
extract, and incubation at 50°C, all these conditions were the best and

selected for synthesizing CuNPs.

These conditions were chosen due to the rapid change color of the
reaction mixture and increased absorbance which indicated increases in the

synthesized CuNPs.
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Figure (3-4): UV-Visible spectra of CuNPs at 481 nm.
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Figure (3-5): UV-Visible spectra for CuNPs at different boiling times of extract.
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Figure (3-6): UV-Visible spectra for CuNPs at different volumes of extract
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Figure (3-7): UV-Visible spectra for CuNPs at different CuSOa45H20

concentrations.
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Figure (3-8): UV-Visible spectra for CuNPs at different pH
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Characterization of Cu nanoparticles is essential to assure the

synthesis of CuNPs and know whether the preparation is suitable for a
specific application. Copper-NPs are known to show a maximum UV-
visible absorption at the range of 400-600 nm due to surface plasmon
resonance. Previous study has shown that the spherical shape of CuNPs
participates in the band absorbance at around 450-600 nm in the UV —
visible spectra. These bands, absorbance was assumed to match the CuNPs

nature with comparatively small size (122).

The exact position of the SPR band may shift depending on the

individual particle properties including size, shape, and capping agents (2).

The pH affects the size, shape, and morphology of synthesized CuNPs.
The considerable effect of the reaction pH is its potential to alter the
electrical charges of the biomolecules present in M. communis, which
might change their reducing and capping ability and the upcoming growth
of nanoparticles (123). A similar result was found in the extract of guava
fruit (psidium guajava L) and the optimal pH for synthesizing CuNPs was
at 10 (124).

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

The FT-IR characterization is used to identify the functional groups
and observe the interaction between biomolecules of M. communis extract
(Figure 3-9) and CuNPs (Figure 3-10). The FT-IR spectrum of M.
communis leaves extract showed peaks at 3335.03cm™*(O-H stretching
vibrations), 2937.68 cm?® (C-H) and CH, vibration of aliphatic
hydrocarbons, 1726.35 cm™ (C=0 stretching vibration), 1616.40 cm™ (C=C
stretching vibrations), 1452.45 cm™ (O—H bending vibrations), 1367.58 cm’
1 (C-O stretching of the ester group), 1240.27 cm? (C-O asymmetric
stretching in cyclic polyphenolic compounds) and 1039.67 ¢cm? (O-H
deformation), whereas synthesized CuNPs had spectrum peaks at 3429.55
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cm? due to formation aromatic Cu-NPs pheromone( O-H groups), also

some signals emerged in 2922.25, 1649.19, 1554.68, and 1066.67 cm™ are

related to C-H asymmetric, stretching C=0 of aromatic rings, C=C

stretching and C-OH bending, respectively. The M. communis extract peak
locations and absorption intensities were compared to those produced from
CuNPs, and results showed that some band positions and absorption
intensities from the plant extract peak were replicated in the CuNPs FT-IR
spectrum with a slight shift in peak position. Moreover, peaks at 3335.03
cm? and 3140.22 cm™ in the FT-IR spectrum of the leaves extract are
shifted to 3429.55 cm™ in the FT-IR spectrum of CuNPs. Moreover, a band
at 1726.35 cm™ is present in the plant extract which has disappeared in the
FT-IR spectrum of CuNPs.

Another band at 713.69 cm~ was observed in the FT-IR spectrum of
CuNPs due to the presence of CuNPs, as it is not present in the FT-IR
spectrum of leaves extract. Therefore, the absence of the carbonyl band of
leave extract and appearance of a new peak at 713.69 the cm™ in the FT-IR
spectrum of CuNPs indicated that interaction of biomolecules of leaves

extracts occurred the through carbonyl band with CuNPs.

The FT-IR spectrum of CuNPs was characteristic of proteins suggesting
their role in the stabilization of the nanoparticles (125). The analysis of FT-
IR studies confirmed that the carbonyl groups from the amino acid residues
have a stronger ability to bind metal that is capping of copper nanoparticles
to prevent agglomeration and thereby stabilize the nanoparticles (126). This
suggests that the biological molecules perform dual functions of formation
and stabilization of CuNPs in the aqueous medium. Other study have
proven that proteins can bind with minerals and metallic nanoparticles
through free amine groups or reduce cysteine in the proteins (127). Many
other researchers found similar FT-IR spectra of CuNPs (128). 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 Ocimum Sanctum
have been reported to be capable of acting as the important roles of

reducing and capping agents in the synthesis of CuNPs (129).

As a result, it appears more likely that many functional groups, such as
alcohols, ketones, aldehydes, alkenes, and carboxylic acids, that are present
as plant metabolites and reducing sugars of M. communis plants are
responsible for the reduction of copper ions and stabilization of synthesized
(CuNPs).
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3-4-3 X-ray Diffraction (XRD)

XRD is an easy technique to determine the size and the shape of the unit
cell for any compound. Diffraction pattern gives information on
translational symmetry - size and shape of the unit cell from peak positions
and information on electron density inside the unit cell, namely where the

atoms are located from peak intensities (130).

The crystalline nature of the CuNPs was verified using X-ray
diffraction analysis. The X-ray diffraction analysis revealed three featured
peaks at 20 values of 43.43, 50.58, and 74.23°, corresponding to (111),
(200), and (220) planes of copper (Figure 3-11). The diffraction peaks and
Miller indices (hkl) to each peak are assigned, values of these angles were
compared with those 20 of CuNPs standard sample (JCPDS PDF card 04—
0836), which confirmed the Face Centered Cubic (FCC) structure of the
formed CuNPs using aqueous extract of M. communis 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

CuNPs. The average crystal size of CuNPs was estimated to be 39.16 nm.

The intensity of the peak reflects the high degree of crystallite of the
copper nanoparticles. The diffraction peak was broad signalize that the
crystallite size is very small (131). X-ray diffraction results show that the
synthesized copper nanoparticles are crystalline. The Brag reflection at
43.43, 50.58, and 74.23°, at 20 values, confirmed the crystalized structure
of copper nanoparticles.

Table (3-3) shows a comparison of our XRD spectrum with a standard
value of the theoretical values of standard X-ray diffraction powder
patterns.

Previous study showed the crystalline structure using XRD analysis of
biosynthesized CuNPs. Kalpana et al, (2016) confirmed the crystalline
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nature of Tridax procumbens leaves extract (132).
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Figure (3-11): X-Ray diffraction (XRD) of synthesized CuNPs from M. communis

leaves extract.

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

20 (Deg.) FWHM dhki dhki hkl
(Deg.) Exp () Std. (A)
43.4300 0.2331 2.0819 2.0860 (111)
50.5800 0.2661 1.8031 1.8065 (200)
74.2300 0.3458 1.2766 1.2774 (220)

3-4-4 Atomic Force Microscopy (AFM)

The topography of the surface and the size of particles were

determined by atomic force microscopy. This technique holds many

advantages in measuring dispersion and particles, as this test would not be

affected by the surface oxidation and conductivity (133). The measured

CuNPs in this study had an average size of 55 nm. The two-dimensional

and three-dimensional images of the particles, revealed homogenous
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uniform size and shape of synthesized CuNPs by 10 mL of M. communis

aqueous leave extract for boiling 10 minutes (Figure 3-12). In another
study, the average size of CuNPs synthesized from the Ziziphus mauritiana
L. plant extract was the same average size as the particles in the current
study (134).

L 0

v: 10.0

x 10 pm

Figure (3-12): AFM assay of CuNPs synthesized by 10 mL of M. communis
aqueous leaves extract for boiling 10 minutes. (a) Two-dimensional image (b)

Three-dimensional image.
3-4-5 Scanning Electron Microscopy SEM

The morphological characteristics (number, dimension, and shape) of
the biosynthesized CuNPs were investigated by Scanning Electron
Microscopy (SEM) analysis. SEM images showed that the CuNPs are
predominately spherical have a smooth surface and well dispersed with a
close compact arrangement. The average particle diameter was found to be
34.87, 40.91, and 55.10 (Fig. 3- 13).
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Figure (3-13): SEM image of biosynthesized copper nanoparticles (a) The particle

View fiaid: 2.08 gm  Data{micly}: 0504:21

size at different average diameters D1, D2, and D3. (b) SEM shows the spherical

shape of particles.
3-4-6 Transmission Electron Microscopy (TEM)

Transmission Electron Microscopy (TEM) is an important
characterization tool for the direct imaging of nanomaterials to obtain
quantitative measures of particle size, size distribution, and shape. The
particle size was measured using TEM (4).

TEM micrograph of copper nanoparticles is shown in (Figure 3-14)
which displays spherical NPs. Figure (3-15) showed the particle size
distribution based on TEM data, revealing that most of the distribution falls
between 35 and 70 nm in diameter, with an average mean diameter of 55
nm. The presence of an organic compound in plant extract allows particle
size to be controlled and at the same time avoids its agglomeration and
oxidation. This synthesis method depends on the high reactivity of the
copper complex as well as on its concentration and agitation speed during

the reaction. Both factors are very specific for controlling the morphology,
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particle size, and distribution (75).

These results are consistent with that of FT-IR and XRD studies

where the phenolic compounds and flavonoids can facilitate the

bioreduction of Cu?* ions to Cu® nanoparticles.

A similar study obtained CuNPs using Eupatorium glandulosum

extract and displays spherical NPs with an average size of 55 nm (135).
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Figure (3-14): TEM images of biosynthesized CuNPs. TEM image shows CuNPs

with spherical and semispherical forms.
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Figure (3-15): Distribution of flow diameter of the copper nanoparticles
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3-5 Biochemical Activities

3-5-1 Antioxidant Activity

In this study, three different assays were used to evaluate the
antioxidant of the CuNPs because the evaluation of antioxidant activity
cannot be carried out accurately by the single universal method, DPPH
assay, total antioxidant, and reducing power was used and ascorbic acid
was used as a reference. Among the three methods used, DPPH scavenging
capacity assay is the best choice because characterized by fast, stability,
and simplicity. The results showed that both CuNPs and the aqueous
extract of M. communis have a high antioxidant activity, which increased
gradually with the concentration when using the DPPH method (Figure 3-
16). The total antioxidant activity test is based on reducing Mo*® (V1) to
Mo* (V) by the antioxidant sample. The total antioxidant activity of M.
communis leaves extract was a little more than CuNPs compared with the
ascorbic acid (Figure 3-17). Besides, the results revealed that the
synthesized CuNPs have a reducing power more than M. communis leaves
extract (Figure 3-18).
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Figure (3-16): The inhibition percentage for DPPH free radicals scavenging
activity of M. communis extract (MCE), synthesized copper nanoparticles
(CuNPs), and Ascorbic acid (AA) at different concentrations.
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Figure (3-17): Total antioxidant ability of CuNPs, M. communis extract (MCE),
and Ascorbic acid (AA).
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Figure (3-18): Reducing power of CuNPs, M. communis extract (MCE), and
Ascorbic Acid (AA).
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Oxidation is an essential biological process in many living organisms

for the production of energy; however, the uncontrolled production of
oxygen-derived free radicals. Reactive oxygen species (ROS) caused
damage to complex cellular molecules such as carbohydrates, proteins,

lipids, and DNA, This led to the appearance of many health problems (65).

Copper-NPs showed a good ability to scavenge free radicals when
comparing it with the M. communis leaves extract and ascorbic acid, which
Is used as a well-known standard antioxidant. DPPH is a stable nitrogen-
centered free radical widely used to check the radical scavenging ability of
a compound or plant extract. When the stable DPPH radical accepts the
electron from the antioxidant compound, the purple color of the DPPH
radical was reduced to the yellow color, which was measured by a UV-vis
spectrophotometer. Substances capable of conducting this reaction can be
known as antioxidants and thus radical scavengers. The total antioxidant
capacity method determines the ability of a sample to donate electrons and

neutralize free radicals (69).

Numerous studies have been carried out on some plants, vegetables,
and fruits because they are rich sources of antioxidants, such as vitamin A,
vitamin C, vitamin E, -carotenoids, polyphenolic compounds, and
flavonoids, which prevent free radical damage, reducing the risk of chronic
diseases (136).

Polyphenols had great attention is due to their perceptible antioxidant
effects and have been associated with health promotion because of their
antioxidant properties. They can act as reducing agents, hydrogen-donating
antioxidants, singlet oxygen quenchers, and, in some cases, metal chelators.
They interfere with the oxidation of lipids and other molecules by rapid
donation of a hydrogen atom to radicals (25). Similar reports indicated that
the CuNPs have high antioxidant activity against DPPH (137); (42).
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3-5-2 Catalytic Activity

In the presence of synthesized CuNPs, 4-nitrophenol (4-NP) reduction
was studied using NaBH,. The aqueous solution of 4-NP showed a
wavelength absorbance at 317nm, but immediately after the addition of
NaBH, the redshift region at 400 nm is due to the formation of 4-
nitrophenolate ion. With the addition of CuNPs, the redshift region at 400
nm dropout and simultaneously appeared the shoulder of the blue-shift
wavelength at 298 nm was confirmed the reduction of a nitrophenolate ion
to aminophenol as shown in (Figure 3-19), that the reaction terminates
within 15 minutes in the presence of CuNPs, consistent with the
disappearance of the yellow color (4-NP) at the end of the reaction to form
colorless (4-AP) . At high concentrations (100 pg/mL), the UV-visible
absorption spectra showed that at 400 nm, the peak completely disappeared
after adding CuNPs. Furthermore, a new peak was observed at 298 nm
withinl5 minutes (Figure 3-19a), indicating the formation of 4-
aminophenol. At low concentration (50, 25, 20, 10, 5 pg/mL), the peak at
298 nm after 15 minutes not formed. While the addition of extract at all
concentrations, the peak at 400 remains, and no other peak formed (Figure
3-20). In the reduction process of 4-NP to 4-AP with aqueous transfers,
electrons from surface — hydrogen species transfer to NP when both of the

species are absorbed on the surface of the catalyst (138).

The reduction of (NP) in the presence of these composites has been
used previously to compare the catalytic activity of different metal
nanoparticles immobilized in the same system. Pal et al (2002) were the
first to identify the reduction of 4-nitrophenol (NP) to 4-aminophenol (AP)
by sodium borohydride (BH,") as such a model reaction (139). The finding
of this study is in good agreement with previous study where they showed
good catalytic activity of produced CuNPs from (Cassia occidentalis)
leaves extract (105).
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Figure (3-19): UV-visible spectrum of the reduction of 4-NP by CuNPs
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at

concentrations (a) 100 pg/mL (b) 50 pg/mL (c) 25 pg/mL (d) 20 pg/mL (e) 10

pg/mL and (f) 5 pg/mL .
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Figure (3-20): UV-visible spectrum of the reduction of 4-NP by M. communis at the
concentrations (a) 100 pg/mL (b) 50 pg/mL (c) 25 pg/mL (d) 20 pg/mL (e) 10
pg/mL and (f) 5 pg/mL .
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3-5-3 Anti-bacterial Assay

The antibacterial activity for each CuNPs and M. communis leaves
extract were tested against Gram-positive bacteria (Staphylococcus aureus
and Lactobacillus salivarins) and Gram-negative bacteria (Klebsiella
pneumonia and Pseudomonas aeruginosa). As shown in (Table 3-4), M.
communis leaves extract showed a pronounced antimicrobial activity
against all the tested bacteria compared to CuNPs. Staphylococcus aureus
and Lactobacillus salivarins were susceptible for M. communis at the
concentrations (10000,75000, and 50000 pg/ mL) respectively, and they
were intermediate at the concentration 25000 pg/ mL compared with
antibiotics whereas CuNPs didn’t show antimicrobial activity against
bacteria under study except for lactobacillus which showed intermediate

susceptible at the concentrations (10000, and 75000 pg/ mL.

These results of antibacterial activity of M. comminus leaves extract
were compared with the Antibiotics (Amoxicillin) (Tetracycline),

(Trimethoprim), and (Gentamicin), and synthesized CuNPs (Figure 3-21).

The antibacterial activity of the M. communis plant was attributed to its
unique phytoconstituents, which included tannins, saponins, steroids,
cardiac glycosides, and other compounds. It was discovered that the
difference in sensitivity between different microorganisms was primarily

due to the phytochemical constituents present in the plant (77).

However, it is difficult to compare the data with the literature because
several variables influence the results, such as the different chemical
composition due to the environmental factors (such as geography,

temperature, day length, nutrients, etc) of the plant (140).

And it is not forgotten that probably the synergistic effect between all
components of the essential oil of M. communis may be attributed to the
antimicrobial activity of the essential oil Moreover, it has been reported

77



Chapter Three Results& Discussion
that myrtle essential oils of different chemotypes have shown significant

inhibitory activity against Gram-positive bacteria more than Gram-negative
(74).

The antimicrobial activity of M. communis against seven pathogen
bacteria was also investigated by Akin et al. It was found to have some
activity against both Gram-positive and Gram-negative bacteria. The higher

efficacy of M. communis was confirmed by the agar dilution method (141).

Al-Saimary et al used two methods to evaluate the antibacterial
activity of various concentrations of aqueous extracts of M. communis
leave against Pseudomonas aeruginosa with comparison to 6 antibiotics;
these methods determine the growth inhibition zones and minimal
inhibitory concentration. Agueous leaves extracts gave an excellent effect
on bacterial growth and their effects were located within the limits of
antibiotic effects (142).
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Table (3-4): Anti-bacterial activity of CuNPs and M. comminus extract against

some pathogenic bacteria.

Test sample Concentration Inhibition zone diameter (mm)
(ng/mL)
Gram-negative Gram-positive
Klebsiella | Pseudomonas | Staphylococcus | Lactobacil
pneumonia | aeruginosa aureus lus
salivarins
100000 10 - - 14
CuNPs 75000 - - - 14
50000 - - - 7
25000 - - - 5
100000 12 9 25 23
Extract 75000 9 7 20 20
50000 - - 20 20
25000 - - 19 18
Antibiotic 25 - - 15 37
(Amoxicillin)
(Tetracycline) 30 - - - 30
(Trimethoprim) 5 - - 25 35
(Gentamicin) 10 19 - 7 14
(D.W) - - - -
(D.W+ ethanol) - - - -
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Figure (3-21): The antibacterial activity (1) M. comminus leaves extract and (2)

(CuNPs) (a)Lactobacillus salivarins (b) Staphylococcus aureus (c) Klebsiella
pneumonia and (d) Pseudomonas aeruginosa. While, 1(e, f, g, and h)and 2(e, f, g,
and h) represent solvent (D.W and D.W+ ethanol) and Antibiotic (Amoxicillin),
(Tetracycline), (Trimethoprim), and(Gentamicin) of Lactobacillus salivarins,
Staphylococcus aureus, Klebsiella pneumonia and, Pseudomonas aeruginosa

respectively.
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3-5-4 Anti-Inflammatory Activity

The M. communis plant extracts and synthesized CuNPs were tested
to the anti-inflammatory activity using various in vitro tests including,
protein denaturation, proteinases action, HRBC (Human Red Blood Cells)
membrane stabilization method, and aspirin was used as a standard anti-

inflammatory drug.

It is well documented that protein denaturation is a contributing factor
to inflammation. Aspects of the investigation into the mechanism of anti-
inflammatory activity included the ability of the extract and CuNPs to
inhibit protein denaturation, which was carried out as part of the
investigation. Copper-NPs, M. communis leaves extract, and aspirin were
all effective in inhibiting heat-induced albumin denaturation at different
concentrations, as shown in (Figure 3-22), with the highest levels of
inhibition (84.8%,82.4 %, and 88%) achieved at 100 pg/mL for CuNPs, M.
communis leaves extract, and aspirin as a standard anti-inflammatory drug,

respectively.

Protein denaturation is a process in which proteins lose their secondary
and tertiary structure by application of external stress or compound, such as
strong acid or base, a concentrated inorganic salt, an organic solvent, or
heat. Most biological proteins lose their biological function when denatured
(143).

Copper-NPs and M. communis extract demonstrated significant anti-
proteinase activity at various concentrations, as demonstrated in (Figure 3-
23). They showed the greatest inhibition at 100 pg/mL (88.2 and 83.1
percent, respectively), whereas aspirin showed the greatest inhibition at 100
ug/mL (915 percent). Proteinases have been implicated in arthritic
reactions. Neutrophils are known to be a rich source of proteinase which

carries in their lysosomal granules many serine proteinases. It was
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previously reported that leukocyte’s proteinase plays an important role in

the development of tissue damage during inflammatory reactions and a

significant level of protection was provided by proteinase inhibitors (106).

The percentage of inhibition of heat-induced hemolysis of red blood
cells at different concentrations of CuNPs and extract is shown in (Figure
3-24). Copper-NPs showed the greatest inhibition (83.5 percent), followed
by aqueous extract (76.6 percent), whereas the standard drug, aspirin,
showed the highest inhibition of 87.6 percent at 100 pg/mL. RBCs
membrane stabilization was studied to know the mechanism of anti-
inflammatory action for each nanoparticle and the extract. The effect may
prevent neutrophils from releasing their lysosomal content at the site of

inflammation (107).

The injury to the RBC membrane will further render the cell more
susceptible to secondary damage through free radical-induced lipid
peroxidation It is therefore expected that compounds with membrane-
stabilizing properties, should offer significant protection of cell membrane

against injurious substances (144).

It has been reported that certain saponins and flavonoids exerted a
profound stabilizing effect on lysosomal membrane both in vivo and in
vitro, while tannins and saponins possess the ability to bind cations, thereby
stabilizing erythrocyte membranes and other biological macromolecules
(145). Because the extract contains biologically active compounds such as
flavonoids and phenolic compounds, the release of neutrophil lysosomal
contents at sites of inflammation may be inhibited by these compounds.
Some of the components of neutrophil lysosomes are bactericidal enzymes
and proteases that, when released into the extracellular environment, cause
additional tissue inflammation and damage (83). A similar report indicated
that the CuNPs have anti-inflammatory activity using the Pedalium murex

plant (127).
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Figure (3-22): Effect of M. communis leaves extract and CuNPs on albumin

denaturation. Aspirin as a reference (positive control).
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Figure (3-23): Effect of M. communis leaves extract and CuNPs on protein

inhibitory activity. Aspirin as a reference (positive control).
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Figure (3-24): Effect of M. communis leaves extract and CuNPs on membrane

stabilization. Aspirin as a reference (positive control).
3-5-5 Hemolytic Activity

The hemolytic activity of CuNPs from M. communis was tested
against normal human erythrocytes. Both CuNPs and the extract showed
little effect on blood hemolysis compared with negative and positive
control. The hemolytic activity of the CuNPs was expressed as percentage
hemolysis and reported for 10 healthy nonsmoker donors. The percentages
of hemolysis induced by CuNPs were (7.35 %, 6 %, 5 %, 3.40 %, 2.01 %,
1.5 %) respectively (Figure 3-25), whereas for the extract were (7.3, 4.3,
2.67, 1.5, 0.42, 0.34 %) (Figure 3-26), at the concentrations (100, 50, 25,
20, 10, and 5 pg/mL) respectively.
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Figure (3-25): The percentage of hemolysis induced by CuNPs. Triton X-100 was

used as a positive control and normal saline as a negative control.
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Figure (3-26): The percentage of hemolysis induced by M. communis extract.
Triton X-100 was used as a positive control and normal saline as a negative
control.
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The use of bioactive compounds from herbs and medicinal plants can

affect the membrane of the erythrocyte. The hemolytic effect has been
amplified at increased concentration and is the function of the extract
(146).

When red blood cells come into contact with water, hemolysis occurs,
and it is critical to thoroughly inspect the implant material before use (101).
In previous study on CuNPs has demonstrated that small particles have
higher hemolytic activity than large particles, in the contract that in silica
nanoparticles increase hemolytic activity increased with large particles
(147).

Toxicity of the active molecule is a key factor during drug designing,
and hemolytic activity represents a useful starting point in this regard, it
provides the primary information on the interaction between molecules and
biological entities at the cellular level. Hemolytic activity of any
compounds is an indicator of general cytotoxicity towards normal healthy
cells. Usually, saponins present in the plants showed hemolytic activity by
creating changes in the erythrocyte membrane. In vitro hemolytic assay by
spectroscopic method provides an easy and effective method for the
quantitative measurement of hemolysis. This method provides the
evaluation of the effect of different concentrations of biomolecules on the

human erythrocytes (148).

Another study showed the hemolytic activity of Lantana camera leave

extract increased with the increase in the dose of the extract (149).
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Conclusions

1. Copper nanoparticles were successfully synthesized Using aqueous

Myrtus communis leaves extract.

2. The volume 10 mL of M. communis (10%) leaves extract and boiling

for 10 minutes are the best conditions for the synthesis of CuNPs.

w

Phytochemicals of plant are responsible for the reducting and

stabilizing of nanoparticles.
4. The synthesized CuNPs is considered as a good antioxidant activity.
5. Copper nanoparticles have good catalytic activity.

6. Myrtus communis have good antibacterial activity compared with
CuNPs.

8. Copper nanoparticles have good anti-inflammatory activity

7. Copper nanoparticles did not cause hemolysis and therefore can be used

in pharmaceutical fields.
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Future Studies

1. Studying biosynthesis for other metal nanoparticles by different plants,

which had high biological activity.
2. Biosynthesis of copper nanoparticles using fungi or bacteria.

3. Studying the clinical applications of the synthesized copper

nanoparticles in vivo.

4. Studying the anti-diabetic activity of the synthesized copper

nanoparticles from M. communis leaves extract.

5. Studying the antitumor activity of the synthesized copper nanoparticles

from M. communis leaves extract.
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