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Abstract

Green nanotechnology is a technology that has revolutionized the field
of manufacturing nanomaterials with distinctive characteristics, sizes and
shapes whose efficiency is parallel or better than the materials prepared by
traditional methods and because of the importance of nanomaterials in many
fields, including the medical field. This method has been used to produce
compounds that have safe therapeutic properties and have few side effects, in
addition to high effectiveness.

The production of metal nanoparticles (MNPs) that have antibacterial
activity is an additional approach to combating infections caused by
antibiotic-resistant bacteria.

Platinum nanoparticles were prepared using green method using
(Phoenix dactylifera L., var. Zahidi) and (phoenix dactylifera L., var.
Khastawi) dates extract. platinum salts were successfully reduced to their
corresponding PtNPs in the presence of aqueous dates extract which considers
a rich source of phytochemicals that led to the reduction of Pt™ to Pt® atoms
by providing electrons for these ions.

Green method is considered safe, rapid, and cost-effective in comparison
to chemical and physical methods . Platinum nanoparticles used as bioactive
cytotoxic nano-agents against Ovarian cancer and Oesophagel cancer . Also,
the efficiency of PtNPs in inhibiting the growth of bacteria Pseudomonas
aeruginosa and Streptococcus pyogenes .

To as-certain the formation of PtNPs, the UV-Visible spectra showed
surface plasmon resonance (SPR) bands around 283 nm for PtNPs. The
infrared absorption spectrum showed various peaks ranging from (400 - 4000)
cm™ that used to identify the functional groups responsible for reducing and
capping of PtNPs. Transmission electron microscope (TEM) analysis showed
that the PtNPs were spherical in shape. Atomic force microscope (AFM)
screening shows the formation of nanoparticles with a diameter ranging from

30 -40 :
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The images of the scanning electron microscope (SEM) display
nanoparticles within the effective range of nanomaterials (1-100) nm. X-ray
diffraction examination also showed the formation of platinum nanoparticles
by spectrum comparative to the standard confirmed spectrum of platinum
particles produced in the experiments were in the shape of nanocrystals.

Cancer cells including the Ovarian cancer SKO-3 cell line and
Oesophageal cancer SK-GT-4 cell line were exposed to a series of prepared
platinum nanoparticle concentrations (0.00125, 0.0025, 0.005, 0.01) M, and
the inhibition rate of growth in cells was measured for 72 hours. The
cytotoxicity screening showed that there was a highly toxic effect on the
cancer cells.

Pseudomonas aeruginosa and Streptococcus pyogenes were exposed to a
series of concentrations from prepared platinum nanoparticles (0.00125,
0.0025, 0.005, 0.01) M. The results exhibited significant inhibitory activity
and the rate of bacterial growth inhibition increased with increasing
concentration.

It can conclude from this study that the preparation of PtNPs gives good
and encouraging preliminary results for future work as an anti-cancer and

anti-microbial agent.
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CHAPTER ONE

1. Introduction

1.1 Date palm

Date palm scientific name is Phoenix dactylifera L. Plantations exist
in a number of regions of the globe. The date palm is one of the most
famous trees in the Arab world in general, and in Iraq in particular, where
it is considered the world's national tree ),

The date palm is one of the Arab region's ancient fruit trees and is
widely grown owing to its edible sweet fruit @. Date palm is a fruit tree
that is resistant to unfavorable climatic conditions in the hot desert areas
of the Middle East and North Africa ©.

In the majority of Arab countries, date palm is a major fruit crop.
Iraq is one of the big dates providers “. With important antioxidant,
antibacterial, antifungal, and antiproliferative effects, date palm fruits
possess high nutritional and medicinal value. The date fruit is useful for
the pharmaceutical and nutraceutical industries in the production of

industrial products based on natural compounds ©.

1.2 Date fruits

The date has been cultivated in North Africa and the Middle East
and is one of the world's most ancient fruit crops®. In many countries
where they are grown, dates are the primary source of income and staple
food for local people and have played a major role in the economy,
culture, and climate of those countries ©.

In the Middle East, date fruits have been used for thousands of
years as the main source of food . Dates and their components play a
role in fighting diseases through anti-oxidant, anti-inflammatory, and

anti-bacterial action ",



Carbohydrates are the major component of dates (44-88)%, the
quality of which depends on the level of maturation and the type of
dates. In addition, , dates are protein rich (2.3-5.6)%. The protein content
of dates is more than that of other fruits, such as apples, bananas and
oranges, where the protein content does not exceed 1% ©.

Dates contain a wide range of phenolic compounds, including p-
coumaric, ferulic, sinapic acids, flavonoids, and procyanidins, many of
which have anti-oxidant properties. Through the presence of anti-oxidant
action, medicinal plants and their constituents play a crucial and essential
function in neutralizing or inhibiting free radicals ©. Medicinal plant
constituents such as flavonoid and phenol play an important role in
cancer prevention by controlling genetic processes without any side
effects. The constituents of dates fruits have demonstrated anti-diseases

activity as shown in Figure (1-1) .

Figure (1-1): Pharmalogical activities of dates fruits in diseases control .



1.3 Date palm cultivars grown in Iraq

In Irag, there are over 400 date cultivars grown. They are classified
into three categories based on the color and texture of the fruit: soft, semi-
dry, and dry. The content of glucose, fructose, and sucrose determines the
fruit type .
Soft dates: Soft flesh, high humidity (> 30%) and high sugar content are
distinguished; the following cultivars belong to this type: Khastawi,
Barhee, Halawy, Hayany and Khadrawy
Semi-dry dates: They have firm flesh, moderately low moisture (20-30%)
and high sugar content; Halawi, Dayri and Khadrawy are included in this
category.
Dry dates: They have a high content of sugar and low humidity (< 20 %),
their flesh is dry and hard; this type includes ‘Zahdi' and 'Sayer' cultivars ®

as shown in Figure (1-2).

Figure (1-2): Some types of date fruit (a) Zahidi and (b) Khastawi



1.4 Nano concept

Nano is a prefix used to identify one-billionth regarding something or
10° of something ®. In the last decade, the prefix "nano" has found an
ever-increasing application to numerous fields of knowledge. The prefix
derives from the ancient Greek nanus, which means essentially dwarf and by
extension very small. The nanosized system is thus commonly measured in
nanometers (1nm equivalent to 10° m) and it includes systems whose size is
above molecular dimensions and below macroscopic ones (generally > 1 nm
and < 100 nm) 2,

1.5 Nanoscience

Study of the basic concepts of molecules and structures of
approximately (1-100) nm with at least one dimension. These structures are
defined as nanostructures ™. The widespread advancement in nanoscience
has made it possible for nanotechnology to apply these new concepts in
fields as varied as medicine, clean energy, and computing %,

Nanoparticles are intermediate between atoms (or molecules) and bulk
matter in terms of dimension. The properties of the nanoparticle vary
substantially according to its size, shape, and composition. recently,
advancements have been made in the biological and medicinal application
of nanoparticles. The incorporation of anti-cancer agents into nanoparticles
and the decoration of molecular ligand particles for cancer cell targeting,
provide the possibility of more effective cancer therapy with fewer side
effects. The interaction of biological molecules DNA with metallic
nanoparticles enables a multitude of possible applications. One of the

possible uses is as biological or chemical molecule sensors .



1.6 Nanotechnology

The simplest meaning of nanotechnology is technology at the
nanoscale “®. In particular, nanotechnology is distinguished as a
growing and exciting one-billionth scale technology that sweeps away
the boundaries between physics, chemistry, and biology.
Nanotechnology is the design, characterization, manufacturing, and
utilization of structures, components, and systems by regulating shape
and size on a nanometer scale.

Nanotechnology has protruded as an interdisciplinary science in
biomedical research that has rapidly found its own niche in clinical
methodologies such as imaging, diagnosis, therapeutics, drug delivery,
and tissue engineering. Nanomedicine can design, create, manipulate and
optimize biological components at the nanoscale grade. This involves
nanomaterial applications and the manufacturing of nano-devices for
nano-diagnosis, nano-drug delivery, and drug discovery 7.
Nanotechnology is of intense importance to scientists and engineers
because the basic chemical or electrical properties of materials can

change at sizes below 100 nm as shown in Figure (1-3) ®®.

Figure (1-3): Exhibit gold nanodots in suspension the color

difference is caused by particle sizes and shapes 2.



Nanoscience and nanotechnology have become significant areas of
scientific research and technological advancement. Nanoscience and
nanotechnology are progressing rapidly and these new areas are being

connected to increasingly important social and economic prospects 9.

1.7 Applications of nanotechnology

The various fields of possible nanotechnology applications are as
follows:

e Health and medicine:

The fields of scientific analysis have used the special features of
nanomaterials for different programs (e.g., comparison providers for
mobile pictures and therapeutics for the treatment of cancer). To describe
this multiple field, conditions such as biomedical nanotechnology,
bionanotechnology, and nanomedicine are used nanomaterials can be
useful for biomedical analysis and programs both in vivo and in vitro %,

e Transportation:

Like aviation lighter and stronger materials, would be useful for
making vehicles that are both faster and safer. Burning engines can also
benefit from components that are both more durable and more stable at
high temperatures %,

e Energy and environment:

The most advanced power-related nanotechnology tasks are: storage,
conversion, the advancement of manufacturing through reducing materials
and process speeds, power saving (e.g. by better heat-insulating material),
and improved alternative power nanotechnology can add to the further
decrease in the combustion of motor poisons through nanoporous channels

that can clean the fumes ¢*2?,



e \Water and wastewater treatment:

Materials have new size dependent properties that are distinct from
their large counterparts, many of which have been tested for water and
wastewater treatment applications. Some of these applications use
nanomaterials scalable size dependent properties that relate to the high
specific area of the surface, such as rapid dissolution, high reactivity, and
sturdy sorption. Other benefits from their discontinuous properties, such as
super-paramagnetism, the localized resonance of surface plasmon, and the
effect of quantum confinement @,

e Food processing

Food processing in nanotechnology, devices can be built to rapidly
detect nutrient deficiencies such as atomic force microscope and the
presence of pathogens in food including nanosensors. In certain food
processing processes, enzymes may be used to modify food components to
improve taste, nutritional value, and health benefits. The use of
nanomaterials provides superior enzyme support systems (improving
operation, shelf life, and cost-effectiveness) Because of their high surface
to volume ratios over other macroscale support materials, they help in
dispersion through food matrices %,

e Agriculture:

Nanoparticles and materials have unequaled functional properties.
There are different advantages that nanotechnologies offer, such as the
higher solubility of nanoparticles in suspension, the higher surface area,
and the particle size of nanoparticles, which facilitates the penetration of

seed coats .



e Electronics:

Nanotechnology enables the development of novel optical and
electronic devices, as well as novel materials for use in electronics, sensor,
and catalytic technologies. Nanophysics focuses on the unique electrical
and optical properties of nanomaterials, which opens up many possibilities

for the construction of nanotools and nanodevices 9.

1.8 Nanofabrication methods
According to the processes used in constructing nanoscale structures,
nanofabrication techniques may be classified loosely as bottom-up and

top-down.

1.8.1 Bottom-up approaches

Bottom-up approaches of nano-fabrication aim to incorporate
molecular or atomic components into more advanced nanoscale assemblies
or directed self-assemblies based on complex mechanisms and
technologies that enable us to monitor the development of atoms and
molecules ®”. Atoms or small molecules are used as building blocks in this
field of nanofabrication to create nanostructures that serve a variety of
functions and are extremely promising for the construction of modern
supramolecular architectures without generating waste or requiring the

production or removal of components of the final system 2.

1.8.2 Top-down approaches

Top-down approaches mean starting from large pieces of material and
manufacturing by mechanical or chemical methods the intended structure.
Techniques that can be categorized as "Top-down™ processes are crushing
and milling. The top-down approach is commonly used for traditional
technologies, while the bottom-up approach in nanotechnology is favored

@) as shown in Figure (1-4).
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Figure (1-4): Schematic representation of bottom-up and top- down

approaches for obtaining nanostructures ™.

1.9 Nanomaterials

Nanomaterials (NMs) are chemical compounds or materials made and
used on a very small scale, Bulk materials are particles that are more than
100 nanometers in all dimensions. Physical properties are independent of
size in bulk materials, but different physical properties can be dependent
on the size and shape of nanomaterials (NMs) ©°.

Nanomaterials represent an active research area and a fully expanding
techno-economic strip in many fields of use. Due to their tunable
physicochemical features such as melting point, wettability, electrical and
thermal conductivity, catalytic activity, light absorption, and scattering,
nanomaterials have gained prominence in technological advancements,
resulting in improved performance over their bulk counterparts ©V.

In particular, a large increase in catalytic activity is provided by the
characteristic increase in surface area to volume ratio accompanying
nanomaterials. The surface reactivity of nanoparticles enhances their
ability to react with biological and environmental materials. Nanomaterials
also allow quantum effects to regulate the behavior of the materials and
have fluorescent, magnetic, and electrical capacities that are alien to their

conventional chemistries ©?.



Materials containing certain remarkable unique characteristics in this
size range for example, crystals have a low melting point on the nanometer
scale (the difference may be as high as 1000 ° C) and decreased lattice
constants ®?.

1.10 Types of nanomaterials

Most existing nanomaterials can be organized into two main
categories ®¥.

1.10.1 Inorganic nanomaterials

Inorganic nanoparticles are manufactured from carbon-free materials ©°.

1.10.1.1 Metal nanomaterials

Metallic nanoparticles that synthesize nanoparticles from metals
such as platinum (Pt), silver (Ag), gold (Au), cadmium (Cd), cobalt
(Co), iron (Fe), copper (Cu), and zinc (Zn). Such nanomaterials have
unique sizes, shapes, surface areas, and densities ©®. Nanoparticles of
metal ranging in size from (10-100) nm ©®. Metallic nanoparticles
exhibit a wide range of physical and chemical properties in comparison
to bulk metals. Metal nanoparticles, for example, displayed lower
melting points, increased surface areas, unique optical properties, and
unmatched mechanical power. Due to these unique properties, metal
nanoparticles have a variety of important industrial applications ©”. It is
used in manufacturing as a catalyst, in the electronics sector as a
conductor in transistors, and in cancer detection systems. Magnetic
nanoparticles have been used in a variety of fields, including cancer
treatment, medication distribution, tumor detection, magnetic resonance

imaging, and separation processes ©®.

10



It can be synthesized and modified with different chemical
functional groups, allowing them to be paired with anti-bodies, ligands,
and drugs of interest and thereby opening up a wide variety of possible
biotechnology applications ©?.

1.10.1.2 Metal oxide nanomaterials

Metal oxide nanoparticles are majorly fabricated to increase their
potency, reaction, and ability to change their properties. The great
density and small size of corners and edges on MONPs' surfaces are
responsible for their unique chemical and physical characteristics. CuO,
Zn0O, Sn02, AI203, MgO, ZrO2, AgO, TiO2, Ce02, as well as other
nanoparticles, are examples. The magnetic, conductive, chemical and
electronic properties of nanoparticles are all affected by their size. “?.

1.10.1.3 Ceramic nanomaterials

Ceramic nanoparticles are another term for nonmetallic solids. The
ceramic nanoparticles are made by heating or cooling them repeatedly.
ceramic nanoparticles may be polycrystalline, amorphous, porous, dens,
or hollow ceramic nanoparticles “?. These materials exhibited increase
structural, electro-optical, superconductive, ferromagnetic, and
ferroelectric properties “2).

1.10.2 Organic nanomaterials

Organic nanoparticles are solid particles built up of organic
substances (often lipids or polymers) with diameters ranging from 10
nm to 1 pm “?. Organic nanoparticles with interesting properties have
gotten a lot of attention in the scientific community for applications
including disease diagnostics, drug delivery, bio imaging, and cancer
treatment “Y. involve Carbon-based nanoparticle These nanomaterials
are found in morphologies such as hollow tubes, ellipsoids, or spheres.
Fullerenes (C60), carbon nanotubes (CNTSs), carbon nanofibers, carbon

black, graphene (Gr), and are exceedingly used in biomedical
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applications ©¥.

Organic or polymeric nanomaterials, such as
dendrimers micelles, liposomes, and nanogels, are attractive building
blocks for multifunctional. Due to their flexible surface and core
chemistry, high degree of biodegradability, efficient endocytosis by the
target cell, and high loading capacity “°.
1.11 Classification of nanomaterials

Nanomaterials contain a wide variety of materials that can be
prepared mechanically, chemically, physically, or naturally and have a
size in the nanoscale range. various Nanomaterials structures are
generally determined by their dimensions “©. Nanomaterials are classified
into four types: zero-dimensional, one-dimensional, two-dimensional, and
three-dimensional, as shown in Figure (1 -6) “".
1.11.1 Zero-dimensional nanostructures (0D)

Nanomaterials belong to this class because all of their dimensions
are in nanoscale, which means they must be smaller than 100 nm.
Spherical shaped materials are typical nanomaterials in this group, but
this class can also include cubes, nanorods, and polygon shaped
nanostructures. Holospheres, noble metal nanoparticles, metal/metal
oxide nanoparticles, core-shell nanomaterials, quantum dots, are some

instances of this class in general “©.

1.11.2 One-dimensional nanostructures (1D)

The materials that are confined in two dimensions but free in one
dimension are one dimensional nanomaterials. Wires, nanowires,
nanotubes, nanofibres, nanobelts, nanoribbons, nanorods, and
hierarchical nanostructures are some of the typical examples of 1D

nanomaterials.
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Because of their extraordinary properties and broader applicability
in research and development and material development, such
nanomaterials have acquired tremendous considerations. These
materials have a broader impact on nanoelectronics, nano-devices, and

systems “9,

1.11.3 Two-dimensional nanostructures (2D)

Nanostructures with two dimensions above the nanoscale and one
dimension in the nanoscale range fall into this group. Two-dimensional
nanomaterials may be single or multilayered crystalline or amorphous
metallic, ceramic, or polymeric layers deposited on a substrate with a

variety of chemical configurations “°.

1.11.4 Three-dimensional nanostructures (3D)

Three dimensional nanomaterials are such materials that in all
three directions have their free dimensions and there are no restrictions
and limitations. Powders, multilayers, fibrous, and polycrystalline
materials are typical examples of three dimensional nanomaterials.

The three dimensional nanomaterials have a broad specific surface
area and offer sufficient surface adsorption sites for molecules in a
small area owing to these nanostructures. Nanomaterials with three
dimensions are commonly used in catalysis, magnetism, and the

development of electrode materials for batteries “®.
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NMs classification based on dimensionality

N 7 N %
0D 1D 2D
Nanospheres, Nanotubes, Thin films, plates,
clusters wires, rods layered structures
Metal nanorods, |
Quantum dots Ceramic crystals Carbon coated
nanoplates
Carbon nanotubes,
Fullerenes Metallic nanotubes
V Graphene sheets
. Gold nanowires,
Gold nanoparticles Polymeric nanofibers, ‘
j Self assembled structures Layered nanomaterials
\_ Y,

-

-

3D
Bulk NMs,
polycrystals

Liposome

Polycrystalline

Dendrimer

J

Figure (1-5): Schematic impersonation of the classification nanomaterials on

the base of their dimensions “,
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1.12 Nanomaterial synthesis methods

Methods commonly used for the synthesis of nanomaterials are as

follows 9
Synthesis of nanomaterials

Physical Chemical Biological (green

methods methods synthesis)
Evaporation-condensation Chemical reduction Bacteria
Chemical vapor deposition Sol gel method Fungi
Laser ablation Inert gas condensation Virus
Electric arc discharge Algae
Ball milling-annealing Plants
Gas phase synthesis
Physical vapor precipitation

Uses biological oo ey Energy saving as it Used for large
R 5‘"""‘"‘6":5 . method, not used not need high energy scale production
educes synthesis 3 . . S :
s toxic chemicals or high pressure of nanoparticles

COSLS

Figure (1-6): Different available nanofabrication methods for the

preparation of nanomaterials ©°.

1.12.1 Physical methods

Physical nanoparticle synthesis methods include UV irradiation,
sonochemistry, laser ablation and radiolysis, etc. Evaporation of metal
atoms happens during the physical synthesis process, accompanied by
condensate on different supports, where the metal atoms are rearranged
and aggregated as small clusters of metallic nanoparticles. Nanoparticles
can be synthesized with a high purity and definite form using physical
approaches. These methods, on the other hand, often necessitate highly
advanced instruments, chemicals, and radiative heating, as well as high

power consumption that resulting in high running costs ©?.
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1.12.2 Chemical methods
The majority of chemical approaches used to synthesize
nanoparticles are focused on reduction processes. Since they need a
precursor ( a molecule containing metal atoms whose nanoparticle
would be produced) dissolved in a solvent and a reduction agent, alkali
metal borohydrides, such as sodium borohydride (NaBH,), are among

the inorganic reductants V.

The chemical approach entails the use of toxic substances that can
be hazardous to the ecosystem as well as the individual handling them
©2) The chemical method includes poisonous solvents, high pressure,
energy, and high temperature to prepare nanoparticles ©¥. Reducing
agents used to reduce metal ions and stabilizing agents used to avoid
undesired agglomeration of the nanoparticles formed in conventional
chemical and physical methods both pose a risk of toxicity to the
environment and the cell. Furthermore, the contents of the nanoparticles
formed are thought to be toxic due to their shape, size, and surface

chemistry ¥,

1.12.3 Biological methods

Biological nanoparticle synthesis is a green chemistry technique
that interconnects between nanotechnology and biotechnology ©.
Green chemistry was applied to the nanoparticles synthesis technique to
reduce toxic materials and to minimize the production of unwanted or
toxic byproducts. The organic synthesis of nanoparticles using plant
extracts is known as green nanotechnology or green synthesis, and the

synthesized nanoparticles are known as biogenic nanoparticles ©°.
Green synthesis is a superior, simple, eco-friendly, biocompatible,
biodegradable, non-toxic, and cost-effective approach to nanoparticle
synthesis. It is based on a variety of green plant extract sources that

stabilize/capped or reduce or both the nanoparticles ©”.

16



Greener nanoparticle synthesis is superior to other methods
because it is simple, cost-effective, and relatively repeatable, as well as
producing more stable materials ©®.

Microorganisms may also be used to generate nanoparticles,
however, the pace of synthesis is sluggish and only a small range of
sizes and shapes are amenable to the method compared to routes
involving plant-based materials. There is no need for high pressure,
energy, temperature, or harmful chemicals in the green synthesis
process. As a result, many researchers are moving away from synthetic
methods these days. Plants generate more stable nanoparticles than other
methods and it is very easy to scale up. A hazard of contamination is
also less likely ©9.

Plant extracts include a range of bioactive substances, such as
alkaloids, proteins, phenolic acids, carbohydrates, terpenoids, and

polyphenols as shown in Figure (1-8).

Phytochemicals

Carbohydrates

Figure (1-7): Significant bioactive components found in plant extracts ©.
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Many of which have been shown to succeed in the reduction and
stabilization of metallic ions as shown in Figure (1-9) ©?.

e "‘ »

Plant extract \\ Yo
N 0. ? :.. © .o
? Nucleation Accumulation

ﬁ*/@

Metal ionic source Biological reduction

Stabilized & Capped nanoparticles

Metal particle 4
Cappingagent &

Figure (1-8) Biological synthesis of nanoparticles by using plant extracts ©°.
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1.13 Platinum

Platinum (Pt) is one of the scarce elements in the Earth's crust. It's a
scarce special precious metal that's a strategic commodity for industries in
many countries. Platinum is dense, malleable, ductile, and silvery-white
Figure (1-10). The noun platinum comes from the Spanish word Platina,
which means "little silver." There are six natural isotopes of platinum: **Pt,
192pt, 19pt, 19°pt, 1%8pt and '%pt, the **Pt is being the most plentiful Y.

Figure (1-9): Image of platinum in row form ©?.

1.13.1 Physical and chemical properties of platinum
Platinum is a silvery-white metal that belongs to the periodic table's
sixth period. Platinum has remarkable physical and chemical properties,
including high melting points, corrosion-resistant, and catalytic
properties®. Their chemical stability, oxidation resistance, and
mechanical properties at extremely high temperatures are the most
significant characteristics ©2.
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In an aqueous solution, the most typical oxidation state of Pt is either
the +2 or +4 valence state. At 25°C, the divalent state dominates the
tetravalent state, with the exception of highly oxidizing conditions ©*.

Table (1-1): Physical and chemical properties of platinum ©V .

Property Value
Formula Pt
Color silvery white
Atomic number 78
Atomic mass 195.08 g/mol
Atomic radius 1.37T7T A
Crystal structure Face cubic center (fcc)
Density (20°C), g/cm® 21.45 g/lem’
Melting point 1772 °C
Boiling point 3827 °C

1.13.2 Uses of platinum

Platinum is used in a number of uses, due to its special properties,
including: high mechanical efficiency, electrical conductivity, catalytic
activity, inertness, and biocompatibility. Platinum is becoming more
common in medical manufacture. One of the most distinguished
properties of platinum is its capacity to prevent living cells from
dividing. Among the first Pt-based anti-cancer drugs to be discovered

include cisplatin, carboplatin, oxaliplatin, picoplatin, and satraplatin®.
Because of its relative inertness and stability in biological
environments, platinum (Pt) has been widely used in medical electrodes.
The size of implantable therapeutic devices is becoming smaller and
smaller ©©. Platinum electrode (Pt) is a suitable candidate because of its
strong electrical conductivity and corrosion resistance. Platinum has
been successfully used in a variety of areas, including fuel cells and
organic compound oxidation ©”. Platinum is also mainly used in the
glass, electrical, electronics, and petroleum industries, as well as jewelry

manufacturing and dental alloys ©?.
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1.14 Platinum nanoparticles (PtNPs)

Platinum nanoparticles (PtNPs) are sometimes in the form of a
suspension or colloid of nanoparticles of platinum in totally fluid,
sometimes water. A colloid is a stable dispersion of particles in a very fluid
medium, as described by science (liquid or gas). Depending on reaction
conditions, spherical noble metal NPs with sizes ranging from (2 -100) nm
will be generated. PtNPs are suspended in a maroon or black-colored
colloid. Nanoparticles are obtainable in a variety of shapes, including
spheres, rods, cubes, and tetrahedral shapes. PtNPs are now the subject of
extensive research, with possible uses in a wide range of fields. As a
result, the chemical alteration, medicine, and the synthesis of new
materials with distinct properties are all covered ©?.

Platinum nanoparticles are widely used in a variety of technologies,
including consumer products cosmetics, supplements, food additives,
electrocatalysis, data storage systems, new electronic devices,
electrochemical biosensors, chemosensors, fluorescent and refract metric
sensors, as well as medicine, diagnostics, and treatment, due to their lower
cytotoxicity caused by chemical stabilization and resistance to ionization,
as compared with other metal nanoparticles. Platinum nanoparticles
(PtNPs) have a variety of biomedical uses, including surgical devices, drug
delivery vehicles, and photothermal therapy compounds, as well as
improved radiosensitization, cancer cell identification, tooth structure bond
strength, and bacterio-toxic effects /.

1.15 Properties of platinum nanoparticles

Due to their unusual and tunable surface plasmon resonance (SPR),
platinum nanoparticles have been considered a significant field of study
(') Platinum nanoparticles have a plasmonic property in the UV-Visible
range and their heat generation efficiency is higher than that of other

nanometals .
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Platinum nanoparticles are required to reduce the role of reactive
oxygen species (ROS) .Platinum nanoparticles in medicine capable of
quenching superoxide anion and hydrogen peroxide ®. Because of their
special crystalline, optical, and catalytic properties, platinum nanoparticles
are particularly exploited for catalysis and biomedical applications. They

may function as nanoenzymes, nanocarriers, and nanodiagnostic tools .

1.16 Applications platinum nanoparticles
Platinum nanoparticles are used in a variety of areas, including
chemistry, medicine, electronics, and biology. Nanoparticle applications

primarily depend on their size, shape, morphology, and dispersion .

1.16.1 Fuel cell catalyst
Platinum is used as a catalyst in anode and cathode reactions.
Due to their superior catalytic activity, stability, and selectivity, platinum
nanoparticles are favored over other metallic membrane fuel cell
catalysts. Furthermore, various platinum nanoparticle synthesis strategies
are being explored in order to ensure their direct use as an electro-
catalyst in methanol fuel cells .
1.16.2 Catalytic converters
Because of their significant industrial uses, such as the removal of
pollutant gases from vehicles, platinum nanoparticles have been studied
extensively in the field of catalysis. The catalytic reactivity of platinum
nanoparticles is strongly dependent on particle morphology ".
1.16.3 Electrochemical sensor
Electrochemical sensors have a high sensitivity, excellent stability,
are simple to use, and inexpensive. Because of their important catalytic
and optical activities, platinum nanoparticles are extensively used in
electrochemical sensors ®.
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1.16.4 Glucose detection

Biosensors based on glucose enzymes have been shown to be
effective in a variety of applications, including medical diagnosis,
bioprocess tracking, beverage industry monitoring, and environmental
monitoring. A highly sensitive glucose enzyme sensor based on
platinum nanoparticles ®,

For electrochemical glucose detection, the Pdg5CugPts trimetallic
nanocrystals have high catalytic activity and selectivity. These
trimetallic catalysts have the potential to be useful in medical
applications such as blood glucose sensing, as well as ecological

approaches, and environmental monitoring .

1.16.5 Cancer therapy

1.16.5.1 Chemical cancer treatment

Platinum nanoparticles can scavenge H,O, and O,’, which reduce
oxidative stress in cells that activates anti-inflammatory responses that
guard against inflammation and disease caused by inflammation.
Platinum nanoparticles have been shown to shield keratinocytes from
UV-induced inflammation by limiting the generation of reactive oxygen
species (ROS) and preventing apoptosis®”.

Platinum nanoparticles exhibited effective lethality against the
cancer cells that were effectively killed. Both in vitro and in vivo anti-
tumor effects results were estimated and showed excellent therapeutic
efficacy ®V.

The ability of platinum nanoparticles to penetrate cells has been
shown. There is also a proof of DNA damage and anti-oxidant response
alteration associated with platinum nanoparticle treatment in vitro.
Platinum ions derived from nanoparticles may then be used to treat

cancer in a similar way to cisplatin 2.
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1.16.5.2 Photothermal therapy and radiotherapy
Metal nanostructures are promising photothermal therapy (PTT)
and radiotherapy (RT) agents that enhance cancer management
techniques by sensitizing to laser light and X-ray.
In nanomedicine, nanoscale platinum materials are advantageous
as metallic nanostructures are used as radiosensitizers. They increase X-
ray absorption and enhance radiotherapy efficacy. Metallic

nanostructures promising benefits contribute to dose enhancement 2,

1.16.6 Antibacterial agent
Platinum nanoparticles cause bacterial growth inhibition by
inhibiting ATP-dependent protein synthesis and inducing DNA

destruction ©¥.

Membrane damage occurs as nanomaterials bind
electrostatically to the bacterial cell wall and membranes resulting in a
change in membrane potential causing an imbalance of transport,
disrupted respiration, obstruction of energy transduction, cell lysis, and

ultimately cell death .

Membrane

& : g damage
Photocatalism
NM

Figure (1-10): Mechanism of nanomaterial entry into the bacteria cell €.
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1.17 Cancer

Cancer is a term used to describe diseases in which cells divide
abnormally and without regulation. This unregulated division results in the
formation of a lump called a tumor, or rogue immune system cells to
develop, invasion of other tissues, and prevalence to other parts of the
body across blood vessels and lymph systems. There are over 100 distinct
cancer types, most of which are named for the location in the body where
cancer first originated or the type of tissue cell in which they

begin/originate .

Cancer disrupts cellular relationships and causes essential genes to
malfunction. This disruption has an impact on the cell cycle, resulting in
abnormal proliferation. Different stages of cancer were identified,
suggesting that multiple gene mutations play a role in cancer
pathogenesis. Pathological cell proliferation is caused by these gene
mutations. Genetic defects resulting from inheritance factors play a critical

role in cell growth ©7.

Cells develop into cancer cells as a result of DNA disruption, and
subsequent cells would all have the same affected DNA as the initial cell.
In the majority of cases, cancer cells produce a tumor. A malignant tumor
is a collection of cancer cells that may invade surrounding tissues or
spread to other parts of the body. Tumors are not all cancerous. Non-
cancerous tumors are referred to as benign tumors. Benign tumors may get
very large and push on healthy organs and tissues, causing complications.
However, they cannot penetrate (grow into) other tissues. They can't
spread to other areas of the body so they can't invade (metastasize).

Almost none of these cancers are life-threatening ©®.
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Corona virus disease - 2019 (COVID-19) is associated with a high
risk of death in cancer patients. Appropriate and aggressive prevention
steps must be taken to mitigate the risk of SARS-CoV-2 infection in cancer

patients, as well as to best treat those who have become infected 9.

1.17.1 Causes of cancer

There are a variety of reasons that contribute to the development of

cancer @,
1.17.1.1 Endogenous causes

Inherited germ line mutations: Germline mutations are genetic
changes that are passed on from egg or sperm DNA. Inherited germline
mutations do not guarantee cancer, but they do increase the risk of
developing cancer as compared to the general population®?.

Oxidative stress: The reactive oxygen species produced by normal
oxidative metabolism have the potential to damage DNA extensively ©°.
Inflammation: Is a natural reaction to bacteria, foreign bodies, trauma,
chemicals, and Chronic inflammation, that can damage DNA and
promote cancer V.

Hormones: Exposure to estrogen over a lifetime increases the
likelihood of breast, ovarian, and endometrial cancers in women, and

can be a source of these cancers ©2.

1.17.1.2 Exogenous causes

Tobacco use: Tobacco use leads to cancer deaths and smokers are at a
higher risk of developing a variety of cancers. Tobacco smoke causes
lung cancer in both men and women 2.

Infectious agents: Such as viruses, bacteria, and parasites may cause
DNA damage and contribute to the growth of cancer %,
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Radiation: lonizing and UV radiation both cause DNA damage and
carcinogens. This covers the radiation used in X-ray radiographs as
well as cancer therapy®?.

Medication: A variety of surgical treatments can reduce the risk of
some tumors. X-rays, as well as radiation used to cure cancer, are both
carcinogenic®.

Industrial chemicals: Certain manufacturing chemicals and
insecticides remain in the ecosystem and accumulate in the food chain
(95).

Food containing carcinogens: Natural or man-made carcinogenic
toxicants can contaminate food. Molds and the contaminants released
by certain molds are carcinogenic and cause DNA adducts ©®® as

shown in Figure (1-12).

Genetic Changes:
Activation of proto-
oncogenes and
inactivation of tumor
SUPPressor genes
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Figure (1-11): Most of the causes of cancer and how cells turn into

cancer cells ©®.
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1.17.2 Categories of cancer
Cell tissue tumors can be divided into types based on the type of
cell tissue in which they begin ©7.

e Carcinomas: The skin or the tissue that protects the surface of internal
organs and glands is where carcinoma starts. Carcinomas are usually
solid tumors. Cancers of this kind are the most widespread. Prostate
cancer, breast cancer, lung cancer, and colorectal cancer are examples
of carcinomas 7.

e Sarcomas: Sarcomas begin in the body is supporting and connecting
tissues. Sarcomas can appear in the fat, muscles, nerves, tendons,
joints, blood vessels, lymph vessels, cartilage, or bone ©”.

e Leukemia: Is a blood cancer. When healthy blood cells start to change
and expand uncontrollably, leukemia develops. Acute lymphocytic
leukemia, chronic lymphocytic leukemia, acute myeloid leukemia, and
chronic myeloid leukemia are the four primary forms of leukemia ©”.

e Lymphomas: Lymphoma is cancer that starts in the lymphatic system
and spreads across the body. The lymphatic system is a set of vessels
and glands that aid in the fight against infection. Lymphoma is divided
into two types: Non-Hodgkin lymphoma and Hodgkin lymphoma ©”.

e Myeloma (plasma cell myeloma) : Is a blood cancer characterized by
the clonal proliferation of malignant plasma cells 2.

Multiple myeloma (MM) is a B-cell malignancy characterized by
the aggregation of malignant plasma cells in the bone marrow ©®. The
tumor cells spread across the bone marrow (BM), causing

“pancytopenia” and "osteolytic" bone devastation “*?,

1.17.3 Treatment methods %Y,

Surgery: Is commonly used to cure cancer that is localized, and it can

be used to eliminate only the main portion of the tumor .
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Radiation therapy: High-energy X-rays are used in radiation therapy
to destroy cancer cells .

Chemotherapy: Is a form of cancer treatment that involves the
administration of anti-cancer drugs through a vein or by mouth .
Hormone therapy: Many breast cancers are developing by estrogen, a
hormone produced by the ovaries in women. Androgens (male sex
hormones) including testosterone, which is produced by the testicles,

also stimulate the development of most prostate cancers .

1.18 Ovarian cancer

Ovarian carcinomas are a diverse group of tumors that are
traditionally divided into subtypes based on the type and degree of
differentiation “°2. There are three forms of ovarian cancer: Epithelial (the
most common), Germ cell, and Sex cord stromal %%,

Ovarian epithelial tumors are a variety of tumors. The most
common and lethal gynecological malignancies are malignant epithelial
tumors (carcinomas). Ovarian carcinomas are classified into five groups
based on histopathology and molecular genetic alterations: high-grade
serous (70%), endometrioid (10%), clear cell (10%), mucinous (3%), and
low-grade serous carcinomas (5%),none of these cells are present in the
normal ovary .

1.18.1 Symptoms
Lower abdominal pain ambiguous and nonspecific. Anorexia,
bloating, abdominal and pelvic discomfort urination urgency
frequency, weight reduction, pelvic pain, changes in bowel behavior
like constipation ovarian cancer may be discovered by mistake during

surgery for other reasons or during examinations %,
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1.18.2 Treatment methods

Ovarian cancer has the highest mortality rate. of all gynecological
cancers, the mainstays of treatment are cytoreductive surgery and
adjuvant chemotherapy ®®. Enucleation surgery and chemotherapy are

used to treat women @,

1.19 Oesophageal cancer

Oesophageal cancer is one of the most common cancers and a
major cause of death from cancer. The disease is highly active, with a
weak diagnosis “. It is the ninth most prevalent cancer worldwide and
the sixth leading cause of death from cancer. This cancer has a long list
of care requirements “%.

Squamous cell carcinoma and adenocarcinoma, two forms of
oesophageal cancer, have different risk factor profiles. The key risk
factors of oesophageal squamous cell carcinoma are cigarette smoke and
excessive alcohol consumption. Gastro oesophageal reflux disease
(GORD) and obesity are the major risk factors for adenocarcinoma,
while cigarette smoking is a relatively strong risk factor for both types of
oesophageal cancer. Dietary factors can affect the risk of both types of
oesophageal cancer. While genetic factors play a role in the etiology, but

their impact is usually minor %,

1.19.1 Symptoms

Dysphagia (pain in swallowing food and liquids) affects the
majority of patients with oesophageal cancer. Weight loss consistent
indigestion, heartburn, or reflux of food. Pain or discomfort in the upper

tummy, chest, or back 19,
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1.19.2 Treatment methods

Oesophageal and gastric cancer surgery are excellent examples of
complex procedures which can be associated with significant weight loss,
malnutrition, and sarcopenia. In the current century, surgery is preceded by
either chemotherapy or a combination of chemotherapy and radiotherapy for
the majority of patients who present with locally advanced disease *'%.
Chemotherapy and radiation therapy, followed by surgical resection or

without surgical resection, are examples of multimodal therapy *?.

1.20 Bacteria

Bacteria are prokaryotic cells that are in general the size of
mitochondria. Their length ranges from 0.2 to more than 10 um, and their
width ranges from 0.2 to 1.5 pum. Under a light microscope, a multitude of
bacterial shapes can be seen, including cocci, rods, spirals, and even cubes.
Scanning electron microscopy (SEM), which offers a three-dimensional
image of cellular structures as well as information about their surface
topography, may also reveal these shapes. Bacteria can be classified into two
types: Gram-negative bacteria and Gram-positive bacteria. It is possible to
investigate the ultrastructural variations between Gram-negative and Gram-
positive cell walls. Understanding the chemical composition of the cell wall

is important 34,

1.20.1 Gram-negative cell walls
Gram-negative cell wall is composed of an external membrane

overlying an inner peptidoglycan layer .

1.20.2 Gram-positive cell walls
The Gram-positive cell wall, different from its Gram-negative

equivalent, lack an outer membrane but has a larger peptidoglycan layer ¢*°.
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Infections including strep throat and foodborne diseases are caused by
bacteria. Antibiotics are medications that are used to cure bacterial

infections 44,

1.21 Pseudomonas

Pseudomonas species are Gram-negative, aerobic, non-spore-forming
rods that are straight or mildly bent and measuring (0.5-1.0) um by (1.5-
5.0) um. They are motile using one or two polar flagella. They have a
rather strict aerobic respiratory metabolism with oxygen, but nitrate is used
as a substitute in some cases to enable anaerobic growth ®©).

Pseudomonas is a large and widespread bacterial genus that can be
found in a wide range of niches and environments. It is the highest number
of recognized species. There have been over 220 species identified.
Pseudomonas aeruginosa, Pseudomonas fluorescent, and Pseudomonas
pertucinogena are members of three major lineages dependent on the
sequences of the 16S rRNA gene 7.

Pseudomonas species, in general, grow quickly and are known for
their ability to metabolize a wide range of substrates, including toxic
organic chemicals like aliphatic and aromatic hydrocarbons. Pseudomonas
strains are often resistant to antibiotics, disinfectants, detergents, heavy
metals, and organic solvents **9,

1.22 Pseudomonas aeruginosa

Pseudomonas aeruginosa (P. aeruginosa) is a bacterium that belongs
to the Pseudomonadaceae , which is a representative of a
Gammaproteobacteria family. It is a non-sporulating Gram-negative
organism with a length of (1-5) um and a width of (0.5-1) um. It has a
polar monotrichous flagellum that allows it to move in liquid media and

on solid surfaces. P. aeruginosa is a mesophilic bacterium that can grow
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in temperatures ranging from (4 — 42) °C, and can be present in a pH
range of 4.5 - 9.5 in both watery and overland environments 9.

Pseudomonas aeruginosa can grow anaerobically and does not
ferment, instead obtaining energy from sugar oxidation. It can grow in a
variety of environments, including dry surfaces in hospital operating
rooms, hospital rooms, clinics, and medical equipment, as well as sinks,
showers, and even contaminating distilled water, and has thus been
identified as a significant source of nosocomial infection*?.

Pseudomonas aeruginosa is a bacteria that can affect people with
compromised natural defenses and cause extreme pulmonary disease™?V.
In patients with nosocomial bloodstream infection, P. aeruginosa is the
fifth most prevalent nosocomial pathogen.

Clinical manifestations include infections that are mostly nosocomial
or healthcare-associated, such as pneumonia (the second most frequent
cause of nosocomial pneumonia), urinary infections, surgical wound
infections, bone, and joint infections, and bloodstream infection, but also
infections that are commonly acquired in the community, such as
gastrointestinal infections, skin, soft tissue infections, bacterial keratitis,
and “malignant” otitis externa (122)

1.23 Streptococcus

Streptococcus belong to the Streptococcaceae family that includes the
genera  Streptococcus, Lactococcus, and Lactovum . When grown in
liqguid media, Strains of Streptococcus are usually spherical or ovoid in
shape .They have a diameter of less than 2um and are found in chains or
pairs. Gram-negative cells are immobile and do not form endospores. Cell
wall contains the diamino acid lysine. Almost all species are facultatively
anaerobic, but some do need additional CO, to grow. *%,

The optimal temperature is usually about 37°C, but depending on the

species, the maximum and minimum temperatures vary. Many organisms

33



live as commensals or parasites on humans and animals, and some are
particularly pathogenic. A capital letter of the alphabet is assigned to each
strain (A, B, C, E, F, G, etc) It is particularly useful for distinguishing
between human and animal infections caused by [-hemolytic
streptococci®®® .

Streptococci are one of the most common bacteria that colonize the
human respiratory tract. Streptococcus pyogenes is one of these strains of
a human pathogen. It is a significant source of morbidity and mortality in
humans all over the world. Group A streptococci (GAS) cause 18 million

cases of serious disease and many deaths per year 2.

1.24 Streptococcus pyogenes

Streptococcus pyogenes (group A beta-hemolytic streptococcus) is
Gram-positive and catalase-negative coccus. It can Dbe found
asymptomatically in the pharynx, skin, vaginal canal, and rectum.There is
a broad diversity of clinical presentation of group A beta-hemolytic
streptococcus (GAS). While the most common GAS infections are mild
(e.g., pharyngitis and skin infections), if left unchecked, severe secondary
effects such as rheumatic fever and glomerular nephritis may arise ¢%%).

GAS diseases include a wide range of pathogens, including localized

and systemic infections that can cause acute or chronic illness %",
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1.25 Literature review
The literature review includes several papers that bind platinum
nanoparticles with biological applications by using biological approaches

in synthesis.

Sadeeq Ullah, etal. ™ studied the use of phytochemicals in the
aqueous extract of Maytenus royleanus that used to reduce Pt ions into
PtNPs. The study revealed that biogenic PtNPs have anticancer activity in
vitro against the lung cancer cell line (A549). Importantly, the as-prepared
Pt NPs were well tolerated by normal human cells, and therefore, could be
effective and biocompatible agents in the treatment of different cancer

cells.

Tahir, K., etal. “® used the biomolecules of plant extract of
Taraxacum laevigatum as a reduction and capping factor for the synthesis
of small and spherical platinum nanoparticles. PtNPs showed inhibition
zones against the activity of two bacterial species B. subtilis and P.

aeruginosa.

Rokade, S., etal. % prepared the platinum nanoparticles (PtNPs)
and palladium nanoparticles (PdNPs) using Barleria prionitis leaf extract
(BPLE). The bioreduced nanoparticles were monodispersed, extremely
small and stable against human breast adenocarcinoma (MCF-7) cell lines,
the particles showed potent anti-cancer activity. The treatment of cells

with PtNPs and PdNPs significantly reduced their viability.

Ramkumar, V., et.al. &V

studied synthesis of PtNPs using aqueous
extract of Indian brown seaweed Padina gymnospora and their catalytic
activity with a polymer Polyvinylpyrrolidone (PVP) as PVP/PtNPs
nanocomposite. The aqueous extract could be seen as an efficient reducing
and capping factor for the biosynthesis of the PtNPs. Anti-bacterial

activity against disease-causing pathogenic bacterial strains with the
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highest activity against Escherichia coli followed by Lactococcus lactis

and Klebsiella pneumoniae.

Jeyapaul, U., et.al. ®* produced PtNPs and PdNPs by using Gloriosa
Superba tuber extract that was identified to be almost isodiametric and
uniformly spherical. The synthesis was fast, effective, and safe for the
environment. against MCF-7 (human breast adenocarcinoma) cells, both
Pt and PdNPs demonstrated potent anti-cancer activity. Studies on these
phytogenic nanoparticles can aid in determining their potential as anti-

breast cancer drugs.

Almeer, R., etal. @

noticed interaction green platinum
nanoparticles synthesized by using leaf extract of Azadirachta indica with
HEK293 cells. Green platinum nanoparticles induced oxidative stress and
reducing the level of GSH lead to damage of the components of HEK293
cells. Green platinum nanoparticles compromise apoptosis by

mitochondrial and caspase-3- dependent manner in HEK293 cells.

Gurunathan, S., et. al. ** studied the toxicological properties of
PtNPs, synthesized ultra-small by using Apigenin on cytotoxicity,
genotoxicity, and proinflammatory responses in the human monocytic
cell line (THP-1). Monitoring obviously indicated that PtNPs induce
cytotoxicity in a dose-dependent manner by decreased cell viability and

proliferation.

Al-Radadi, N., et.al. ®* studied green synthesis of the platinum
nanoparticle via the dates of Ajwa and Barni extract that worked as
capping and a reducing agent. The size of the obtained PtNPs was small
and spheric homogenous shapes. PtNPs were achieved with Ajwa and
Barni extract effect on hepatocellular carcinoma cells (HepG-2), colon
cancer HCT, and breast cancer cells (MCF-7). The PtNPs obtained used to
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inhibit the growth of Gram-negative bacteria Escherichia coli and Gram-

positive bacteria Bacillus subtilis.

Aygun, A., et.al. ©* studied the biogenic platinum nanoparticles
(PtNPs) that synthesized by using black cumin seed (Nigella sativa L.)
extract as a reducing factor. Pt nanoparticles have spherical shapes and
small sizes. the biogenic PtNPs were estimated for their cytotoxicity
influence on MDA-MB-231 breast and HeLa cervical cancer lines and
their anti-bacterial impact against selected strains of Gram-positive and
Gram-negative bacteria. The cytotoxicity and bacterial screening showed

the effectiveness of biogenic Pt nanoparticles.

Selvi, A., etal. ™" studied possibility pharmaceutical platinum
nanoparticles synthesized by means of leaf extract of Tragia involucrata
for overall therapeutic purposes. That showed excellent anti-oxidant, anti-
bacterial, and anti-cancer activity mitochondria-associated apoptosis in

HeLa cells, which is very hopeful for pharmaceutical applications.

Gurunathan, S., etal. ®® "Anti-cancer Properties of Platinum
Nanoparticles and Retinoic Acid: Combination Therapy for the Treatment
of Human Neuroblastoma Cancer." used an approach to synthesize PtNPs
using beta carotene as templates, these findings propose that PtNPs and
Retinoic acid acted synergistically to induce apoptosis and may have the
possibility for combination biotherapy in the treatment of malignant

diseases such as neuroblastoma.
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1.26 Aim of the current study
The main objective of this research:

1. Synthesise platinum nanoparticles by utilizing biological methods as an
alternative strategy to the traditional synthesis of nanopatrticles.

2. Study the characters of prepared platinum nanoparticles by UV-Visible,
FT-IR, XRD, TEM, AFM, and SEM.

3. Determine the cytotoxicity of prepared platinum nanoparticles on the
Ovarian cancer SKO-3 and Oesophageal cancer SK-GT-4 cell lines
using MTT assay.

4. Evaluate the antibacterial action of prepared platinum nanoparticles
against Gram-negative bacterial strain pseudomonas aeruginosa and
Gram-positive bacterial strain Streptococcus pyogenes. by using the agar

well diffusion technique.
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CHAPTER TWO

2. Experimental part

2.1 Chemical materials

All chemicals used in this study are shown in Table (2-1) .

Table (2-1) List of chemicals used in this study

) Supplier Manuf. )
No. Materials Formula M.WT Purity%
From Country
Hydrated Sigma-
1 | HyPtCle.6(H,0) | 517.91 g/moL _ USA 99.9%
hexachloroplatinic Aldrich
2 | Deionized water H,0O 18 g/moL Chem-Lab | Belgium | 100%
3 Trypsin/EDTA S Capricorn | Germany | ——
Santacruz
4 DMSO C,H0S 78.13 g/moL _ USA 99%
Biotech
5 RPMI 1640 Capricorn | Germany | ——
6 MTT stain C1gH16BIrNsS 414.32 g/moL | Bio-World USA 95%
Fetal bovine _
7 S Capricorn | Germany | ——
serum
Muller hinton
8 Hi-Media India o
agar
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2.2 Instruments and apparatus

All chemicals used in this study are shown in Table (2-2).

Table (2-2): List of instruments and apparatus are used in research

No. Instruments Manufacturing Company Source
1 Analytical balance Mettler Toledo Switzerland
2 Hot plate stirrer Alfa (HS-860) Iran
3 Centrifuge Mindray China
4 Scanning electron Microscope ZEISS GeminiSEM Germany
5 Transmission electron microscope ZEISS Germany
6 Atomic force microscope ZEISS Integrated Germany
7 X-ray Diffraction philips PW1730 Dutch
8 Fourier-transform infrared IR A ffinity-1- Shimadzu Japan

spectrophotometer
9 UV-Visible spectrophotometer Shimadzu UV-160 A Japan

10 CO; incubator Cypress diagnostics Belgium
11 Microtiter reader Gennex lab USA
12 Laminar flow hood K & K scientific supplier Korea
13 Micropipette Cypress diagnostics Belgium
14 Cell culture plates Santa cruz biotechnology USA

40




2.3 Stock solution of [H,PtClg.6(H,0)]
0.01M stock solution of hydrated hexachloroplatinic [H,PtCls.6(H,0)]

was done by dissolving 0.517g of dried hydrated hexachloroplatinic
[H,PtCls.6(H,0)] in 100 mL deionized water.

2.4 Prepare dates
Two types of well-known lragi dates were used, namely, Al-Khastawi

and Al-Zahidi dates; after collection, they were cleaned of impurities, washed
with deionized water, and dried by hot air in the oven at a temperature of
90°C as shown in Figure (2-1) .

cleaned of impurities and

R = X
J ‘A -
3 - 4 e 3 ’ -
% ;‘ \ € R D AT,
ATy PR e Al
D<o 4 ¢ 50 - O Y ol
YL Y A S washed with deionized water
It 1 r Y “ - & T o
Zahidi and Khastawi h
e
. O
v A 2C, -
2 O
(O O

Figure (2-1): Prepare of dates

2.5 Preparation of dates extract
To prepare the dates extract, 50.5 g of Al-Zahidi dates and 47.45 g of Al-
Khastawi dates were weighed, 250 mL of deionized water was added as a
solvent. The amount was decreased to 150 mL after boiling at a temperature
of 100°C for 25 minutes. The solution was filtered using Whatman filter
paper No. 1 to produce the filtrate (extract), which was kept in a hot and dark

position and used within a day as shown in Figure (2-2) .
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Add 250 mL deionized
water and boiling
at 100°C for 25 min

Zahidi dates
or Khastawi

Keep the extract at
hot and dark place

Figure (2-2): Preparation of dates extract

2.6 Green syntheses of platinum nanoparticles

To prepare platinum nanoparticles in this experiment, (2,4,6,8 and10)
mL of each of Zahidi and Khastawi dates extract were taken as shown in
Figure (2-3).

Figure (2-3): Exhibit volumes were taken for each Zahidi and Khastawi

dates extract.
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Dates extracts were mixed with 5mL of stock solution of
[HoPtCle.6(H,O)] with heating for 20 minutes at a temperature 90°C
Deionized water was added to complete the volume to 20 mL and then the
solution pH was adjusted to 8.5 using 0.1M NaOH as shown in Figures (2-4).
Based on variables such as temperature, pH, concentration, and time, the
solutions changed their color from yellow to brown or yellowish-brown as

shown in Figures (2-5).

A
5 mL H,PtCls.6(H-O) - )
- >
For each volume has 2]

‘ been added 5SmL of | S

stock solution - 20 mL

= 2 2
%ﬁ > ha— ™ &= %

Yellow ?{»ﬁ

Dates extract pH (4.4-5.3)

Physical
characterization

UV-Visible s

i 3

SEM <y
Biological XRD
\%' g
—

Acivity | ) FTR <<y -

Anti-bacterial
Anti-cancer PtNPs formation after Centrifuging
change the color to yellowsh brown at 4000 rpm.

Figure (2-4): lllustration graphic for green synthesis of platinum nanoparticles from

Zahidi or Khastawi dates extract
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Figures (2-5): Exhibit solutions after changed their color from yellow to brown

or yellowish-brown

2.7 Characterization of Pt nanoparticles
The purpose of the measurement methods is to define the properties,

composition, and structure of the prepared nanoparticles. Characterization
of nanoparticles can be assorted into two essential groups namely;
quantitative and qualitative. These methods involve a range of different
developed techniques like, UV-Vis spectroscopy, fourier transform
infrared spectroscopy, X-ray diffraction, scanning electron microscopy,
transmission electron microscopy, and atomic force microscopy,
characteristics can be studied using some of these techniques which are
helpful to determine diverse parameters such as particle size, shape,

crystallinity, fractal dimensions, pores size, and surface area **%.



2.7.1 UV-Visible spectroscopy

The absorption spectrum of the nanoparticles solution was measured
by, Shimadzu; Device model: UV-160 A at the University of Tehran-Iran.
The measurements were done at room temperature 27 °C in the quartz cell.
To suspend the materials, deionized water was used .The samples were

measured between (200 -800) nm.

2.7.2 Fourier transform infrared spectroscopy (FT-IR)

The functional groups included in the examined nanoparticles were
identified using a Fourier transform infrared instrument at wavelength
ranging from (400 — 4000) cm™". Prepared nanoparticles were examined by
[RAffinity-1- Shimadzu ; at BPC Analysis center in Baghdad. All

measurements were carried out at room temperature 27 °C.

2.7.3 X-ray diffraction (XRD)
X-ray diffraction for prepared nanoparticles was examined by XRD
device model philips PW1730 ; at the University of Tehran-Iran. The
technique of X-ray diffraction was used to investigate the crystalline
structure of materials since the X-ray wavelengths between (0.2 and 10) nm
are comparable to the interatomic spacing of crystalline solids. The method
determines the average distance between atoms in layers or rows. The XRD
technique enables one to evaluate the direction of a single crystal or grain
and the scale and form of small crystalline regions as shown in Figure (2-3).
The diffraction of X-rays by a crystal is explained by the Bragg law,
which is defined as the relationship between the wavelength of the X-rays
and the interatomic spacing and is given by the following equation 4
A=2dsinaé......... (1)
where A is the wavelength of the X-ray, d is the interlayer spacing,
and @ is the incident angle as shown in Figure (2-6) ®*Y. Apparent
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crystallite sizes are obtained from the Debye Scherrer equation to
determine various characteristics of the crystalline material

D =0.9//p cos 4....... 2)

where D is the crystal size, A is the wavelength of X-ray, 0 is the
Braggs angle in radians, and g is the full width at half maximum of the

peak in radians 42,

IncidenN Axis Diffracted

ray

/
\

Lattice
spacing

Figure (2-6): X-ray diffraction 4.

2.7.4 Transmission electron microscope(TEM)

Transmission electron microscope is a form of microscopy in which
a ray of electrons is passed across a very thin specimen, interfering with it
as it travels. The interaction of electrons transferred through the specimen
produces an image, which is magnified and focused onto an imaging
device, such as a fluorescent screen, a sheet of photographic film, or to be
discovered by a sensor **¥ as shown in Figure (2-7). The device used is
the Germany origin Zeiss was used at the laboratories of University of
Tehran — Iran.
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Figure (2-7): Schematic diagram of TEM system.

2.7.5 Scanning electron microscope (SEM)

SEM is a surface imaging technique in which an incident electron
beam scans over the specimen surface and interacts with it, generating
signals that represent the specimen atomic composition and topographic
information. SEM generates images with much better resolution by using
accelerated electron beams and electrostatic or electromagnetic lenses 4%
as shown in Figure (2-8). Scanning electron microscope was utilized to

assay nanoparticles samples at University of Tehran-Iran .
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Figure (2-8): Scanning electron microscope

2.7.6 Atomic force microscope (AFM)

Atomic force microscopy was used to scan the surface of

nanomaterials with the use of a probe as shown in Figure (2-9), which

creates very high-resolution images. Atomic force microscopy, was used

to physically scan material at the submicron level that resulting in high-

resolution photographs of the particle size measurement. The AFM method

was used to investigate the size, shape, structure, dispersion, and

aggregation of nanomaterials %
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ZEISS integrated atomic force microscope was used at the University

of Tehran- Iran.

Figure (2-9): Schematic diagram of AFM

2.8 Biological applications of prepared platinum nanoparticles
2.8.1 Anti-cancer activity of prepared PtNPs

2.8.1.1 Cell cultures

SKO-3 and SK-GT-4 cells were maintained in RPMI-1640
supplemented with 10% foetal bovine serum, 100 units/mL of penicillin,
and 100 pg/mL of streptomycin. The cells were then passaged using
Trypsin-EDTA reseeded at 80% confluence twice a week and incubated at
37 oC (146,147)
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2.8.1.2 Determine cytotoxicity using MTT assay

The MTT assay was conducted using 96-well plates to determine the
cytotoxic effect of PtNPs %149 Cell lines were seeded at 1 x 10°
cells/well. Cells were treated with tested compounds at different
concentrations after 24 hours or a confluent monolayer was achieved. Cells
viability were measured after 72 hours of treatment by removing the
medium, adding 28 pL of 2 mg/mL solution of MTT, and incubating the
cells for 2.5 hours at 37 °C. The remaining crystals in the wells after
removing the MTT solution are solubilized by the addition of 130 pL of
DMSO followed by 37 °C incubated for 15 min with shaking ®*°. The
absorbency was determined on a microplate reader at 492 nm and the assay
was performed in triplicate. The inhibition rate of cell growth (the
percentage of cytotoxicity) was calculated as follows **%2:

Inhibition rate = A- B/A*100............. (3)

A is the optical density of control and B is the optical density of the
samples “*¥. The cells were seeded into 24-well microtitration plates at a
density of 1 x 10° cells mL™" and incubated for 24 h at 37 °C to visualize
the shape of the cells under an inverted microscope. The cells were then
exposed to PtNPs at IC50 concentration for 24 hours. Afterward, the plates
were stained with crystal violet stain and incubated at 37 °C for 10-15 min
after the exposure time “*¥. The stain was washed off gently with tap
water until the dye was completely removed. The cells were finally
observed under an inverted microscope at 100x magnification, and the

Images were captured with a digital camera attached to the microscope
(154,155)
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2.8.2 Anti-bacterial activity of prepared PtNPs
2.8.2.1 Determine inhibition of prepared PtNPs

The anti-bacterial behaviour of the prepared PtNPs was examined
against Gram-negative bacterial strain P. aeruginosa and Gram-positive
bacterial strain S. pyogenes via agar-well diffusion technique @,
Approximately 20 mL of Muller—Hinton (M-H) was aseptically poured
into sterile Petri dishes before cultivation ™*®. The bacterial species were
obtained from their stock cultivars using a sterile wire loop. After the
cultivation of species on the agar plates, 6 mm diameter wells were
drilled using a sterile tip “*”. Various amounts of bare PtNPs (0.01,
0.005, 0.00250, 0.00125) M were used in the agar wells. Cultivated
PtNPs containing plates and test organisms were then incubated
overnight at 37 °C before measuring and recording the average diameter
of the bacterial inhibition zones formed by the respective PtNPs
concentrations. The experiments were conducted in triplicate *®.

2.9 Statistical analysis:

The obtained data were statically analyzed using an unpaired t-test

with Graph Pad Prism 6 ®*%. The values were presented as the mean + SD

of triplicate measurements .
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CHAPTER THREE

3. Results and discussion

3.1 Synthesis of platinum nanoparticles (PtNPs)

The method of the production of nanoparticles starts by combining a
metal-salt solution with a sample of plant extract. The biochemical
reduction of the salt solution occurs , and the reaction mixture changes
color, signaling the existence of nanoparticles ®*. In this study, platinum
nanoparticles were synthesized by the reduction of Pt"™ * to Pt° that is
generated by the addition of hydrated hexachloroplatinic [H,PtCle.6(H,0)]
solution to the dates extract .The extract contained phytochemicals
compounds that could work as reducing and capping agents .The color of
the solution changed from yellow to brown or yellowish-brown, indicating
the formation of PtNPs.

3.2 PtNPs formation mechanism
In plant based sources the bioactive compounds e.g. polyphenols has

the dual role of a reductant and a capping agent for preserving the
stabilization of metal nanoparticles “®?. The functional groups present in
the zahidi and khastawi dates extract compound is thought to be the source
of reducing and surface capping agents stabilizing the PtNPs. The hydroxyl
functional groups in the polyphenols reduce Pt ions to PtNPs and cap to
form stabilized PtNPs., The foundations of synthesis can be demonstrated
in two stages: Pt atoms (Pt°) are formed in the first step as a result of the
reduction of various complexes with Pt*" ions, followed by the forming of
oligomeric clusters as a result of agglomeration, and these clusters
ultimately contribute to the formation of colloidal PtNPs in the second step.
The bio-reduction pathway is heavily influenced by functional groups such
as amine (-NH), alcohol (-OH), carboxylic group (-COQ), and amide.

Groups, such as hydroxyl, are oxidized during the reduction and
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stabilization process, resulting in oxidized forms that start capping the
surface of the PtNPs. As a result, the functional groups in the zahidi and
khastawi dates extract compounds may be responsible for the bio-reduction

of Pt ions to metallic PtNPs as shown in Figure (3-1) 9.
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Figure (3-1): Proposed mechanism for biofabrication and stabilization of

PtNPs by extract of plants.
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3.3 Identification of prepared platinum nanoparticles

3.3.1 Measurement of UV-Visible spectroscopy

UV-Vis spectroscopy is an absorption spectroscopy technique used to
validate nanoparticle synthesis. It was used to as-certain the existence of
synthesized platinum nanoparticles in this study. The UV-Visible
spectrum of platinum nanoparticles synthesized using extracts of zahidi
and khastawi dates are presented in Figure (3-2). The UV-Visible spectra
showed surface plasmon resonance (SPR) bands around 283 nm for
PtNPs, Surface plasmons are charge density oscillations of free electrons in
a metal that cause surface plasmon waves to be generated, an absorbance
peak signaled the formation of platinum nanoparticles was detected “*%.
The solutions' color change from yellow to yellowish-brown could be used
to track the production of platinum nanoparticles. This marked the
formation of platinum nanoparticles as a result of the reduction process of

Pt*" to Pt nanoparticles.
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Figure (3-2): UV-Vis absorption spectrum of green synthesized platinum

nanoparticles using (a) Zahidi and (b) Khastawi dates extract.
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3.3.2 Fourier transforms infrared spectroscopy analysis
FT-IR spectroscopic analysis was applied to observe the possible
biomolecules present in zahidi dates extract as shown in Figure (3-3a),
such as proteins and flavonoids. These biomolecules work as a reducing
source and stabilising agent to PtNPs synthesized by zahidi dates extract.
FT-IR spectra of PtNPs in Figure (3-3b) demonstrates peaks at (3302.13,
1639.49, 1234.44 and 1026.13) cm™'. The broad peak at 3302.13 cm ™' is
associated with —OH stretching vibration of phenolic compounds, whilst
that at 1639.49 cm ™' is associated with C=0O stretching vibrations. The
two peaks at (1234.44 and 1026) cm ™' are associated with the stretching
vibration of C—O and C—N stretching.

The FT-IR spectrum of synthesized PtNPs illustrated a decrease in the
peak intensities of the functional groups compared with the functional
groups in dates extract. The absence of these functional groups in the
synthesized PtNPs indicates the formation of PtNPs. Identified sharp peaks
in the range of (420.48-532.35) cm' refer to the vibration of PtNPs. This

result means that PtNPs were formed successfully (610
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Figure (3-3): FT-IR spectrum of (a) zahidi dates extract and (b) The prepared PtNPs
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Figure (3-4a) and Figure (3-4b) show the FT-IR spectra of the
khastawi dates extract and PtNPs prepared were conducted to determine
the functional groups of biosynthesized platinum nanoparticles . The FT-
IR bands spotted at (3325.28, 1770.65, and 1600) cm™' in khastawi dates
extract attributed to the O—H, C=0, and C—N respectively. The stretching
bands for the O—H and C=0 groups that may interact with PtNPs can be
found in amino acids.

The strong band at 1249.87 cm™' can be appropriate to the C—O and
its shift in vibration to 1238.30 cm™' for PtNPs . Also, the disappearing of
the strong band at 1770.65cm™' in PtNPs indicating that polyphenols of
khastawi dates extract are responsible for the bio-reduction and capping of
the PtNPs. The disappearance of N-H stretching frequency (2931.80 and
2873.94) cm™' indicates abounding of the biomolecules to the Pt
nanoparticles through the N-H group of amino acids. Also, the band at
1600 cm ' in the khastawi dates extract appointed as C—N vibrations
almost disappeared, indicating the participation of protein amide in the

bounding to the Pt nanoparticles #°"1%8),
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Figure (3-4): FT-IR spectrum of (a) Khastawi dates extract and (b) the prepared PtNPs
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3.3.3 X-ray diffraction analysis (XRD)

PtNPs synthesized using zahidi dates extract and khastawi dates
extract are crystalline . PtNPs reveal a face-centered cubic structure. The
XRD spectra comparative to the standard confirmed that spectrum of
platinum particles produced in the experiments were in the shape of
nanocrystals. As demonstrated by the peaks at 20 values of the 38.48°,
44.77°, 65.20°, and 77.95°, which were respectively assigned correspond
to diffraction peaks of (111), (200), (220), and (311), as shown in Figures
(3-5) and (3-6) *9.
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Figure (3-5): XRD of PtNPs synthesized by zahidi dates extract.
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Figure (3-6): XRD of PtNPs synthesized by Khastawi dates extract.

Average crystal size in the product that can be found using X-ray
diffraction profile. Calculating the crystal size (D) can be done by using
the Debye Scherrer equation ¢
D =KABCOSH...................... (2)

The average particle size of the fabricated PtNPs was determined
using the Debye—Scherrer equation, which expounds the relationship
between crystallite size peak broadening in XRD. in which D is the mean
diameter of nanoparticles, K is the Scherrer constant with a value of 0.9, A
is the wavelength of the X-ray radiation source 0.15406 nm, and 0 is the
Bragg's angle %2,

Table (3-1): Structural parameter of PtNPs

o | iy | e | e R ot | o | sranony
| [°2Th] ' [%]
1 38.4648 0.1036 | 2.33849 | 123.44 100 820.444 82.0444 0.089225
2 44.4293 0.1145 | 2.03741 | 58.43 47.34 932.165 93.2165 0.109284
3 65.1921 0.09 1.42989 | 17.47 14.16 1266.63 126.663 0.021886
4 | 77.83(3) | 0036 | 122633 |57(512) | 46.26 | 1589.54 | 158.954 | 0.001709
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3.3.4 Transmission electron microscope analysis

TEM analysis was recorded to study the morphological
characterization and determine the size and structure of PtNPs. The images
show that most PtNPs have spherical shapes as shown in Figure (3-6). The
nanoparticles are arranged roughly parallel to each other, with a significant
amount of small-size nanoparticles. In addition, the synthesised PtNPs are
formed in large quantities. The PtNPs were exhibited in diameter ranging

from (30 — 40) nm, which is compatible with the X-ray result.

Mag = 100.000 KX ZEDX 150 nm Mag = 35.970 KX
=

30 nm Mag = 100.000 KX 150 nm Mag = 35.970 KX

Figure (3-7): TEM micrograph PtNPs of zahidi extract (a) 30 nm (b) 150 nm and
khastawi extract (c) 30 nm, (d) 150 nm.
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3.3.5 Scanning electron microscope analysis

SEM analysis was accomplished to determine the shape and surface
morphology of PtNPs prepared from aqueous zahidi and khastawi dates
extracts with diameters ranging from 30 nm to 40 nm, as demonstrated in

the SEM images presented in Figure (3-7).

100 nm EHT = 10.00 kV Signal A = SE2 ZEISS 200 nm EHT = 10,00 kV Signal A = SE2 ZEISS.
WD= 65 mm Mag= 60.00KX  User= DP i WD= 65mm Mag= 3000KX  User= DP

8
A

100 nm EHT = 10.00 kV Signal A = SE2 ZEISS 200 nm EHT = 10.00 kV Signal A = SE2 ZFISS
WD= 57 mm Mag= 6000KX  User= DP 1 WD = 57 mm Mag= 3000KX  User= DP

Figure (3-8): SEM micrograph of synthesis PtNPs by zahidi extract (a) 100 nm
(b) 200 nm and khastawi extract (c) 100 nm (d) 200 nm.
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3.3.6 Atomic force microscope analysis (AFM)

The characterisation of PtNPs was also checked via AFM, as shown
in Figure (3-8). The Figure displays the two- and three-dimensional images
of synthesised PtNPs. The images revealed that the distribution of PtNPs

with a diameter of (30—40) nm was limited.

0nm

slow [pm]

fast [um]

(€) (d)

Figure (3-9): AFM analysis of PtNPs by zahidi extract (a) 2-dimension and, (b) 3-
dimension structure and khastawi extract (c) 2-dimension and (d) 3-

dimension structure.
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3.4 Biological applications of prepared platinum nanoparticles

3.4.1 Anti-cancer activity of prepared PtNPs

Many cancer chemotherapeutic drugs available for treating work to
destroy malignant tumor cells by inhibiting some cellular division
processes. As a result, the anti-tumor compounds produced using this
method are cytostatic or cytotoxic to all dividing cells, even normal cells,
and hence are nonspecific .

Because of their biodegradability, biocompatibility, surface
modulation, durability, excellent pharmacokinetic regulation, and
suitability for entrapping a broad variety of therapeutic agents,
nanoparticle-targeting anti-cancer drugs have lately been given further

consideration 2.

3.4.2 Cytotoxicity by MTT assay

The MTT assay is a swift colorimetric assay designed for cell
viability high testing in a 96-well design. This assay measures reduction of
yellow MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide) to an insoluble blue formazan substance by mitochondrial
succinate dehydrogenase. When cells die, they lose their ability to
transform MTT into formazan, thus, color formation serves as a sign of the
viable cells ™.

The cytotoxicity of platinum nanoparticles synthesized by zahidi and
khastawi dates extract were investigated by MTT method for 72 hours in
this study using the abnormal cell lines of SKO-3 Ovarian cancer cell line
and SK-GT-4 Oesophageal cancer cell line.

The human SKO-3 Ovarian cancer cell line and SK-GT-4
Oesophageal cancer cell line were exposed to PtNPs at different

concentrations to determine the anti-proliferative influence.
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The cytotoxic effect of PtNPs on the human cancer cell lines SKO-3 and
SK-GT-4 after 72 hours were examined. The results showed significant
inhibition of cell proliferation in cell lines. Furthermore, the inhibition of cell
proliferation was significantly increased depending on concentration, as shown
in Figures (3-10), (3-11), (3-12) and (3-13). The different concentrations of
PtNPs used are as follows: (0.00125, 0.0025, 0.005 and 0.01) M.

The results indicated that PtNPs are considered to be a precious source of
effective anti-proliferative and cytotoxic substances. PtNPs have also been
reported to move across cell membranes and interfere with cellular structures,
implying that it has a significant effect on cell activity and viability. These
results agree with Bendale, et.al ™%,

The inhibition rate of PtNPs in SKO-3 and SK-GT-4 cells at different

concentrations of PtNPs used in this study are shown in Tables (3-2) and (3-3).

Table (3-2): Inhibition rate of PtNPs synthesized by zahidi dates extract

Concentration Inhibition rate on SKO-3 cell line % | Inhibition rate on SK-GT-4 cell line %
0.00125 M 12.5% 20%
0.0025 M 26% 34%
0.005 M 63% 70%
0.01 M 75% 78%

Table (3-3):Inhibition rate of PtNPs synthesized by khastawi dates extract

Concentration Inhibition rate on SKO-3 cell line % | Inhibition rate on SK-GT-4 cell line %
0.00125 M 13% 17.5%
0.0025 M 28% 28%
0.005 M 64% 68%
0.01M 76% 7%
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Alshatwi, et.al, (2015) “ and Sahin, et.al, (2018) “® demonstrated
that platinum nanoparticles were a significant cytotoxic effect on abnormal
cells. As a result, these nanoparticles may be used as part of the research and
development process for effective anti-cancer therapeutics.

The apoptosis property was also investigated through morphological
changes in SKO-3 and SK-GT-4 cell lines. The control (untreated) cells
showed that the treated cells maintained their original morphology form. By
contrast, SKO-3 and SK-GT-4 cell lines treated with PtNPs showed changes
in morphology. The toxicity was increased due to the reduction in the number
of SKO-3 and SK-GT-4 cell colonies in those treated with the PtNPs, thereby
indicating strong cell-killing as shown in Figures (3-14) and (3-15).

100+

~75%

% Cytotoxicity

Figure (3-10): Cytotoxic effect of zahidi PtNPs in SKO-3 cell

line.

66



100+

~78%

% Cytotoxicity

Figure (3-11): Cytotoxic effect of zahidi PtNPs in SK-GT-4 cell line.

100+

~76%

% Cytotoxicity

Figure (3-12): Cytotoxic effect of khastawi PtNPs in SKO-3 cell line.

100+

~77%

% Cytotoxicity

Figure (3-13):Cytotoxic effect of khastawi PtNPs in SK-GT-4 cell line.
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Figure (3-14): (a). Control untreated SKO-3 cells
3.4.2.1Control untreated SK-GT-4 cells
3.4.2.2 Morphological changes in SKO-3 cell line after treated with zahidi
PtNPs. (d). Morphological changes in SK-GT-4 cell line after treated with zahidi
PtNPs.
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Figure (3-15): (a). Control untreated SKO-3 cells

(b). Control untreated SK-GT-4 cells
(c). Morphological changes in SKO-3 cell line after treated with khastawi PtNPs

(d). Morphological changes in SK-GT-4 cell line after treated with khastawi PtNPs
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3.4.3 Anti-bacterial activity

The treatment options for treating infections are rapidly restricted due
to anti-bacterial resistance, raising the morbidity and mortality associated
with infectious diseases induced by bacteria. The production of metal
nanoparticles with anti-bacterial activity is an additional approach to
combat infections caused by anti-biotic resistant bacteria "

The antibacterial activity of PtNPs was tested against Gram-negative
bacterial strain P. aeruginosa and Gram-positive bacterial strain S.
pyogenes bacteria. It was found that these nanoparticles have great anti-

bacterial activity.

3.4.4 Agar well diffusion method

The influence of PtNPs as anti-bacterial drugs was estimated via the
agar-well diffusion technique. Gram-negative bacterial strain P.
aeruginosa and Gram-positive bacterial strain S. pyogenes were treated
with PtNPs in this study.

Ruiz, et.al “® and Gopal, et.al *" exhibited that the anti-microbial
activity of nanoparticles is based on their small size and high surface area.
Nanoparticles can penetrate biofilms and bacterial cell walls, affecting
intracellular processes because of their large surface area and small size.
Several studies focused on the interactions of living cells with PtNPs. The
uptake and bioactivity of PtNPs on human cells have also been examined.
The PtNPs enter the cells via diffusion and localize within the cytoplasm.
DNA damage, cell aggregation, and cell apoptosis were also increased by
exposure to PtNPs.
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The influence of PtNPs as anti-bacterial drugs was estimated via the
agr-well diffution technique. Gram-negative bacterial strain P. aeruginosa
and Gram-positive bacterial strain S. pyogenes bacteria were treated with
PtNPs in this study. Different concentrations of PtNPs were added on Gram-
negative bacterial strain P. aeruginosa and Gram-positive bacterial strain S.
pyogenes which revealed inhibition zones with different diameters, as shown
in Table (3-4) and (3-5).

Table (3-4): Growth inhibition of PtNPs by zahidi dates extract

Concentrations | Inhibition zone mm of P.aeruginosa | Inhibition zone mm of S.pyogenes
0.00125 M 20 mm 18.2 mm
0.0025 M 24.5 mm 23 mm
0.005 M 26.5 mm 28.4 mm
0.05 M 32.5mm 35.5mm

Table (3-5): Growth inhibition of PtNPs by Khastawi dates extract

Concentrations | Inhibition zone mm of P.aeruginosa | Inhibition zone mm of S. pyogenes
0.00125 M 15 mm 17 mm
0.0025 M 17.5 mm 21mm
0.005 M 24 mm 26 mm
0.05M 31 mm 33 mm

The influence of PtNPs against P. aeruginosa and S. pyogenes
bacteria at different concentrations showed significant growth inhibition
with an increase in dose concentration. As shown in Figures (3-16), (3-17),
(3-18) and (3-19). These results agree with Kumar, et.al “®,
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Figure (3-16): Antibacterial activity of zahidi PtNPs against Pseudomonas aeruginosa.

Zone of inhibition mm

Figure (3-17): Antibacterial activity of khastawi PtNPs against Pseudomonas aeruginosa.
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Figure (3-19): Antibacterial activity of khastawi PtNPs against Streptococcus pyogenes.
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3.5 Conclusions and recommendations

3.5.1 Conclusions
The following conclusions are drawn from this research based on the
study's purpose and objectives.
1. Synthesis PtNPs from aqueous solution of date extract of zahidi and
khastawi as a possible eco-friendly sustainable bio-resource.

2. Platinum nanoparticles preparation were confirmed by use UV-Vis, FT-IR,
XRD, TEM, SEM, and AFM were used to assess the scale, morphology, and
form of the PtNPs. UV-Vis research confirmed the formation of PtNPs and
confirmed that they were made entirely of pure PtNPs. The average diameter
range of the PtNPs was (30 — 40) nm .

3. Bioactive PtNPs activity was capped by zahidi and khastawi dates extract
had a high level of cytotoxicity against the Ovarian cancer humans SKO-3
and Oesophageal adenocarcinoma SK-GT-4 cell lines. This supports the
theory that PtNPs that have prepared would be successful against cancer
humans cell lines.

4. This is the first time that the activity of prepared PtNPs from zahidi and
khastawi against these cell lines has been recorded in Irag. Manufactured
PtNPs were discovered to have a high level of action with increasing the
PtNPs concentration.

5. Platinum nanoparticles exhibited high anti-bacterial activity against Gram-
negative bacteria Pseudomonas aeruginosa and Gram-positive bacteria
Streptococcus pyogenes with increasing the dose concentration.

6. The agar well diffusion method showed that Gram-negative bacteria
Pseudomonas aeruginosa and Gram-positive bacteria Streptococcus

pyogenes were influenced and that was clear from the inhibition zones.
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3.5.2 Recommendations

These results suggest that more study into the biological pathways
behind this activity should be conducted in order to acquire a better
understanding of how it works and to determine the possibility of

employing this chemical as cancer and bacterial medication:

1. Study the cytotoxic impact of synthesized platinum nanoparticles
produced by a green approach on other cancer cell lines and bacteria.

2. To assess if PtNPs have an effective cytotoxic impact on a live system,
their in vivo cytotoxic effects should be studied in an animal model.

3. Investigate immunohistochemistry to determine the extent of cancer
tissue damage following treatment with synthesized platinum

nanoparticles produced using a green method.
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