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Abstract

The aim of this study was to synthesize gold nanoparticles and to use ttem w
photothermal therapy in the treatment of carcinoma cells. A developed technique
which is a novel, quick, cost effective and environmental friendly was used for the
synthesis of noble metal gold nanoparticles (Au NPs) using a mixtur®|eaf
europaedruit extract andAcacia niloticafruit extract. Synthesize nanoparticle had
different shapes viz spherical, rod and other irregular shapes with average size of
44,96 nm. The synthesized nanoparticles were characterized byviklble
spectroscopy, zetasizer, fourier transform infrarecttspscopy (FTIR), scanning
electron microscopy (SEM) equipped with energy dispersive spectroscopy (EDS)
and transmission electron microscopy (TEM). The synthesized Au NPs showed
excellent cytotoxic activity against MCF, HCT-116 and Hep& cells, with 1Go

for nanoparticles concentrations of 45.5, 37.2 and 40.6 pl respectively more than
the extract. More preferably these synthesized nanoparticles are used with
photothermal therapy using laser light in treatment of Ehrlich Ascites carcinoma
cells which showd excellent anticancer activity. All these findings prove and
suggest that the gold nanoparticles synthesized from mixtufeleaf europaea

fruit extract andAcacia niloticafruit extract is a promising candidate for a wide
variety of applications in pharaceutical and biomedical fields as well as in

nanomedicine.
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Chapter One

Introduction

Nanotechnology is mainly concerned with synthesis of nanopafhit?s3 of variable sizes,
shapes, chemical compositiorend controlled dispersity and their potersiabes for human
benefits.[1]. The synthesis of noble metals nanostructued develogd chemical routes of
controlling the homogeneity of nanoparticles formation with desired size and dbape
plasmonic applicationsarevery active field of researcl2{ 6]. Thefabrication of nanostructures
follows the demarsl for specific optical propertigsn particular,plasmon enhanced scattering
(SERS and SERRS) and plasmon enhanced fluorescence (SEF) appli¢adlons|

Metal nanoparticles can begmpared by two routeshe firstone is a physical approach that
utilizes several methods suchesporation/condensation and laser ablation. The seooteis

a chemical approach in which the metal ions in solutioredsiced in conditions favimig the
subsequent formation sfnall metal clusters or aggregafie3j|

There area wide range of methods that may be employed to fabricate gold nanostructures such
as vacuum evaporationJJland electrochemical technique[113]. In addition, arrays of gold
nanoparticles can biabricated using the LangmuBlodgett (LB) technique, nanolithography,

and layetby-layer deposition [4, 15]. Gold nanoparticlesynthesisis commonly carriecbut

using colloidal chemistry whicimvolves the use of chemicals (reducing/stabilizing retgen
among which are sodiumcitrate, sodiumborohydrate, ascorbic acid, folic acid, and so forth
[16]. Recently, many biological methods are considérell b e o&égreen chemistry
be environmentally friendly approaches for production of ianoignanoparticléNPs), hence

there are many cases used biological resources which have been exploiteepfodbation of

NPs, including bacteria , fungi, algae, virus@sherstudiesusedthe whole plants, plant tissue,
fruits, plant extracts and mae algae 17]. Therefore, preparation of NPs by green synthesis
approach has advantages over physical and chemical approaches as it is environmental friendly,
cost effective and the most significant advantage that the conditions of high temperature,
pressureand energy arenotrequired and no toxic chemicals in this synthesis protmcaloid

adverse effects in medical applicati¢t8,19].
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Gold nanoparticles can be used in medical scienceifelabeling, detecting various ailments,
biosensor devices for the detection of viruses and ba&€yiahd nanomedicine Also gold
nanoparticles are used for differgnirposessuch as their usagater cellular uptake, they can
act as tiny, precise and powerful heaters (thermal scalpetigstooycancer 1,22, and they
arealsocapable of inducing apoptosis indBronic lymphocytic leukemi&2B].

In this study, @io production method of goldanoparticlegAu NPs)was presenteds a simple,
environmental friendly, and cost effectimeethod using mixOlea Europaeafruit(OE) extract
and Acacia NiloticdAN) extractasreducing agent and stabilizesing sadlgel techniques.The
greensynthesized(Au NPs)was characterizedsing Ultraviolet (UV) spectrometerfourier
transform infrared spectroscop¥#TIR), Dynamic Light Scattering (DLS}Zitasize) for the
average size of the produced Au NEergydispersive Xray spectroscopfEDS) equippedby

A scanning electron microscope (SEMas usedo confirm the existence of the gotdement
and the shape and morphology of the particles was examimedransmission electron
microscopy (TEM) Moreover green gold nanoparticleplications as anticancer activities
using Laser Heated Phototheramyere studiedTo the best of our knowledge, this is the first
study describing the preparation @EAN)gold ranoparticles andlso the first study ofheir
biological effects.

As a start, it would be helpful to provide some of the keywords and their definitions that are

closely related to the synthesis and characterization of nanoparticles composites such as:

1.1. Nanotechnology
Nanotechnology has been around since the beginning of time. Nature routinely has always used
nanotechnology to synthesize molecular structures in the body such asesnzyroteins,
carbohylrates, and lipids which form components of calidtructuresHowever, the discovery
of nandechnology has been widely attributed to the American Physicist and Nobel Laureate Dr.
Richard Phillips Feynmar2fl] who presented &cturec al | ed AThere is plent

bott omd i n De c ethebamnual @eeting df hé& Bmerican Physical Society at

California Institute of Technol ogy. The firs
attributed to Tanaguchi?2f] i n a paper published i n 1974
nanotechnol opPyexl BranKMIErigcaduate | ater took

18



tiny factories and added the idea that they could make more copies of themselves, via computer
control insteaaf control by a human operatfi#6].
Nanotechnology mainly deals with the fadation of nanoparticles having various shapes, sizes
and managing their chemical and physical parameters for further use in human benefits with their
growing applications in various fields [27]. Currently, the applications of nano materials is
becoming imreasingly important in order to address the problems associated with material
sciences, including solar energy conversion, photonics [28,29], catalysis [30], microelectronics
[31], antimicrobial functionalities [32], water treatment [33] and cancerplgera

1.2. Nanosciene

The term Ananoscienceo therefore appears to
science underlying nanotechnology, 06 although
might have a valid meaning as the science of mesoscale approximation.
When matter is divided into such a small dimension as nanometric, its physical, chemical, and
biological properties change drastically. Accordingly the relationship between Nanoscience and
nanotechnology has been largely symbiotic, with ddiendiscoveies leading to new
technologies that in turn usher in new fundamental insights. This ability to precisely control
atoms and build molecules at extremely small length scales holds the promise for important
breakthroughs in healthcare, manufacturing, agdrticel energy, information technology,
national securities, etc. This is why some are calling it a Nanoscience and nanotechnology
revolution[34)].

1.3. Nanomaterials
Nanoscale materials are defined as a set of substances where at least one dimessidans
approximately 100 nanometers. A nanometer is one millionth of a millimetpproximately
100,000 times smaller than the diameter of a human THaér ability to control, manipulate, and
design material®n the nanometre scale (1n) will be one of he majortechnology drivers of
the 21st CenturyThe two main reasons why materials at tf@no scale can have different
properties are increased relative surface area andjnamium effects.
Nanomaterialsare being developed from almost every typenwdteriatincluding polymers,
metals, ceramics, compositesd biomaterials. Some of the maagsorted applications that are

likely to be seen in the futurénclude ultraprecise drudelivery systems, nanobotfor

19



micromanufacturing, nanoelectronics, usietectivemolecular sieves, and nanocomposites for
aircraft andother highperformance vehicldS5].

Here some examples of nanomaterfglsld, carbon, metals, meta oxides and alloys) with variety
of morphologies (shapes) are depicted in FHf. 1

20pg0

Titanium nanoflower Silver nanocubes Sn0O2 nanoflower

Fig. 1-1. Nanomaterials with a variety of morphologies

1.4. Nanoparticles
A subset of nanomaterial currently defined by conseasusingleparticles with a diameter <
100 nm. To put the size ofanoparticles (NPs) into perspective, a red blood cell has a diameter
of 7-8000 nm, while virus isimilar in size to nanoparticle. Therefore size of nanoparticle is
comparable to biological macromoldes such as DNA and proteamd other components (Fig.
1-2).

20



carbon

nanotube b g
diameter  trangictar red blood cell grain of sand
5-10 nm 35 nm 10 1 mim
I | I | | I | I
[ [ [ [ [ [ [ [
R 0 1 2 3 4 5 &
10 10 10 10 10 10 10 10 nm
1 nm 10 hm 180 pm
Dre diameter protein burnan hair diameter

Fig. 1-2. The scale showing size of nanoparticle (NP) compared to biologicahd

other components

1.4.1.Nanoparticles properties
Nanoparticles contain small enough a numbecarfstituent atoms anolecules that they differ
from the properties inherent in their bulk counterpdtiswever, they contain a high enough a
number of constituent atoms or molecules tiy cannot be treated as an isolated group of
atoms or molecules herefore,nanoparticles exhibit electronic, optical, magnetic and chemical
properties that are vedifferent from both the bulk and the constituent atoms or molecules. For
example, thestriking colors of metallic nanoparticle solutions (such as goldsdwelr) are due to
thered shift of the plasmon band to visible frequencies, unlike that for bulk metals where the
plasmon absorption is in the UV region (a plasmon is a quantum of collective oscilibfiee
electrons in the metals). This redift of the plasmon occurs due to the quantamfinement of

electrons in the nanoparticle, since the mean free patklaaftrons is greater than the
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nanoparticle size3p]. Additionally, the optical properties afanoparticles depend significantly
on ther size and shape as well as on the dieleatdnstant of the surrounding medium. For
example, in spherical gold nanoparticles, filasmon absorption red shifts with increasing
diameter of the nanoparticld7].

1.4.2.Nanoparticles classification

Nanoparticks are generally classified based on their dimensionality, morphology, composition,
uniformity, and agglomeration. Athe shape or the morphology of nanoparticles plays an
important role in theirreactivity it is useful to classify them based on their nemiof
dimensions.

1 One dimensional nanoparticle:Particles with one dimension in thenometer scale are
typically thin films or surface coatings, and include direuitry of computer chips and
the antireflection and hard coatings eyeglasses. Thifilms have been developed and
using for decades in variotdiglds, such as electronics, chemistry, and engineering. Thin
films can bedeposited by various methods and can be grown controllably to be only one
atom thick, called monolayer.

1 Two dimensional nanoparticles: Those particles which have two dimensions on the
nanometer scale are known as {dimensional nanoparticles. These include 2D
nanostructure films, which firmly attached to a substrate, or nanopore filters used for
small particle separation arfitration. Free particles with a large aspect ratio, with
dimensions in the nanoscale range, are also considered 2D nanomaterials. Asbestos fibres
are an examplef two dimensional nanoparticles.

1 Three dimensional nanoparticles: Particles having all thee dimensions on the
nanometer scale are considered as Fdiemnsional nanoparticles. These include thin
films deposited under conditions that generate at@wade porosity, colloids, and free

nanoparticles with variousiorphologies.
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Fig. 1-3. Nanopatrticles classification

Morphological characteristics to be taken into account are: flatness, sphewmcitgspect ratio.
This is a generalization of the concept of aspect rétigeneral classification exists between
high- and lowaspect ratio particl§85).
1 High-aspect ratio morphology: These include nanotubes and nanowires, with various
shapes, such as helices, zigzags, belts, or perfzaqmsvires with a diameterahvaries

with length

1 Small-aspect ratio morphology: These includespherical, oval, cubic, prism, helical, or

pillar. Collections of many particles exist as powdstspesion, or colloids.

1.4.3.Nanoparticles uniformity and agglomeration
Based on their chemistry and eleetnagnetic properties, NPs can existdapersed aerosols, as
suspensions/colloids, or in an agglomerate state.ekample, magnetic NPs tend to cluster,
forming an agglomerate state, unldghsir surfaces are coated with a rraagnetic material.
Agglomerates of NPsan be larger than 100 nm diameter but they may break down on weak
mechanical forces or in solvents an agglomerate state, NPs may behave as larger particles,
depending orthe size of the agglomerate. Hence, it is evident that NPs agglomeratioandize
surface reactivity, alhg with shape and size, must be taken into accedmn deciding

considering the health and environmental regulation of meterials.
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1.4.4.Synthesis of Nanopatrticles

Nanomaterialgleal with very fine structurethis i

updé or t he Ot op syhthesizenananaterials, ae bithes to assemble atoms

together or to dimssemble (brealgr dissociate) bulk solids into finer piecastil they are

constituted of only a few atoms.

(A) Top-down methods

The topdown approach involves the breaking down of the bulk material intosraetbstructure
and particle. These approaches are inherently an extension of those that have been used for
producing microrsized products. The chemical toglown routes include for example :

templated etching, millingarc discharged, laser aviatioselective dealloying, anisotropic

dissolution, and thermal decomposition.
(B) Bottom-up methods
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The bottomup or inother words, the chemical approach is found to be more useful. It involves

more effective buileup of a material from the bottom: atom by atom, ecale by molecule, or

cluster by clusterThe major advantages of the bottaim approach lie in the produeti of nane

structures with less defects, more homogeneous chemical composition, better control of size and

shape, etc. Some of the common methods belonging to bottgmapproaches are: (I) pre
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cipitation/wet chemical/soft chemical methods, (Il) reductbmetal salt/solution method, (111)

hydrothermal/Solvothermal, (V) hot thermolysis/colloidal synthesis, (V) flame synthesis, (VI)

photochemical synthesis, (V1) sgel methods, (VIII) slf-assembly, IX) biometic, efel(].
1.4.5.Nanoparticles Characterization

General, he most useful technique for the analysis of metal nanoparticles atarlkeission
electron microscope (TEM) and the high resolution transmission elenioooscope (HRTEM).
These tools are used to measure the size andistzibutions. Oneof the best instruments used
to study the crystalline structure of materials is thea)Xdiffractometery (XRD). Other results
about ligands arrangement on the surfacenafioparticles have been obtained by scanning
tunneling spectroscopySTM). Useful information about the formation of nanoparticles and
surface plasmon resonance can di#ained using UWisible spectrophotometerd]]. The
Dynamic Light Scattering (DLS) Zeta sizer Nano rangstrumentprovides the ability to
measure thewerage particles sig42]. FT-IR showed absorption peaks of the compounds of the
samples and confirmed the dual role of the plant extracbaseductant and capping agetd.
The Sanning Eletton Microscopy (SEM) aenfirm the morphology and iz of
nanoparticlefgl4] andwhen linked withEnerg Dispersive Spectrometer (ED$)can beused to
analyze the element of nanopartidlés.

1.5. Applications of Nanotechnology
NPs have a promising future because of their exceptional properties that are mostly different
from the bulk phase such as their optical, thermal, magnetic and electrical properties. In fact, this
difference is attributed to their small size and high surface to volume ratio. These particles can be
useful in a wide range of applications such as medicine, biology, chemistry, electronics, physics
and material industry
A number of Nanotechnology products are available and a tremendous amount of researches are
still going on in universities, government and research laboratories. Nanotechnology applications
are being developed that could impact the global market for égrigl) mineral, and other nen
fuel commodities. Currently, Nanotechnology is described as revolutionary discipline in terms of
its possible impact on industrial applications such as: materials sciences (esp., ceramics; more
generally, lighter and strongematerials); Cosmetics (e.g., neghosting sunscreen, nano
liposomebased skin care products); Houdeaning products (e.g., windewashing sprays);
Paints, vanishes, and other coatings; and Chemistry (e.g.;rtelbe catalysts). In addition to
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informaton and communication technology (e.g., naectronics); biomedical applications

( e. g .onachli gho , bi os e ns orpeosthesaseathd impldnts, drogadgliveryg ,
devices); and energy capture and storage technology (e.g., solar cells, bétterieslls, fuels

and catalysts). More oveéManotechnology offers potential solutions to many problems using
emerging nanotechniques. Depending on the strong inter disciplinary character of
nanotechnology there are many research fields and severaliplosgmlications that involves

like: military technology and textiles, surface finishing and lubrication afgits

The global market for nanotechnology was valued at nearly $#lon in 2012. The ptal sales

are expected to reach $48.9 billion in ZOafter increasing at a fiwgear compound annual
growth rate (CAGR) of 18.7%Extra expectation was done by théS National Science
Foundation (NSF) workshop report estimated that the global nanotechnology market would
reach $1 trillion annually by 2014/].

1.6. Application of Nanopatrticles in Medical Treatments

Nanotechnology stands to produce significant scientific and technological advances in diverse
fields including medicine and physiology. For applications to medicine and physiology, these
materials and devices can be designed to interact with cells andstias a molecular (i.e.,
subcellular) level with a high degree of functional specificity, thus allowing a degree of
integration between technology and biological systems not previously attainable. It should be
appreciated that nanotechnology is not ielfta single emerging scientific discipline but rather a
meeting of traditional sciences such as chemistry, physics, materials science, and biology to
bring together the required collective expertise needed to develop these novel tectjd8logies

Just aghe surface plasmon resonance is seen in a metal nanoparticle, an increase in the quantity
of nanoparticles raises the scattering intensity. Taking advantage of this feature, the application
to specific molecule recognition in a Ing body tissue is expwx [49. For example, by
covering the cancer cell surface it becomes possible to distinguish a healthy cell from a cancer
cell by the presence of antibodies joined to the nanoparticle. Although the nanoparticle junction
with the antibody is nicely distrilied in the healthy cell, when a cancer cell exists the antibodies
are concentrated mostly at the nanoparticle. The imaging at various wavelengths is performed by
a change in the shape of the nanopartisd. [Moreover, if a protein and a functional malée

were joined to the nanopatrticle, it could also be used for imaging cells other than cancer cells.
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In this work the uses of Au nanoparticles as photothermal medical treatment of cancer will be
considered anthe feasibility of in vivo near infrareglasmonic photothermal therapy (PPTT) is
demonstrated using colloidal gottanoparticles in an animal model. Subcutaneous squamous
cell carcinoma were grown iswiss mice and particles were selectively delivetedumors by

direct injection.Nearinfrared PPTT was performeextra corporally using a small, portable,
inexpensivecontinuous wave diode laser.

1.7. ThesisDescription

The thesis consists of fivehapters, chapter one is an introduction, which provides a brief
knowledge nanotechnology such as keywords and their definitions that are closely related to
nanomaterials, nanoparticles and their history, synthesis and characterization, morphologies,
properties, applications and techniques used to characterize them. Chapter two contains a
theoretical background about colloids and forces exert on colloidal particles in solutions focusing
on Van der Waal forces, stability and controlling forces, diffuse lgolalyer model and DLVO
theory. In addition, Optical properties a@old NPs, surface plasmon resonance (SPR)
nanoparticle fluorescence, absorptioand photothermal therapy (PTT) using gold
nanoparticles(spherical and rods ahapesg¢ all discussed. Chaptehree explains the
experimental setup for green synthesis of gold nanopartitieShapter four, we present and
discussthe results othe presenwork developing ahovel strategy fosynthesized green gold
nanoparticles and their characterization usimgny techniques such as : UV, FTIR, zetasizer,
TEM, SEM and EDX , this was following bynvestigates th@ossibility of reducing the spread

and thesize of cancer cellsusing photothermal therapy (PTT)light of laserusing green
resulting gold nanoparticles. Finally, wammarizes the general findings of the RhBsisand

draws analysis of theesults followed by some useful suggestions for future work in the field of
the fate andehaviorof nanoparticles in natural engmment especially theffectsof thegreen
nanoparticleon reducing cancer cell using laserpghotothermal therapy (PTT)which will be

promising in field of nanomedicine.
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Chapter tow

Theoretical Background

2.1. Introduction

Bulk gold is well knownfor being inert; however, the nanoparticulate sizegat display
astronomically high chemical reactivity]]. Noble metal nanoparticles show brilliant colors due
to the surface plasmaesonance absorptiofb2]. The color of metal nanoparticles is falito
depend on the shape and size of tlamoparticle and dielectric constant of the surrounding
medium, leading to many studiesm their synthesis and applicatior@onsequently, the rich
surface chemistry ajold nanoparticleallows surface modificatioreactions with wide varieties

of chemical and biochemical vectors to tailor to the needs of biomedical applid&hns

2.2. Gold nanoparticlesProperties

Gold in the bulk phase has its own chemical and physical properties, but narntbescale these
properties change due to the size eff@ttis changds related to a quantum effect andtte
increase intocsurface to volume ratjosuch that the propertie®lated to the surface will be
enhanced34]. In the nano scalethe electrons have a limited space that allowedove in
[55,56], in other words the electron pass the particles boundaries before it cullidesnother
electron b7], also thenumber of atoms which cover the surface afamoparticle is very large
compared to that in the bulk phase, therefore the propertieendlifferent especially electronic,

magnetic and optical.

Table 2-1: Ratio of (surface /volume) for spherical partite shape

Radius Radius Ratio (surface area/ volume F 3 /R
Im 3x1m

lcm 3x100m

1 mm 3x 1000 m

1 &m 3% 1000,000 m

1nm 3 x1000,000,000 m
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Fig. 2-1: Ratio of (surface /volume) for a spherical shaped patrticle
The simple calculations done on tablé i the plotting figure 2Lcan give better understanding

to the idea and provéat the surface / volume ratio increase sharply as the spaetafle
decrease

2.3. Colloids

Noble metal nanocolloid refers to aniformly dispersed system consisting @ 100 nm noble
metal particles in the solution, which can be processed into film or solid nanopowder with unique
properties of nanoparticles such as volume, surface, quantum size and macro quantum tunneling

effect, optical property, catalytic property and chemical reactivity.

Coll oi dal particles are | i gWwhenthesepartclelitsseve have
in another material, a colloidal solution will be form. The properties of thaf®ds degnd on

the chemical nature of the pdumeratoP8e 6s sur f ace

2.4. Forces Influence the Colloidal Particles in Solutions

Colloidal particles in solutions are influenced by a variety of forthese forceare 59,60]:
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A Force of gravity: t h ansl beComesaensiderablelinsttesse bfe p a r t
large particles.
0 w z'e " e éé. (1p

Where V is the volume of particle in®m is the density in kg/fhand g is the austant ofgravity
in m/seé.

A Drag force of viscosity: this force resists

O zijz—zpé é .éé. -3 2
Where r is the radius of particle in metevsis the particle velocity in m/sec, amlis the
viscosity of solvent in N.sec/n

A Force produced from natur al kinetic energy:

A Van der thgdack is &naattraceve force between neutral moleculegariitles,

and it has a potential of the form;

W i —éeéeé.éeéé. (3
Where r is the distance between particles and A is a constant.

A Coul omb Force : t hiedpartioesandhaotedornr:s bet ween ¢

"0 N——66666é. (4n)

In addition, the potential for one particle holds a charge q is of the form:

i O— 66666666, (4D)

Where r is the distance between patrticles, k omrstant and ;gand g are the charges of the

interacted particles.
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2.5. Colloids Stability

The stability of colloidal systems is an importé&sguefrom both academiand industrial points
of views. These systems include various types sucéobd liquid dispersions (suspensions),
liquidi liquid dispersions (emulsions) agds liquid dispersions (foams).

Stability is determined by two processes: dispm and aggregation. Brownianotion of
nanoparticles in colloidal solutions causesaadomkinetic energy of thesearticles, which
means that every particle has a massdng a velocity (v) will have &inetic energy equals to
(I/ 2 m \A). For particles of small mass, the velocity is very higghsmall particles will disperse
in the solutiorand in this caes the solution is consideredhe stable 9.

There are two types of colloidal stability: first is tekectrostatic stability, whiclapplies to the
nanoparticle in our study. Second is the payimstability, which occurs itwo forms B1]:

1- Steric stabilization in which the nanoparticles are coated by the added molecupes\kats
particles from coming together.

2- Depletion stabilization in which the added molecules will move freely betpagitles and

preventparticles from approaching each other. Figur@)(Rlustrates thgolymeric stability.

Polymeric stabilization of colloids
Steric stabilization

R ff%é ﬁﬁ“a%i:
2 By
Toso P

Depletion stabiliz

> @
P &8

Fig. 2-2: Polymeric stability [61].
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The colloid stability is governelly the balance of various interaction forces such as van der
Waals attractiondoublelayer repulsion and steric interaction. These interaction forces have
been described at a fundamental level such as in the well know theory Deeysguin and
Landauand Verwey ad OverbeeKDLVO theory). In thistheory, the van der Waals attraxctiis
combined with the doublayer repulsionand an energylistance curve can be established to

describe the conditions efability/instability[60].

2.6. Diffuse Double Layer Model
The double layer model explains the ionic environment surrounding a charged colloid and
explains how the repulsive forces are set up around a colloid. FPglilkistrates the resulting
colloidal state.
A single negative colloid will initially attrackome of the positive ions in the solution to form a
firmly attached layer around the surface of the colloid, known as the Stern layer. Additional
positive ions are still attracted by the negative colloid, but are also repelled by the Stern layer as
well as by other positively charged ions trying to get close to the negatively charged colloid.
This constant attraction and repulsion results in the formation of a diffuse layer of charged ions
surrounding the colloid and Stern layers. The diffuse layer @witualized as a charged
atmosphere surrounding the colloid. Together, the attached positively charged ions in the Stern
layer and the charged atmosphere in the diffuse layer is referred to as the doulfigues/er4.
The charge is a maximum at tparticle surface and decreases with distance from the surface.
The thickness of this layer depends on the type and concentration of ions in §gtiition
Colloidal particles in the solution can gain a chdrgen the surrounding medium. There are two
soures of these charge$3[64]:

1 Decomposition into charged ions.

,,,,,,,,

006 © 0o 0 éééeéeéeééeé(Ba

1 Adsorption of charged molecules from surrounding solution.

////////

0 0 O 00 éééeééeeéeéeé(Bb

Charged particles attract counter ions and repebns from the solution. Attraction aounter

ions toward the surface depends on the amount of charge on that surfageod@éss continues
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until an equilibrium state is achieved at which the net charge osutli@ce becomes totally
balanced byhe counter ion§65], asshow in fig.(2-3).
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Fig 2-4. Diffuse double layer model
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2.7. DLVO Theory

The DLVO Theory (for Derjaguin, Landau, Verwey and Overbeek) is the classic model which
describesthé al ance of forces between charged <coll o
(1990) provide a thorough discussion of the electrostatic theory of colloidal stability from the
DLVO model and other work&/hen two similar colloidal particles with similariprary charge
approach each other, their diffuse layers begin to interact. The similar primary charges they
possess result in repulsive forces. The closer the particles approach, the stronger the repulsive
forces. Repulsive forces which keep particlesnfraggregating are counteracted to some degree

by an attractive force termedan der Waalsattraction. All colloidal particles possess this
attractive force regardless of charge and composition. As van der Waals forces tend to be
relatively weak attractius, the force decreases rapidly with an increasing distance between
particles[58,61].

DLVO theory

Van der Waals attraction
_P. _q_

Electrostatic repulsion

Fig.2-5: Colloidal environment as DLVO theory state$61].

The theory states that the colloidal stability is determined by the potential energy of the particles
(V1) summarizing two parts: potential energy of the attractive interaction due to van der Waals

force Va and potential energy of the repulsive electbistinteraction W:
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Vi=Vat+tVrRe é e ééeééeéée. . eéef?2
For the spherical particles: Van der Waals attractive potential energy:
Va=-Ar/(12x)¢ é e éeéeéeée. efrp

where: A- Hamaker constant; -rradius of the particles; x distance between the surfaces.

Electric repulsive potential energy:
VrR=¢" -1-Q éééeéeéeée. (8

wheredi el ectric consetaatuwrmh péreaetatpotéentalkiay,; Us
function of the ionic concentratiom ( is thecharacteristic length of tHelectric Double Layer
[58,61].

The balance of the two opposing forces, electrostatic repulsion and van der Waals attraction,
explains why some colloidal systems agglomerate while others do not. As particles with similar
charge approach one another, the repulsive electrostatic fooreadsa to keep them separated.
However, if they can be brought sufficiently close together to get past this energy barrier, the
attractive van der Waals force will predominate, and the particles will remain together. The
random motion of colloids causday the constant collisions with water molecules, termed
Brownian movement, will bring particles in close proximity and aggregation may occur.
However, the addition of coagulant and polymers is experimentally used to lower the energy

barriers between paetes and provide efficient agglomerations for settling.

2.8. Optical properties

2.8.1. Plasmon Resonance in Noble Metal Nanoparticles

Noble metal particles possess unique optical attributes due to their plasmon resonance, which is
the collective cohererdscillation of he nanoparticle free electromsth respect totte positive

metallic background The plasmon oscillation could be considered essentially as a photon
strongly confined to the nanoscale size of the metal particle. The plasmon resonarneénrasult

large enhancement of the electromagnetic field around the nanoparticle, resulting in strong light
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absorption and scattering by the nanoparticle at the plasmonareso frequency, which has
manyuses in optical and medical applications.

Electric
field

Nonpartil [nverse of Elecrons

Incoming i gnﬁ:t:opemclc dved

Electric

Fig. 2-6: (A)Origin of surface plasmon resonance due to coherent interaction of the
electrons in the conduction band with electromagnetic fieldA dipole is induced, which

oscillatesin phase with the electric field of the incoming light{B) Excitation of conduction

electrons ingold nanoparticles by EM wave

The size, shape, composition, and environment dependent optical propertiebl@fmetal
nanoparticles are due to their unique interaction with light. Trteraction can be understood

from the wor k of Gust av eledraynamw requationso forv & d Ma
homogeneous sphere in 1908. The solution consistearomagnetic waves on the surface of

the sphere of different orders ranging from tbevest dipolar to higher order rtipoles,

depending on the size of tparticlerelative to the wavelength of ligle6].

The main assumption of Mndatd surrotndimgonedium iare eathh at
homogeneous ardescribable by their bulk optical dielectric functifgi§. Mie theory is based
on calculations that lead to useful results in explaining how resonance of surface ptakeson
pl ace. 't deal s wit hy saditesingreqods isectinh scgandestisctios e c t i o |

Cross sxendhe foomn 0
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In addition, the extinction cross section is given by:

” _1 - d) é é é .é é ....(2‘10)

whereV is the volume of the particl e, iocidens t he

| i gits, tohe dielectric const ans areaHeeatandconsplex r o u n d
dielectric constants of the particle, respectiv@lyrfacep | as mon r esonance take
ext Nas its maximum value, and sinde particle will reemit the absorbed radiation with high

efficiency at resonance, tliemplex dialectic part is small, or weakly depends on the frequency.

Mat h e ma tekasits naximunmiwhen the denominator is minimum. This ocebes the

following condition is fulfilled:

///////// 7

- (G- ééeeeeeeéeéeéeé. -2

The negtive sign in equation (21) representa colloidal property indicates that the force
between electrons is atbtave andleading to thdormation of electron pairirj§8]. The above
equation has been used extensively to explain the absorption spectmatf metallic
nanoparticles in a qualitative as wa#i quantitative manneHowever, for larger nanoparticles
(greater than about 20 nm in the case of gold) wtinerelipole approximation is no longer valid,
the plasmon resonance depends expliaithy the particle sizeAs the shape or size of the
nanoparticlechanges, the surface geometry changes, causing ansth& electric field density
on thesurface. This causes a change in the oscillation frequency of the electrons, generating
different crosssections for the optical properties including absorption and scaf@9ng he
larger the particlebecome, thenore important are the higherder modes as the light can no
longer polarize the nanoparticles homogeneously. These hmyder modes peak at lower

energies and therefore the plasmon band red shifts mereasing particle sizeéAt the same
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time, the phsmon banavidth increases with increasing partisiee. It alsdollows from the Mie
theory thatthe optical absorption spectra depend directly orsibe of the nanopatrticles, this is

regarded as an extrinsic siZéezts[70].

The plasmonesonance absorption of gold nanoparticles has an absocpgdiicient orderg5s-

6) of magnitude larger than strongly absorbing dyes. Anisotropic shayesplasmon resonance
absorptions that are even stronger, leading to increased detsmitivity Metal nanoparticles
generate enhanced electromagnetic fields that affect Idoal environment. These
electromagnetic fields are significantly stronger than obsefreed the bulk material. The fields
determined by the geometry of the nanopartéeibane fluorescence of the metalhe optical
properties of noble metal nanoparticles lead to many useerssng and imaging techniques.
Mirkin and coworkerg71] have pioneered the use DNA in assembling and studying their
interaction and their applicatiom colorometricdetection of biological targets based on the
binding events of target DNA. Nanopartialse in the field of photonics relates to exciting
extensions of existing optical technologyth control of dimensions on the nanometer scale.
Origin o surface plasmonesonance imoble metal nanoparticledree electrons in the metal (d
electrons in silver and gold) travel through thaterial. The mean free path in gold and silver is
~50nm. In particles smaller thartbOnm, no scattering is expectearnr the bulk. This means
interactions with the surfacgdominate. When the wavelength of light is much larger than the
nanoparticle size it setgp standing resonance conditions. Light in resonance tiviisurface
plasmon oscillation causes the figlectras in the metal to oscillate. As theave front of the
light passes, the electron density in the particle is polarized tcswari@ce and oscillates in

resonance with the light's frequency causing a staralogjation.

As shown from the -calculated resulby ElSayed and cwvorkers using full Mie
theoryf72] and[64], the optical absorption and scattering is largely dependent on the size of the
nanoparticles. For a 2tm Au NP, the total extinction is nearly all contributdxy
absorptiof 73] (Fig. 2-2A). When the size increases to df), the scattering starts to show up

(Fig. 2-2B). When the size increases to @@, the extinction is contributed by both absorption
and scattering in a similar degrded. 2-2C). From the quantitative relationshibid.2- 2D), it

can beseen that the ratio of the scattering to absorption increases dramatically for larger size of

particles. This fact can guide the choice of gold nanoparticles for biomedical applications. For
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imaging, lager nanoparticles are preferred because of highéersgatefficiency, whereas for
photothermal therapy, smaller nanoparticles are preferred as light is mainly adsorbed by the

particles and thus efficiently converted to heat for cell and tissue destfuétjon
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Fig.2-7:Tuning of the relative contribution of surface plasmon absorption and scattering by

changing the particle size. The calculated surface plasmon absorption, scattering and total
extinction efficiencies of gold nanoparticles in diameter of (A) 28m; (B) 40nm and (C)
80nm. (D) The dependence of the ratio of the scattering to absorption cresgctions to on
the diameter of gold nanopatrticles. Increase particle sizes lead to increased contribution

from Mie scattering

2.8.2. Nanoparticle Fluorescence

The weak intrinsic flueescence of noble bulk metals (quantum yield-3@P resulting from the

electronic interband transition was discovered in 1969. Recent research has shown that
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nanoparticles have enhanced fluorescence emission over the bulk, particularly in small clusters
or nanorods. Nanorods also have enhanced emission over bulk metal and nanospheres, due to
the large enhancement of the longitudinal plasmon resonance. Clusters and nanorods have an
emission that shifts wavelengths as the size or aspect ratio increagestively. For nanorods,

the longitudinal plasmon resonance enhances the radiative cross section of the interband
transition of bulk gold leading to shifting emission wavelengths and intensities depending on the

overlap between the two transitidm].

2.8.3. Nanoparticles Absorption

The surface plasmamesonance of the gold particles is red shifted with increase in paitzele

in accordance with Mie theory’§] (fig .2-8). At a constantAuNP size,the absorbance was
found to be proportional to the concentratiorgofd. This is not surprising, since the increased
number of nanoparticlealso provides increased surface for surface plasmon resondmee.
optical poperties of gold are due to 5d (valence) and(6spduction) electrons. The outermost
d and s electrons of treonstituent atoms must be treated together leading to six bands: five of
them are fairly flat, lying a few eV below the Fermi level, and atallgdenoted as d bands;
the sixth one, which is almost fredectron like isknown as the conduction band or sp band .
Single photon luminescence from gold has been descabedthreestep process as follows: (i)
excitation of electrons from theccuped d to the sp band which is above the Fermi level to
generateelectrori hole pairs, (ii) scattering of electrons and holes onpibesecond time scale
with partial energy transfer to the phonon latcel (iii) recombination of an electron from an

occupied sp band witthe hole resulting in photon emissi@i].

40


http://www.sciencedirect.com/science/article/pii/S2090123210000056#bib40

-=-=-..16nm
0.5 /\ e 55nm

63nm

Absorbance (a.u.)

Z }uju) 500 600 T00 800
Wavelength (nm)

Figu.2-8: UVivis absorption spectra and absorption shift of gold nanoparticles

2.9. Photothermal therapy (PTT) using gold nanoparticles

Photothermal therapy (PTT) refers to efforts to elsetromagnetic radiatiofmost often in
infrared wavelengths) for the treatment of various medical conditions, inclucimger

This approach is an extension photodynamic therapyin which aphotosensitizers
excited with specific band light. This activation brings the sensitizer to an excited state
where it then releases vibrational enerdned), which is what kills the targeted cells.
Current studies also show that photothermal therapy is able to use longer wavelength light,

which is less rergetic and therefore less harmful to other cells and tissues.

Most materials of interest currently being investigated for photothermal cancer therapy are
on the nanoscale One of the &y reasons behind this is tlemhanced permeability and

retention effectobserved with particles in a certain esizange(typically 20 - 300nm).
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Molecules in this range have been observed to preferentially accumulate@ontissue.

When a tumor forms, it requires new blood vessels in order to fuel its growege new

blood vessels in/near tumors have different properties as compared to regular blood vessels,
such as poor lymphatic drainage and a disorganized leaky vasculature. These factors lead to
a significantly higher concentration of certain particlea tmmor as compared to the rest of

the body. Coupling this phenomenon with active targeting modalities gaighpdie$ has

been recently investigated by researc¥js

2.9.1. Gold nanorods basedPTT)

One of the most promising directions éancerphotothermal therapy is the use of gold
nanoparticles. Initial efforts with gold nanoparticles, however, were not very effective in
Vivo because the spherical particles used had peak absorptions limited to 520t &80
particles ranging from 10 to @0vm in diameter, respectively. Thesewsbengths were not
effective invivo because skin, tissues, and hemoglobin have a transmission window from
650 to 900nm, with peak transmission at approximately 820 (known as the Near
Infrared Window). Fortunatelythe development of gold nanorods was one solution for the
disparity between the wavelengths required to excite sphgatédlnanoparticles and the in

vivo transmission window. The peak absorption of gold nanorods may be tuned from
550nm up to 1 micrometre by altering its aspect ratio. Once tuned, thebtgxioductsof

CTAB can be removed with nerzytotoxic polyethylene glyco(PEG). PEG not only keeps

the nanorods from aggregating in serum once injected, but also increases bloodstream
circulation times (leading to better adsorptioh nanorods into the cancer tumor). This
phenomenon is nedirectional Enhanced permeability and retention effestdhas shown

to improve tumor accumulation from an intravenous administration (systemic). Several
studies report halife circulation times of greater than 15 hours. Once the nanorods have
been cleared from the bloodstream, the tumor may be illuminated@with a diode laser.
Nanorods located at distances up to approximately 10 times their diameter absorb roughly

80% of the incident light energy, creating sufficient heat to kill the local (cancer) cells.

Huang et al. investigated the feasibility of usgad nanorodgor both cancer cell imaging

as well as photothermal therdg9]. They conjugatedantibodies(anttEGFR monoclonal
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antibodies) to the surface of gold nanorods, allowing the gaftbrods to bind specifically

to certain malignant cancer cells (HSC and HOC malignant cells). After incubating the cells
with the gold nanorods, an 8@dn Ti:sapphirelaser was used to irradia the cells at
varying pavers. Their researateported successful destruction of the malignant cancer cells,

while nonmalignant cells were unharmed.

Loo et al. investigated goldanosells coating silica nanopactes with a thin layer of
gold[80]. They conjugatedantibodies(antrHER2 or antilgG) to these nanoshells via PEG
linkers. After incubation of SKBr3 cancer cells with the gold nanoshells, am@28ser
was used to irradiate the cells. Only the cells incubai#dthe gold nanoshells conjugated

with the specific antibody (anrHIER2) were damaged by the laser.

A novel gold nanostructure, namely hollow gold nanospheres (HGNs), has been recently
developed and successfully used for photothermal ablation therapy (P Vi&ko[81] and in
vivo.[82] The HGNs have a unique combination of small size5@8m in outer diameter

and 36 nm shell thickness), spherical shape, highly uniform shell, and strong, narrow, and
tunable near IR absorption. The high optical quality of the HGNs is mainly due to the high
uniformity of the Au shell, which is generated usirighty uniform Co nanoparticles as a
template. The PTA efficiency of HGNs are right times better than solid gold nanoparticles.
The absorption of HGNs is also much stronger than solid gold nanoparticles at the SPR
region due to the two surfaces (interiodawuter) present. Due to the hollow nature, less
gold is needed for achieving a certain diani8&jr The NIR absorbing HGNs require a thin

Au shell, which turns out to beast challenging to make. Work is in progress to improve
the synthesis of NIR HGNI&4].

2.9.2. Gold nanospherebased PTT

Similar to scattering counterpart, Au NPs absorb Iigtiions of times stronger than the organic
dye molecules. Nearly 100%bsorbed light is converted to hedd the nonradiative properties

An NPs are very photostable abhtbcompatible. These features make them a new generation
photothermal contrast agentor photothermal therapy, imhich photon energy is converted to

heat sufficient to induceellular damage via thermal effects such as hyperthecoagulation
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and evaporatiofi85,86] . PTT using spherical gold nanoparticles carablkieved with pulsed or
continuous wavécw) visible lasers due to the SRIRsorption in the visible region and thus such
treatment is suitabléor shallow cancer (e.g. skin cancer). The first thorosigldy using pulsed
laser and gold nanospheres was grenedin 2003 by Lin and cevorkers for selective and
highly localizedphotothermolysis of targeted lumphocytes ciI§.

Lumphocytes incubated with An NPs conjugated to antibadérs exposed to nanosecond laser
pulses (@switchedNd:YAG laser, 565 nnwavelength, 20 ns duration) showeell death with
100 laser pulses at an energy of 0.5 3/chdjacentcells just a few micrometers away without
nanoparticlesemained viable. Their numerical calculations showed tti&atpeak temperature
lasting fornanoseconds under a singlélse exceeds 2000 K at a fluence of 0.5 3ieith a heat
fluid layer of 15 nm. The cell death is attributed mainly to the cavitalimnage induced by the
generated micrgcale bubblesround the nanoparticletn the same yearZharov et al[88].
performed similar studies on the photothermal destruction of K562 cancer cells. They further
detected the laser inducedubbles and studied their dynamics during tieatment using a
pumg probe photothermal imaging technigliater hey demonstratedewtechnique in vitro on
thetreatment of some other type of cancer cells such as ceaniddireast cancer using the laser
inducedbubbles under nanosecolager pulse§d9].

Xiaohua Huang et al 201Qyork has demonstratetthe treatment modality for wivo tumor
ablation in a raf90]. Intracelullar bubble formation results in individual tuncetl damageThe

use of nanosecond pulsed laser for PTT is highly seleatigelocalized damage controllable
from few nanometers ttensof micrometers depending on the laser pulse duratiorpartitle
size [91]. This makes the method useful for single metastegit killing and small tumor
eradication. However, thkeating efficiency is relative low due to heat loss duringsihgle
pulse excitation. So the use olv laser is favorable foeffective heat accumulation to induce
mild cell killing in a largerarea mainly via hyperthermia and possible coagulation and
vaporization depending on the heat content. Nonethelesgett®ent usingcw lasers is time
consuming (minutes) comparéal pulsed laser (single pulse time). Examples uswdpsers for
PTT includes selective cancer cell killingnd targeted macrophage destructif82]. In the
studied by El Sayed et al[93], 40 nmAn NPs were conjugated to anEGFR antibodies and
targeted to two types of human headl neck cancer cells. Detected by dark field light scattering

and surface plasmon absorption spectra on single cellsjaheparticles induce cancer cell
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damage at 9 W/cn? after the irradiation with a Afrlaser at 514 nm for 4 min, whileealthy
cells do not show the loss of cell viability under tbame treatment. Further numerical

calculation shows temperatutises to 78 capable of inducing cell damaf§#].
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Chapter Three

Experimental

3.1.Methods of nanoparticles Synthesis

Gold nanoparticles are conventionally synthesized by the reduction of HAYG reducing

agent in presence of a stabilizer. Turkevich in 1951 first demonstrated this method while the
synthesis of gold nanopatrticles of controlled sizes by altering the concentration of reducing agent
and stabilizing agent was demonstrated by Freri973P5] . Since then the synthesis of gold
nanoparticles by chemical reduction process has been carried out and modified through different
approaches such as heating and stirring method, microemulsion method. Gold nanoparticles
appear in ruby red color due tophenomenon called Surface Plasmon Resori@rée)which

was first explained by Mie by solving Maxwell equations. The surface plasmon resonance is due
to the resonance of incoming light with the surface electrons of nanopatrticles which reflects light
at thevisible spectrum of wavelength of arauf 2 0 n m . The surface plasmin resonance is not
effective in nanoparticles of size less than 2nm dueth® quantum size effectGold
nanoparticles of different shapes such as spherical, oblondikeodtc. can b synthesized by
altering the method of preparation and parameters. Concentrations of reagents, temperature, pH,
pressure, time of reaction are some of the important parameters which need to be controlled for
the synthesis of gold nanoparticles. Synthedigold nanoparticles are widely synthesized by
chemical reduction method. The reduction of gold from +3 oxidation state in auric chloride to O
oxidation state takes place. A reducing agent is used for the reduction of gold. Normally tri
sodium citrate angodium borohydride is used for the synthesis of gold nanoparticles. Apart
from this gold nanoparticles have also been synthesized by microwave radiation. Red color
spherical nanoparticles have been reported to form the reduction process. The reddoeldo is

the phenomenorof (SPR). In SPR when the incoming visible light strikes with the electron
oscillating on the surface of the nanoparticle then at a certain wavelength a resonance takes place
where the frequency of the light matches the frequencyefoscillation of the electron. The

SPR effect takes place only in case of nanoparticles because for the electrons must be present on

the surface of the nanopartic]es] .
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3.11. Physical and chemical methods of nanopatrticles synthesis
Some of the commonly used physical and chemical methods include:

1 Sokgel technique, which is a wet chemical technique used for the fabrication of metal oxides
from a chemical solution which acts as a precursor for integrated network (geicoéte
particles or polymers. The precursor sol can be either deposited on the substrate to form a film,

cast into a suitable container with desired shape or used to synthesize powders.

1 Solvothermal synthesis, which is a versatile low temperatures rioutvhich polar solvents
under pressure and at temperatures above their boiling points are used. Under solvothermal
conditions, the solubility of reactants increases significantly, enabling reaction to take place at

lower temperature.

1 Chemical reductin, which is the reduction of an ionic salt in an appropriate medium in the

presence of surfactant using reducing agents. Some of the commonly used reducing
1 agents are sodium borohydride, hydrazine hydrate and sodium citrate.

1 Laser ablation, which ighe process of removing material from a solid surface by irradiating

with a laser beam. At low laser flux, the material is heated by absorbed laser energy and
evaporates or sublimates. At higher flux, the material is converted to plasma. The depth over
which laser energy is absorbed and the amount of material removed by single laser pulse
depends on the material s optical properties
produced by this method.

1 Inert gas condensation, where different mesaus evaporated in separate crucibles inside an
ultra-high vacuum chamber filled with helium or argon gas at typical pressure of few 100
pascals. As a result of inter atomic collisions with gas atoms in chamber, the evaporated metal
atoms lose their kinetienergy and condense in the form of small crystals which accumulate on

liquid nitrogen filled cold finger. E.g. gold nanoparticles have been synthesized from gold wires.
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3.12. Biosynthesis of nanopatrticles

The need for biosynthesis of nanoparticleseras the physical and chemical processes were
costly. So in the search of for cheaper pathways for nanoparticle synthesis, scientists used
microorganisms and then plant extracts for synthesis. Nature has devised various processes for
the synthesis of nanand micre length scaled inorganic materials which have contributed to the
development of relatively new and largely unexplored area of research based on the biosynthesis
of nanomaterialsq7]. Biosynthesis of nanopatrticles is a kind of bottom up appredare the

main reaction occurring is reduction/oxidation. The microbial enzymes or the plant
phytochemicals witlantioxidantor reducing properties are usually responsible for reduction of
metal compounds into their respective nanoparticles. The three main steps in the preparation of
nanoparticles that should be evaluated from a green chemistry perspective are the choice of the
solvent medium used for the synthesis, the choice of an environmentally benign reducing agent
and the choice of aontoxic material for the stabilization of the nanoparticles. Most of the
synthetic methods reported to date rely heavily on organic selv&éhts is mainly due to the
hydrophobicity of the capping agents usé&d][ Synthesis using biorganisms is compatible

with the green chemistry principles: the bioorganism is (i}feieadly as are (ii) the reducing

agent employed and (iii) the cappiagent in the reactior®f]. The green synthesis of Ag NPs
involves three main steps, which must be evaluated based on green chemistry perspectives,
including (1) selection of solvent medium, (2) selection of environmentally benign reducing
agent, and (3) eection of nontoxic substances for the NPs stafll§]. Often chemical
synthesis methods lead to the presence of some toxic chemical species adsorbed on the surface
that may have adverse effects in medical applications. This is not an issue whemrsttoom
biosynthesizé nanoparticles as they are ddendly and biocompatible for pharmaceutical
applications. 101]

3. 2. Experimental Procedure
3.2.1 Chemicals Materials and Plants

For the novel green synthesis of gold nanoparticlesniheerials used are: the chemical is

Chloroauric acid, that has been purchased from Loba Chemie, India, and it has been used as per
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A

manufacturer 6s recommendati ons, t he Ol ea Eur

obtained from AlJouf ( Saudi Arabia and Kaboushia (Sudan) respectively, and distilled water.

3.2.2. Preparation of plants extracts

The O. europaea fruit has been crushed and pressed well, where exactly 10 g of fruits were
exhaustively mixed with a mixer 100ml distilled water. Then the extract has been filtered. As for
A. nilotica husk extract, 1% by volume was soaked in distilled mfateone night, and then
filtered. Then a mixture of ratio of 3:5 of O. europaea fruit extract and A. nilotica husk extract
respectively has been prepared to be the final organic solution (OEAN) for the preparation of the

nanoparticles.

3.2.3. Synthesi®f gold nanopatrticles

For green synthesis of gold nanoparticles, the (OEAN) aqueous extract has been centrifuged for
15 minutes at 7000 rpm at room temperature, hence, the produced pure solution has been used
for the preparation of the nanoparticl@fie reagent Chloroauric acid has been dissolved in 50

ml distilled waterunder stirring ofL000 rpm a#0 °C for 15 min. Then this was followed by

adding 5ml of the (OEANExtract to thelight yellow color aqueous solution of mmole/ml

HAuCli.. From the observations, the colohangeto the red color, indicatethe reduction of

AuCl* ions into gold particles a well asthe formation ofyold nanoparticlesThe formation of

Au NPshas beenndicated by its characteristred cola, due to excitation of surface plasmon
resonancSPR)band in the UWisible region.

3.3.Characterization of greemold nanoparticles

The green synthesizedgold nanoparticlesvere characterized using UWsible spectroscopy
analysesvith the help oPerkin EImer UVvisible spectrometerLambda 25, PerkinElmer, United
Kingdom. The size ofireen goldhanoparticlesvas analyzed through ZetasizBlano series, HT
Laser, ZEN360 from Molvern Instrument, UK, whiléThermo scientific, Nicolet 6700, FIR

spectrophotometer wassed for recordinghe infrared (IR) spectrum.

Transmission electron microscopy (TEMPVF1011, JEOL, Japan haleen employed to
characterize the size, shape and rholpgies of formedreensynthesizedjold nanoparticles. A
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drop ofgold nanoparticles suspensiaas deposited on carbon coated copper grid and the film

on grid was then dried. The TEM was operated and the measurements were performed at
accelerating voltage of 100 KVScanning electron microscopy (SEM) has been employed to
characterize the shape andmorphologies of formed green synthesized gold
nanoparticles(AuNPs) usingEOL-FE SEM; and Energy Dispersive Spectrometer (EDS)
analysiswas performedor the confirmation of elementaglbld. The samples were dried at room
temperature and then analyzed femmples composition of the synthesized nanoparticles.
Elemental analysis on single particles was carried out using Oxford Instrument;abiicax

equipped with Scanning electron microscopy.
3.31. U-V spectrophotometer

Ultraviolet-Visible spectrophotometes designed to use light of tdtviolet and visible spectral
region . This technique is used to determine the concentrations of unknown solutions and
determination of transition metals whose electron transition energy that fall under UV or visible
regions. Beet.ambert law is used to determine the concentration of unknowiians. It states
that the absorbance of light of a material is directly proportional to the concentration of material

in solution and the path length of solution through which the light passes
3.32 Dynamic Light Scattering (DLS)

Dynamic Light Scatteng works by scattering light from the particles or molecules and studying
their Brownian state of motion and thereby measuring their size and geometrical strl@]re [
The motion of the particles due to the collision of the solvent molecules arceipdutticles is
termed as Brownian motion. The velocity of Brownian motion is defined by translation diffusion
co-efficient. The translation diffusion eefficient determine the size of the particles by Stokes

Einstein equationdp] .

Q0 —¢éeéeéeeééeée.(3)
Where, d (H) = hydrodynamic diamet-efff IKciFemBto,] t
viscosity and T = absolute temperature The parameters upon which the translation diffusion co

efficient are dependent are surface structure @fptrticle, core of the particle, concentration of

ions in the solution.
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3.3.3Fourier transform infrared spectroscop{FTIR)

FTIR gives information on the vibrational and rotational modes of motion of a molandle
hence an important technique fdentification and characterization of a substance. ilfrared
spectrum of an organic compound provides a unique fingerprint, which is reétihguished
from the absorption patterns of all other compounds; only optical isomers absothctly the
same way. Hence FTIR is an important technique for identificationcduadacterization of a
substancel01].

3.3.4Transmission Electron Microscopy (TEM)

Transmission electron microscopy was first invented and constructed by Max Knoll and Ernst
Ruska in Germany in 1932 It took only about four years before the first commercial TEM
appeared in the market in 1936. Around that time, the lower limit of the resolution of light
microscope which uses light waves to image objects was already achievestiantific
community seriously needed a much higher resolutiothieir researchesrhe resolving power

of an optical instrument is its ability to separate two objects which are very close to each other.
The resolution of the traditional light microscagepends on the wave length of the type of light

rays used through the classical Rayleigh critefid3].

8 L s s sz oz oz oz oz oz oz 2z 2

1 —— éééeeceeéeéeééee . (32
Where U is the distance between two objects,
refractiveidex of the medium (uswvually air, water or

of the lens. Given that the refractive index of certain medium and aperture of a lens of a certain
microscope do not change during an experiment, the maximum resdhdiocan be achieved

with light microscope is mainly determined by the wave length in the sense that the shorter the
wave length of the light the higher the resolution which can be achieved. Therefore, according to
the aforementioned relationship, the tegt theoretically possible resolution which can be
achieved by conventional light (optical) microscope is around 0.2 mm as correctly predicted by
Ernst Abbe in 1870. In the case of the transmission electron microscope, electron beam is used
for imaging of the objects under study and is accelerated through vacuum medium with

refractive index equal to 1; t he angul ar ape
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approximated by the size of 51 the angthee b it

resolution can be approximated[id@4].

The wavelength of a beam of electrons is inversely proportional to its speed caused by the
applied potential difference. In 1925 Broglie derived an equation showing thigomekdp
(Equation 34) which can be used to calculate the wavelength of the electron beam accelerated in

a certain predetermined electrical field.

,,,,,,,,,,,,,

Where & is the wavelength of itthug ilnigg htthea nda |l B e
Equation 24 into Equation 33, we can calculate the theoretical resolution of the TEM. TEM has
normally much higher resolution than traditional light microscope due to the short wave length
of the highly energetic electron beamsed in the TEM to get images of the object under study.
Modern high resolution TEM is capable of imaging the position of individual atoms in a crystal
with resolutions below angstrom scale while the resolution of light microscope is at the scale of
micrometer. The source of the electron beams in the TEM is tungsten filaments cathode. The
electrons are accelerated in a vacuum by potential difference varying from 40 to 100 KV
depending on the type of TEM and are focused on the target sample by 52 elgetiiona
lenses. The beam of electrons interact with the saammeonly transmitted fraction of electrons

reach on the viewing screen which is coated with electron beam sensible fluorescent substances.
It is on the viewing screen where bright dark imagespaoduced depending on the intensity of

the beam reaching on the areas of the inf&a0gs .
3.35 Scanning Electron Microscopy (SEM)

Scanning Electron Microscope is used to image and analyze materials of sizes that are less then
micrometer range. Thelectrons are accelerated by the potential difference between cathode and
anode. The electrons emitted are secondary electrons, back scattered electrons and auger
electrons which decide upon the energy spectrum that is available by the intevaefiectons

and specimerDuring SEM the signal is developed when electrons are interacted with the atoms
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that are at the surface of the material. The signals are secondary electrons, back scattered

electons, characteristic Xay et¢106].
3.3.6Energy dispersig X-ray spectroscopy

Energy dispersive Xay spectroscopy (EDS, EDX or EDXRF) is an analytical technique used
for the elemental analysis or chemical characterization of a sample. It is one of the variants of
XRF. As a type of spectroscopy, it relies oe thvestigation of a sample through interactions
between electromagnetic radiation and matter, analyznagsemitted by the matter in response

to being hit with charged particles. Its characterization capabilities are due in large part to the
fundamenthprinciple that each element has a unique atomic structure allowiagsxthat are
characteristic of an element's atomic structure to be identified uniquely from each other. To
stimulate the emission of characteristiaays from a specimen, a high engfgeam of charged
particles such as electrons or protons (see PIXE), or a beamaykXis focused into the sample
being studied. At rest, an atom within the sample contains ground state (or unexcited) electrons
in discrete energy levels or electron $hdlound to the nucleus. The incident beam may excite

an electron in an inner shell, ejecting it from the shell while creating an electron hole where the
electron was. An electron from an outer, higheergy shell then fills the hole, and the
difference n energy between the highenergy shell and the lower energy shell may be released

in the form of an Xray. The number and energy of therays emitted from a specimen can be
measured by an energy dispersive spectrometer. As the energy ofdklie &re baracteristic of

the difference in energy between the two shells, and of the atomic structure of the element from
which they were emitted, this allows the elemental composition of the specimen to be measured.
The excess energy of the electron that migretes inner shell to fill the newdgreated hole can

do more than emit an-¥ay. Often, instead of Xay emission, the excess energy is transferred to

a third electron from a further outer shell, prompting its ejection. This ejected species is called an
Auger electron, and the method for its analysis is known as Auger Electron Spectroscopy (AES).
X-ray Photoelectron Spectroscopy (XPS) is another close relative of EDS, utilizing ejected
electrons in a manner similar to that of AES. Information on the duamd kinetic energy of
ejected electrons is used to determine the binding energy of thedéamted electrons, which

is elementspecific and allows chemical characterization of a sample. EDS is often contrasted

with its spectroscopic counterpart, Wip&avelengthDispersive Xray Spectroscopy). WDS 19
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differs from EDS in that it uses the diffraction patterns created byngitter interaction as its

raw data. WDS has a much finer spectral resolution than EDS. WDS also avoids the problems
associated v artifacts in EDS (false peaks, noise from the amplifiers and microphonics. In
WDS only one element can be analyzed at a time, while EDS gathers a spectrum of all elements,

within limits, of a samplgl07].
3.4.Evaluation of cytotoxic effect:

3.4.1. Mammalian cell lines:

The tested human carcinoma cell lines were obtained from the American Type Culture
Collection (ATCC, Rockville, MD).

3.42. Chemicals

Dimethyl sulfoxide (DMSO) and crystal violet were purchasesn Sigma (St. LouisMo.,

USA). DMEM, HEPES buffer solution,-glutamine and gentamycin were purchased from (Bio
Whittaker ® Lonza, Belgium).

3.4.3. Staining solution

Crystal violet stain (1%) is composed of 0.5 % (w/v) crystal violet and B@ethanol then made

up to volume with distilled kD and filtered through a Whatmann No. 1 filter paper.

3.4.4. Cytotoxicity assay

The cells were propagated in Dulbecco's modified Eagle's medium (DMEM) supplemented with
10% heatinactivated fetal bovine semy 1% L.gl ut ami ne, HEPES ©buf fer
gentamycin. All cells were maintained at°@7in a humidified atmosphere with 5% CO2 and
were subcultured two times a week. Cell toxicity was monitored by determining the effect of the
test samples on cell mdiplogy and cell viability. For cytotoxicity assay, the cells were seeded
in96we | | plate at a cell C 0 n c e n tLrofagtowtb medionf. 1 X
Fresh medium containing different concentrations of the test sample was added aftef 24 h
seeding.

Serial twoefold dilutions of the tested chemical compound were added to confluent cell
monolayers dispensed into-9&ll, flat-bottomed microtiter plates (Falcon, NJ, USA) using a
multichannel pipette. The microtiter plates were incubated“@ B a humidified incubator with

5% CQ for a period of 48 h. Three wells were used for each concentration of the test sample.

plants extractavas used as positive control f&CF-7 cells. Control cells were incubated
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without test sample and with or without Dimethyl Sulfoxide (DMSO). The little percentage of
DMSO present in the wells (maximal 0.1%) was found not to affect the experiment. After
incubation of the cells for 24 h at &7, various concentrations of sampi®050, 25, 12.5, 6.25,

3 . 1 2) 5veree added, and the incubation was continued for 48 h and viable cells yield was
determined by colourimetric methodt the end of the incubation period, media were aspirated
and the crgtal violet solution (1%) was added to each well for at least 30 minutes. The stain was
removed and the plates were rinsed using tap water until all excess stain was removed. Glacial
acetic acid (30%) was then added to all wells and mixed thoroughlyhandhe absorbance of

the plates were measured after gently shaken on Microplate reader (TECAN, Inc.), using a test
wavelength of 490 nm. All results were corrected for background absorbance detected in wells
without added stain. Treatsimples were comped with the cell control in the absence of the
tested sample. All experiments were carried out in triplicate. The cell cytotoxic effect of each
tested compound wakencalculatel108,109].

3.5.1n vivo study

3.5.1.Inoculation of mice with tumor cells:

50 Female Swiss mice,-B weeks of age, were obtained from the AniHaluse,College of
ScienceKing Saud University,Saudi ArabiaRiyadh. Mice weresprated to 3 groups each group

was 15 mice:

i.  Group 1 control withat any treatment
ii. Group 2 were injected subcutaneously in the flank of sub thigh with 200 mL (3 x 107)
Ehrlich Ascites carcinoma cells suspended in 10 (RWosphatduffered salinePBS.
iii.  Group 3 were injected subcutaneously in the flank of sub thigh with 200 mL (3 x 107)
Ehrlich Ascites carcinoma cells suspended in 10 phidsphatebuffered salindPBS
and treated with green Au NPwith performed earinfrared (NIR) plasmnic
photothermatherapy (PPTT).

3.5.2In vivo near-infrared PPTT:

100 microliters of the inventive gold nanopal
injected into the tumor. Mouse tumors were extracorporeally exposed to NIR laser radiation (0.9

1.1 W/cm2, 6 mm diameter, 10 min) within 2 min of injection to lipatticle diffusion beyond
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the tumorboundaries. Due to the unusuabpid growth rates observed in the Ehrlich Ascites
model, tumors and vital organs were harvested at dayil Hiter dissectionsThe liver and
kidneywer e s t8dr e dC ium investigatiohgliG]. Fdr kver functions testes such as

(1) GPT: Glutamid pyruvic transaminasand GOT:glutamicoxaloacetic transamindsalso

known as alanine aminotransferase or ALTs a cytoplasmic hepatocellular enzyme, whose
increase in blood is hidy indicative for liver damage e.g. by hepatitis, cirrhosis or hepatic
tumors (2) Kidney functiors testes like Urea which is a waste product formed from the
breakdown of proteins. Urea is usually passed out in the urine. A high blood level of urea
( Gauermi ad6) indicates t hosing ptopedy, dr that thereyisdehychayion n o t
(have a low body water content). Creatinine is a waste product made by the muscles. Creatinine
passes into the bloodstream, and is usually passed out in uringh Albod level of creatinine
indicates that the kidneys may not be working properly. Creatinine is usually a more accurate

marker of kidney function than urea

3.6.Histology
Methodology:

Fresh portions of the lateral lobes of the liver and kidney feawrh mouse were cut rapidly,
fixed in neutral buffered formalin (10%), Hollasglo ui n 6 s and Gendreds
dehydrated, with grades of ethanol (70%, 80%, 90%, 95% and 100%). Dehydration was then
followed by clearing the samples in two changes tdradfiorm. Samples were then impregnated
with two changes of molten paraffin wax, then embedded and blocked out. Sectibns ¢ m)
were stained according to the standard method by Bancrait iet (1996) with the histological

stain, hematoxylin and eos(HE).

3.7 Statistical analysis

The results were expressed as mean (mean6SD), whereas SD is the standard derivation. Data
were analyzed statistically using eway analysis of variance followed by t test. A valuesf (

0.05) was considered statisticadlignificant.
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Chapter Four

Results and discussion

In this chapter , we present and discuss the resultheopresenwork developing anovel
strategy forsynthesized green gold nanopartid@si NPs) as a simple, environmental friendly,

and costeffective, using a mix of Olea Europaeafruit (OE) extract andAcacia Nilotica(AN)
extractas reducing agent and stabilizaesing salgel techniques. Weharacterized the green

(Au NPs)using UV spectrometer, FTIR, Zitasizer for the average sizeeoproduced Au NPs,

and EDS equipped by SEM to confirm the existence of the gold elemental and completed by
TEM for the shape and morphology of green Au MRd their biological activitiesTo the best

of our knowkdge, this is the first study describitige prepaation of gold nanoparticles using

mixture plants extract$)lea Europaeafruit and Acacia Niloticg.
4.1.Visual observation and U\tvisible spectroscopy

The most widely methods used for synthesis of gold colloidswas the cheedcaation of the
agueous solution of chloroauric acid (HAuCl4).-Us spectroscopy confirmed the mechanism
of the reduction reaction of aqueous metal ion WillEAN extract, in additiont fixed the
formation of gold nanoparticlf®\uNPs). After the comlption of thereaction the change of the
color will be appead for gold nanoparticless dark red color The change in nanoparticles

suspension color may could based on their sizd {1].

The UV-vis absorption spectra of the aqueous gold nanoparticle solution prepared from the
OEAN extractin (Fig. 4-1) showedsurface plasmon resonance absorption bar@llaf99nm
arising due to the oscillation of free conduction electrons induced by tkerpaion

of electromagnetic field1[12] in the gold nanoparticlesThe broadeningof the peak indicated

thatthe particles are poly dispersed.
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Fig.4- 1: UV-vis absorption spectra ofgreenAuNPs

4.2. Particle average size determination byetasizer

Dynamic light scattering (DLS) wassed tanvestigate the polydispersity index and average size

of the synthesized nanoparticles in a colloidal aqueous environment. When particles were
dispersed in a medium, it exhibited Brownian motion meashbydtlictuations in the intensity of
scattered light in the system out of which translational diffusicefticient is calculated by
applying the Stokéginstein equatioifequ. 31) that gives the hydrodynamic size of the particle
[113].

For more characterization of gold nanoparticl@gnamic Light ScatteringDLS) zitasizewas
employed for the measuremenbf the average particles size which showédi NPs with
average particlsize of 44.96 nmwhich was als@bserved clearly from appeararafeone peak
with intensity 100 % and width 76.47 nRDI is a dimensionless measurement of the broadness
size distribution calculated from distribution algorithm, and values were calctidatedch peak

as peak width/mean diametas 0.421(fig.4-2). This refers tgoly-dispersity of nanoparticles
which give low stability of nanoparticles to long time, this result was agree withvi&lV

absorption spectra result.
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Fig. 4-2: particle size distribution of greenAu NPs

4.3. TEM analysis of gold nanoparticles

TEM images obtained for colloid green AlPs weraused tadetermine the morphology and size
of the synthesized nanoparticles. In the SPBe broad pealemergenceand the long
wavelength tail due to anisotropy of Au nanoparticles winek obvious from the TEM images
of AUNPs Fig. 4-3(A-D)).When reducedsingthe aqueous HAu@by an excess of extract, the
biomolecules acting as capping agents strorgjigped sphiecal nanoparticles rather than
nanotriangles thougthe reductivebiomolecules were enhanced. Although lower quantities
the extract fulfilled the reduction of Au€ions,they failed to protect most of the quagiherical
nanoparticlesrom aggregatig because of the deficiency of biomoleculesatb as protecting
agents. The producedbnocrystalslevoid of protectiorwere unstable and gold nanotriangles

might grow by gprocess involving rapid reduction, assembly and room temperatteesng of
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spheical gold nanoparticleslfi4,115]. The presence of large quantity of extract causes strong

interaction between protective biomolecules and surfatesmnoparticles preventing resultant

gold nanocrystals fronaggregation With larger quantities fothe extract, the interaction was
concentrated, leading to size reduction of spherical nanopariibiek] 7).

Fig.4-3(A-D): TEM images of green AuUNPs
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4.4. FTIR spectroscopy

To identify the possible functional biomolecules responsible for reduction the FTIR analysis has
been carried oufig. 4 represents aamparison of the FTIR spectraqueousmixture of Olea

Europaea fruiextract andAcacia Nilotica extract(A) and the preparegold nanoparticles (B).

Fig. 4A represents the FIR spectrum ofmix aqueous extracthowing absorption peaks at
3267.34cm? corresponding to OH groy2139.08cm* corresponding t&€€=C, 2030.94cm!
corresponding toX=C=Y and the peak at 1634.95n* corresponding to C=0 or/and-C
or/and NH groups whereas irFig. 4Bthe FFIR bands of greegold nanoparticles shows the
peaksat 3276.1%m?, 2336.36cm?, 2159.9 cm?, 2031.1@m! , and 1635.36m? characteristic
peaks for OH,0-H, C = C and/or-C=C,X=C=Y and/ or-B and GC or/and NH groups,

respectively.

From the comparison betwedmetFTIR spectra irFig. 4-4A and Fig. 4Bthere is asmall shift

in the peak position dfig. 4-4B, which clearly indicates the presence of residual plant extract
compounds as the reducing and diaibig (capping) agent to the ANPSs, i.e. the spectrum

shows thatthe ANPs 6 bandi ng wintxture®. &uropaea fruitextrpcs andA.n

Nilotica extractcompounds may cap tlgold nanoparticles and form a layer on the surface of

them whichcould result in reducingand stabilizing of the naparticles. FHIR study indicated

thatthec ar box y | h y(dirCoxOy)AKkyr(e{C3E))a,nd ami ne (TeMtiddt gr ou |
were mainly involved in reduction ofjold ions to gold nanoparticlegll peaks of FTIR

spectrum shoedthe presence of protein extractattachment to the ANPs
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Fig. 4-4: FTIR spectraof (A):(OEAN) extract; (B):gold nanoparticle suspensiorprepared
from the extract.

4.5. SEM analysis of gold nanoparticles

The SBM image of gold nanoparticles showttht almost all the nanoparticles arespherical
shape The techniqueof scanning electron microscoplyad provided further insight into the
morphology details of thgold nanoparticles synthesized by extraétg. 4-5).showedthe SEV
image of gold narmarticlesexhibits that almost all the nanoparticles arsmierical shapeith

irregular formsdispersed with faiaggregatioa
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Fig. 4-5: SEM images of sphericalvith irregular form of green AuNPs.

4.6. Energy Dispersive Spectroscopy (ED®)nalysis

(Fig.4-6) Showedan area profile EDS spectra of AlPs synthesized byix of Olea Europaea

fruit extract andAcacia Nilotca extract andhe peaks confining that the gold does exist in the
suspensionThe presence of strong signals of gwd atoms in the nanoparticles are observed at
2.12keV confirming the reduction of gold ions to gold nanopartigiesyts of EDS analysis are
shown inFig. 6whereasTabledresents the percentage of the elements present in the suspension.
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Fig.4-6: EDS pattern of green Au NPssuspension

Table 4-1. EDS results showing percentage of gold elemenpresentin nanopatrticle
suspension

Element | Weight%  Atomic%
AuM 100.00 100.00

Totals 100.00

4.7.Cytotoxicity Study

In vitro cytotoxic activity of the greeAu NPS against MCFHCT-116 and HCep& cell lines

at different concentrations was evaluat@tie in-vitro anticancer activity confirmed by MTT
assay on the cell lines dreast carcinoma cells MCF7, colon carcirroeellsHCT-116 and
hepatocellular carcinoma cells HCef&5which showed |6 values of extract at > 100_for all
cell s | i ne ICgn d55ApNudlMOFZ (Fig.4-7), ICso = 37.2 |L for HCT-116 (Fig.
4-8) andICso = 40.6 |L for HCepG2(Fig4-9) . The Au NPs inhibited the proliferation of cells

in a dose and time dependent manarNPs at six different concentrations decreased the

percentage (%) cell viability of cells line. Thes§Cvalue of Au NP showed that the
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concentratia required to inhibit 50% of cells was less than that of the extract. Simiahju

et al 2014118] hasdescrbed a simple method for the fabrication of water solwdieeumin
conjugated gold nanoparticles to target various cancer cell lines. Thus this one step synthesis of
gold nanoparticles using aqueous extractGfmnema sylvestrenay serve as a potential
anticancer drug for cancer therapilowever,further studiesareto be carried to understand the
nature of cytotoxicity and the death or proliferation of cells caused by nanopari@atha D.
Arunachalamet al 2014[119], was reported that bifunctionalized gold Nanoparticles from
Gymnema sylvestre tested in vitrotiaancer activity against human colon adenocarcinoma
cells showedan increasein the medicinal properties of the bioactive compounds by bio
functionalize them with gold naparticles without compromising their medicinal properties
hence, itcan be a goodalternative method to obtain AMPs with improved anticancer
propertiesJun Ai et al 2014, has proposed a method which can be used as a qualitative method
to recognize the presence or absence of the cancer cells with gold nanoparticles for targeted
caner cell and efficient photodynamic therapy(].2
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Fig. 4-7. Invitro cytotoxicity studies for Au NPs and (OEAN) extract.
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Table 4-2: Results of the MTT assay test breast carcinomaell lines after treatment with

concentrations of synthesizéa NPs.

Viability % (3 Replicates) Inhibition | Standard
% Deviation
1st 2 nd 3rd
Sample conc. (ju) Mean (€3]
100 32.45 38.61 | 29.74 | 33.60 |66.40 4.55
50 39.68 51.32 | 43.19 |44.73 |55.27 5.97
25 74.21 70.89 | 76.93 | 74.01 | 25.99 3.02
12.5 90.84 89.56 |91.42 |90.61 |9.39 0.95
6.25 97.65 96.78 |98.19 |97.54 | 2.46 0.71
3.125 100 100 100 100.00 | 0.00 0.00
0 100 100 100 100 0.00

Table 4-3: Results of the MTT assay test breast carcinomaell lines after treatment with

concentrations of@EAN) extract

Viability % (3 Replicates) Inhibition | Standard
% Deviation
1st 2nd 3rd
Sample conc. (jb) Mean (€3]
100 89.16 83.47 | 7853 |83.72 |16.28 5.32
50 95.22 90.68 | 91.74 | 9255 |7.45 2.38
25 98.74 96.85 | 99.02 [98.20 |1.80 1.18
12.5 100 99.17 | 100 99.72 |0.28 0.48
6.25 100 100 100 100.00 | 0.00 0.00
3.125 100 100 100 100.00 | 0.00 0.00
0 100 100 100 100 0.00
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In recent timegesearchers have engraved the NPs with biological entities to overcome such
antagonistic effect. In this consideration the cytotoxicity assay was carried out with different
concentrations of Au NPs against MZFcells, which resulted in the decreased paame
growth (cancer cells)In this study, toxic responses of gold nanoparticles to human breast
epithelial MCF7 cells were investigated.he resultsobtainedfrom MTT assay test obreast
carcinoma cell lineICF7 in figure 7, table 2 and table 8howel thatgreengold nanoparticles
illustratedan equivalentgood results comparingith the (OEAN extract against cancer. The

Au NPs proved an efficiency even Liandasthehe mi
concentration increased the anticane#iciency as well increased compared to the extwmas
start ef f i casghowh in ({tablé2randd-3). Sniilarly, thetechnquewe used in the
presentn vitro anticancer study, which empleg¢ green Au NPs on MCF cell line in a dose
dependent manner, was used Prasanna et a009. [R1]. The present demonstrated that
exposure of gold nanoparticles to MCFcells caused cytotoxicity, which was consistent with
Govindasamy Balasubramani et, #015 which represented that their synthesized Au NPs
showed significant inhibitory effect with d6 concentration when compared to the green
chemistry (synthesis) based Au NPs functionalized with folic acid targeted deliverfFwf 5
[122], biocompatible Au NPs frorRiper betle[123] and chloroquine conjugated Au NP24]

on MCF7 breast cancer cell$he recorded cytotoxicity of Au NPs of thier study could be due

to either increased or decreased expression patterns of both antiapopt@tiprBidin and pro
apoptotic Bax protein, as evidenced by earlier repo85][1Therefore, the biologically
syntlesized Au NPs that exerts cytotoxicity may be more preferable than the chemistry based
ones. Also they illustrated the anticancer property of A. leptopus derived Au NPs, which may be

employed as a drug in nameedicine to treat particularly, breast canicefuture [126].
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Fig. 4-8. Invitro cytotoxicity studies for Au NPsand (OEAN) extract.

Table 4-4: Results of the MTT assay test @olon carcinoma cellsafter treatment with

concentrations of synthesizéad NPs.

Viability % (3 Replicates) Inhibition | Standard
% Deviation
1st 2nd 3rd
Sample conc. (Jb) Mean (€3)
100 19.78 21.34 |23.62 | 21.58 |78.42 1.93
50 33.51 30.29 [41.85 |35.22 |64.78 5.97
25 58.74 69.27 |64.18 | 64.06 | 35.94 5.27
12.5 76.83 84.02 [81.39 |80.75 |19.25 3.64
6.25 88.92 94.13 |93.27 |92.11 |7.89 2.79
3.125 96.46 99.71 |98.78 |98.32 |1.68 1.67
0 100 100 100 100 0.00
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Table 4-5: Results of the MTT assay test @olon carcinoma cellsafter treatment with

concentrations of@EAN) extract

Viability % (3 Replicates) Inhibition | Standard
% Deviation
1st 2nd 3rd
Sample conc. (jb) Mean (€3]
100 78.92 79.51 | 74.23 |77.55 |22.45 2.89
50 94.16 89.87 | 85.74 |89.92 | 10.08 4.21
25 98.73 91.34 |93.81 |94.63 |5.37 3.76
12.5 100 97.64 | 98.56 |98.73 |1.27 1.19
6.25 100 100 100 100.00 | 0.00 0.00
3.125 100 100 100 100.00 | 0.00 0.00
0 100 100 100 100 0.00

The anticancer activity dhe green AuNPs and the extract against colon carcinoma cells- (HCT
116) was confirmed by MTT assay. The measurement of cell viability plays a fundamental role
in all forms of cell culture $toddart 201L Promoting appropriate cell life and death ikey

part of cell culture. When cells are put into contact with a SM, their viability may be affected.
Some materials are cytotoxic, i.e., deadly to cells. The cytotoxic activity fiediageaccording

to the dose values of the exposure of the complexirestjio reduce survival to 50% (46},
compared to cells treated by standardfie presenthe standard is th&EAN extract. In the
present study, the treatment of H@T6 cell line with the green ANPs suppressed the cell
viability of cancerous cellat (78.42 %) at (100 |lL) concentration with 165 = 37.2 |L, when
compared to the cells treated KYHAN extract cytotoxicity effect against cells and their LC50
value was observed (>10Q.pas shown in (Fig4-8, tablel-4 and table4-5). Ezra Elumalai

Abel et al 2016, reported the cell morphological changes such as cell shrinkage, loss of surface
contact and blebbing in treated cancer cells Col320 cell lines. Also they observed that the cells in
darkfield microscope, and they checked the toxicity of aaeNPs capped. toraleaf extract

on normal cell line (Vero), and it is found that the sample does not affect the viability of normal
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cell. Hence, their results confirm that t@e tora leaf extract conjugated with Au NPs shows
higher activity against éon cancel27].
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Fig.4- 9. Invitro cytotoxicity studies for Au NP and (OEAN) extract.

Table4- 6: Results of the MTT assay testidapatocellular carcinoma cellafter treatment with
concentrations of synthesizéa NPs.

Viability % (3 Replicates) Inhibition | Standard
% Deviation
1st 2nd 3rd
Sample conc. (jb) Mean (€3]
100 24.65 21.54 | 26.73 |24.31 | 75.69 2.61
50 38.17 38.91 |43.82 [40.30 |59.70 3.07
25 65.93 71.82 | 60.54 |66.10 | 33.90 5.64
12.5 81.24 89.65 | 85.93 [85.61 | 14.39 4.21
6.25 95.67 97.52 | 94.21 |95.80 |4.20 1.66
3.125 99.14 100 98.74 |99.29 |0.71 0.64
0 100 100 100 100 0.00
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Table4- 7: Results of the MTT assay testidapatocellular carcinoma cellafter treatment with

concentrations of@EAN) extract

Viability % (3 Replicates) Inhibition | Standard
% Deviation
1st 2nd 3rd
Sample conc. (jb) Mean (€3]
100 74.92 78.16 | 81.93 |78.34 |21.66 3.51
50 83.68 89.52 | 94.06 [89.09 |10.91 5.20
25 94.81 96.37 | 98.72 |96.63 | 3.37 1.97
12.5 98.15 99.02 | 100 99.06 | 0.94 0.93
6.25 100 100 100 100.00 | 0.00 0.00
3.125 100 100 100 100.00 | 0.00 0.00
0 100 100 100 100 0.00

The cytotoxic effect of the AUNPs were examined on human cell lines (HeLa cells) for 24 h and
48 h (Sample conc. 8.1237 100 uL). The cytotoxicity effecis very high in biosynthesized
AuNPsagainst HelLa cell lines (Fidr 9 and tablet- 6). The AuNPs ihibited the growth of the

cancer cells significantly, in a dose and duration dependent manner. The cytotoxic activity was
foundaccording to the dose values of the exposure of the complex required to reduce survival to
50% (IC50), compared to cells treatbg extract only (tabk- 7). In AUNPs, the 40.6lusample

is enough @ control cancerous cell (Fig- 9). The cytotoxic effect of the sample may be
interpretable as due to its amphiphilic nature and, hence, would penetrate the cell membrane
easily, reduce the energy status in tumors and also alter hypoxia status in the cancer cell. The
cytotoxicity effectwas compared with the our standard anticaO&AN extractagainst HeLa

cells and theirlCso value was observed(>100 Ly Similarly cytotoxicity of chemically
synthesized AuNPs was reported against HelLa cells by Miura and Shifi@&hraA large
numberof in vitro studies indicate that AUNPs are toxic to the mammalian cells. Interestingly,
some studies have shown that AuNPs has the potential to intervene genes associated with cell

cycle progression, also induce DNA damage and apoptosis in cancemoided, the results of
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present study provide conclusive evidence for cytotoxic effect of AUNPs on cancer cell lines

rather than normal cell lines.

4.7.In vivo study

4.7.1. Inoculation of mice with tumor cells:

Female Swiss mi¢a=50)6-7 weeks of age, were obtainfdm the Animal Housat College
of Science, King Saud UniversitRiyadh Saudi ArabiaThe mce were sparated into 3 groups,

with 15 mice ineach group:

iv.  Group 1- control without any treatment

v. Group 2 positive controlwere injectedsubcutaneously in the flank of sub thigh with
200 mL (3 x 107) Ehrlich Ascites carcinancells suspended in 10 mM PBS amere
subjected to 1% direct injection of 10 mM PBS to the tumor interstitium, with no NIR
exposure

vi.  Group 3 were injected subcutamosty in the flank of sub thigh with 200 mL (3 x 107)
Ehrlich Ascites carcinoma cells suspended in 10 BS and treated with green
AuNPs with performed neamfrared (NIR- Lase) plasmonic photothermal therapy
(PPTT).

4.7.2. Invivo near-infrared PPTT:

100 microliters of the inventive gold nanoparticled a s e r OD o =\Be@eldireactin = 40
injected into the tumor. Mouse tumors were extracorporeally exposed to NIR laser radiation (0.9

1.1 W/cm2, 6 mm diameter, 10 min) within 2 min of injection to lipatticle diffusion beyond

the tumor boundaries. Due to the unusual rapid growth rates observed in the Ehrlich Ascites
model, tumors and vital organs were harvesiedlays 1114 after dissection The | i ver
ki dney we e s tCo ruend viedtigatiofgliG]. Fdr kver functions testes such as

(1) Serum levels ofGPT: Glutamid pyruvic transaminaseand GOT: glutamicoxaloacetic
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transaminase were analyzed. gney functiors testes such as : Blood levels of urea and

creatinine were assessed.

4.7.3. Volume of tumor:

Photothermal therapy is a minimallyvasive treatment method in which photon energy is
converted to thermal energy sufficient to induce cellular hyperthermia. The potential uses of gold
nanoparticles in nedanfrared PPTT have been pulbled using a variety of noble metal
nanostructures, including gold nanoshells, gold nanorods, and recently, gold nanocages. In our
potentialselective photothermal destruction of cancer cells mediated by green AuNPs requires

specific binding of the anoparicles to the target celll29].

After about 10 days post tumor induction into the mice legs, a large tumor appgeaeadice

from group 3were used to establish optimal conditions for frieftared PPTT treatment of
Ehrlich Ascites carcinoma tumor xenografts. Fifteen microliters of green gold nanoparticles
(ODk=800 = 40) were directlinjected to the tumor interstitium. After 2 min, the tusiavere
subjected to extracorporeal NIR exposure (808 nm, 6 mm dia.) 4dd 10in of irradiation at
0.9'1.1 W/cm2 was necessary for maximal tumor control and minimal damage to surrounding
tissues. Using previously established treatment conditions, cirmhg®aor volume was recorded

over a 13day period for control mice, as well as those treated by intravenous and direct
nanoparticles injections followed by PPTT. Here, positive control mice were subjected only to

15 L direct injection of 10 mM PBS to themor interstitium, with no NIR exposure.

Tumors was observed over the monitoring period. Averagertgnowth at day 10 for directly

and intravenoushtreated tumors was significantly leshe average volume of the tumarthe
untreated group(PC) increased frad8n/@t 2.60 mm) on the first day tol1l@.67A1.83mm) on

day 12. On treatment with the AuRs there was a marketkcreasén the volume sizeverthe
experimeral period, as shownin table @-8). Starting from dg 1 (9.133.29 mm) to day
12(00.00 mm) there was a complete disappearance of the tumor, which was statistically
significan{ p O3)(.Fig. 4-10 ).Theresults on average volume change of the tumor clearly
indicate specificity of neainfrared PPTT which was evident from the reductiorthie tumor

volume when the\grage volume change in tumor size in the untreated (p@sitwtrol) and
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treated with AINPs followed by neamfrared PPTT at 808 nm irradiation. were directly
injected.Our results are similar to those obtained by Mostafa Elseid §t28] who reported

that the dramatic changes in tumors observed -33@mor growth are attributed to selective
hyperemia of malignant tissues treated with pegylated gold nanorods by nearinfrared PPTT.
Preferential accumulation of pegylated gold nanorods wittertumorinterstitium occurs due to

the EPR effect 130]. Because of their rapid metabolic rates, tumor cells are regarded as
increasingly vulnerable to hyperthermic effect8]] such as disruption of metabolic signaling
processes, protein denaturatiamd the onset of acidosis or apoptosis caused by the production
of heatshock proteins132] and other immunostimulants. Small increases in local temperature
are known to result in disruption of nuclear and cytoskeletal assemblies and indeed, previous
[133] and recent reports1B4] indicate significant membrane blebbing35i 138] under
hyperthermic conditions.

Table4-8: Average volume change in tumor size in the untreated (positive control) and treated
with Au-Nps followed by neafinfrared PPTT at 808 nm irradiation

Experimental Std. Std.
Group N Mean Deviation Error F Sig.
PC 3 8.7000 | 2.60000 | 1.50111 2.135 199
3 9.9000 | 2.70555 | 1.56205
12 3 12.6667 | 1.83394 | 1.05883
Total 9 10.4222 2.73211 .91070
AuNPs 1 3 9.1333 | 3.28684 1.89766 7.756 .022
6 3 4.9000 | 3.66606 | 2.11660
12 3 .0000 .00000 .00000
Total 9 46778 | 4.66149 1.55383
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Changes in Tumor size
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Fig.4-10. Average volume change in tumor size in theresmted (PC) and treated with KBs
followed by neatinfrared PPTT at 808 nm irradiati@eeappendix ((A) table 1 and 2)
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4.7.4. Liver and kidney function parameters

Table 4-9: Meant SD of serum GP, GOT, urea and creatinine levels in negative control(NC)
,positive control(PC) and group treated with-N@s.

Group Statistics

Std.
Std. Error
Group N Mean Deviation Mean t
Creatinine NC 3 .5000 .000002 .00000
PC 3 .5000 .000002 .00000
Urea NC 3| 46.1667 | 1.26623 .73106 .002
PC 3 | 161.8000 | 26.16620 | 15.10706
GOT NC 3 | 446.0000 | 1.00000 57735 .000
PC 3| 93.8333 | 3.40196 | 1.96412
GPT NC 3| 63.2000 | 5.71577 | 3.30000 .000
PC 3| 17.9333 | 2.15484 | 1.24410
Std.
Std. Error
Group N Mean Deviation Mean t
Creatinine PC 3 .5000 .000002 .00000
AuNPs 3 .5000 .00000? .00000
Urea PC 3 | 161.8000 | 26.16620 | 15.10706 .002 | **
AuNPs 3| 54.1000 | 6.49692 | 3.75100
GOT PC 3| 93.8333 | 3.40196 | 1.96412 .000 | ***
AuNPs 3 | 444.3333 57735 .33333
GPT PC 3| 17.9333 | 2.15484 | 1.24410 .000 | #**
AuNPs 3| 47.0667 | 4.06243 | 2.34544

The serum GOT levels significantty(O 0 ). decbeased in the PC grou@B8(8333 3.40196U/I)

in comparison to the NC groug46.06:1.000U/l). Treatment with Aul®s significantly p O0). 0 5
elevated the GOT level€44.330.58 U/l). The serum creatinine levels in the negative control
(NC) and positive control (PC) were comparablés@0G0.00000U/1) (Fig.4-11). The serum
GPT levels were also significantty(O 0 ). déckeased in the PC group (17.982315484 U/l) in
conparison to the NC group (6328.72 U/l). Treatment with AuNPs significantly p O0). 0 5
enhanced the GPT level (478%#062U/)(Fig.4-11).

The treatment with AuRs did not have any significant effect on the serum creatinine levels(

Fig.4- 12) However, the serum urea levels were significapthp(0 ). iM@rased in the PC group
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(161.800@26.16620 U/l) in comparison to the Ngtoup (46.166F%1.26623 U/L). Treatment
with AuNPs significantly p O 0).dB8cBeased the urea level (54.160@9692 U/I)(Figd-12 ).

Liver function

BcoT
500.00 Ecpr

400.00+

300.00+

200.00

Mean of GOT and GPT (UIl)

100.00-

0.00=

MC

Experimental groups

Fig. 411 :Mean(xSD) of serum GOT and GPT levels the experimental g{®apsappendix
((B) table 3)
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Kidney function

W Creatinine
200.00 Hurea

150.004

100.00

50.00

Mean of Creatinine (mg/dL) and Urea (mmoliL)

0.00
AuMPs MNC PC

Experimental groups

Fig.4-12. Mean(xSD) of serum Creatinine and Urea levels the experimental §&@gps
appendix ((B) table 4)

From all of these results, the benefit of the presented nanoparticles prepared by using green
chemistry synthetic techniques, comprising the mixed extrfa®liea europaedruit extract and
Acacia nilotica extract, is demonstrated. Thus, the resulting nanoparticles showed a highly

promising affinity towards Ehrlich Ascites carcinoma cell.

Similar studies Erin B. Dickerson et al (2009] 129], demonstratedhe feasibility of in vivo
PPTT treatment of deejissue malignancies using easilsepared plasmonic gold nanorods and
a small, portable, inexpensive neafrared (NIR) laser. Dramatic size decreases in squamous
cell carcinoma xenografts e observed for direct (P < 0.0001) and intravenous (P < 0.0008)
administration of pegylated gold nanorods with resorption of >57% of the dipjbted
tumors and 25% of the timvenousliytreated tumorsAlso (Moo-Sung Kim et al, (2013))1B9]
investigated in vitro the antioxidant and amuroinflammatory potentials of Olea europaea
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Linn. fruit pulp (OFREA) extract in LPSstimulated B\2 microglial cells, in which the results
indicated that OFFEA extract exhibited strong antioxidant properti€he significant meritsof

the present workver these studies is that we are using green natural material to synthesis gold
nanoparticle as antiancer which yieldd better treatmentowardsEhrlich Ascites carcinoma
cell[140].

4.8Histology

4.8.1. Liver

The sections fothe control liver showed normal hepatic architecture with a central vein and
hepatic lobule. A higher magnification showed well defiregpatic cords with binucleate
hepatocytes.Higs. A, B)Sections of liver of micérom Group 2 untreated wittshowedmarked
adverse effect of the tumour on the liver histology, which was evident frordigheganized
hepatic structure with dilated central veind blood sinusoidshepatocytes with pycnotic nuclei
(Figs. C,D). Liver sections frorhhe tumou injected mice treated with APs(Group3) showed

a slightly better hepatic organization wittduced dilations in the blood sinusoids and central
vein, though the hepatic cordganization was not restorégigs..E,F). Theoverall observations
made showd that theAuNPstreatment mildly alleviatethe tumour induced histopathologin

the liver, which could be due to the short period of the treatment.

4.8.2. Kidneys

Sections of kidneyf mice from the control group (Groupl) showed normal structural details
with  glomerulus with surrounding renal tubules, proximal convoluted tubulesdéastall
convoluted tubule(Figé,B).Kidney sections frontumour injected untreated mice (Group2)
showed structural disarrangement with diffusedmnioerhage,infiltration by lymphocytes and
collapsed tubular lumina(Fig<l-8.C,D,E). TreatmenfAu-NPs showed a slight restoration in the
structural organization in terms of less hypetlularity of glomerulus ad normal renal tubules

with lumina, in comparison to Group2(Figs.).
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Fig.4- 13. The effect of tumor injection andtreatment with gold nanoparticles (AuNPSs) on

the histology of the liver of albino mice.

A) Section(20X) of liver of from the negative control group, showing normal liver architecture.

Notice ,central vein(CV),hepatic lobule(arrow) .

B) Higher magrfication(40X) of control liver, showing arrangement of plates of hepatocytes,
one cell thick alternating with blood sinusoids( bs) .Notimaucleated hepatocytes (Hcy) and

central vein(CV).
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C) The sectiorZ0X) of liver of tumour injected untreated mice shows a structural disarray in
the hepatic tissue. Notice the blood congestion in the cental vein(CV) and tissue disintegration

and (arrowheads).

D) A higher magnification (40X) of the section of liver indhe same group shows a dilated CV
with blood congestion. Notice the Kupffer cells(KC) around the CV. The hepatic cord

arrangement is lost (arrowhead).

E) The section(20X) of liver of tumour injected and treated withNjushows a very mild

effect ofthe treatment. Notice the central vein (CV)and disintegrated hepatic tissue(arrowhead).
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