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Abstract 

 
 

The aim of this study was to synthesize gold nanoparticles and to use them with 

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 mixture  of Olea 

europaea fruit extract and Acacia nilotica fruit 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 by UV-visible 

spectroscopy, zetasizer, fourier transform infrared spectroscopy (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-7, HCT-116 and HepG-2 cells, with IC50 

for nanoparticles concentrations of 45.5, 37.2 and 40.6 µl 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 showed excellent anticancer activity. All these findings prove and 

suggest that the gold nanoparticles synthesized from mixture of Olea europaea 

fruit extract and Acacia nilotica fruit extract is a promising candidate for a wide 

variety of applications in pharmaceutical and biomedical fields as well as in 

nanomedicine. 
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ЉЯϷϧЃв 

 

    ев РϹлЮϜ  ϣЂϜϼϹЮϜ Ϣϻк нкϦЙузЋ  ϤϝгуЃϮ ϣтнжϝзЮϜ ϟкϻЮϜ  рϼϜϽϳЮϜ сϚнЏЮϜ ϬыЛЮϜ Йв ϝлвϜϹϷϧЂϜм

)Photothermal Therapy аϜϹϷϧЂϜ бϦ .ϣужϝАϽЃЮϜ ϝтыϷЮϜ ϬыК сТ (ϣузЧϦ ) ̭ϜϽЏϷЮϜ ̭ϝугуЫЮϜGreen 

Chemistry(  ϣЧтϽГϠϧЮ  ϢϽЫϧϡвЙузЋ  ϤϝгуЃϮ ЩЮϺ м ϣтнжϝзЮϜ ϟкϻЮϜ ϢϽгϪ сЋЯϷϧЃв ев БуЯ϶ аϜϹϷϧЂϝϠ

 м днϧтϿЮϜ ЭЫЇЮϝЪ ϣЛзЋгЮϜ ϣтнжϝзЮϜ ϤϝгуЃϯЯЮ ϢϸϹЛϧв ЬϝЫІϒ пЯК ЬнЋϳЮϜ бϦ м ̪(ЌϽЧЮϜ) БзЃЮϜ ϢϽгϪ

ЫЮϜ) рмϽ(Spherical , ) рнЋК ϣϡІ ЭЫЇЮϜмSemi Rod бϦ .ЭЫЇЮϜ ϣгЗϧзв ϽуПЮϜ ЬϝЫІъϜ ев ϝкϽуО м (

 сЮϜнϲ дϝЪ м ϣϯϦϝзЮϜ ϣтнжϝзЮϜ ϤϝгуЃϯЮϜ бϯϲ ϸϝЛϠϜ ЀϝуЦ44.96 ϽϧгжнжϝжСуЊнϦ бϦ . 

)Characterization( РϝуГв ϾϝлϮ Эϫв ϢϿлϮϜ м ϤϝузЧϦ ϢϹК аϜϹϷϧЂϝϠ ϣЛзЋгЮϜ ϣтнжϝзЮϜ ϤϝгуЃϯЮϜ Ϣϻк 

 ϝϧтϾ м ̪ϣуϯЃУзϡЮϜ ФнТ ϣЛІцϜ (Zetasizer)ϣтнжϝзЮϜ ϤϝгуЃϯЮϜ бϯϲ ϸϝЛϠϜ ЀϝуЧЮ йутϼнТ ЭтнϳϦ ϾϝлϮ м ̪

 сУуГЮϜ ̭ϜϽгϳЮϜ ϥϳϦ ϣЛІцϜ (FTIR)ϱЂϝгЮϜ сжмϽϧЫЮшϜ ϽлϯгЮϜ ̪ (SEM)    ϣЦϝГЮϜ РϝуГв ϾϝлϮм

сУуГЮϜ ϣϧϧЇϧгЮϜ (EDS)ϻТϝзЮϜ сжмϽϧЫЮшϜ ϽлϯгЮϜ  ϾϝлϮм (TEM) ЮϜ ЙϧгϧϦϽГϣЧт  бϦ сϧЮϜ Ϝϻк сТ ϝлвϜϹϷϧЂϜ

 ϩϳϡЮϜ  ϣтнжϝзЮϜ ϟкϻЮϜ ϤϝгуЃϮ СуЮнϧЮϠϦ сϧЮϜ ϣЮнлЃЮϜ Эϫв ϝтϜϿгЮϜ ев ϹтϹЛЮϝϥг ϣуЯгК ϝлуТ СуЮнϧЮϜ ̪  ϣЯЦ

 ϣУЯЫϦ ϣЛуϡГЮϜ сТ ϝкϽТнϦм СуЮнϧЮϜ сТ ϣвϹϷϧЃгЮϜ ϸϜнгЮϜ ̪м ϣугЃЮϜ ϣϡЃж ЉЯЧϦ  ϬϝϧжъϜЮϜсЮϝЛ  ев ϤϝгуЃϯЯЮ

ϣвϹϷϧЃгЮϜ ϸϜнгЮϜ ев ϣЯуЯЦ ϤϝугЪ.   бϯϲ ЉуЯЧϦ ϣужϝЫвϜ еК ϣгуЦ ϣуЧуϡГϦ  ϭϚϝϧж  ϝЏтϜ ϩϳϡЮϜϽТм ϝтыϷЮϜ

ϣужϝАϽЃЮϜ7-MCF  ,2-HepG ,116  -HCT  аϜϹϷϧЂϝϠ 50IC  ϣУЯϧϷв ϣугϯϲ ϿуЪϜϽϧЮ45.5, 40.6, 

37.2   БуЯЃϧϠ ЩЮϺм ϽϧуЮмϽЫув ЮϜнЏЮϜ ̭рϼϜϽϳ )ϼϿуЯЮϜ ев ϭϦϝзЮϜPhotothermal therapy пЯК (

ϣтнжϝзЮϜ ϤϝгуЃϯЮϜ ϝтϽϡϷв ϣЛзЋгЮϜ  ϣЂϜϼϹЮϜ ϥЧЧϲ ϹЦм. ϣужϝАϽЃЮϜ ϝтыϷЮϜ ХАϝзв сТ ϢϽІϝϡв ϝлзЧϲ бϧт сϧЮϜм

 бЂϓϠ ϣТмϽЛгЮϜ ϣужϝАϽЃЮϜ ϝтыϷЮϜ ЉуЯЧϦ еК ϣгуЦ ϭϚϝϧж̭ϝЧЃϧЂъϜ ЩуЮϽтϖ . ϝкϼϝЇϧжϜ ев ϹϳЮϜ ϣуУуЪм ЭЪ иϻк 

ϭϚϝϧзЮϜ ϥϧϡϪϒ ϽуЇϦм пЮϖ дϒ ЃϮϤϝгу ϟкϻЮϜ  ϣЛзЋгЮϜ ϣтнжϝзЮϜ  ев м днϧтϿЮϜ ϢϽгϪ сЋЯϷϧЃв БуЯ϶ ϢϽгϪ

ск БзЃЮϜ ϱІϽв ϹКϜм ϣКнгϯгЮ ϣЛЂϜм ев ϤϝЧуϡГϧЮϜ сТ ϤъϝϯгЮϜ  пЮϜ ϣТϝЎϖ рнуϳЮϜ ϟГЮϜ м ϣужъϹуЋЮϜ

.ϣтнжϝзЮϜ ϣтмϸцϜ 
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v                                      The particle velocity 

q                                        Charge   
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X                                       Distance between the surfaces 

 

Ů                                        Dielectric constant of the solvent 

 Ů0                                      Vacuum permittivity  

ɕ                                         Zeta potential 
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NPs                                     Nanoparticles 

 

CTAB                                 Cetyle trimethylammonium bromide 

 

PEG                                    Polyethylene glycol 

 

OE                                     Olea Europaea fruit 

 

AO                                      Acacia Nilotica 

 

UV                                      Ultraviolet  

 

FTIR                                    Fourier Transform Infrared 

 

SEM                                    Scanning Electron Microscopy 

 

TEM                                    Scanning Electron Microscopy 

 

EDS                                    Energy Dispersive Spectroscopy 

 

SERS                                  Plasmon enhanced scattering 

 

SEF                                     Plasmon enhanced fluorescence  

 

LB                                      Langmuir-Blodgett 

 

2D                                      Two dimensions 

 

STM                                    Scanning tunneling spectroscopy 

 

DLS                                    Dynamic Light Scattering 

 

HRTEM                              High resolution transmission electron microscope 

 

XRD                                   X-ray diffractometery 

 

STM                                               Scanning tunneling spectroscopy   

 

PPTT                                  Plasmonic photothermal therapy 

 

http://en.wikipedia.org/wiki/Polyethylene_glycol


15 

 

SPR                                    Surface plasmon resonance 

 

nm                                      Nanometer 

 

NIR                                    Near-infrared 

 

PTA                                     Photothermal ablation therapy 

 

HGNs                                  Hollow gold nanospheres 

 

VT                                       Potential energy of the particles 

 

VA                                       Van der Waals force  

 

VR                                      Potential energy of the repulsive electrostatic interaction 

 

min                                     Minutes 

 

rpm                                    Revolutions per minute 

 

DMSO                               Dimethyl sulfoxide   

 

Chloroauric acid                              4HAuCl 

 

Diphenyltetrazolium                        -2,5-yl)-2-Dimethylthiazol-(4,5-3           MTT                         

Bromide                               

 

ɛL                                        Microliter  

 

half maximal inhibitory concentration  The                                    50IC 

 

  reast carcinoma cells7                                 B-MCF 

 

 olon carcinoma cells116                             C-HCT 

 

Hepatocellular carcinoma cells2                               -HepG 

 

PBS                                     Phosphate-buffered saline 

 

NC                                       Group of mice which was healthy mice (negative control) 

 

PC                                       Group of mice which was untreated (positive control)  

           

GOT                                   Glutamicoxaloacetic transaminase; an exception is in                           

                            alcoholic hepatitis 

 

https://en.wikipedia.org/wiki/Revolutions_per_minute


16 

 

GPT                                  Glutamicïpyruvic transaminaseï also known as alanine                         

                        aminotransferase or ALT ï is a cytoplasmic hepatocellular                                      

       enzyme  

 

CV                                    Central Vein 

 

bs                                     Blood sinusoids   

 

RBC                                Red blood cells  

 

KC                                   Kupffer Cells 

 

   HCy                          Hepatocytes  

 

  BC                             Bowmanôs capsule 

 

  PT                              Proximal Convoluted Tubule 

 

 DT                              Distal Convoluted tubule 

 

 Gl                               Glomerulus  
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Chapter One 

Introduction  

 

Nanotechnology is mainly concerned with synthesis of nanoparticles(NPs) of variable sizes, 

shapes, chemical compositions, and controlled dispersity and their potentials uses for human 

benefits. [1]. The synthesis of noble metals nanostructures and developed chemical routes of 

controlling the homogeneity of nanoparticles formation with desired size and shape for 

plasmonic applications, are very active field of research [2- 6]. The fabrication of nanostructures 

follows the demands  for specific optical properties, in particular, plasmon enhanced scattering 

(SERS and SERRS) and plasmon enhanced fluorescence (SEF) applications[7- 9]. 

Metal nanoparticles can be prepared by two routes, the first one is a physical approach that 

utilizes several methods such as evaporation/condensation and laser ablation. The second route is 

a chemical approach in which the metal ions in solution is reduced in conditions favoring the 

subsequent formation of small metal clusters or aggregates[10]. 

There are a wide range of methods that may be employed to fabricate gold nanostructures such 

as vacuum evaporation [11] and electrochemical techniques [12, 13]. In addition, arrays of gold 

nanoparticles can be fabricated using the Langmuir-Blodgett (LB) technique, nanolithography, 

and layer-by-layer deposition [14, 15].  Gold nanoparticles synthesis is commonly carried out 

using colloidal chemistry which involves the use of chemicals (reducing/stabilizing reagents), 

among which, are sodium citrate, sodium borohydrate, ascorbic acid, folic acid, and so forth 

[16]. Recently, many biological methods are considered to be ógreen chemistryô, as they tend to 

be environmentally friendly approaches for production of inorganic nanoparticle(NPs), hence 

there are many cases used biological resources which have been exploited for bio-production of 

NPs, including bacteria  , fungi, algae, viruses. Other studies used the whole plants, plant tissue, 

fruits, plant extracts and marine 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, is that the conditions of high temperature, 

pressure, and energy are not required and no toxic chemicals in this synthesis protocol to avoid 

adverse effects in medical applications [18,19].  
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Gold nanoparticles can be used in medical science for bio-labeling, detecting various ailments,  

biosensor devices for the detection of viruses and bacteria[20] and nanomedicine. Also gold 

nanoparticles are used for different purposes such as their usage after cellular uptake, they can 

act as tiny, precise and powerful heaters (thermal scalpels) to destroy cancer [21,22], and they 

are also capable of inducing apoptosis in B-chronic lymphocytic leukemia [23]. 

In this study, a bio production method of gold nanoparticles (Au NPs) was presented as a simple, 

environmental friendly, and cost effective method, using mix Olea Europaea fruit(OE) extract 

and Acacia Nilotica(AN) extract as reducing agent and stabilizer using solïgel techniques.  The 

green synthesized (Au NPs) was characterized using Ultraviolet (UV) spectrometer, Fourier 

transform infrared spectroscopy (FTIR), Dynamic Light Scattering (DLS) (Zitasizer) for the 

average size of the produced Au NPs.  Energy-dispersive X-ray spectroscopy (EDS) equipped by 

A scanning electron microscope (SEM) was used to confirm the existence of the gold element 

and the shape and morphology of the particles was examined by Transmission electron 

microscopy (TEM). Moreover, green gold nanoparticles applications as anticancer activities 

using Laser Heated Phototherapy were studied. To the best of our knowledge, this is the first 

study describing the preparation of (OEAN) gold nanoparticles and also the first study of their 

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 as enzymes, proteins, 

carbohydrates,  and lipids which form components of cellular structures. However, the discovery 

of nanotechnology has been widely attributed to the American Physicist and Nobel Laureate Dr. 

Richard Phillips Feynman [24] who presented a lecture called ñThere is plenty of room at the 

bottomò in December 29, 1959, at the annual meeting of the American Physical Society at 

California Institute of Technology. The first use of the word ñnanotechnologyò has been 

attributed to Tanaguchi [25] in a paper published in 1974 ñOn the basic concept of 

nanotechnology.ò Dr. K. Eric Drexleran MIT graduate later took Feynmanôs concept of a billion 
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tiny factories and added the idea that they could make more copies of themselves, via computer 

control instead of control by a human operator [26].  

Nanotechnology mainly deals with the fabrication 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 increasingly 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 cancer therapy. 

1.2. Nanosciene 

The term ñnanoscienceò therefore appears to be superfluous if it is used in the sense of ñthe 

science underlying nanotechnology,ò although as a synonym of conceptual nanotechnology it 

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 scientific discoveries 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, agriculture, 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 dimension is less than 

approximately 100 nanometers. A nanometer is one millionth of a millimeter - approximately 

100,000 times smaller than the diameter of a human hair. The ability to control, manipulate, and 

design materials on the nanometre scale (10-9 m) will be one of the major technology drivers of 

the 21st Century. The two main reasons why materials at the nano scale can have different 

properties are increased relative surface area and new quantum effects. 

Nanomaterials are being developed from almost every type of material-including polymers, 

metals, ceramics, composites, and biomaterials. Some of the many assorted applications that are 

likely to be seen in the future include ultraprecise drug-delivery systems, nanobots for 
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micromanufacturing, nanoelectronics, ultraselective molecular sieves, and nanocomposites for 

aircraft and other high-performance vehicles [35]. 

Here some examples of nanomaterials (gold, carbon, metals, meta oxides and alloys) with variety 

of morphologies (shapes) are depicted in Fig. 1-1. 

    

         Au nanoparticle                                    Nanofiber                              FePt nanosphere 

     

    Titanium nanoflower                           Silver nanocubes                       SnO2 nanoflower 

 

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

 

1.4. Nanoparticles 

A subset of nanomaterial currently defined by consensus as single particles with a diameter < 

100 nm. To put the size of nanoparticles (NPs) into perspective, a red blood cell has a diameter 

of 7-8000 nm, while virus is similar in size to nanoparticle. Therefore size of nanoparticle is 

comparable to biological macromolecules such as DNA and protein and other components (Fig. 

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

other components. 

 

1.4.1. Nanoparticles properties 

Nanoparticles contain small enough a number of constituent atoms or molecules that they differ 

from the properties inherent in their bulk counterparts. However, they contain a high enough a 

number of constituent atoms or molecules that they cannot be treated as an isolated group of 

atoms or molecules. Therefore, nanoparticles exhibit electronic, optical, magnetic and chemical 

properties that are very different from both the bulk and the constituent atoms or molecules. For 

example, the striking colors of metallic nanoparticle solutions (such as gold and silver) are due to 

the red 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 oscillation of free 

electrons in the metals). This red shift of the plasmon occurs due to the quantum confinement of 

electrons in the nanoparticle, since the mean free path of electrons is greater than the 
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nanoparticle size [36]. Additionally, the optical properties of nanoparticles depend significantly 

on their size and shape as well as on the dielectric constant of the surrounding medium. For 

example, in spherical gold nanoparticles, the plasmon absorption red shifts with increasing 

diameter of the nanoparticle [37].  

1.4.2. Nanoparticles classification  

Nanoparticles are generally classified based on their dimensionality, morphology, composition, 

uniformity, and agglomeration. As the shape or the morphology of nanoparticles plays an 

important role in their reactivity it is useful to classify them based on their number of 

dimensions. 

¶ One dimensional nanoparticle: Particles with one dimension in the nanometer scale are 

typically thin films or surface coatings, and include the circuitry of computer chips and 

the antireflection and hard coatings on eyeglasses. Thin films have been developed and 

using for decades in various fields, such as electronics, chemistry, and engineering. Thin 

films can be deposited by various methods and can be grown controllably to be only one 

atom thick, called monolayer. 

¶ Two dimensional nanoparticles: Those particles which have two dimensions on the 

nanometer scale are known as two-dimensional nanoparticles. These include 2D 

nanostructure films, which firmly attached to a substrate, or nanopore filters used for 

small particle separation and filtration. Free particles with a large aspect ratio, with 

dimensions in the nanoscale range, are also considered 2D nanomaterials. Asbestos fibres 

are an example of two dimensional nanoparticles. 

¶ Three dimensional nanoparticles: Particles having all three dimensions on the 

nanometer scale are considered as Three-dimensional nanoparticles. These include thin 

films deposited under conditions that generate atomic-scale porosity, colloids, and free 

nanoparticles with various morphologies. 
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Fig. 1-3. Nanoparticles classification. 

Morphological characteristics to be taken into account are: flatness, sphericity, and aspect ratio. 

This is a generalization of the concept of aspect ratio. A general classification exists between 

high- and low-aspect ratio particles[25]. 

¶ High-aspect ratio morphology: These include nanotubes and nanowires, with various 

shapes, such as helices, zigzags, belts, or perhaps nanowires with a diameter that varies 

with length. 

 

¶ Small-aspect ratio morphology: These include spherical, oval, cubic, prism, helical, or 

pillar. Collections of many particles exist as powders, suspension, or colloids. 

 

1.4.3. Nanoparticles uniformity and agglomeration 

Based on their chemistry and electro-magnetic properties, NPs can exist as dispersed aerosols, as 

suspensions/colloids, or in an agglomerate state. For example, magnetic NPs tend to cluster, 

forming an agglomerate state, unless their surfaces are coated with a non-magnetic material. 

Agglomerates of NPs can be larger than 100 nm in diameter but they may break down on weak 

mechanical forces or in solvents. In an agglomerate state, NPs may behave as larger particles, 

depending on the size of the agglomerate. Hence, it is evident that NPs agglomeration, size and 

surface reactivity, along with shape and size, must be taken into account when deciding 

considering the health and environmental regulation of new materials. 

 



24 

 

 

Fig.1-4.  Dispersion/Agglomeration  of Nanoparticles 

 

1.4.4. Synthesis of Nanoparticles 

Nanomaterials deal with very fine structures this indeed allows us to think in both the óbottom 

upô or the ótop downô approaches to synthesize nanomaterials, i.e. either to assemble atoms 

together or to dis-assemble (break, or dissociate) bulk solids into finer pieces until they are 

constituted of only a few atoms. 

(A) Top-down methods  

The top-down approach involves the breaking down of the bulk material into nanosized structure 

and particle. These approaches are inherently an extension of those that have been used for 

producing micron-sized products.  The chemical top-down routes include for example : 

templated etching, milling, arc discharged, laser aviation, selective dealloying, anisotropic 

dissolution, and thermal decomposition. 

(B) Bottom-up methods  

The bottom-up or in other words, the chemical approach is found to be more useful. It involves 

more effective build-up of a material from the bottom: atom by atom, molecule by molecule, or 

cluster by cluster. The major advantages of the bottom-up approach lie in the production of nano-

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

shape, etc.  Some of the common methods belonging to bottom-up approaches are: (I) pre-
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cipitation/wet chemical/soft chemical methods, (II) reduction of metal salt/solution method, (III) 

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

photochemical synthesis, (VII) sol-gel methods, (VIII) self-assembly, IX) biometic, etc [40]. 

1.4.5. Nanoparticles Characterization 

General, the most useful technique for the analysis of metal nanoparticles are the transmission 

electron microscope (TEM) and the high resolution transmission electron microscope (HRTEM). 

These tools are used to measure the size and size distributions. One of the best instruments used 

to study the crystalline structure of materials is the X-ray diffractometery (XRD). Other results 

about ligands arrangement on the surface of nanoparticles have been obtained by scanning 

tunneling spectroscopy (STM). Useful information about the formation of nanoparticles and 

surface plasmon resonance can be obtained using UV-visible spectrophotometer [41]. The 

Dynamic Light Scattering (DLS) Zeta sizer Nano range instrument provides the ability to 

measure the average particles size[42]. FT-IR showed absorption peaks of the compounds of the 

samples and confirmed the dual role of the plant extract as a bioreductant and capping agent[43]. 

The Scanning Electron Microscopy (SEM) confirm the morphology and size of 

nanoparticles[44] and when linked with Energy Dispersive Spectrometer (EDS)  it can be used to 

analyze the element of nanoparticles [45]. 

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 agricultural, mineral, and other non-

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 stronger materials); Cosmetics (e.g., non-ghosting sunscreen, nano-

liposome-based skin care products); House-cleaning products (e.g., window-washing sprays); 

Paints, vanishes, and other coatings; and Chemistry (e.g., tailor-made catalysts). In addition to 

http://en.wikipedia.org/wiki/Ultraviolet-visible_spectroscopy#cite_note-0
http://en.wikipedia.org/wiki/Ultraviolet-visible_spectroscopy#cite_note-0
http://en.wikipedia.org/wiki/Ultraviolet-visible_spectroscopy#cite_note-0
http://en.wikipedia.org/wiki/Ultraviolet-visible_spectroscopy#cite_note-0
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information and communication technology (e.g., nano-electronics); biomedical applications 

(e.g., ñlab-on-a-chipò, biosensors, medical imaging, prostheses and implants, drug delivery 

devices); and energy capture and storage technology (e.g., solar cells, batteries, fuel cells, fuels 

and catalysts). More over Nanotechnology offers potential solutions to many problems using 

emerging nanotechniques. Depending on the strong inter disciplinary character of 

nanotechnology there are many research fields and several potential applications that involves 

like: military technology and textiles, surface finishing and lubrication agents[46]. 

The global market for nanotechnology was valued at nearly $20.7 billion in 2012. The total sales 

are expected to reach $48.9 billion in 2017 after increasing at a five-year compound annual 

growth rate (CAGR) of 18.7%. Extra expectation was done by the US National Science 

Foundation (NSF) workshop report estimated that the global nanotechnology market would 

reach $1 trillion annually by 2015[47]. 

1.6. Application of Nanoparticles 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 and tissues at 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 in itself a 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 technologies[48]. 

Just as the 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 living body tissue is expected [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 distributed 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 nanoparticle [50]. Moreover, if a protein and a functional molecule 

were joined to the nanoparticle, 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 and the feasibility of in vivo near infrared plasmonic photothermal therapy (PPTT) is 

demonstrated using colloidal gold nanoparticles in an animal model. Subcutaneous squamous 

cell carcinoma were grown in swiss mice and particles were selectively delivered to tumors by 

direct injection. Near-infrared PPTT was performed extra corporally using a small, portable, 

inexpensive, continuous wave diode laser. 

1.7. Thesis Description 

The thesis consists of five chapters, 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 double layer model and DLVO 

theory. In addition, Optical properties of gold NPs, surface plasmon resonance (SPR), 

nanoparticle fluorescence, absorption and photothermal therapy (PTT) using gold 

nanoparticles(spherical and rods ahapes) are all discussed. Chapter three explains the 

experimental setup for green synthesis of gold nanoparticles. In Chapter four, we present and 

discuss the results of the present work developing a novel strategy for synthesized green gold 

nanoparticles and their characterization using many techniques such as : UV, FTIR, zetasizer, 

TEM, SEM and EDX , this was following by investigates the possibility of reducing the spread  

and the size  of cancer cells using photothermal therapy (PTT)  light of laser using green 

resulting gold nanoparticles.  Finally, we summarizes the general findings of the PhD thesis and 

draws analysis of the results followed by some useful suggestions for future work in the field of 

the fate and behavior of nanoparticles in natural environment especially the effects of the green 

nanoparticles on reducing cancer cell using laser in photothermal therapy (PTT)   which will be 

promising in field of nanomedicine.  

 

 

 



28 

 

Chapter tow 

Theoretical Background 

2.1. Introduction  

Bulk gold is well known for being inert; however, the nanoparticulate sizes of gold display 

astronomically high chemical reactivity [51]. Noble metal nanoparticles show brilliant colors due 

to the surface plasmon resonance absorption. [52]. The color of metal nanoparticles is found to 

depend on the shape and size of the nanoparticle and dielectric constant of the surrounding 

medium, leading to many studies on their synthesis and applications. Consequently, the rich 

surface chemistry of gold nanoparticles allows surface modification reactions with wide varieties 

of chemical and biochemical vectors to tailor to the needs of biomedical applications [53]. 

2.2. Gold nanoparticles Properties 

Gold in the bulk phase has its own chemical and physical properties, but on the nano scale these 

properties change due to the size effect. This change is related to a quantum effect and to the 

increase into surface to volume ratio, such that the properties related to the surface will be 

enhanced [54].  In the nano scale  the electrons have a limited space that allowed to move in 

[55,56], in other words the electron pass the particles boundaries before it collides with another 

electron [57], also the number of atoms which cover the surface of a nanoparticle is very large 

compared to that in the bulk phase, therefore the properties will be different especially electronic, 

magnetic and optical.  

 

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

 

Radius Radius Ratio (surface area/ volume ) = 3 /R 
1 m 

1 cm 

1 mm 

1 ɛm 

1 nm 

3 × 1 m 

3 × 100 m 

3 × 1000 m 

3 × 1000,000 m 

3 × 1000,000,000 m 
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Fig. 2-1 : Ratio of (surface /volume) for a spherical shaped particle. 

 

The simple calculations done on table 2-1 in the plotting figure 2-1can give better understanding 

to the idea and prove that the surface / volume ratio increase sharply as the size of particle 

decrease. 
 

 

2.3. Colloids 
 

Noble metal nanocolloid refers to an uniformly dispersed system consisting of 1ð100 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. 

 
Colloidal particles are light particles have a size less than 50 ɛm . When these particles dissolve 

in another material, a colloidal solution will be form. The properties of these colloids depend on 

the chemical nature of the particleôs surface and the high surface to volume ratio [58].  

 

2.4. Forces Influence the Colloidal Particles in Solutions 

Colloidal particles in solutions are influenced by a variety of forces. These forces are [59,60]: 
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Å Force of gravity: this force pulls the particles down and becomes considerable in the case of 

large particles. 

Ὂ ὠ Ὣz  z”  ééé.(2-1) 

 

 

Where V is the volume of particle in m3, ɟ is the density in kg/m3 and g is the constant of gravity 

in m/sec2. 

 

Å Drag force of viscosity: this force resists the motion of particles in the solution. 

Ὂ   ὶzz –z ὺ éé..éé..(2-2) 

 

Where r is the radius of particle in meters, v is the particle velocity in m/sec, and ɖ is the 

viscosity of solvent in N.sec/m2. 

Å Force produced from natural kinetic energy: this force produces the Brownian motion. 

 

Å Van der Waal force : this force is an attractive force between neutral molecules and particles, 

and it has a potential of the form; 

ὠ ὶ    ééé..ééé.(2-3) 

 

Where r is the distance between particles and A is a constant. 

 

Å Coulomb Force : this force occurs between charged particles and has the form : 

Ὂ Ὧ  z  ééééé.(2-4,a) 

 

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

ὠὶ Ὧ 
 

 éééééééé.(2-4,b) 

 

Where r is the distance between particles, k is a constant and q1 and q2 are the charges of the 

interacted particles. 
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2.5.  Colloids Stability 

The stability of colloidal systems is an important issue from both academic and industrial points 

of views. These systems include various types such as solidïliquid dispersions (suspensions), 

liquidïliquid dispersions (emulsions) and gasïliquid dispersions (foams).  

Stability is determined by two processes: dispersion and aggregation. Brownian motion of 

nanoparticles in colloidal solutions causes a random kinetic energy of these particles, which 

means that every particle has a mass (m) and a velocity (v) will have a kinetic energy equals to 

(1/ 2 m v2). For particles of small mass, the velocity is very high, so small particles will disperse 

in the solution and in this case the solution is considered to be stable [58]. 

There are two types of colloidal stability: first is the electrostatic stability, which applies to the 

nanoparticle in our study. Second is the polymeric stability, which occurs in two forms [61]: 

1- Steric stabilization in which the nanoparticles are coated by the added molecules that prevents 

particles from coming together. 

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

prevent particles from approaching each other. Figure (2-2) illustrates the polymeric stability. 

 

 

Fig. 2 -2: Polymeric stability [61]. 
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The colloid stability is governed by the balance of various interaction forces such as van der 

Waals attraction, double-layer repulsion and steric interaction. These interaction forces have 

been described at a fundamental level such as in the well know theory due to Deryaguin and 

Landau and Verwey and Overbeek (DLVO theory). In this theory, the van der Waals attraction is 

combined with the double-layer repulsion and an energyïdistance curve can be established to 

describe the conditions of stability/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.  Figure 2-3 illustrates the resulting 

colloidal state.   

A single negative colloid will initially attract some 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 can be visualized 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 double layer figure 2-4.  

The charge is a maximum at the particle surface and decreases with distance from the surface.  

The thickness of this layer depends on the type and concentration of ions in solution[62]. 

Colloidal particles in the solution can gain a charge from the surrounding medium. There are two 

sources of these charges: [63,64]: 

¶ Decomposition into charged ions. 

ὃ ὄ  ᴼ ὃ  ὄ  éééééééé(2-5,a) 

 

¶ Adsorption of charged molecules from surrounding solution. 

ὃ  ὄ  O  ὃ ὄ  éééééééé(2-5,b) 

 

Charged particles attract counter ions and repel co-ions from the solution. Attraction of counter 

ions toward the surface depends on the amount of charge on that surface. This process continues 
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until an equilibrium state is achieved at which the net charge on the surface becomes totally 

balanced by the counter ions [65], as show in fig. (2-3). 

 

 

 

Fig. 2-3: Colloidal particle in ionic medium 

 

 

 

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 

describes the balance of forces between charged colloid particles.  Amirtharajah and OôMelia 

(1990) provide a thorough discussion of the electrostatic theory of colloidal stability from the 

DLVO model and other works. When two similar colloidal particles with similar primary 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 particles from aggregating are counteracted to some degree 

by an attractive force termed van der Waals attraction.  All colloidal particles possess this 

attractive force regardless of charge and composition. As van der Waals forces tend to be 

relatively weak attractions, the force decreases rapidly with an increasing distance between 

particles [58,61]. 

 

 

Fig.2-5: Colloidal environment as DLVO theory states[61]. 

 

 The theory states that the colloidal stability is determined by the potential energy of the particles 

(VT) summarizing two parts:  potential energy of the attractive interaction due to van der Waals 

force VA and potential energy of the repulsive electrostatic interaction VR:  
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VT = VA + VRééééééééé..ééé(2-6) 

For the spherical particles: Van der Waals attractive potential energy: 

VA = - Ar/(12x)ééééééééééé.é(2-7) 

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

Electric repulsive potential energy:  

VR = ς“‐‐ὶ‒Ὡ éééééééééé.(2-8) 

 where: Ů - dielectric constant of the solvent; Ů0 - vacuum permittivity; ɕ - zeta potential; k- a 

function of the ionic concentration (ὑ  is the characteristic length of the Electric 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 forces increase 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 caused by 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 particles 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 coherent oscillation of the nanoparticle free electrons with respect to the 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 resonance results in a 

large enhancement of the electromagnetic field around the nanoparticle, resulting in strong light 

http://www.substech.com/dokuwiki/doku.php?id=stabilization_of_colloids&DokuWiki=9de50d27b7ff717c6ebd94fd5d9e7ef8#electric_double_layer
http://www.substech.com/dokuwiki/doku.php?id=stabilization_of_colloids&DokuWiki=9de50d27b7ff717c6ebd94fd5d9e7ef8#electric_double_layer
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absorption and scattering by the nanoparticle at the plasmon resonance frequency, which has 

many uses in optical and medical applications. 

 

  
 

Fig. 2-6: (A)Origin of surface plasmon resonance due to coherent interaction of the 

electrons in the conduction band with electromagnetic field. A dipole is induced, which 

oscillates in phase with the electric field of the incoming light.(B) Excitation of conduction 

electrons in gold nanoparticles by EM wave. 

The size, shape, composition, and environment dependent optical properties of noble metal 

nanoparticles are due to their unique interaction with light. This interaction can be understood 

from the work of Gustav Mie, who solved Maxwellôs electrodynamic equations for a 

homogeneous sphere in 1908. The solution consisted of electromagnetic waves on the surface of 

the sphere of different orders ranging from the lowest dipolar to higher order multipoles, 

depending on the size of the particle relative to the wavelength of light[66].   

The main assumption of Mieôs theory is that the particle and its surrounding medium are each 

homogeneous and describable by their bulk optical dielectric functions[67].   Mie theory is based 

on calculations that lead to useful results in explaining how resonance of surface plasmon takes 

place. It deals with absorption cross section ů abs, scattering cross section ů sca and extinction 

cross section ů ext in the form: 

A B 
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„  „  „  éééééé..éééééé.é(2-9) 

 

In addition, the extinction cross section is given by: 

„  ‐‫  ὠ  

   
   ééé.éé....(2-10) 

 

where V is the volume of the particle, c is the speed of light, ɤ  is the frequency of the incident 

light, ὑm is the dielectric constant of the surrounding medium, and ὑ1, ὑ2: are the real and complex 

dielectric constants of the particle, respectively. Surface plasmon resonance takes place when ů 

ext has its maximum value, and since the particle will re-emit the absorbed radiation with high 

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

Mathematically, ů ext has its maximum when the denominator is minimum. This occurs when the 

following condition is fulfilled: 

‐ ς‐  ééééééééé.é..(2-11) 

 

The negative sign in equation (2-11) represent a colloidal property indicates that the force 

between electrons is attractive and leading to the formation of electron pairing[68].   The above 

equation has been used extensively to explain the absorption spectra of small metallic 

nanoparticles in a qualitative as well as quantitative manner. However, for larger nanoparticles 

(greater than about 20 nm in the case of gold) where the dipole approximation is no longer valid, 

the plasmon resonance depends explicitly on the particle size. As the shape or size of the 

nanoparticle changes, the surface geometry changes, causing a shift in the electric field density 

on the surface. This causes a change in the oscillation frequency of the electrons, generating 

different cross-sections for the optical properties including absorption and scattering[69]. The 

larger the particles become, the more important are the higher-order modes as the light can no 

longer polarize the nanoparticles homogeneously. These higher-order modes peak at lower 

energies and therefore the plasmon band red shifts with increasing particle size. At the same 
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time, the plasmon band width increases with increasing particle size. It also follows from the Mie 

theory that the optical absorption spectra depend directly on the size of the nanoparticles, this is 

regarded as an extrinsic size effects [70]. 

The plasmon resonance absorption of gold nanoparticles has an absorption coefficient orders (5-

6) of magnitude larger than strongly absorbing dyes. Anisotropic shapes have plasmon resonance 

absorptions that are even stronger, leading to increased detection sensitivity. Metal nanoparticles 

generate enhanced electromagnetic fields that affect the local environment. These 

electromagnetic fields are significantly stronger than observed from the bulk material. The fields 

determined by the geometry of the nanoparticle enhance fluorescence of the metal. The optical 

properties of noble metal nanoparticles lead to many uses as sensing and imaging techniques. 

Mirkin and co-workers[71] have pioneered the use of DNA in assembling and studying their 

interaction and their application in colorometric detection of biological targets based on the 

binding events of target DNA. Nanoparticle use in the field of photonics relates to exciting 

extensions of existing optical technology with control of dimensions on the nanometer scale. 

Origin of surface plasmon resonance in noble metal nanoparticles free electrons in the metal (d 

electrons in silver and gold) travel through the material. The mean free path in gold and silver is 

~50nm. In particles smaller than ~50nm, no scattering is expected from the bulk. This means 

interactions with the surface dominate. When the wavelength of light is much larger than the 

nanoparticle size it sets up standing resonance conditions. Light in resonance with the surface 

plasmon oscillation causes the free-electrons in the metal to oscillate. As the wave front of the 

light passes, the electron density in the particle is polarized to one surface and oscillates in 

resonance with the light's frequency causing a standing oscillation.  

As shown from the calculated results by El-Sayed and co-workers using full Mie 

theory[72] and [64], the optical absorption and scattering is largely dependent on the size of the 

nanoparticles. For a 20 nm Au NP, the total extinction is nearly all contributed by 

absorption [73] (Fig. 2-2A). When the size increases to 40 nm, the scattering starts to show up 

(Fig. 2-2B). When the size increases to 80 nm, the extinction is contributed by both absorption 

and scattering in a similar degree (Fig. 2-2C). From the quantitative relationship (Fig.2- 2D), it 

can be seen 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 

http://www.sciencedirect.com/science/article/pii/S2090123210000056#bib40
http://www.sciencedirect.com/science/article/pii/S2090123210000056#bib41
http://www.sciencedirect.com/science/article/pii/S2090123210000056#bib40
http://www.sciencedirect.com/science/article/pii/S2090123210000056#fig2
http://www.sciencedirect.com/science/article/pii/S2090123210000056#fig2
http://www.sciencedirect.com/science/article/pii/S2090123210000056#fig2
http://www.sciencedirect.com/science/article/pii/S2090123210000056#fig2
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imaging, lager nanoparticles are preferred because of higher scattering efficiency, 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 destruction[ 74]. 

 

 
 

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) 20 nm; (B) 40 nm and (C) 

80 nm. (D) The dependence of the ratio of the scattering to absorption cross-sections to on 

the diameter of gold nanoparticles. Increase particle sizes lead to increased contribution 

from Mie scattering 

2.8.2. Nanoparticle Fluorescence 

The weak intrinsic fluorescence of noble bulk metals (quantum yield ~10-10) resulting from the 

electronic interband transition was discovered in 1969. Recent research has shown that 

http://www.sciencedirect.com/science/article/pii/S2090123210000056#bib40
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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 increases, respectively. 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 transitions [75]. 

 

2.8.3. Nanoparticles Absorption 

 The surface plasmon resonance of the gold particles is red shifted with increase in particle size 

in accordance with Mie theory [76] (fig .2-8).  At a constant AuNP size, the absorbance was 

found to be proportional to the concentration of gold. This is not surprising, since the increased 

number of nanoparticles also provides increased surface for surface plasmon resonance. The 

optical properties of gold are due to 5d (valence) and 6sp (conduction) electrons. The outermost 

d and s electrons of the constituent atoms must be treated together leading to six bands: five of 

them are fairly flat, lying a few eV below the Fermi level, and are usually denoted as d bands; 

the sixth one, which is almost free-electron like is known as the conduction band or sp band . 

Single photon luminescence from gold has been described as a three-step process as follows: (i) 

excitation of electrons from the occupied d to the sp band which is above the Fermi level to 

generate electronïhole pairs, (ii) scattering of electrons and holes on the picosecond time scale 

with partial energy transfer to the phonon lattice and (iii) recombination of an electron from an 

occupied sp band with the hole resulting in photon emission[77]. 

 

http://www.sciencedirect.com/science/article/pii/S2090123210000056#bib40
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Figu.2-8: UVïvis absorption spectra and absorption shift of gold nanoparticles 

 

2.9. Photothermal therapy (PTT) using gold nanoparticles 

Photothermal therapy (PTT) refers to efforts to use electromagnetic radiation (most often in 

infrared wavelengths) for the treatment of various medical conditions, including cancer. 

This approach is an extension of photodynamic therapy, in which a photosensitizer is 

excited with specific band light. This activation brings the sensitizer to an excited state 

where it then releases vibrational energy (heat), which is what kills the targeted cells. 

Current studies also show that photothermal therapy is able to use longer wavelength light, 

which is less energetic 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 key reasons behind this is the enhanced permeability and 

retention effect observed with particles in a certain size range (typically 20 - 300 nm). 

http://en.wikipedia.org/wiki/Electromagnetic_radiation
http://en.wikipedia.org/wiki/Infrared
http://en.wikipedia.org/wiki/Cancer
http://en.wikipedia.org/wiki/Photodynamic_therapy
http://en.wikipedia.org/wiki/Photosensitizer
http://en.wikipedia.org/wiki/Heat
http://en.wikipedia.org/wiki/Nanoscale
http://en.wikipedia.org/wiki/Enhanced_permeability_and_retention_effect
http://en.wikipedia.org/wiki/Enhanced_permeability_and_retention_effect
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Molecules in this range have been observed to preferentially accumulate in tumor tissue. 

When a tumor forms, it requires new blood vessels in order to fuel its growth; these 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 particles in a tumor as compared to the rest of 

the body. Coupling this phenomenon with active targeting modalities (e.g., antibodies) has 

been recently investigated by researchers[78]. 

2.9.1. Gold nanorods based (PTT)  

One of the most promising directions in cancer photothermal 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 520 to 580 nm for 

particles ranging from 10 to 100 nm in diameter, respectively. These wavelengths were not 

effective in vivo because skin, tissues, and hemoglobin have a transmission window from 

650 to 900 nm, with peak transmission at approximately 800 nm (known as the Near-

Infrared Window). Fortunately the development of gold nanorods was one solution for the 

disparity between the wavelengths required to excite spherical gold nanoparticles and the in 

vivo transmission window. The peak absorption of gold nanorods may be tuned from 

550 nm up to 1 micrometre by altering its aspect ratio. Once tuned, the toxic byproducts of 

CTAB can be removed with non-cytotoxic polyethylene glycol (PEG). PEG not only keeps 

the nanorods from aggregating in serum once injected, but also increases bloodstream 

circulation times (leading to better adsorption of nanorods into the cancer tumor). This 

phenomenon is non-directional (enhanced permeability and retention effect) and has shown 

to improve tumor accumulation from an intravenous administration (systemic). Several 

studies report half-life circulation times of greater than 15 hours. Once the nanorods have 

been cleared from the bloodstream, the tumor may be illuminated ex vivo 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 using gold nanorods for both cancer cell imaging 

as well as photothermal therapy[79]. They conjugated antibodies (anti-EGFR monoclonal 

http://en.wikipedia.org/wiki/Tumor
http://en.wikipedia.org/wiki/Antibodies
http://en.wikipedia.org/wiki/Photothermal_therapy#cite_note-1
http://en.wikipedia.org/wiki/Near-infrared_window_in_biological_tissue
http://en.wikipedia.org/wiki/Near-infrared_window_in_biological_tissue
http://en.wikipedia.org/wiki/Polyethylene_glycol
http://en.wikipedia.org/wiki/Enhanced_permeability_and_retention_effect
http://en.wikipedia.org/wiki/Nanorods
http://en.wikipedia.org/wiki/Photothermal_therapy#cite_note-2
http://en.wikipedia.org/wiki/Antibodies
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antibodies) to the surface of gold nanorods, allowing the gold nanorods to bind specifically 

to certain malignant cancer cells (HSC and HOC malignant cells). After incubating the cells 

with the gold nanorods, an 800 nm Ti:sapphire laser was used to irradiate the cells at 

varying powers. Their research reported successful destruction of the malignant cancer cells, 

while nonmalignant cells were unharmed. 

Loo et al. investigated gold nanoshells, coating silica nanoparticles with a thin layer of 

gold[80]. They conjugated antibodies (anti-HER2 or anti-IgG) to these nanoshells via PEG 

linkers. After incubation of SKBr3 cancer cells with the gold nanoshells, an 820 nm laser 

was used to irradiate the cells. Only the cells incubated with the gold nanoshells conjugated 

with the specific antibody (anti-HER2) 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 (PTA) in vitro[81] and in 

vivo.[82] The HGNs have a unique combination of small size (30-50 nm in outer diameter 

and 3-6 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 using highly 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 (interior and outer) present. Due to the hollow nature, less 

gold is needed for achieving a certain diameter[83]. The NIR absorbing HGNs require a thin 

Au shell, which turns out to be most challenging to make. Work is in progress to improve 

the synthesis of NIR HGNs[84]. 

2.9.2. Gold nanosphere-based PTT 

Similar to scattering counterpart, Au NPs absorb light millions of times stronger than the organic 

dye molecules. Nearly 100% absorbed light is converted to heat via the nonradiative properties. 

An NPs are very photostable and biocompatible. These features make them a new generation 

photothermal contrast agents for photothermal therapy, in which photon energy is converted to 

heat sufficient to induce cellular damage via thermal effects such as hyperthermia, coagulation 

http://en.wikipedia.org/wiki/Laser
http://en.wikipedia.org/wiki/Nanoshells
http://en.wikipedia.org/wiki/Photothermal_therapy#cite_note-3
http://en.wikipedia.org/wiki/Antibodies
http://en.wikipedia.org/wiki/Laser
http://en.wikipedia.org/wiki/Photothermal_therapy#cite_note-4
http://en.wikipedia.org/wiki/Photothermal_therapy#cite_note-5
http://en.wikipedia.org/wiki/Photothermal_therapy#cite_note-6
http://en.wikipedia.org/wiki/Photothermal_therapy#cite_note-6
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and evaporation [85,86] . PTT using spherical gold nanoparticles can be achieved with pulsed or 

continuous wave (cw) visible lasers due to the SPR absorption in the visible region and thus such 

treatment is suitable for shallow cancer (e.g. skin cancer). The first thorough study using pulsed 

laser and gold nanospheres was performed in 2003 by Lin and co-workers for selective and 

highly localized photothermolysis of targeted lumphocytes cells [87]. 

Lumphocytes incubated with An NPs conjugated to antibodies were exposed to nanosecond laser 

pulses (Q-switched Nd:YAG laser, 565 nm wavelength, 20 ns duration) showed cell death with 

100 laser pulses at an energy of 0.5 J/cm2. Adjacent cells just a few micrometers away without 

nanoparticles remained viable. Their numerical calculations showed that the peak temperature 

lasting for nanoseconds under a single pulse exceeds 2000 K at a fluence of 0.5 J/cm2 with a heat 

fluid layer of 15 nm. The cell death is attributed mainly to the cavitation damage induced by the 

generated micro-scale bubbles around the nanoparticles. In the same year, Zharov et al [88]. 

performed similar studies on the photothermal destruction of K562 cancer cells. They further 

detected the laser induced- bubbles and studied their dynamics during the treatment using a 

pumpïprobe photothermal imaging technique. Later they demonstrated new technique in vitro on 

the treatment of some other type of cancer cells such as cervical and breast cancer using the laser 

induced-bubbles under nanosecond laser pulses [89].  

Xiaohua Huang et al 2010, work has demonstrated the treatment modality for invivo tumor 

ablation in a rat [90]. Intracelullar bubble formation results in individual tumor cell damage. The 

use of nanosecond pulsed laser for PTT is highly selective and localized damage controllable 

from few nanometers to tens of micrometers depending on the laser pulse duration and particle 

size [91]. This makes the method useful for single metastatic cell killing and small tumor 

eradication. However, the heating efficiency is relative low due to heat loss during the single 

pulse excitation. So the use of cw laser is favorable for effective heat accumulation to induce 

mild cell killing in a larger area mainly via hyperthermia and possible coagulation and 

vaporization depending on the heat content. Nonetheless, the treatment using cw lasers is time 

consuming (minutes) compared to pulsed laser (single pulse time). Examples using cw lasers for 

PTT includes selective cancer cell killing and targeted macrophage destruction [92]. In the 

studied by El- Sayed et al. [93], 40 nm An NPs were conjugated to anti- EGFR antibodies and 

targeted to two types of human head and neck cancer cells. Detected by dark field light scattering 

and surface plasmon absorption spectra on single cells, the nanoparticles induce cancer cell 
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damage at 19 W/cm2 after the irradiation with a Ar+ laser at 514 nm for 4 min, while healthy 

cells do not show the loss of cell viability under the same treatment. Further numerical 

calculation shows temperature rises to 78 ↔C capable of inducing cell damage [94]. 
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Chapter Three 

Experimental  

3.1. Methods of nanoparticles Synthesis  

Gold nanoparticles are conventionally synthesized by the reduction of HAuCl4 by a reducing 

agent in presence of a stabilizer. Turkevich in 1951 first demonstrated this method while the 

synthesis of gold nanoparticles of controlled sizes by altering the concentration of reducing agent 

and stabilizing agent was demonstrated by Frens in 1973[95] . 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 to a phenomenon called Surface Plasmon Resonance(SPR) 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 nanoparticles which reflects light 

at the visible spectrum of wavelength of around 5 2 0 n m . The surface plasmin resonance is not 

effective in nanoparticles of size less than 2nm due to the quantum size effect. Gold 

nanoparticles of different shapes such as spherical, oblong, rod-like etc. can be 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. Synthesis of gold nanoparticles are widely synthesized by 

chemical reduction method. The reduction of gold from +3 oxidation state in auric chloride to 0 

oxidation state takes place. A reducing agent is used for the reduction of gold. Normally tri-

sodium citrate and sodium 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 red color is due to 

the phenomenon of (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 frequency of the oscillation 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 nanoparticles[96] .  
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3.1.1. Physical and chemical methods of nanoparticles synthesis 

Some of the commonly used physical and chemical methods include:  

¶ Sol-gel 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 (gel) of discrete 

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. 

 ¶ Solvothermal synthesis, which is a versatile low temperature route in which 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. 

 ¶ Chemical reduction, 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 

 ¶ agents are sodium borohydride, hydrazine hydrate and sodium citrate.  

¶ Laser ablation, which is the 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 and the laser wavelength. Carbon nanotubes can be 

produced by this method. 

 ¶ Inert gas condensation, where different metals are 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 kinetic energy 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.  

 

 



48 

 

3.1.2. Biosynthesis of nanoparticles 

The need for biosynthesis of nanoparticles rose as 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 nano- and micro- length scaled inorganic materials which have contributed to the 

development of relatively new and largely unexplored area of research based on the biosynthesis 

of nanomaterials [97]. Biosynthesis of nanoparticles is a kind of bottom up approach where the 

main reaction occurring is reduction/oxidation. The microbial enzymes or the plant 

phytochemicals with anti-oxidant or 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 a non-toxic material for the stabilization of the nanoparticles. Most of the 

synthetic methods reported to date rely heavily on organic solvents. This is mainly due to the 

hydrophobicity of the capping agents used [98]. Synthesis using bio-organisms is compatible 

with the green chemistry principles: the bioorganism is (i) eco-friendly as are (ii) the reducing 

agent employed and (iii) the capping agent in the reaction [99]. 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) selection of nontoxic substances for the NPs stability[100]. 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 when it comes to 

biosynthesized nanoparticles as they are eco-friendly and biocompatible for pharmaceutical 

applications. [101] 

3. 2. Experimental Procedure 

3.2.1 Chemicals Materials and Plants 

For the novel green synthesis of gold nanoparticles the materials 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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manufacturerôs recommendations, the Olea Europaea fruit and Acacia nilotica  husk were 

obtained from Al-Jouf ( 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 water for one 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. Synthesis of gold nanoparticles 

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 nanoparticles. The reagent Chloroauric acid has been dissolved in 50 

ml distilled water under stirring of 1000 rpm at 40 °C for 15 min. Then this was followed by 

adding 5 ml of the (OEAN)extract to the light yellow color aqueous solution of 1 mmole/ml  

HAuCl4. From the observations, the color change to the red color, indicated the reduction of 

AuCl4- ions into gold particles as well as the formation of gold nanoparticles. The formation of 

Au NPs has been indicated by its characteristic red color, due to excitation of surface plasmon 

resonance(SPR) band in the UV-visible region. 

 

3.3. Characterization of green gold nanoparticles 

The green synthesized gold nanoparticles were characterized using UV-visible spectroscopy 

analyses with the help of Perkin Elmer UV-visible spectrometerLambda 25, PerkinElmer, United 

Kingdom. The size of green gold nanoparticles was analyzed through Zetasizer, Nano series, HT 

Laser, ZEN3600 from Molvern Instrument, UK, while Thermo scientific, Nicolet 6700, FT-IR 

spectrophotometer was used for recording the infrared (IR) spectrum. 

Transmission electron microscopy (TEM)JEM-1011, JEOL, Japan has been employed to 

characterize the size, shape and morphologies of formed green synthesized gold nanoparticles. A 
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drop of gold nanoparticles suspension was 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 KV.  Scanning electron microscopy (SEM) has been employed to 

characterize the shape and morphologies of formed green synthesized gold 

nanoparticles(AuNPs) using JEOL-FE SEM; and Energy Dispersive Spectrometer (EDS) 

analysis was performed for the confirmation of elemental gold. The samples were dried at room 

temperature and then analyzed for samples composition of the synthesized nanoparticles. 

Elemental analysis on single particles was carried out using Oxford Instrument, Incax-act, 

equipped with Scanning electron microscopy. 

3.3.1. U-V spectrophotometer  

Ultraviolet-Visible spectrophotometer is designed to use light of ultraviolet 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. Beer-Lambert law is used to determine the concentration of unknown solutions. 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. 

3.3.2 Dynamic Light Scattering (DLS)  

Dynamic Light Scattering works by scattering light from the particles or molecules and studying 

their Brownian state of motion and thereby measuring their size and geometrical structure [102] . 

The motion of the particles due to the collision of the solvent molecules around the particles is 

termed as Brownian motion. The velocity of Brownian motion is defined by translation diffusion 

co-efficient. The translation diffusion co-efficient determine the size of the particles by Stokes 

Einstein equation [95] .  

ὨὌ   éééééééééé. ( 3-1) 

Where, d (H) = hydrodynamic diameter K = Boltzmannôs constant, D=Diffusion co-efficient, ɖ = 

viscosity and T = absolute temperature The parameters upon which the translation diffusion co-

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

ions in the solution.  
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3.3.3.Fourier transform infrared spectroscopy (FTIR)  

FTIR gives information on the vibrational and rotational modes of motion of a molecule and 

hence an important technique for identification and characterization of a substance. The infrared 

spectrum of an organic compound provides a unique fingerprint, which is readily distinguished 

from the absorption patterns of all other compounds; only optical isomers absorb in exactly the 

same way. Hence FTIR is an important technique for identification and characterization of a 

substance[101]. 

3.3.4.Transmission 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 achieved and scientific 

community seriously needed a much higher resolution for their researches. The 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 microscope depends on the wave length of the type of light 

rays used through the classical Rayleigh criterion [103].  

‏
Ȣ

  éééééééééééé. (3-2) 

Where ŭ is the distance between two objects, ɚ = is the wavelength of the light beam, Õ is the 

refractive index of the medium (usually air, water or oil) and ɓ is the half of the angular aperture 

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 resolution that can 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 highest 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; the angular aperture is so small that the value of sin(ɓ) can be 
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approximated by the size of 51 the angle ɓ itself. With these two valid assumptions for TEM, the 

resolution can be approximated to [104].  

‏
Ȣ

  ééééééééééééé. (3-3) 

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 this relationship 

(Equation 3-4) which can be used to calculate the wavelength of the electron beam accelerated in 

a certain predetermined electrical field.  

‗  
Ȣ

  ééééééééééééé. (3-4) 

Where ɚ is the wavelength of the light and E is field strength. By substituting the value of ɚ from 

Equation 3-4 into Equation 3-3, 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 beams used 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 electromagnetic 

lenses. The beam of electrons interact with the sample and only 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 images are produced depending on the intensity of 

the beam reaching on the areas of the image [105].  

3.3.5 Scanning Electron Microscopy (SEM)  

Scanning Electron Microscope is used to image and analyze materials of sizes that are less then 

micrometer range. The electrons 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 interaction of electrons 

and specimen. During 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 

electrons, characteristic X-ray etc[106]. 

3.3.6.Energy dispersive X-ray spectroscopy  

Energy dispersive X-ray 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 on the investigation of a sample through interactions 

between electromagnetic radiation and matter, analyzing x-rays emitted by the matter in response 

to being hit with charged particles. Its characterization capabilities are due in large part to the 

fundamental principle that each element has a unique atomic structure allowing x-rays that are 

characteristic of an element's atomic structure to be identified uniquely from each other. To 

stimulate the emission of characteristic X-rays from a specimen, a high energy beam of charged 

particles such as electrons or protons (see PIXE), or a beam of X-rays, is 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 shells bound 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, higher-energy shell then fills the hole, and the 

difference in energy between the higher-energy shell and the lower energy shell may be released 

in the form of an X-ray. The number and energy of the X-rays emitted from a specimen can be 

measured by an energy dispersive spectrometer. As the energy of the X-rays are characteristic 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 migrates to an inner shell to fill the newly-created hole can 

do more than emit an X-ray. Often, instead of X-ray 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 quantity and kinetic energy of 

ejected electrons is used to determine the binding energy of these now-liberated electrons, which 

is element-specific and allows chemical characterization of a sample. EDS is often contrasted 

with its spectroscopic counterpart, WDS (Wavelength-Dispersive X-ray Spectroscopy). WDS 19 
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differs from EDS in that it uses the diffraction patterns created by light-matter interaction as its 

raw data. WDS has a much finer spectral resolution than EDS. WDS also avoids the problems 

associated with 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 sample[107].  

   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).  

3.4.2. Chemicals 

Dimethyl sulfoxide (DMSO) and crystal violet were purchased from Sigma (St. Louis, Mo., 

USA). DMEM, HEPES buffer solution, L-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 50 % methanol then made 

up to volume with distilled H2O 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% heat-inactivated fetal bovine serum, 1% L-glutamine, HEPES buffer and 50 ɛg/ml 

gentamycin. All cells were maintained at 37oC in a humidified atmosphere with 5% CO2 and 

were sub-cultured two times a week. Cell toxicity was monitored by determining the effect of the 

test samples on cell morphology and cell viability. For cytotoxicity assay, the cells were seeded 

in 96-well plate at a cell concentration of 1 x 104 cells per well in 100 ɛL of growth medium. 

Fresh medium containing different concentrations of the test sample was added after 24 h of 

seeding. 

Serial two-fold dilutions of the tested chemical compound were added to confluent cell 

monolayers dispensed into 96-well, flat-bottomed microtiter plates (Falcon, NJ, USA) using a 

multichannel pipette. The microtiter plates were incubated at 37oC in a humidified incubator with 

5% CO2 for a period of 48 h. Three wells were used for each concentration of the test sample. 

plants extracts was used as positive control for MCF-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 37oC, various concentrations of sample (100,50, 25, 12.5, 6.25, 

3.125 ɛl) were added, and the incubation was continued for 48 h and viable cells yield was 

determined by colourimetric method. At the end of the incubation period, media were aspirated 

and the crystal 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 thoroughly, and then the 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. Treated samples were compared 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 was then calculated[108,109].  

3.5. In vivo study 

3.5.1. Inoculation of mice with tumor cells: 

 50 Female Swiss mice, 6-7 weeks of age, were obtained from the Animal House, College of 

Science, King Saud University, Saudi Arabia, Riyadh. Mice were sprated to 3 groups each group 

was 15 mice: 

i. Group 1 control without 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 mM (Phosphate-buffered saline) PBS.  

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 mM phosphate-buffered saline (PBS) 

and treated with green Au NPs with performed near-infrared (NIR) plasmonic 

photothermal therapy (PPTT). 

 3.5.2.In vivo near-infrared PPTT:  

100 microliters of the inventive gold nanoparticles (Laser OD ɚ=808 nm = 40) were directly 

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 limit particle diffusion beyond 
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the tumor boundaries. Due to the unusual rapid growth rates observed in the Ehrlich Ascites 

model, tumors and vital organs were harvested at days 11-14 after dissections. The liver and 

kidney were stored in -80 C untill further investigations[110]. For liver functions testes such as 

:(1) GPT: Glutamicïpyruvic transaminase and GOT: glutamicoxaloacetic transaminaseï also 

known as alanine aminotransferase or ALT ï is a cytoplasmic hepatocellular enzyme, whose 

increase in blood is highly indicative for liver damage e.g. by hepatitis, cirrhosis or hepatic 

tumors, (2) Kidney functions 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 

(óuraemiaô) indicates that the kidneys may not be working properly, or that there is dehydration 

(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 urine. A high blood 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 from each mouse were cut rapidly, 

fixed in neutral buffered formalin (10%), Holland-Bouinôs and Gendreôs fluid were then 

dehydrated, with grades of ethanol (70%, 80%, 90%, 95% and 100%). Dehydration was then 

followed by clearing the samples in two changes of chloroform. Samples were then impregnated 

with two changes of molten paraffin wax, then embedded and blocked out. Sections (4ï5 ɛm) 

were stained according to the standard method by Bancroft et al. in (1996) with the histological 

stain, hematoxylin and eosin (HE).  

3.7.Statistical analysis  

The results were expressed as mean (mean6SD), whereas SD is the standard derivation. Data 

were analyzed statistically using one-way analysis of variance followed by t test. A value of (p< 

0.05) was considered statistically significant. 
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Chapter Four 

Results and discussion 

In this chapter , we present and discuss the results of the present work developing a novel 

strategy for synthesized green gold nanoparticles (Au NPs) as a simple, environmental friendly, 

and cost effective, using a mix of Olea Europaea fruit (OE) extract and Acacia Nilotica (AN) 

extract as reducing agent and stabilizer using solïgel techniques.  We characterized the green 

(Au NPs) using UV spectrometer, FTIR, Zitasizer for the average size of the produced 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 NPs and their biological activities. To the best 

of our knowledge, this is the first study describing the preparation of gold nanoparticles using 

mixture plants extracts (Olea  Europaea  fruit and  Acacia Nilotica). 

4.1. Visual observation and UV-visible spectroscopy 

The most widely methods used for synthesis of gold colloidswas the chemical reduction of the 

aqueous solution of chloroauric acid (HAuCl4). Uv-vis spectroscopy confirmed the mechanism 

of the reduction reaction of aqueous metal ion with (OEAN) extract, in addition it fixed the 

formation of gold nanoparticles (AuNPs). After the completion of the reaction the change of the 

color will be appeared for gold nanoparticles as dark red color. The change in nanoparticles 

suspension color may could be based on their size [111]. 

The UV-vis absorption spectra of the aqueous gold nanoparticle solution prepared from the 

OEAN extract in (Fig. 4-1) showed surface plasmon resonance  absorption band at 617.99nm 

arising due to the oscillation of free conduction electrons induced by the absorption 

of electromagnetic field [112] in the gold nanoparticles.  The broadening of the peak indicated 

that the particles are poly dispersed. 
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Fig.4- 1: UV-vis absorption spectra of green AuNPs. 

 

 

4.2. Particle average size determination by Zetasizer 

Dynamic light scattering (DLS) was used to investigate 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 measured by fluctuations in the intensity of 

scattered light in the system out of which translational diffusion co-efficient is calculated by 

applying the StokesïEinstein equation (equ. 3-1) that gives the hydrodynamic size of the particle 

[113].  

For more characterization of gold nanoparticles, Dynamic Light Scattering (DLS)  zitasizer was 

employed for the  measurement of  the average particles size which showed  Au NPs with 

average particle size of 44.96 nm, which was also observed clearly from appearance of one peak 

with intensity 100 % and width 76.47 nm. PDI is a dimensionless measurement of the broadness 

size distribution calculated from distribution algorithm, and values were calculated for each peak 

as peak width/mean diameter  is 0.421 (fig.4-2).  This refers to poly-dispersity of nanoparticles 

which give low stability of nanoparticles to long time, this result was agree with UV-vis 

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

4.3. TEM analysis of gold nanoparticles 

TEM images obtained for colloid green Au NPs were used to determine the morphology and size 

of the synthesized nanoparticles.  In the SPR,  the broad peak emergence and the long 

wavelength tail due to anisotropy of Au nanoparticles which was obvious from the TEM images 

of AuNPs (Fig. 4-3(A-D)).When reduced using the aqueous HAuCl4 by an excess of extract, the 

biomolecules acting as capping agents strongly shaped spherical nanoparticles rather than 

nanotriangles though the reductive biomolecules were enhanced. Although lower quantities of 

the extract fulfilled the reduction of AuCl-4 ions, they failed to protect most of the quasi-spherical 

nanoparticles from aggregating because of the deficiency of biomolecules to act as protecting 

agents. The produced nanocrystals devoid of protection were unstable and gold nanotriangles 

might grow by a process involving rapid reduction, assembly and room temperatures interring of 
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spherical gold nanoparticles [114,115]. The presence of large quantity of extract causes strong 

interaction between protective biomolecules and surfaces of nanoparticles preventing resultant 

gold nanocrystals from aggregation. With larger quantities of the extract, the interaction was 

concentrated, leading to size reduction of spherical nanoparticles[116,117]. 

 

 
 

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

To identify the possible functional biomolecules responsible for reduction the FTIR analysis has 

been carried out. Fig. 4 represents a comparison of the FTIR spectra  aqueous mixture of Olea 

Europaea  fruit extract and Acacia Nilotica  extract (A) and the prepared gold nanoparticles (B).  

Fig. 4A represents the FT-IR spectrum of mix  aqueous extract showing absorption peaks at 

3267.34 cm-1 corresponding to OH group, 2139.08 cm-1  corresponding to C=C, 2030.94 cm-1  

corresponding to X=C=Y  and the peak at 1634.95 cm-1 corresponding to C=O or/and C-C 

or/and N-H groups, whereas in Fig. 4B the FT-IR bands of green gold nanoparticles shows the 

peaks at 3276.13 cm-1, 2336.36 cm-1, 2159.87 cm-1, 2031.16cm-1 , and 1635.36cm-1 characteristic 

peaks for OH, O-H, C = C and/or C=C,X=C=Y and/ or C-H  and C-C or/and N-H groups, 

respectively.  

From the comparison between the FT-IR spectra in Fig. 4-4A and Fig. 4B, there is a small shift 

in the peak position of Fig. 4-4B, which clearly indicates the presence of residual plant extract 

compounds as the reducing and stabilizing (capping) agent to the Au NPs, i.e. the spectrum 

shows that the Au NPsô banding with some groups in mixture O. Europaea fruit extract and A. 

Nilotica extract compounds may cap the gold nanoparticles and form a layer on the surface of 

them which could result in  reducing and stabilizing of the nanoparticles. FT-IR study indicated 

that the carboxyl (īC=O), hydroxyl (īOH),Alkyne (C=C)  and amine (īNH) groups in extract 

were mainly involved in reduction of gold ions to gold nanoparticles. All peaks of FTIR 

spectrum showed the presence of protein in extract attachment to the Au NPs. 
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Fig. 4-4: FTIR spectra of (A):(OEAN) extract; (B):gold nanoparticle suspension prepared 

from the extract. 

. 

S4.5. SEM analysis of gold nanoparticles 

The SEM image of gold nanoparticles showed that almost all the nanoparticles are of spherical 

shape. The technique of scanning electron microscopy had provided further insight into the 

morphology details of the gold nanoparticles synthesized by extract.( Fig. 4-5).showed the SEM 

image of gold nanoparticles exhibits that almost all the nanoparticles are of spherical shape with 

irregular forms dispersed with fair aggregations. 
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Fig. 4-5: SEM images of spherical with irregular  form of green AuNPs. 

 

4.6. Energy Dispersive Spectroscopy (EDS) Analysis 

 
(Fig.4-6) Showed an area profile EDS spectra of Au NPs synthesized by mix of Olea Europaea 

fruit extract and Acacia Nilotica  extract and the  peaks confirming that the gold does exist in the 

suspension. The presence of strong signals of the gold atoms in the nanoparticles are observed at 

2.12 keV confirming the reduction of gold ions to gold nanoparticles, results of EDS analysis are 

shown in Fig. 6,whereasTable 1presents the percentage of the elements present in the suspension. 
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Fig.4-6: EDS pattern of green Au NPs suspension. 

 

Table 4-1. EDS results showing percentage of gold element present in nanoparticle 

suspension 

 

 

 

  
4.7. Cytotoxicity Study  

In vitro cytotoxic activity of the green Au NPS against MCF7, HCT-116 and HCepG-2 cell lines 

at different concentrations was evaluated. The in-vitro anticancer activity confirmed by MTT 

assay on the cell lines of breast carcinoma cells MCF7, colon carcinoma cells HCT-116 and 

hepatocellular carcinoma cells HCepG-2, which showed IC50 values of extract at > 100 µL for all 

cells line and AuNPôs at IC50 =  45.5 µL for MCF7 (Fig. 4-7), IC50 =  37.2 µL for HCT-116 (Fig. 

4-8) and IC50 =  40.6 µL for  HCepG-2(Fig.4-9) .   The Au NPs inhibited the proliferation of cells 

in a dose and time dependent manner. AuNPs at six different concentrations decreased the 

percentage (%) cell viability of cells line.  The IC50 value of Au NP showed that the 

Element Weight% Atomic%  

Au M  100.00 100.00 

Totals 100.00  
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concentration required to inhibit 50% of cells was less than that of the extract. Similarly Manju 

et al, 2012[118] has described a simple method for the fabrication of water soluble curcumin 

conjugated gold nanoparticles to target various cancer cell lines. Thus this one step synthesis of 

gold nanoparticles using aqueous extract of Gymnema sylvestre may serve as a potential 

anticancer drug for cancer therapy.  However, further studies are to be carried to understand the 

nature of cytotoxicity and the death or proliferation of cells caused by nanoparticles.  Kantha D. 

Arunachalam et al. 2014[119], was reported that bio-functionalized gold Nanoparticles from 

Gymnema  sylvestre tested in vitro anticancer activity against human colon adenocarcinoma 

cells, showed an increase in the medicinal properties of the bioactive compounds by bio 

functionalize them with gold nanoparticles without compromising their medicinal properties, 

hence, it can be a good alternative method to obtain Au-NPs with improved anticancer 

properties. Jun 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 

cancer cell and efficient photodynamic therapy[120].  

 

 

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 on breast carcinoma cell lines after treatment with 

concentrations of synthesized Au NPs.  

Sample conc. (µL) 

Viability % (3  Replicates) Inhibition 

% 

Standard 

Deviation 

(±) 
1 st 2 nd 3 rd 

Mean 

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 on breast carcinoma cell lines after treatment with 

concentrations of (OEAN) extract 

Sample conc. (µL) 

Viability % (3  Replicates) Inhibition 

% 

Standard 

Deviation 

(±) 

1 st 2 nd 3 rd 

Mean 

100 89.16 83.47 78.53 83.72 16.28 5.32 

50 95.22 90.68 91.74 92.55 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 times researchers 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 MCF-7 cells, which resulted in the decreased percentage 

growth (cancer cells). In this study, toxic responses of gold nanoparticles to human breast 

epithelial MCF-7 cells were investigated. The results obtained from MTT assay test on breast 

carcinoma cell line MCF7 in figure 7,  table 2 and table 3: showed that green gold nanoparticles 

illustrated an equivalent  good results comparing with the (OEAN) extract  against cancer. The 

Au NPs proved an efficiency even from the minimum concentrations of 6.25 ɛL, and as the 

concentration increased the anticancer efficiency as well increased compared to the extract was 

start efficient from 12 ɛL as shown in (table 4-2 and 4-3). Similarly, the technique we used in the 

present in vitro anticancer study, which employed green Au NPs on MCF-7 cell line in a dose-

dependent manner, was used by Prasanna et al,2009. [121]. The present demonstrated that 

exposure of gold nanoparticles to MCF-7 cells caused cytotoxicity, which was consistent with 

Govindasamy Balasubramani et al, 2015 which represented that their synthesized Au NPs 

showed significant inhibitory effect with less concentration when compared to the green 

chemistry (synthesis) based Au NPs functionalized with folic acid targeted delivery of 5-Fu 

[122], biocompatible Au NPs from Piper betle [123] and chloroquine conjugated Au NPs [124] 

on MCF-7 breast cancer cells. The recorded cytotoxicity of Au NPs of thier study could be due 

to either increased or decreased expression patterns of both antiapoptotic Bcl-2 protein and pro-

apoptotic Bax protein, as evidenced by earlier report [125]. Therefore, the biologically 

synthesized 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 nano-medicine to treat particularly, breast cancer in future. [126]. 
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Fig. 4-8. Invitro cytotoxicity studies for Au NPs and (OEAN) extract. 

 

Table 4-4: Results of the MTT assay test on colon carcinoma cells after treatment with 

concentrations of synthesized Au NPs.  

Sample conc. (µL) 

Viability % (3  Replicates) Inhibition 

% 

Standard 

Deviation 

(±) 
1 st 2 nd 3 rd 

Mean 

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 on colon carcinoma cells after treatment with 

concentrations of (OEAN) extract 

Sample conc. (µL) 

Viability % (3  Replicates) Inhibition 

% 

Standard 

Deviation 

(±) 
1 st 2 nd 3 rd 

Mean 

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 of the 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 (Stoddart 2011). Promoting appropriate cell life and death is a key 

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 findings were according 

to the dose values of the exposure of the complex required to reduce survival to 50% (IC50), 

compared to cells treated  by standard(in the present the standard is the(OEAN) extract. In the 

present study, the treatment of HCT-116 cell line with the green Au NPs suppressed the cell 

viability of cancerous cell to (78.42 %) at (100 µL) concentration with IC50 = 37.2 µL, when 

compared to the cells treated by (OEAN) extract cytotoxicity effect against cells and their LC50 

value was observed (>100 µL) as shown in   (Fig. 4-8, table4-4 and table 4-5). 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 

dark-field microscope, and they checked the toxicity of the Au NPs capped C. tora leaf 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 the C. tora leaf extract conjugated with Au NPs shows 

higher activity against colon cancer[127].  

 

Fig.4- 9. Invitro cytotoxicity studies for Au NP and (OEAN) extract. 

Table 4- 6: Results of the MTT assay test on Hepatocellular carcinoma cells after treatment with 

concentrations of synthesized Au NPs.  

Sample conc. (µL) 

Viability % (3  Replicates) Inhibition 

% 

Standard 

Deviation 

(±) 
1 st 2 nd 3 rd 

Mean 

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  

0

20

40

60

80

100

120

0 3.125 6.25 12.5 25 50 100

C
e
ll 

v
ia

b
ili

ty
 %

ɛl

HepG-2

Au NPs

Extract



71 

 

Table 4- 7: Results of the MTT assay test on Hepatocellular carcinoma cells after treatment with 

concentrations of (OEAN) extract 

Sample conc. (µL) 

Viability % (3  Replicates) Inhibition 

% 

Standard 

Deviation 

(±) 
1 st 2 nd 3 rd 

Mean 

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. = 3.123 ï 100 µL). The cytotoxicity effect is very high in biosynthesized 

AuNPs against HeLa cell lines (Fig 4- 9 and table 4- 6). The AuNPs inhibited the growth of the 

cancer cells significantly, in a dose and duration dependent manner. The cytotoxic activity was 

found according to the dose values of the exposure of the complex required to reduce survival to 

50% (IC50), compared to cells treated  by extract only (table4- 7). In AuNPs, the 40.6 µL sample 

is enough to control cancerous cell (Fig 4- 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 effect was compared with the our standard anticancer (OEAN) extract against HeLa 

cells and their IC50 value was observed(>100  µL). Similarly cytotoxicity of chemically 

synthesized AuNPs was reported against HeLa cells by Miura and Shinohara[128]. A large 

number of 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 cancer cells. Indeed, 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 mice(n=50) 6-7 weeks of age, were obtained from the Animal House at  College 

of Science, King Saud University, Riyadh, Saudi Arabia. The mice were separated into 3 groups, 

with 15 mice in each group: 

iv. Group 1 - control without any treatment  

v. Group 2-  positive control were injected subcutaneously in the flank of sub thigh with 

200 mL (3 x 107) Ehrlich Ascites carcinoma cells suspended in 10 mM PBS and were 

subjected to 15 L direct injection of 10 mM PBS to the tumor interstitium, with no NIR 

exposure. 

vi. Group 3 were injected subcutaneously in the flank of sub thigh with 200 mL (3 x 107) 

Ehrlich Ascites carcinoma cells suspended in 10 mM PBS and treated with green 

AuNPs with performed near-infrared (NIR- Laser) plasmonic photothermal therapy 

(PPTT). 

4.7.2. In vivo near-infrared PPTT:  

100 microliters of the inventive gold nanoparticles (Laser OD ɚ=808 nm = 40) were directly 

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 limit particle diffusion beyond 

the tumor boundaries. Due to the unusual rapid growth rates observed in the Ehrlich Ascites 

model, tumors and vital organs were harvested at days 11-14 after dissection. The liver and 

kidney were stored in -80 C untill further investigations[110]. For liver functions testes such as 

:(1) Serum levels of GPT: Glutamicïpyruvic transaminase and GOT: glutamicoxaloacetic 
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transaminase were analyzed. (2) Kidney functions testes such as : Blood levels of urea and 

creatinine were assessed. 

4.7.3. Volume of tumor: 

Photothermal therapy is a minimally-invasive treatment method in which photon energy is 

converted to thermal energy sufficient to induce cellular hyperthermia. The potential uses of gold 

nanoparticles in near-infrared PPTT have been published using a variety of noble metal 

nanostructures, including gold nanoshells, gold nanorods, and recently, gold nanocages. In our 

potential selective photothermal destruction of cancer cells mediated by green AuNPs requires 

specific binding of the nanoparticles to the target cell [129].  

After about 10 days post  tumor induction into the mice legs, a large tumor appeared. Five mice 

from group 3 were used to establish optimal conditions for near-infrared PPTT treatment of 

Ehrlich Ascites carcinoma tumor xenografts. Fifteen microliters of green gold nanoparticles 

(ODk=800 = 40) were directly-injected to the tumor interstitium. After 2 min, the tumors were 

subjected to extracorporeal NIR exposure (808 nm, 6 mm dia.) and 10ï15 min of irradiation at 

0.9ï1.1 W/cm2 was necessary for maximal tumor control and minimal damage to surrounding 

tissues. Using previously established treatment conditions, change in tumor volume was recorded 

over a 13-day 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 the tumor interstitium, with no NIR exposure.  

Tumors was observed over the monitoring period. Average tumor growth at day 10 for directly 

and intravenously- treated tumors was significantly less.  The average volume of the tumor in the 

untreated group(PC) increased from (8.70± 2.60 mm) on the first day to (12.67±1.83mm) on 

day 12.    On treatment  with the AuNPs there was a marked decrease in the volume size over the 

experimental period,  as shown in table (4-8). Starting from day 1 (9.13±3.29 mm) to  day 

12(00.00 mm), there was a complete disappearance of the tumor, which was statistically 

significant(pÒ0.05)( Fig. 4-10 ).The results on average volume change of the tumor clearly 

indicate specificity of near-infrared PPTT which was evident from the reduction in the  tumor 

volume when the average volume change in tumor size in the untreated (positive control) and  
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treated with AuNPs  followed by near-infrared PPTT at 808 nm irradiation. were directly 

injected. Our results are similar to those obtained by Mostafa Elseid et al. [129] who reported 

that the dramatic changes in tumors observed HSC-3 tumor growth are attributed to selective 

hyperemia of malignant tissues treated with pegylated gold nanorods by nearinfrared PPTT. 

Preferential accumulation of pegylated gold nanorods within the tumor interstitium occurs due to 

the EPR effect [130]. Because of their rapid metabolic rates, tumor cells are regarded as 

increasingly vulnerable to hyperthermic effects [131] such as disruption of metabolic signaling 

processes, protein denaturation, and the onset of acidosis or apoptosis caused by the production 

of heat-shock proteins [132] 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 reports [134] indicate significant membrane blebbing [135ï138] under 

hyperthermic conditions.  

Table 4-8: Average volume change in tumor size in the untreated (positive control) and  treated 

with Au-Nps  followed by near-infrared PPTT at 808 nm irradiation.  

    

N Mean 

Std. 

Deviation 

Std. 

Error  

  
 Experimental 

Group 
  F Sig. 

PC 1 3 8.7000 2.60000 1.50111 2.135 .199 

6 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 4.6778 4.66149 1.55383 
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Fig.4-10. Average volume change in tumor size in the untreated (PC) and treated with AuNPs  

followed by near-infrared PPTT at 808 nm irradiation(See appendix ((A) table 1 and 2). 
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4.7.4. Liver and kidney function parameters  

Table 4-9: Mean± SD of  serum GP, GOT, urea and creatinine levels in negative control(NC) 

,positive control(PC) and group treated with Au-NPs.  

Group Statistics  

  
Group N Mean 

Std. 
Deviation 

Std. 
Error 
Mean t 

Creatinine NC 3 .5000 .00000a .00000   
PC 3 .5000 .00000a .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 
  

  
Group N Mean 

Std. 
Deviation 

Std. 
Error 
Mean t  

Creatinine PC 3 .5000 .00000a .00000    
AuNPs 3 .5000 .00000a .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 significantly(pÒ0.05) decreased in the PC group (93.8333± 3.40196 U/l) 

in comparison to the NC group (446.0±1.000 U/l). Treatment with AuNPs significantly (pÒ0.05) 

elevated the GOT levels (444.33±0.58 U/l). The serum creatinine levels in the negative control 

(NC) and positive control (PC) were comparable (0.5000±0.00000 U/l) (Fig.4-11). The serum 

GPT levels were also significantly(pÒ0.05) decreased in the PC group (17.9333± 2.15484 U/l) in 

comparison to the NC group (63.20±5.72 U/l). Treatment with AuNPs significantly (pÒ0.05) 

enhanced  the GPT  level (47.07±4.062 U/l)(Fig.4-11 ) . 

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

Fig.4- 12)  However, the serum urea levels were significantly (pÒ0.05) increased in the PC group 
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(161.8000±26.16620 U/l) in comparison to the NC group (46.1667±1.26623 U/L). Treatment 

with AuNPs significantly (pÒ0.05) decreased the urea level (54.1000±6.49692 U/l)(Fig.4-12 ).  

 

 

Fig. 4-11  : Mean(±SD) of serum GOT and GPT levels the experimental groups(See  appendix 

((B) table 3).  
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Fig.4-12. Mean(±SD) of serum Creatinine and Urea  levels the experimental groups(See 

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 extract of Olea europaea fruit 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 (2008) )[ 129],  demonstrated the feasibility of in vivo 

PPTT treatment of deep-tissue malignancies using easily-prepared plasmonic gold nanorods and 

a small, portable, inexpensive near-infrared (NIR) laser. Dramatic size decreases in squamous 

cell carcinoma xenografts were observed for direct (P < 0.0001) and intravenous (P < 0.0008) 

administration of pegylated gold nanorods with resorption of >57% of the directly-injected 

tumors and 25% of the intravenously-treated tumors. Also (Moo-Sung Kim et al, (2013)) [139] 

investigated in vitro the antioxidant and anti-neuroinflammatory potentials of Olea europaea 
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Linn. fruit pulp (OFP-EA) extract in LPS-stimulated BV-2 microglial cells, in which the results 

indicated that OFP-EA extract exhibited strong antioxidant properties. The significant merits of 

the present work over these studies is that we are using green natural material to synthesis gold 

nanoparticle as anti-cancer which yielded  better treatment towards Ehrlich Ascites carcinoma 

cell[140]. 

4.8.Histology 

4.8.1.  Liver  

The sections of the control liver showed normal hepatic architecture with a central vein and 

hepatic lobule. A higher magnification showed well defined hepatic cords with  binucleate 

hepatocytes. (Figs. A, B).Sections of liver of mice from Group 2, untreated with showed marked 

adverse effect of the tumour on the liver histology, which was evident from the disorganized 

hepatic structure with dilated central vein and blood sinusoids, hepatocytes with pycnotic nuclei 

(Figs. C,D). Liver sections from the tumour injected mice treated with AuNPs (Group3) showed 

a slightly better hepatic organization with reduced dilations in the blood sinusoids and central 

vein, though the hepatic cord organization was not restored (Figs..E,F). The overall observations 

made showed that the AuNPs treatment mildly alleviated the tumour  induced histopathology in 

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

4.8.2. Kidneys 

Sections of kidney of mice from the control group (Group1) showed normal structural details 

with  glomerulus with surrounding renal tubules, proximal convoluted tubules and distal 

convoluted tubule(Figs.A,B).Kidney sections from tumour injected  untreated mice  (Group2) 

showed structural disarrangement with diffused hemorrhage, infiltration by lymphocytes and 

collapsed  tubular lumina(Figs.4-8.C,D,E).Treatment Au-NPs  showed a slight restoration in the 

structural organization in terms of less hyper-cellularity of glomerulus and normal renal tubules 

with  lumina, in comparison to Group2(Figs.). 
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Fig.4- 13. The effect of tumor injection  and treatment with gold nanoparticles (Au-NPs) 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  magnification(40X) of control liver, showing arrangement of plates of hepatocytes, 

one cell thick  alternating with blood sinusoids( bs) .Notice, binucleated hepatocytes (Hcy) and 

central vein(CV). 
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C) The section(20X)  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 from the 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  with Au-Np shows a very mild 

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


