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Summary 

   In this work, cells were seeded on sterile 96-well plates in 200 µL of 

medium with cover during irradiation. Cell culture is the process of 

removing cells from living tissues and growing them in a laboratory 

setting until they are ready to be tested using photodynamic therapy and 

nanoparticles. Skin cell plates (A431 cell line) grown in culture medium 

supplemented with 10% fetal bovine serum (FBS) were irradiated with 

blue light by a light-emitting diode, laser, and xenon lamp at wavelengths 

of 420–480 nm and treated with titanium dioxide-decorated silver 

nanoparticles (TiO2/Ag) and single-walled carbon nanotube-OH 

(SWCNT-OH) after adding several concentrations of the nanomaterial 

(400, 200, 100, 50, 25 and 12.5) µg/ml and (200, 100, 50, 25, 12.5 and 

6.25) µg/ml, respectively. X-ray diffraction examinations were utilized in 

order to conduct analysis on the crystallinity as well as the structural 

properties of the nanosized particles. shows the XRD pattern of the 

TiO2/Ag-produced films. The XRD pattern showed peaks at 2θ = 25.4° 

corresponding to planes (101) and the characteristic peaks at 24.2° and 

25.6° were generated by reflections from hexagonal carbon atom layers 

and nanotube stacking layers (SWCNT-OH) that correspond to planes 

(002). The samples had rather tiny crystallite sizes for NPs, ranging from 

5 to 25 nm. Various irradiance doses and time exposures have been 

considered. The blue light-emitting diode (LED) at wavelengths 420–480 

nm and irradiances of 400 mW/cm
2
 has active results. Exposure of skin 

cancer cells to blue LED induced a rapid and large reduction in viability, 

followed by the death of nearly half the cells. The newest and safest 

treatment is LED therapy. The treatment of radioactively irradiated cells 

with LED causes an increase in cell death. Blue-light exposure might open 

up new possibilities for treating superficial skin cancers in people. 
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Aminolevulinic acid (5-ALA) is a secure photosensitizer that can be used 

to create a useful photodynamic therapy (PDT) treatment for skin cancer. 

that the PDT-treated cell line showed the highest percentage of viability of 

cells, close to 73%, after 240 seconds of radiation exposure with a 

photosensitizer 5-ALA concentration of 250 µg/ml, which was considered 

        the ideal concentration in this study.                                                               

Blue light-emitting diode results showed a considerable decrease at 240 

seconds after 24 hours of incubation time in the viability percent; the 

titanium dioxide-decorated silver nanoparticles (TiO2/Ag) and single-

walled carbon nanotube-OH (SWCNT-OH) results showed a considerable 

decrease in the viability percent for all concentrations; the most effective 

concentration was 400 µg/ml; and the combination results showed a 

significant decrease in cell viability percent (p≤0.001) as compared with 

the control group.                                                                                            

The titanium dioxide-decorated silver nanoparticles with a concentration 

of 400 µg/ml produced the greatest results (19.131%) as compared with 

the control group (100%) when combined with a light exposure period of 

240 seconds. It was observed that the viability of cells was very low, and 

this indicates the destruction of cancer cells due to the small size of the 

nanomaterial that can penetrate into the cell and spread into the cytoplasm 

of the cell. The Methyl Thiazolyl Tetrzolium (MTT) assay test was used 

to determine the viability of the cells in all the experiments, and the 

intensity of the color was measured by a plate reader.                                  
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1 

1-1 General Introduction 

  The term "cancer" in this nowadays refers to a disease that ultimately 

results in death. The financial, psychological, and physical toll that 

cancer exacts on families is something that affects every family in the 

world. Cancer develops as a tumor at a particular location and spreads 

throughout the body as a collection of altered cells in an unregulated 

growth situation [1]. The primary reason for death from cancer is 

metastasis. Cancer is also known as a malignant tumor, neoplasm, 

lymphoma, and other names [1,2].  

According to research published by the World Health Organization 

(WHO), cancer was the second leading cause of death worldwide in 

2018, accounting for 9.6 million deaths, or one in every six. According to 

Bray et al. [3], some infections, including the human papillomavirus 

(HPV), Epstein-Barr virus, and hepatitis B and C viruses, are known to 

cause cancer. In addition to hereditary issues, inactivity, poor diet, 

exposure to UV radiation, smoking, drinking, and using tobacco-

containing products are also risk factors for cancer.  

The physical, chemical, and biological factors that contribute to the 

development of cancer are explained in Figure 1.1. 
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Figure (1-1): Three different types of cancer carcinogen-physical, 

chemical  and biological cause [4]. 

    Cancer is a condition in which live cells develop and multiply beyond 

the control of the body due to alterations in deoxyribonucleic acid (DNA). 

Some kinds of cancer may lead to the creation of tumor masses [5]. 

Cancers that originate in the skin are referred to as "skin cancers," and 

they arise when cells divide abnormally or mutate. Melanoma, squamous-

cell carcinoma, and basal-cell carcinoma are the three subtypes of skin 

cancer. Squamous-cell carcinoma, often known as SCC, is the most 

aggressive form of skin cancer. Melanoma, on the other hand, is a more 

severe form of skin cancer that often manifests itself as a mole.  

Non-melanoma skin cancers can include squamous cell and basal cell 

tumors. Overexposure to ultraviolet light is the root cause of almost all 

occurrences of skin cancer [6]. In most cases, excessive sun exposure will 

result in overexposure to UV radiation [7]. 

The human skin acts as an exterior barrier against the effects of the 

surrounding environment, and the skin's ability to function properly is 

essential to the health of the body as a whole. Skin that is still whole has 
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mechanisms that control how skin cells grow and change, which helps it 

keep its homeostasis stable. UV light is known by us for sure that [8] , 

sunlight can be gotten into and through  skin,  and this has an effect on 

how our skin works. This influence may be either useful or detrimental. 

On the other hand, there is a paucity of information about the impacts of 

the various wavelengths that are present in solar irradiation. Even though 

people don't know much about phototherapy, it has grown in popularity 

over the past few years.  

In phototherapy, psoriasis, acne, keratosis, and skin cancer are 

hyperproliferative skin disorders that are treated using a wide range of 

wavelengths (380–440 nm). These wavelengths frequently include a 

significant proportion of ultraviolet light, which has been linked to the 

formation of cancer via DNA damage and subsequent mutations [9]. As a 

consequence of this, it is an unsafe method for treating skin illnesses since 

it is linked to an increased likelihood of tumor development. As a 

consequence of this, it is of the utmost importance to identify specific 

wavelengths and energy densities that have an effect on biological 

processes while minimizing any negative side effects. Research in this 

area has evolved because of the use of coherent light sources (low-power 

laser treatment) and non-coherent light sources (light-emitting diodes, or 

LEDs) with extremely tiny bandwidths. This has made it possible to 

attribute biological effects to specific wavelengths. 

The biological relevance of these devices cannot be denied, 

notwithstanding the controversy surrounding the impact that they have on 

the processes that inside cells. Most of the time, radiation therapy, 

chemotherapy, biological therapies, and surgery are used to treat skin 

cancer [10,11]. Oncologists' primary method of treatment is early surgery. 

But because the procedure is so invasive, it often leads to big changes in 
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how a person looks, which can cause a lot of emotional stress [12]. Also, 

some long-term side effects of chemotherapy have been reported, such as 

chemo resistance, fibrosis, necrosis, and the growth of new tumors [13]. 

On the other hand, the inflammation that radiotherapy causes can result in 

skin issues like exudation, dermatitis, peeling, and ulcers. Because of this, 

it is very important to find possible alternative treatments for cSCC. 

Cisplatinum (cisdiamminedichloroplatinum (II)) is a powerful 

chemotherapeutic agent used to treat a wide range of tumor types, 

including testicular [14,15], ovarian [16, 17], cervical [18, 19], head and 

neck [20, 21], and lung cancer [22,23,24].  Photobiomodulation (PBM), or 

low-level light treatment, is one of the most important ways to heal [25]. 

Studies done in the lab and on living animals have shown that blue light 

kills cancer cells [26 ] and stops tumors from growing in mice [27]. Also, 

it has been shown that blue LED light causes apoptotic cell death, which 

has recently gotten the attention of researchers and doctors looking for 

ways to treat cancer [28]. On the other hand, it has been shown that when 

light therapy is used with chemical drugs, it works very well [29,30]. This 

is a big benefit because it makes it possible to lower the dose of a single 

drug while maintaining the treatment's effectiveness [31]. 

1-2 Mechanisms of Radiation Damage to DNA  

Within the cell, radiation interacts with molecules at random. Although 

deoxyribonucleic acid (DNA) is the primary target for cell death, cellular 

and nuclear membrane damage is also a factor. Healthy cells that have 

been irradiated but have not been rendered fatal may be able to repair 

DNA damage. Ionizing radiation causes DNA damage, which is generated 

either directly by ionization within the DNA molecule or indirectly by the 

action of chemical radicals formed as a result of local ionizations in cell 
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water [32]. Free radicals play a role in indirect DNA damage. A pair of 

ions is created when photon radiation (electrons and positrons from pair 

formation) interacts with water (H2O). will combine with H2O to form 

H2O − and the positron will combine with H2O to form H2O + . These 

H2O + and H2O − are called ion radicals (not free radicals). Ion radicals 

are very unstable and rapidly dissociate: H2O + becomes H+ and OH• , 

and H2O − becomes H• and OH− , OH• and H• are free radicals figure (1-

2) [32]: 

 

Figure(1-2): Mechanisms of Radiation Damage to DNA [32]. 

1-3 Differences Between Cancerous and Normal Cells 

  Characteristics of Cancerous and Normal Cells Serious DNA damage 

that has accumulated over time makes cancer cells significantly different 

from the cell types from which they originated. The most obvious 

distinction is the fast and ongoing proliferation. Normal cells need to be 

stimulated by signals like growth factors, extracellular matrix, and cell-

to-cell contacts in order to expand. Without these signals, however, 

cancer cells can continue to divide. Production of growth factors, which 

stimulate cancer cells to multiply on their own, enables this [33]. 



Chapter One                                            General Introductionand Literature Review 
 

 
6 

Additionally, malignant cells frequently have acquired immortality; they 

continue to be capable of reproducing even after a certain number of 

doublings. Each time the chromosome duplicates, the length of the 

repeating sequences found in the DNA's telomeres, also known as 

chromosomal ends, shortens. The damaged cell expires when this 

protecting end is totally depleted [34]. Cancer cells keep their telomeres 

indefinitely by up-regulating the telomerase enzyme, which adds those 

DNA repeat sequences. 

1-4 Principles of Fluorescence Resonance Energy Transfer 

  The process of resonance energy transfer (RET) can take place when a 

donor fluorophore in an electronically excited state transfers its excitation 

energy to a nearby chromophore, the acceptor. In principle, if the 

fluorescence emission spectrum of the donor molecule overlaps the 

absorption spectrum of the acceptor molecule, and the two are within a 

minimal spatial radius, the donor can directly transfer its excitation energy 

to the acceptor through long-range dipole-dipole intermolecular coupling 

[35]. A theory proposed by Theodor Förster in the late 1940s initially 

described the molecular interactions involved in resonance energy 

transfer, and Förster also developed a formal equation defining the 

relationship between the transfer rate, interchromophore distance, and 

spectral properties of the involved chromophores [36]. Resonance energy 

transfer is a non-radiative quantum mechanical process that does not 

require a collision or generate heat. When energy is transferred, the 

fluorescence of the donor molecule is quenched by the acceptor molecule, 

and if the acceptor is a fluorochrome, enhanced or sensitized fluorescence 

emission is detected [37]. Exciting a specimen containing both donor and 

acceptor molecules with light of maximum and detecting light released at 
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wavelengths centered on the acceptor's emission maximum will reveal the 

phenomena. [38]  

 

Figure (1-3): Resonance energy transfers jablonski diagram 

[38].   

  Presented in Figure (1-3) is a Jablonski diagram illustrating the coupled 

transitions involved between the donor emission and acceptor absorbance 

in fluorescence resonance energy transfer. Absorption and emission 

transitions are represented by straight vertical arrows (green and red, 

respectively), while vibrational relaxation is indicated by wavy yellow 

arrows [39]. The coupled transitions are drawn with dashed lines that 

suggest their correct placement in the Jablonski diagram should they have 

arisen from photon-mediated electronic transitions. In the presence of a 

suitable acceptor, the donor fluorophore can transfer excited state energy 

directly to the acceptor without emitting a photon. The resulting 

sensitized fluorescence emission has characteristics similar to the 

emission spectrum of the acceptor [40]. In summary, the rate of energy 

transfer depends upon the extent of spectral overlap between the donor 
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emission and acceptor absorption spectra, the quantum yield of the donor, 

the relative orientation of the donor and acceptor transition dipole 

moments, and the distance separating the donor and acceptor molecules 

[41]. 

1-5 Nanomaterials 

The concept of nanotechnology was first given by renowned physicist 

Richard Feynman in 1959 and earned Nobel Prize. The term was also 

popularized by the invention of scanning tunneling microscope and 

fullerene. Nanotechnology involves designing and producing objects at 

nanoscale size (~1 to 100 nm). One nanometer is one billionth (10–9) of a 

metre. Nanomaterials are one of the main products of nanotechnology as 

nanoparticles, nanotubes, nanorods, etc. It is also explained as 

nanoparticles have a high surface to volume ratio. Nanoparticles can 

display properties significantly different from the bulk material because at 

this level quantum effects may be significant. Simply we can say the 

mechanical, electrical, optical, electronic, catalytic, magnetic, etc. 

properties of solids are significantly altered with great reduction in 

particle size [42]. 

 1-5-1 Classification of Nanomaterials 

The classification of nanomaterials is based on the number of dimensions 

as shown in Figure 1-4. According to Siegel, nanostructured materials are 

classified as: zerodimensional (0D), one-dimensional (1D), two-

dimensional (2D) and threedimensional (3D) nanomaterials. 

(i) Zero-dimensional nanomaterials: Here, all dimensions (x, y, z) are at 

nanoscale, i.e., no dimensions are greater than 100 nm. It includes 

nanospheres and nanoclusters.  
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(ii) One-dimensional nanomaterials: Here, two dimensions (x, y) are at 

nanoscale and the other is outside the nanoscale. This leads to needle 

shaped nanomaterials. It includes nanofibres, nanotubes, nanorods, and 

nanowires.  

(iii) Two-dimensional nanomaterials: Here, one dimension (x) is at 

nanoscale and the other two are outside the nanoscale. The 2D 

nanomaterials exhibit platelike shapes. It includes nanofilms, nanolayers 

and nanocoatings with nanometre thickness.  

(iv) Three-dimensional nanomaterials: These are the nanomaterials that 

are not confined to the nanoscale in any dimension. These materials have 

three arbitrary dimensions above 100 nm. The bulk (3D) nanomaterials 

are composed of a multiple arrangement of nanosize crystals in different 

orientations. It includes dispersions of nanoparticles, bundles of nanowires 

and nanotubes as well as multinanolayers (polycrystals) in which the 0D, 

1D and 2D structural elements are in close contact with each other and 

form interfaces [42]. 

 

Figure (1-4): Classification of Nanomaterials (a) 0D spheres 

andclusters; (b) 1D nanofibers, nanowires, and nanorods; (c) 2D 

nanofilms, nanoplates, and networks; (d) 3D nanomaterials [42]. 

1-5-2 Properties of Nanomaterials   

Nanomaterials have the structural features  in between of those of atoms 

and the  bulk  materials. While  most  microstructured  materials  have  
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similar  properties  to  the  corresponding  bulk materials, the properties of 

materials with nanometer dimensions are significantly different from 

those  of  atoms  and  bulks  materials. This  is  mainly due  to  the  

nanometer  size  of the  materials which  render  them:  (i)  large  fraction  

of  surface  atoms;  (ii)  high  surface  energy;  (iii)  spatial confinement; 

(iv) reduced imperfections, which do not exist in the corresponding bulk 

materials. 

Due to their small dimensions, nanomaterials have extremely large surface 

area to volume ratio, which makes a large to be the surface or interfacial 

atoms, resulting in more ―surface‖ dependent material  properties.  

Especially  when  the  sizes  of  nanomaterials  are  comparable to  length,  

the entire  material  will  be  affected  by  the  surface  properties  of  

nanomaterials.  This in  turn  may enhance or modify the properties of the 

bulk  materials. For example, metallic nanoparticles can be used as  very 

active catalysts. Chemical sensors  from nanoparticles and  nanowires 

enhanced the  sensitivity  and  sensor  selectivity. 

The  nanometer  feature  sizes  of  nanomaterials  also  have spatial 

confinement effect on the materials, which bring the quantum effects.   

The  energy  band  structure  and  charge  carrier  density  in  the  

materials  can  be  modified  quite differently  from their  bulk  and  in 

turn  will modify  the electronic and  optical properties  of the materials. 

For  example,  lasers and  light emitting  diodes (LED) from  both of the  

quantum dots and  quantum  wires  are  very  promising  in  the  future  

optoelections. 

High  density  information storage using quantum dot devices is also a fast 

developing area. Reduced imperfections are also an important factor  in 

determination of the properties of the nanomaterials. Nanosturctures and 
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Nanomaterials  favors  of a  self-purification process  in that  the  

impurities and  intrinsic material defects will move to near the surface 

upon thermal annealing. This increased materials perfection affects  the  

properties  of  nanomaterials.  For  example,  the  chemical  stability  for  

certain nanomaterials may be enhanced, the  mechanical properties of 

nanomaterials will be better than the bulk materials. The superior 

mechanical properties of carbon nanotubes are well known. Due to their 

nanometer size, nanomaterials are already known to have many novel 

properties. Many novel  applications  of  the  nanomaterials  rose  from  

these  novel  properties  have  also  been proposed [43].    

1-6 Current Cancer Therapies 

   There are now two therapy options for cancer patients: systemic and 

local treatments, which are described in Figure 1.5 Surgery and radiation 

therapy are examples of local treatments that target only the tumor and 

spare other body regions. Chemotherapy, immunotherapy, and gene 

therapy are all types of systematic treatment that use drugs that can be 

either orally or directly injected into the circulation to kill cancer cells 

throughout the body [44,45]. 

Figure (1-5): Schematic diagram of cancer treatments [45]. 
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1-7 History of Phototherapy 

  Photodynamic therapy, often known as PDT, is a treatment that 

selectively attacks cancer cells while leaving the surrounding healthy cells 

unharmed [46,47] PDT, or photodynamic therapy, is an experimental 

treatment that was first developed in the early 20th century. It involves 

combining a photosensitizing medication, light, and oxygen in order to 

destroy cancer cells. 

In the beginning, photodynamic therapy (PDT) was used to treat cancers 

of the bladder, bronchus, oesophagus, and skin. PDT offers the potential 

effectiveness of  . tumor clearance in comparison to traditional surgery, in 

addition to excellent cosmesis, patient acceptability, and a short amount of 

time needed for recovery. Many nations, including China, India, and 

Egypt, embraced sunshine as a  ,,,treatment method for many illnesses in 

ancient. 

People were treated for skin conditions after sun therapy, also known as 

heliotherapy, from the 15th through the middle of the 19th century. After 

the advent of modern medicine, individuals began to disregard sun 

protection [48]. Ancient Chinese medicine used distinct colors to represent 

each condition, with sunlight being used for males and moonlight being 

used for women [49]. Indian way of treatment based on to apply the plant 

extract or oil (seed oil or ayurvedic oil)on the affected area and exposure to 

sunlight. Modern phototherapy was looming in the field of biomedical to 

treat different diseases. PDT is the method of treatment known as 

photodynamic therapy, the incorporation of photosensitive substances (PS) 

into cancer cells is followed by the emission of light from a light source, 

which activates PS molecules, which, in turn, leads to the production of 

singlet oxygen and the death of the cells. Nanoparticles, each of which has 
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a thermal property after being subjected to a light source, are inserted as 

part of the PTT-photo thermal treatment procedure. This finally leads to the 

creation of heat energy, which is responsible for the death of the cell [50]. 

As a consequence of this, phototherapy attracted a large number of research 

specialists who created a wide variety of treatment methods to treat a wide 

variety of illnesses. According to Asgari et al. [51], the primary category of 

phototherapy is known as photobiomodulation (PBM).                                 

This kind of phototherapy entails exposing cells to a low-intensity light 

source that has a very particular wavelength in order to either stimulate or 

enhance the cells. During photodynamic therapy, also known as PDT, the 

PS molecule is in its ground state when it is stimulated by a light source 

and goes into its excited state, at which point it spins one electron to reach 

the triplet state. Via type I and type II interactions, the triplet state interacts 

with the oxygen molecules surrounding it to create ROS [52], and photo 

thermal treatment (PTT).                                                                                  

The PS or nanoparticles are activated by the light source and release 

thermal energy to kill cells in the body [53]. The mechanism of action of 

the phototherapy is shown in Figure 1-6.      
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Figure (1-6): Mechanism action of phototherapy. Photosensitizers, 

PBM- Photo biomodulation mechanism of light source on cells leads 

to cell proliferation [4]. 

 1-8 Role of Photosensitizers in PDT 

   Photosensitizers are organic or chemically generated compounds with a 

high sensitivity to light. These materials are often used in PDT because, 

at certain wavelengths, PS molecules become excited, or activated, and 

electron transfers cause ROS, which is bad for cells [54]. In order to 

avoid oversensitivity to sunlight, the highest by absorption wavelength 

varies between 600 and 800 nm, while the lowest absorption wavelength 

is between 400 and 600 nm [55,56]. PS molecules are now being used to 

treat cancer. They are usually created from tetrapyrrole compounds, and 

because of their protoporphyrin prosthetic group, which may easily enter 

cells, they resemble hemoglobin [57]. 
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1-9 Laser Ablation and Photodynamic Therapy (PDT)  

  Laser ablation and photodynamic therapy (PDT), which both use light, 

are becoming more popular non-surgical treatments for skin cancers that 

are not caused by melanoma. Laser is an acronym for "light amplification 

by stimulated emission of radiation," which is what the whole phrase 

really says. 

In spite of the fact that Einstein laid out the theoretical foundation for 

lasers in 1917, it wasn't until 1959 that Maiman developed the very first 

ruby laser that really worked. In the decades that followed, many 

different kinds of lasers were made that could be used in ways that 

affected almost every organ system. 

In addition, noncoherent light sources and PDT with laser assistance have 

been developed as treatments for NMSC [58]. 

1-10 Light Sources in PDT 

Now there is a wide range of coherent and noncoherent light sources that 

may be used, including dye lasers pumped by argon or metal vapor lasers 

and frequency-doubled Nd:YAG lasers. Nonlaser sources, including 

tungsten filament, xenon arc, metal halide, and fluorescent lamps, are 

also useful for PDT. New light source developments include light-

emitting diode and femtosecond lasers [59] Limitations of current light 

sources include depth of penetration and diameter of spot size. 

Guidelines for the optimal disease-specific irradiance, wavelength, and 

total dose characteristics for different light sources have yet to be 

established [60].                       
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1-11 Statistics Report of Skin Cancer in Iraq 

  Non-melanoma skin cancer is the most common type of cancer. It is 

more likely to happen to people with lighter skin tones and who spend a 

lot of time in the sun, which are the two biggest risk factors. Skin cancer 

among Iraqis has reportedly increased, according to many sources. 

Between 2000 and 2019, looked at the growth of skin cancer in Iraq. In 

addition to the age-specific incidence rates that were calculated using data 

from the Iraq Cancer Registry (ICR) from 2000 to 2019, the global 

standard population was used to calculate age-standardized incidence rates 

(ASIRs) for skin cancer. From 2000 to 2019, there were 4.144 skin cancer 

cases per 100,000 people in Iraq. It had an impact on people of all ages 

and sexes. 

With an average annual percentage changes (AAPC) of +2.069%, male 

age-standardized rates (ASIRs) significantly increased between 2000 and 

2019. With an AAPC of +2.206%, the incidence among women rose 

significantly. Seniors (age 70 and older) had the highest rates of skin 

cancer, with an AAPC of +2.481 for men and 3.86 for women. The 

research indicates that skin cancer is spreading across Iraq. Findings could 

help Iraqi officials get ready for skin cancer treatment, prevention, and 

early detection [61]. 
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Table (1-1): The percentage for most frequent histology of Skin 

Cancer in Iraq, both gender, (2000-2019) in Iraq [61]. 

Histology % 

Basal cell carcinoma 36.827 

Squamous cell carcinoma 34.449 

Melanoma 5.912 

Kaposi's sarcoma 2.046 

Dermatofibrosarcoma 1.955 

Adenocarcinoma 1.861 

Others 16.950 

 

1-12 Advantage of Photodynamic Therapy 

  When comparing PDT to other treatment modalities, there are clear 

advantages that allow the patient to live a better life according to Brown et 

al. [62]  

1- It is not as invasive as radiotherapy and surgery 

2- It can be specific and partially targeted towards diseased cells;  

3- Treatment can be repeated as needed, unlike radiotherapy;  

4- There is little or no scarring associated with post-treatment recovery 

5- long term admittance to hospital is not required as most PDT treatments 

are done on an outpatient clinic  

6- It is convenient for the patient. 
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1-13 Literature Review 

  This section highlights the previous research on  the photodynamic 

therapy and the nanoparticles  and its implementation as a treatment for 

skin cancer. 

  Lopez, R. F. V., et al. (2004) this study shows that the photodynamic 

therapy of skin cancer: controlled drug delivery of 5-ALA and its esters 

was done. Photodynamic therapy (PDT) is a tool that dermatologists use 

to treat some cancerous and precancerous skin conditions. The most 

common compounds used for this are 5-aminolevulinic acid (5-ALA) and 

its simple derivatives [63]. 

  Makoto K. et al. (2005) evaluated the efficacy of photodynamic therapy 

(PDT) on murine thymic lymphoma cells (EL-4) cultured in vitro using 

flash wave (FW) and continuous wave (CW) light at 70 mW/cm
2
. FW 

light pulse width and irradiation frequency were 1–32 Hz and less than 1 

millisecond, respectively. ALA-PpIX served as a photosensitizer. 

demonstrated that EL-4's survival rate under FW light was lower than 

under CW light and decreased progressively with decreasing irradiation 

frequency and cell singlet oxygen generation [64].  

  Liebmann J. et al. (2010) studied  irradiating human keratinocytes and 

skin-derived endothelial cells using light-emitting-diode devices of 

different wavelengths, allowed the researchers to investigate the effects of 

the treatment on the physiology of the cells. Irradiation with blue light at 

wavelengths of (412–426 nm) was shown to exhibit harmful effects at 

high intensities, but exposure to light with wavelengths between 632 and 

940 nanometers had no impact [65]. 

  Atif M. et al. (2010) in their study,the effects of photodynamic treatment 

(PDT) using 5-ALA as a photosensitizer were investigated in a research 



Chapter One                                            General Introductionand Literature Review 
 

 
19 

published in 2010. Human muscle cancer cells served as the experimental 

model for this investigation. examine the photosensitizer uptake, 

cytotoxicity, phototoxicity, and cellular viability of the RD cells, all of 

which were determined by the use of a neutral-red spectrophotometric 

test. According to the results of the experiment, 76% of the cells were 

killed when the medication dosage was set at 250 g/ml and the light dose 

was set at 80 J/cm
2 
[66]. 

  Salman M. et el. (2015) study by Salman et al. mice with tumors were 

treated with cisplatin, riboflavin, and a combination of the two. Compared 

to the control group, the groups that were given cisplatin and riboflavin 

had a lower level of antioxidant enzymes, functional markers, and a 

higher level of lipid peroxidation. But these parameters tended to get 

closer to normal in the group that got both treatments. Findings show that 

combining cisplatin with riboflavin under photo illumination makes it 

more effective at killing cancer cells and lessens the side effects caused by 

cisplatin [67]. 

  Jukapli N. M. et el. (2016) This research studied the history, basics, and 

cutting-edge usage of titanium nanoparticles (TiO2) in photocatalytic 

chemistry to disinfect and kill cancer cells. TiO2's photocatalytic 

properties—surface, light sensitivity, crystallinity, and toxicity—are 

examined. Considering target species including bacteria, viruses, fungi, 

and cancer cells. Hybridization of TiO2 with metal, metal oxide, and 

carbon nano materials increased its stability, selectivity, and 

photodynamic reactivity [68]. 

  Abdel-Fattah, W. I. et al. (2018) reported on the anti-cancer effects of 

silver nanoparticles (Ag NPs), there has been a lot of research. This is 

because Ag NPs have better physical, chemical, and biological properties 
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than other nanoparticles. This paper wants to take a critical look at how 

AgNPs are made using different methods, how they are used to treat 

cancer, and what challenges they might face in the future. The silver 

nanoparticles proved unique anticancer activity against different types of 

cancer cells. The several syntheses approaches significantly affect the 

cytotoxic activity of the achieved Ag nanoparticles. Future challenges on 

AgNPs synthesis and their release into the environment other than scaling 

up production, assess several potential avenues for future works are to 

promote a safer and more efficient utilization of these nanoparticles. [69]. 

  Magnon C. et al. (2018) published a study in 2018 that characterized the 

response of human dermal fibroblast subpopulations to visible and near-

infrared (NIR) light. The purpose of this study was to determine the 

optical treatment parameters that have the greatest potential to address 

deficiencies in aging skin and chronic wounds that do not heal [70]. 

  Nie, C. et el. (2020) Ag/TiO2 NPs were created utilizing a simple sol-gel 

approach by synthesizing Ag NPs in two steps and coating them with 

TiO2. Ag/TiO2 NPs display astoundingly high photothermal conversion 

efficiencies and biocompatibility in vivo and in vitro because of the oxide. 

In B16-F10 cells and C57BL/6J mice, the photothermal cytotoxicity of 

Ag/TiO2 NPs was investigated for cytotoxicity and therapeutic 

effectiveness [71]. 

  Ghaleb et al. (2020) used a green laser, Viscum album extract, or a 

combination of the two on colorectal cell plates (HCT-116 cell line) 

grown in culture media with 10% fetal bovine serum (FBS). The cells 

were kept in the incubator for 24, 48, and 72 hours. All investigations 

employed the crystal violet test to evaluate cell viability, and plate readers 

recorded color intensity. The green laser results showed a significant 
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decrease (P ≤ 0.001) in cell viability percent after 48 and 72 hours of 

incubation; the viscum album extract showed a significant decrease (P 

≤0.001) for all concentrations, and the most effective concentration was 

1000 μ g/ml, and the combination results showed a significant decrease 

(p≤ 0.001) for all concentrations compared to the control group [72]. 

  Magni G. et al. (2020) examined the effects of blue LED light (410–430 

nm, 0.69 W/cm2) on human fibroblasts from keloids and perilesional 

tissues in 2020. different light doses 3.43–6.87–13.7–20.6–30.9–41.2 

J/cm
2
 . Biochemical tests and particular stains assessed cell metabolism, 

proliferation, and viability. Micro-Raman spectroscopy was used in order 

to investigate the direct effects of blue LED light on the enzyme 

cytochrome C (Cyt C) [73].   

  Chen et al. (2020) say that melanoma is a type of cancer that spreads 

quickly. Recent studies have shown that blue light stops melanoma cells 

from growing. So, the goal of this study was to find out how B16F10 

melanoma cells react to PBM at different irradiances and doses, as well as 

to learn more about how PBM works at the molecular level. 

  The results showed that B16F10 melanoma cells responded differently to 

PBM with different irradiance and dose, and that high irradiance was 

better than low irradiance at a constant total dose (0.04, 0.07, 0.15, 0.22, 

0.30, 0.37, 0.45, 0.56, or 1.12 J/cm
2
), probably because high irradiance 

can make more ROS, which can mess up the way mitochondria work [74]. 

  Tartaglione et al. (2021) studied the combination of light and cisplatinum 

may be useful in treating skin cancer. The effects of several light 

radiations as well as cisplatinum were explored on A431 cutaneous 

squamous cell carcinoma (cSCC) and HaCaT non-tumorigenic cell lines. 

Before being treated with cisplatinum, both cell lines were exposed to 
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blue and red light sources for a period of three days. According to the 

findings, the use of blue light in conjunction with cisplatin might be a 

potentially effective therapy for cSCC [75]. 

  Lee, Y. J. et el. (2022) Attempts were made to optimize the recovery of 

5-ALA by analyzing the effects of hydrogen chloride, sodium acetate, and 

ammonia. As a result, a recovery of 92% was achieved in 1 M ammonia at 

a pH of 9.5. It was shown that the pure 5-ALA was able to kill 74% of the 

A549 human lung cancer cell line and 83% of the A375 melanoma skin 

cancer cell line. This research was the first to illustrate how broadly 

applicable 5-ALA is, and it did so rather convincingly [76]. 

  Mousa A. Alghuthaymi et. al. (2023) They investigated the antibacterial 

and anticancer activities of silver nanoparticles in the A431 cell line. The 

PTAgNPs demonstrated a dose-dependent activity in E. coli and S. 

aureus, suggesting the bactericidal nature of AgNPs. The PTAgNPs 

exhibited dose-dependent toxicity in the A431 cell line, with an IC50 of 

54.56 µg/mL arresting cell growth at the S phase, as revealed by flow 

cytometry analysis. The COMET assay revealed 39.9% and 18.15 

severities of DNA damage and tail length in the treated cell line, 

respectively. Fluorescence staining studies indicate that PT Ag NPs cause 

reactive oxygen species (ROS) and trigger apoptosis. This research 

demonstrates that synthesized silver Nanoparticles have a significant 

effect on inhibiting the growth of melanoma cells and other forms of skin 

cancer. The results show that these particles can cause apoptosis, or cell 

death, in malignant tumors. cells. This suggests that they could be used to 

treat skin cancers without harming normal tissues [77]. 
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1-14 Aims of the Work 

  In this study, squamous-cell carcinoma has been used for the first time in 

Iraq and the objective of this in vitro research are as follow: 

1. Investigation the effect of treating the adopted cells by a blue light 

(420-480)nm that was either blue laser, light emitting diode or Xenon 

lamp. 

2. Obtaining the best technology for treating skin cancer using 

electromagnetic rays in the visible light range with nanoparticles as well 

as photosensitizers. 
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2-1 Introduction  

This chapter gives a theoretical review including all the relations,  

scientific explanations, and the equations which are used in this thesis. 

 2-2 Skin Cancer 

  Skin cancer is a main common form of cancer, with non-melanoma 

types (NMSC), basal cell carcinoma (BCC) and squamous cell carcinoma 

(SCC), being the most frequent types [78, 79]. Although death from 

NMSC is rare, treatment of NMSC results in a considerable burden on 

the health-care system [80,81].The majority of kinds of superficial BCC 

are thought to have evolved from hair follicles, whereas the remaining 

10% are thought to have originated from interfollicular epidermal basal 

stem cells (Figure 2-1) [82]. Other variations include pigmented BCCs, 

destructive and aggressive ulcerative forms, and [83,84]. The 

keratinocytes of the spinous layer of the epidermis are the source of SCC 

(Figure 2-1). Despite having a lesser incidence than BCC, SCC is more 

aggressive and has a significant capability for metastasis, which accounts 

for the majority of NMSC-related mortality. Additionally, it may be seen 

in places that are exposed to photos, including the head, neck, and 

extremities [85, 86,87]. The premalignant lesion actinic keratosis (AK) is 

the primary cause of SCC in the majority of instances. In the absence of 

treatment, Bowen Disease (BD) or SCC in situ may sometimes progress 

into an invasive SCC (iSCC). In contrast to BD, iSCC has atypical 

keratinocytes that may metastasis and are found in the dermis or 

somewhere deeper than the basement membrane. However, SCC is more 

prevalent among malignant tumors in transplant recipients, who exhibit 

more lesions and aggressive behavior than the normal population [88].     
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Figure (2-1): Formation process, clinical and histological appearance 

of basal cell carcinoma and squamous cell carcinoma [89]. 

  AK is a skin ailment that mostly affects those with fair skin who are 

exposed to the sun a lot. Since its occurrence is strongly connected with 

cumulative UV exposure, exposed skin, such as the face, forearms, upper 

back, and legs, often exhibits it. The basis for the clonal expansion of 

genetically changed neoplastic cells is a "cancerization field" that 

surrounds AK and is often many in nature . SCC and AK essentially 

represent the same disease process, although being in different stages of 

development [90,91]. It is estimated that BD or SCC will manifest in 5% 

to 10% of AK cases [92]. 

2-3 Normal Skin and the Mechanisms of Cancerogenesis 

  Normal skin has four layers: the epidermis, the papillary layer, the 

reticulum dermis, and the subcutaneous fat. The epidermis is made up of 

four sub layers that all do different things. The stratum cornea, for 

example, acts as a shield and covers the other layers. Melanocytes in the 
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base layer also help protect the skin from UV rays. Langerhans cells 

(LCs) are important for getting the defense system going, while Merkel 

cells are in charge of light touch. The dermis is made up of fibroblasts, 

specialized cells, glands, blood vessels, and nerves, all of which play 

different roles in how the skin works [93].There are many things that can 

cause non-melanoma skin cancer (NMSC) and Merkel cell carcinoma 

(MCC) to happen, such as being exposed to UVR, which is also a risk 

factor for both melanoma and MCC [94-96]. 

UVR can damage DNA and lead to somatic changes, inflammation, 

oxidative stress, and immune cells that don't work right. These things are 

turning points in the way skin cancers start to grow. UVA and UVB, on 

the other hand, cause different skin changes. UVA causes greater damage 

and indirectly damages DNA by making free radicals, while UVB causes 

redness and directly damages DNA. Many studies have shown that UVR 

is mostly absorbed by epidermal keratinocytes and suppresses the immune 

system through the dimerization of cyclobutane pyrimidine, changes in 

Tumor protein (p53) and other tumor suppressor genes, and directly 

causing inflammation and death of keratinocytes [97,98]. 

2-4 Photodynamic Therapy PDT  

  For certain forms of cancer, including gastrointestinal, skin, head and 

neck, and gynecological malignancies, as well as non-malignant 

conditions, such as age-related macular degeneration (AMD) and 

psoriasis, as well as pre-malignant conditions, such as actinic keratosis 

condition. PDT makes use of a light source that has a few distinguishing 

characteristics. As a direct consequence of this, it is not possible to 

employ a single light source for all PDT applications. To begin, the kind 

of disease including the tissue type, location of the tumor, and size of the 
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tumor is what determines the type of light that should be used. Second, 

the PS's spectral qualities, such as its absorption spectrum, should be 

consistent with the light source's spectral properties. The intensity and 

volume of the light that will be emitted are both important characteristics 

of the source that should not be overlooked. It is possible to employ both 

coherent and non-coherent light sources for photodynamic therapy 

(PDT), some examples of which are fluorescent lamps, halogen lamps, 

metal halide lamps, xenon arc lamps, and phosphor-coated sodium lamps. 

According to Gibson and Kernohan (1993) [99], 

 The types of lasers that fall under the category of coherent light sources 

include argon and argon-pumped lasers, solid-state lasers, metal vapor-

pumped dye lasers, and optical parametric oscillators lasers. Non-

coherent light sources are preferable to lasers for treating superficial 

lesions (such as those that are found on the skin or in the oral cavity) due 

to the fact that they are less costly and may be found in a greater variety 

of locations. In addition, as a result of their extensive emission range, 

they are versatile enough to be used for a number of different PSs [100].   

On the other hand, lasers are the piece of equipment that are used in the 

therapeutic applications of PDT the most often. They provide a light 

output that is monochromatic, coherent, and very powerful. As a 

consequence of this, they are able to cut down the amount of time 

necessary for the PDT application. Additionally, optical fibers and these 

may be utilized in combination with one another. This combination has 

showed potential for detecting cancers that are deeply rooted in the body 

(Brancaleon and Moseley, 2002) [100] Recent studies have concentrated 

on developing better light sources for photodynamic therapy (PDT). PDT 

that makes use of LEDs is one example of such a technique. Utilizing a 

source that is LED in PDT provides a variety of advantageous aspects. 
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For example, the area that is irradiated is far larger, and it is less 

expensive and more straightforward to produce LED sources.[101,102] 

the searcher When compared to the usage of daylight (DL), the PS 

effectiveness may be increased significantly with the careful selection of 

a narrow emission range. According to Cantisani et al.  [103], PDT 

makes it possible to use natural light as a source of illumination. Because 

it is well knowledge that sunshine cannot penetrate deeply into tissues, 

and because its emission spectrum contains a considerable proportion of 

blue light, this therapy is useful for treating surface conditions such as 

non-melanoma skin cancer and actinic keratosis. [104,105] 

 Research has shown that this therapy is useful for treating superficial 

conditions, such as non-melanoma skin cancer and actinic keratosis. both 

the time and the location of the irradiation may be chosen by the 

individual. However, according to Stolik et al. [106], the light is unable to 

go deeper than a few millimeters into the tissue (Figure 2-2).  
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Figure (2-2): Light Penetration into Skin. Approximate penetration 

depths of light into skin according to its wavelength are illustrated 

[107]. 

  Light penetration is influenced by the tissue's optical characteristics as 

well as the light's wavelength. Both across tissues and even within a 

tissue, there is variability. Nuclei, membranes, and other inhomogeneity 

sites result in light scattering, reflecting, transmitting, or absorption  

[108-110]. This restricts the therapeutic potential of the procedure to just 

superficial cancers. (Figure 2-3) 
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Figure (2-3):  PDT in Cancer. Selected limitations and approaches to 

improve outcome of PDT in cancer are illustrated [107]. 

2-5-1 Major Components of PDT 

  The photosensitizer, which can be administered topically or 

systemically and accumulates in target tumor cells or tissues, light of a 

certain wavelength that activates the photosensitizer, and molecular 

oxygen make up the three components of PDT, each of which is safe on 

its own. Each of these elements is required for PDT to function 

[111,112]. Together, they could cause harm to the tissue that is being 

targeted. 

2-5-2 Action Mechanism of PDT 

  After localization to target cells, the photosensitizer transforms from its 

ground singlet state to a short-lived excited singlet state (i.e., higher 
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energy level) upon absorption of photons by irradiation with light of the 

appropriate wavelength. The excited photosensitizer can either return to 

its ground state through photon emission (fluorescence), which can be 

used for photodynamic diagnosis by fluorescence imaging [113], or 

transform into a relatively long-lived excited triplet state via intersystem 

crossing [111].                                                                                                

The excited triplet state photosensitizer stimulates Type I and Type II 

photochemical reactions. The Type I reaction involves electron transfer 

between the triplet state photosensitizer and the cellular substrate, which 

forms free radicals or radical ions. These radicals interact with molecular 

oxygen to produce hydroxyl radicals, superoxide anions, and hydrogen 

peroxide. The Type II reaction involves direct energy transfer between the 

triplet and molecular oxygen, producing singlet oxygen. Most 

photosensitization reactions are thought to be Type II reactions, but the 

two reactions can occur simultaneously. The ratio of Type I and Type II 

reactions depends on the biochemical properties of the photosensitizer and 

the cellular substrates and the binding affinity of the sensitizer for the 

substrate. The primary photochemical product of PDT is singlet oxygen, 

which is the lowest excited electronic state of oxygen. Singlet oxygen is 

highly reactive and responsible for the most PDT lesions [111]. In 

biological systems, singlet oxygen has a very short lifetime (3µs) and a 

short radius of action (2-4×10
-6

 m
2
/s). Therefore, the primary targets of 

photodamage are molecules and cells that are proximal to the area of ROS 

production after irradiation Therefore, PDT can selectively destroy tumors 

accessible to light with low systemic toxicity.                                               

  

The ROS produced by PDT initiate a cascade of biochemical events that 

can induce three types of cell death mechanisms: apoptosis, necrosis, and 
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autophagy [111]. Apoptosis and necrosis are the major cell death 

mechanisms in the cytotoxic responses to PDT. The kinetics of apoptosis 

and necrosis are largely dependent on the nature of the photosensitizer, 

PDT dose, and cell type. A number of in vitro and in vivo studies have 

reported that the highly reactive photoproducts can kill cancer cells directly 

through apoptosis and necrosis. Recently, it has been reported that PDT can 

also activate autophagy as a death mechanism or a cytoprotective 

mechanism [111], and autophagy may occur concurrently with PDT-

induced apoptosis. The precise understanding of the interconnection 

between apoptosis, necrosis, and autophagy may be useful in development 

of novel therapeutic strategies.                                                                         

2-5-3 Photosensitizer 

  Photosensitizers are agents that absorb light of a specific wavelength 

and transform it into useful energy . In PDT, the creation of cytotoxic 

molecules occurs when photosensitizers are combined with light and 

molecular oxygen to cause cell death. Many natural and synthetic dyes 

have been put to the test as photosensitizers in PDT investigations during 

the past 20 years, both in vitro and in vivo [114-116] The efficiency of 

PDT has increased thanks to the creation of photosensitizers with strong 

anticancer properties. According to [117,118], the first-generation 

photosensitizer Photofrin is approved for the treatment of bladder, breast, 

lung, esophageal, gastric, cervical, and ovarian cancers. 

A photosensitizing compound, light of an adequate wavelength and 

oxygen. When the photosensitizer (PS) is activated by light, it triggers a 

photochemical reaction by which singlet oxygen (
1
 O2 ) and other 

reactive oxygen species (ROS) are produced and selectively kill cancer 

cells [119,120].  
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Anti-tumor effects of PDT derive from three principal mechanisms: 

direct cytotoxicity on cancer cells, indirect effects consequence of 

damage to the tumor vasculature, and the activation of the immune 

response.aminolevulinic acid (ALA, Levulan® (Wilmington, DE, USA), 

Ameluz® (Leverkusen, Germany), and its methylated derivate (MAL, 

Metvix® (Alby sur Cheran, France)) are the main substances utilized in 

cutaneous cancer [119,121].While ALA is only advised for AK, MAL is 

approved in Europe for the treatment of AK, BD, and superficial and 

nodular (less than 2 mm of depth) BCC.ALA is a precursor of 

Protoporphyrin IX, a photoactive molecule, and other intermediate 

porphyrins in heme group biosynthesis (PpIX)When ALA is 

administered, cancer cells produce and accumulate the PS PpIX in a 

targeted manner. 

Studies on PDT's application to lymphomas and other forms of skin 

cancer are also available [122] This can occasionally be accompanied by a 

severe inflammatory response, which is characterized by a rise in 

cytokines and a concentration of leukocytes in the areas where the tumor 

is being targeted, encouraging tumor death. On the other hand, MAL-PDT 

of BCC lowers regional epidermal Langerhans cells, according to 

Evangelou et al. [123].Therefore, a less robust antitumor response could 

possibly result from this inhibition of the skin immune response.  
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Table (2-1): properties of photosensitizer 5-Aminolevulinic acid [119]. 

 

 

 

 

 

 

 

 

 

 

 

2-6 Light Source 

  The diode laser is basically just a combination of a LED and a laser. 

It means that the original photons are generated in a same fashion than in 

LEDs and then these photons are used to generate more photons by 

stimulated emission. In a diode laser all this is done inside the same 

device [124] .One of the main requirements in a laser is to have and 

excess amount of excited electrons. This is called populated inversion 

and in diode lasers it is achieved by injecting a large amount of electrons 

to the junction with a relatively high current. The amount of current that 

is needed to achieve the sufficient amount of excited electrons is called 
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lasing threshold. This lasing enables the device to produce really high 

optical power and because the emitted light is coherent it also enables 

various ways to control the light beam. As shown in Figure (2-4):          

 

Figure (2-4): Structure of diode laser [124] . 

  Light that can activate the photosensitizer is one of the three 

components of PDT. The required wavelength depends on the electron 

absorption spectrum of the photosensitizer. Wavelengths between 600 

and 800nm, referred to as the therapeutic window, are generally used in 

PDT [125], ROS are readily produced within this range, but longer 

wavelengths have low energy and are therefore incapable of producing 

singlet oxygen [126]. The efficacy of PDT depends primarily on the light 

penetration depth, which is influenced by light propagation through the 

tissues (i.e., reflection, scattering, transmission and absorption; 

[125,126].  

  Longer wavelengths penetrate tissues more deeply than shorter 

wavelengths. Other parameters influencing the efficacy of PDT include 

the total light dose, light delivery mode, and fluence rate [125,127] These 

factors should be considered along with the cost and operation method 
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when choosing a light source for PDT. Both lasers and conventional 

lamps have been used for PDT with similar efficacies [128-130].  

Incoherent light sources including halogen, fluorescent, tungsten, and 

xenon lamps provide broad spectrumlight and are inexpensive, easy to 

operate, and stable [131]. These incoherent light sources have therefore 

been used in many PDT studies. However, lasers have the properties of 

monochromaticity and high power, which are advantageous for use in 

PDT [126]. 

 Monochromaticity permits irradiation with a precise wavelength, and the 

high light fluence rate reduces therapeutic exposure time. The 

disadvantages of lasers are that they are generally expensive, large, and 

not portable. Diode lasers are relatively inexpensive, small, and portable; 

however, they operate at a single wavelength [131]. Light emitting diodes 

are alternative light sources that could be used in clinical PDT. Besides 

being inexpensive and portable, light-emitting diodes provide a relatively 

narrow emission spectrum (emission peak 631 nm) and high fluence rates 

[125]. 

Thorough knowledge of the physical nature of light and light perception 

provides the foundation for a comprehensive understanding of optical 

measurement techniques. Yet, from a practical point of view there is little 

necessity to fully understand formation and propagation of light as an 

electromagnetic wave as long as the reader accepts wavelength as the 

most important parameter describing the quality of light. The human eye 

perceives light with different wavelengths as different colors figure 2-5, 

as long as the variation of wavelength is limited to the range between 400 

nm and 800 nm . In the optical range of the electromagnetic spectrum, 

wavelength is sometimes also given in Ångstrøm (Å= 10
-10 

m). Outside 
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this range, the human eye is insensitive to electromagnetic radiation and 

thus one have no perception of ultraviolet (UV, below 400 nm) and 

infrared (IR, above 800 nm) radiation. 

 

Figure (2-5): Monochromatic electromagnetic radiation of different 

wavelengths between 400 nm and 800 nm causes the impression of 

different colors. Outside this wavelength range, the human eye is 

insensitive [125]. 

2-7 Fluorescence  

  Fluorescence describes a phenomenon where light is emitted by an atom 

or molecule that has absorbed light or electromagnetic radiation from a 

source. In absorption, high energy light excites the system, promoting 

electrons within the molecule to transition from the ground state, to an 

excited state. Here, the electrons quickly relax to the lowest available 

energy state. Once this state is achieved and after a fluorescence lifetime, 

the electrons will relax back to ground state, releasing their stored energy 

as an emitted photon. Usually, the emitted light has lower energy than the 

absorbed radiation.  

Methods regarding this subject are mostly used in the biochemical and 

biophysical field [132]. Fluorescence requires a fluorophore (molecule 
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with a rigid conjugated structure) In absorption, high energy light excites 

the system, promoting the electron within the molecule to transition from 

the ground state, to the excited state. The entire fluorescence process is 

cyclical. Unless the fluorophore is irreversibly destroyed in the excited 

state, the same fluorophore can be repeatedly excited and detected. So, a 

single fluorophore can create thousands of photons, due to the high 

sensitivity of detection techniques [133]. fluorescence plays a key role in 

oncology. Through flourescending-protein-markers that attach only to 

cancer cells, it will be possible to differentiate precisely between healthy 

and mutated cells. Thus, these cancer cells can be specifically targeted 

and attacked, whilst, the healthy cells remain unharmed. This will result 

in a very effective new form of chemotherapy for the benefit of the 

patients [134]. 

2-8 Laser penetration in tissues 

  The behavior of a light beam propagating inside a tissue mainly depends 

on λ and on the specific tissue type, being described in terms of 

absorption and scattering. We now want to merge these two effects to 

define a single model describing light penetration. Let us consider a 

collimated laser beam impinging on a tissue surface in the case of a pure 

absorbing medium. This hypothesis of absence of scattering may look 

like a brutal simplification for biological tissues, even if it will be 

possible to include the scattering effect by a proper modification of this 

simple model. This assumption allows us to start from the Beer-Lambert 

law , 

                     I(x) = I ο exp (-µa x) where Iο = I (x= 0)                        (2-1) 
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That describes the light intensity at various depths in the medium. If we 

introduce a new parameter called ‘penetration depth‘ or ‘extinction 

length‘ La (usually measured in mm or um) defined as [135]: 

                             La= 1/ µa                                                                 (2-2) 

 Equation (1) can be written as: 

                        I (x)= Iο exp  (-x/La)                                                 (2-3) 

The penetration depth La indicates the depth increase (in the tissue or 

medium) where the light intensity is reduced by a factor e (or at about 

36%) with respect to any depth x. This is notably applicable for light 

penetration with respect to the intensity at the skin level, if external in-air 

irradiation is performed. It is important to note that the definition of La is 

independent both from the laser intensity Iο and laser power Pο , being it 

dependent only on λ via the wavelength dependence of µa . This is valid 

both for continuous and pulsed lasers (exception made for the presence of 

nonlinear processes) since the Beer-Lambert law does not depend on the 

laser pulse duration. In a practical application, in order to calculate La, 

we simply need the proper value of µa at the specific laser wavelength λ 

for the specific tissue type. It is worth noticing that La is often 

misinterpreted as the maximum penetration length of light in a given 

material or tissue, wrongly assuming that I = 0 for x > La.  

This could be possibly considered as a rough ‗rule of thumb‘ when 

comparing the effects of different laser sources, but nothing more than 

that. Up to now we have considered purely absorbing media, but for a 

comprehensive description of the light-tissue interaction, we need to 

merge absorption with scattering. If we now add scattering properties to 

the medium, both absorption and scattering will contribute to deplete the 
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beam of photons. We can calculate the amount of un scattered light 

intensity Ins (also called coherent component, meaning photons that have 

not experienced any scattering event) at any position x inside the medium 

as: 

 

Figure (2-6): Example of a simple setup used to measure the unscattered  

light intensity, also called coherent or ballistic component, that arise from  

the propagation of a collimated light beam through an absorbing and 

weakly scattering media. The usage of an aperture allows for the detection 

of only the un scattered light [135]. 

 

                 Ins (x) Iο   (      )  = Iο                                           (2-4) 

  where µt =µa + µs is called the ‗total attenuation coefficient‘. A practical 

way to measure Ins is to illuminate a slab of tissue with collimated light 

and use an aperture to shield the scattered light, thus measuring only the 

un scattered one. In such a setup, knowing the slab thickness and µa, it is 

possible to estimate the scattering coefficient µs , as shown in Figure 2-6. 

In many practical cases, light intensity measurements intrinsically select 

the forward component without the use of any aperture (e.g. due to the 

limited acceptance angle of the detector and /or the associated optical 

elements), in accordance with equation (2-4) and the setup shown in 

Figure (2-6). 
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2-9 Blue Light and Its Effect on the Skin 

  The wavelengths of visible light that fall between 400 and 500 nm are 

referred to as blue light. Due to the fact that blue light has the shortest 

wavelength and, hence, the most energy of all the colors in the visible 

light spectrum (Figure 2-5), it is sometimes referred to as high energy 

visible light. It is important to keep this distinction clear from the 

subsequent categorization that takes place within the region of 400 to 500 

nm as "low energy" or "high energy." The light is said to have low 

energy when it is at the upper end of the blue light range, and it is said to 

have high energy when it is at the lower end of the blue light range; 

nonetheless, blue light as a whole has the most energy when compared to 

the rest of the visible light spectrum. Additionally, just as its name says, 

blue light is seen as having a blue color. Sunlight is the most important 

contributor of blue light. Additional sources include light-emitting diodes 

(LEDs), fluorescent lights, and digital displays like those found on 

smartphones, computers, laptops, and televisions. As a direct 

consequence of this, exposure to blue light is unavoidable [136]. 

 

Figure (2-7) : Blue light, that is, high energy visible light. 

Abbreviations: HEV, high-energy visible; LEV, low-energy visible; 

UV, ultraviolet [136]. 
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  It is a relatively new scientific interest. However, it is a field of study 

that is just a few decades old. On the other hand, recent research has 

shown that exposure to blue light may have both negative and positive 

effects. Researchers have discovered that shorter wavelengths of blue 

light with greater energy create effects that are comparable to those of 

longer wavelengths of blue light with lower energy. In therapeutic 

practice, the wavelength and intensity of blue light might vary from 

patient to patient depending on the objective of the therapy being 

administered.  

  It should be emphasized that blue light therapies normally employ the 

light-emitting device for a short length of time (for example, 15-25 

minutes) every session, and the treatments are often short-term, that is, 

they last for a few weeks at most.  

Although blue light has become an essential part of the therapy of many 

dermatologic disorders, it is crucial to highlight that blue light treatments 

typically only last for a few weeks. The majority of trials that were only 

conducted for a short period of time shown that any potential adverse 

effects did not last for an extended period of time and often disappeared 

within a few weeks or months.  

In the process of photodynamic treatment, a photosensitizing chemical is 

combined with light and oxygen to produce highly reactive singlet 

oxygen, which is then used to treat various skin problems, both those that 

cause cancer and those that do not cause cancer.  In the treatment of 

inflammatory skin illnesses and proliferative diseases, blue light is often 

combined with aminolevulinic acid (ALA). When performed correctly, 

photodynamic treatment with blue light for photo-rejuvenation is 

regarded to be both effective and safe. It is possible to reduce the amount 
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of damage done to the healthy tissue that is around the affected area by 

increasing selectivity of absorption and limiting the length and depth of 

exposure to blue light [136]. 

2-10 Tumor Cell Killing 

  PDT can partially or completely kill tumor cells directly, and this 

removal is not the result of a single process [137]. PDT has the ability to 

lower the quantity of clonogenic tumor cells. After the light irradiation of 

tumors treated with photosensitizers was finished, it was claimed that the 

number of clonogenic cells might be reduced by up to about 72% [138] 

Additionally, the number of clonogenic cells continued to decline over 

time following PDT, suggesting that tumor cell death is a kinetic process 

[139]. On target tumor cells, PDT directly causes a combination of 

apoptosis and necrosis PDT has been shown by Agarwal et al. to cause 

DNA fragmentation and promote apoptosis [139]. Time and dose both had 

an impact on the DNA fragmentation. In addition, they noted damage to 

cytoplasmic structures and chromatin condensation towards the nucleus's 

outer edge. 

2-11 Nanomedicine in Cancer 

  Nanomedicine is known as a new branch of medical science and holds 

five main sub-disciplines including: medical diagnosis, nanoimaging, 

chemotherapy analytical tools, nanodevices, and drug delivery systems. It 

can be said that the potential benefits of nanobiotechnologies raise great 

hopes in therapies for cancer diseases, antiviral and antifungal agents, 

diabetes, chronic lung diseases, and gene therapy Besides medicine 

therapy, nanomedicine can be applied in surgery such as photodynamic 

therapy [140]. Most scientists have been drawn to nanomedicine over the 

past 10 years in order to treat cancer, diagnose it, or perform imaging 
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procedures .includes a list of nanomedicine's applications, which are 

[141,142]. 

1. Nanoparticles in nanomedicine to target 

2. Nano valves for drug delivery 

3. Imaging 

4. Diagnosis 

5. DNA analysis 

6. Gene therapy 

7. Delivery system 

8. Cleaning robots 

9. Implant materials 

10. Wound healing bandages 

11. Body surveillance 

12. Artificial tissue and organs 

  Polymers, dendrimers, liposomes, fullerene, silver and gold 

nanoparticles, metal-based nanoparticles, carbon nanotubes, graphene, 

micelles, quantum dots, silica, hydrogel, and other materials are 

examples of nano sized particles that can range in size from 1 to 100 nm 

[143]. 

The advantages of a nanoparticle-based drug delivery system over 

commercially available medications in clinical practice include protection 

from drug solubility and inactivation of drug or biodegradation [144], 

prolonged circulation without rapidly clearing from the body [145] 
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targeting the specific site increases the concentration of drug to kill the 

tumors [146], and the ability to load multiple drugs for synerg [147]. 

 2-11-1 Hybrid Photo Catalyst of TiO2/Ag  

  Silver, Ag nanoparticles are chemically very reactive and can form 

silver oxide (Ag2O) when in direct contact with TiO2. 

 TiO2/Ag has been successfully used to enhance the photocatalytic 

degradation of organic compounds and the photokilling of bacteria. 

Decelerating the electron-hole recombination at the surface of the TiO2 

particles is made possible by the Ag core in the TiO2/Ag hybrid system 

[148]. Because of this, the trapped electron in the conduction band and 

the trapped hole in the valence band are now free charge carriers in those 

bands. 

The Ag core can, in fact, charge electrons under UV radiation and 

discharge them when needed in the dark [149]. 

The amount of Ag determines how the TiO2/Ag hybrid system charges 

and discharges. Once the photo-induced excitation of TiO2/Ag is 

performed with an electron acceptor present, the photo-generated 

electrons can then be scavenged by the molecules of the acceptor. 

Beginning with the creation of photo-excited electrons that quickly 

convert via the TiO2 shell into the Ag nano core, the probable mechanism 

of TiO2/Ag photocatalytic against cancer cells continues until the Fermi 

level charge equilibrium is established between shell and core systems 

[150]. 

The achievement of a good Fermi level allows for the quick transfer of 

electrons from excited TiO2, triggering redox reactions at the interface 

between the TiO2 shell and suspension. On the photo excited TiO2/Ag 
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hybrid system, the reactive oxygen species, such as hydroxyl radicals and 

hydrogen peroxide, are produced. It is anticipated that the highly 

oxidizable hydroxyl and hydrogen peroxide species will be harmful to 

cell health [151]. The photoinduced electron transfer to the excited TiO2's 

interfacial surface before transferring to the Ag core will continue until 

the Fermi level equilibrium is reached. Because dissolved oxygen is one 

of the best electron acceptors, some electrons can be transported to the 

TiO2 surface and lower the dissolve O2 readily. 

The Ag core prevents electron-hole recombination by acting as a Schottky 

barrier for TiO2 stimulated electrons [152]. Thus, photocatalytic cell 

killing is improved over TiO2 alone and photoinduced solid-liquid 

interfacial charge-transfer activities are encouraged. It showed that the 

photocatalytic cytotoxicity of TiO2/Ag only needed one-fourth the amount 

of time that single TiO2 required for irradiation [153,154]. 

At the same volume, TiO2/Ag has a killing effectiveness that is more than 

three times larger than TiO2 alone. The photo-luminescence intensities of 

TiO2 and TiO2/Ag hybrid for the HeLa cell killing studies showed that the 

TiO2/Ag fluorescence intensity is significantly higher than TiO2 

alone.TiO2/Ag hybrid has been created in advance using citrate reduction. 

In order to create the Ag metal core-TiO2 shell structure, the citrate can 

cap the Ag nanoparticles and hydrolysis of titanium (IV) (triethanolamine) 

isopropoxide can condense quickly in boiling temperature on the Ag 

nanoparticles surface in solution [148]. 

2-11-2 Single Walled Carbon Nanotubes 

  Carbon nanotubes are nano sized cylindrical tubes that are rolled up by 

graphene sheets where both ends are opened, and carbon atoms are 

exclusively arranged like a benzene ring. The structural representation of 
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the CNTs are armchair, According to Mehra et al. [155], the CNTs have 

the following structural representations: zigzag, and chiral, with both sp2 

planar and sp3 cubic allotropic forms. Single walled carbon nanotubes 

(SWCNTs), with a diameter of 1-3 nm and a length of several 

micrometers, are what CNTs are categorized as based on the graphene 

sheets. 

Rolling double-layered graphene sheets creates a nanotube known as a 

double-walled carbon nanotube (DWCNTs).The term "multi walled 

carbon nanotube" (MWCNT) refers to a tube made of many sheets that 

rolled into one another. MWCNTs have an outer diameter of 1-3 nm and 

a length between 0.2 to several micrometers  [156]. Many researchers are 

concentrating on the biological delivery of CNTs mixed with polymers, 

medicines, DNA, and PS to target cancer cells [157].  

SWCNTs' distinctive size, shape, and physicochemical characteristics 

enhance their effectiveness as nanocarriers [157].When SWCNTs 

circulate in the body and directly enter cells, MWCNTs enter through the 

endocytosis route [158]. SWCNTs serve as a top nanocarrier for 

encapsulating various polymers, medications, and photo medicines [159]. 

SWCNTs are distinctive nano carriers in drug delivery systems because 

they make it easier for targeted moieties to be functionalized both 

covalently and noncovalently [160]. In the treatment of cancer, the 

carboxylated SWCNT exhibits high biocompatibility [161]. Carbon 

nanotubes (CNTs) have attracted great interest for biomedical 

applications, including the delivery of bioactive molecules such as drugs, 

the targeted cancer therapy, and biological imaging, because of their 

unique properties, including large surface area, relatively low density, 

high stability and other inherent mechanical, optical and electrical 

properties [162,163]. 
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2-12 Combined Effects of Nanotubes and Photodynamic 

Therapy  

   Regarding overcoming the obstacles in clinical translation, cancer 

nanomedicine has both a good and negative response. The basics of 

nanoparticle interaction with biological molecules are not well reported 

in medication delivery systems [164]. PDT is widely utilized in treating a 

variety of cancer types with little or no invasive or non-invasive 

treatment, no cumulative damage, and no drug resistance. PDT 

application faces some difficulties in achieving completely side-effect-

free treatment, including long-lasting photo activities of PS 31 molecule 

that may cause photosensitization on skin, the need for patients to remain 

in the dark for several weeks following treatment, and a lack of tumor 

selectivity and accumulation in normal tissues that results in toxic effects 

[165,166]. Nanomedicine may increase the bioavailability of drugs, 

prevent drug degradation, better target cells, regulate drug release at 

specific sites, and provide therapeutic efficacy with few side effects 

[167]. Effects of nano medicine and PDT in combination are mostly 

focused on reducing side effects of cancer treatments. 
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3-1 Introduction 

 This chapter describes the methodology and devices. It covers the 

methods for cell line culture,  MTT assay and  light exposure conditions 

parameters that are used in this project. Figure (3-1) presents a flow chart 

of the experimental part of the work in which the main sections are 

explained:   

3-2 Culture Cell line 

  Cell culture refers to the removal of cells from an animal or plant and 

their subsequent growth in a favorable artificial environment. The cells 

may be removed from the tissue directly and dis-aggregated by 

enzymatic. Primary culture refers to the stage of the culture after the cells 

are isolated from the tissue and proliferated under the appropriate 

conditions until they occupy all of the available substrate (i.e., reach 

confluence). At this stage, the cells have to be sub-cultured by 

transferring them to a new vessel with fresh growth medium to provide 

more room for continued growth. After the first subculture, the primary 

culture becomes known as a cell line, cells with the highest growth 

capacity predominate, resulting in a degree of genotypic and phenotypic 

uniformity in the population [168]. 
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Figure (3-1): Block diagram of experimental work. 
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3-3 Chemical Material: 

The chemical material used in this study are listed in (Table 3-1) with 

their suppliers. 

Table (3-1): List of Chemicals Used in the Study. 

Chemical material Company  Country 

Fetal bovine serum (FBS) Gibco UK 

Dimethyl sulfoxide (DMSO) Roth Germany 

Alcohol spray (ethanol 70%) AMEYA 

FZE 

UAE 

Phosphate buffer saline 

tablet 

Gibco UK 

MTT(3-(4,5-

Dimethylthiazole-2-yl)-2,5-

diphenyl-2H-tetrazolium 

bromide) dye powder 

Roth Germany 

Roswell Park Memorial 

Institute-1640 (RPMI-1640) 

powder medium 

Gibco UK 

Gentamycin (80 mg vial) The Arab 

pharm. 

Jordan 

Sodium bicarbonate powder Ludeco Belgium 

Trypsin- 

Ethylenediaminetetraacetic 

acid (EDTA) powder 

US 

biological 

USA 

Cisplatin JSL India 
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3-4 Instruments and Tools: 

 The instruments and tools used in the study are listed in (Table 3-2) with 

their origins: 

Table (3-2): List of Instruments and Tools Used in the Study. 

instrument or tool Company Country 

Cell culture flask (25ml) SPL Korea 

Automatic micropipettes (different 

sizes) 

Human Germany 

Autoclave Jeiotech Korea 

Cell culture plate (96- wells) SPL Korea 

Digital camera Sony Japan 

Distiller ROWA Germany 

Double distillation water stills GFL Germany 

Electric oven Memmert Germany 

ELISA Reader Human Germany 

Incubator Memmert Germany 

Sterile freezing vial (1.5 ml) Biofil Australia 

Flow cytometer (BriCyte E6) Mindray China 

Inverted microscope T.C Meiji 

techno 

Japan 

Laminar air flow cabinet Labtech Korea 

Liquid nitrogen container GT38 Air Liquide France 

Magnetic stirrer Labinco Netherland 

Microcentrifuge Memmert Germany 

Millipore filter (0.45, 0.22μm) Biofil Australia 

PH Meter WTW Germany 
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3-5 Methods-Preparation of Reagents and Solutions 

This section shows Preparation of Reagents and Solutions was used in 

the work.  

3-5-1 Phosphate Buffer Saline (PBS) 

 The PBS was prepared according to Gibco manufacturer manual by 

dissolving one tablet of PBS in 500 ml deionized distilled water (DDW) 

with stirring constantly on a magnetic stirrer at room temperature, the pH 

will be 7.45 and requires no adjustment. Sterilization was done by 

autoclaving and kept sterile in a closed bottle until use. 

3-5-2 Gentamycin Stock Solution: 

  The working concentration of gentamycin in the medium is 50 μg/ml. 

Gentamycin vial of 40 mg/ ml solution was considered as stock solution 

and stored at 4 C˚ for uses. 

3-5-3  Trypsin Solution: 

 According to US Biological directions, A weight of 10.1 gm of trypsin 

powder was dissolved in 900ml of DDW and constantly mixed by 

stirring at room temperature. The pH of the solution was adjusted to 7.2, 

and the volume completed to one liter. The solution was sterilized by 

filtration using 0.45 and 0.22 μm millipore filters subsequently. The 

content was stored at (- 20C˚). 

3-5-4 MTT Solution: 

  A weight of 0.5 g of MTT powder was dissolved in 100 ml PBS to 

obtain a concentration of 5 mg/ml. Then the MTT solution was sterilized 

by filtration through a 0.2 μm milli pore filter into a sterile and light 
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protected container and stored at 4°C for frequent use or at (-20)°C for 

long term storage [169]. 

3-6 Preparation of Tissue Culture Medium 

Tissue culture medium was prepared in the following ways: 

3-6-1 Preparation of Serum-Free Medium 

  Liquid RPMI-1640 medium was prepared from powdered RPMI-1640 

medium according to the Gibco product manual as the following: From 

the RPMI-1640 powdered medium, 10.43 g was dissolved in 

approximately 900 ml of DDW in a volumetric flask. The other 

components include: 2 g sodium bicarbonate powder or according to 

need and 1.25 ml from gentamycin stock solution had been added with 

continuous stirring. The volume was completed by DDW to one liter and 

the pH of the medium adjusted to 7.4. Sterilization was done by 0.4 and 

0.2 μm Millipore filters subsequently. After the end of the procedure, 5 

ml of the medium was incubated at 37 ºC in a sterile flask for 4 days with 

daily examination for signs of bacterial and fungal contamination. It was 

considered sterile only in case of no signs of contamination during the 

four days of incubation. Then the medium was stored at 4ºC until use. 

3-6-2 Preparation of Serum-Medium: 

Serum-medium was prepared as described in (3-6-1) with the addition of 

10% FBS. 

3-6-3 Preparation of Skin Cancer  

Skin cancer A431 cell line in frozen vials were obtained from the 

American Type Culture Collection (ATCC).  
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3-7 Primary Culture Methods 

1- obtain the samples of cancer, and place pieces into tissue culture 

media RPMI-1640 in sterile plastic containers, Universal container, and 

other sterile containers. Maintain a cool temperature for the material (by 

placing it on ice), and move  as quickly to the tissue culture suite. Within 

the confines of a sterile environment, wash the tissue in a medium PBS 

balanced salt solution. 

2- Trypsinization was be utilized to segregate more adherent cell types 

from fast attaching/detaching cells.                                            

3- The cell lines were cultured according to the Gibco manual with 10% 

fetal bovine serum (FBS) and 1% penicillin/streptomycin antibiotics and 

incubated at 37 ˚C. 

4- The cultures were checked on a frequent basis in order to determine 

which cell types adhered and grew. 

5- When a monolayer of cells has formed, The medium was aspirated and 

thrown away. The cells were then carefully pipetted up and down to 

separate clusters of cells into individual cells. The cells were then 

cultivated with a culture plate. 
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Figure (3-2): Preparation the 96-well plates for MTT assay test. 

 

   3-8 Thawing of Skin Cell Line 

 
 The frozen cell line vial was removed from the liquid nitrogen container 

with caution and directly placed into a beaker containing pre-warmed 

(37°C) sterile DDW. The vial was removed from the water before the ice 

floccule dissolved completely, and then it was wiped with 70% ethanol. 

Without delay, the cell suspension content of the vial was pipetted under 

laminar flow into a 15-ml sterile plastic centrifuge tube containing 10 ml 

of pre-warmed serum-free medium. Centrifugation was done at 1000 rpm 

for 5 minutes, and the supernatant was aspirated and decanted. The cell 

pellet was re-suspended into 5 ml of warm (37 °C) serum medium. 

replaced the next day. A solution of a nanoparticles with distilled water , 

an appropriate amount of a specific substance in a specific volume of 

nanoparticles at a concentration (1000) µg of nano powder is dissolved in 

a volume of 1cm
3
) of solvent (water), according to the following 

relationship[170]:                                                                                          
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                                                    (3-1)        

 𝑤m = Nano powder weight 

 C: the concentration to be prepared in mol  

V: the volume of the solvent cm
3
 to be added to the substance.  

M.W: The molecular weight of the dye used is gm/mol. 

To dilute the prepared (400, 200, 100, 50, 25, 12.5) µg/ml from TiO2/Ag, 

(200, 100, 50, 25, 12.5, 6.25) µg/ml from SWCNT-OH, and (1000, 500, 

250, 125, 62.5, 31, 25)µg/ml from 5ALA photosensitizer, this is done 

using the following relationship, which is called the dilution relationship: 

                                 C1V1= C2V2                                                      (3-2)     

Where : 

C1: First concentration. 

C2: second concentration. 

V1: the necessary volume of the first concentration. 

V2: The volume needed to be added to the first concentration to obtain C2 

3-9 Material Preparation 

The material used in the study  

1- Photosensitizer Preparation   

   5-ALA photosensitizer the chemical formula (C5H9NO3.HCl) was 

purchased from ―SIGMA-ALDRICH‖ suitable for cell culture. molecular 

weight 167.59. it was dissolved in distilled water to obtained stock 

solution (2000 μg/ml) and was stored in dark. For each experiment a new 

aliquot was thawed immediately 3 hours prior to use. The working drug 
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solutions of varying concentrations were prepared by diluting the stock 

solution (31.35 – 1000 μg/ml) was prepared by dissolving a 50 mg of the 

5-ALA in 25 ml of distilled water to obtain the stock solution that was 

finally sterilized by 0.22 μm Millipore filter [171,172]. 

2- Single Walled Carbon Nanotube-OH  

  Nanoparticles was obtain from ―ottokemi‖ OH Functionalized Single 

Walled Carbon Nanotubes are made by CVD (Chemical vapor 

deposition)  and purified and functionalized using concentrated acid 

chemistry. Carbon Nanotubes (CNTs) have proven to offer a unique 

properties of stiffness and strength largely due to their high aspect ratio 

and all carbon structure. The thermal and electrical conductivity found in 

CNTs is much higher than that of other conductive or fibrous additive 

materials. Surfactants are used to stabilize dispersions in DI Water or 

other aqueous solvent mixtures. The carbon atoms in CNTs are arranged 

in a planar honeycomb lattice structure in which each atom is connected 

via a strong chemical bond to the three neighboring atoms. These strong 

bonds are the reason that the basal plane elastic modulus of graphite is 

one of the largest of any known material. Having such strong bonds at the 

atomic level as well as a high aspect ratio, Carbon Nanotubes are 

expected to be the ultimate high-strength fibers. Outer Diameter: 1-2nm, 

Inside Diameter: 0.8-1.6nm, Content of –OH 3.76 - 4.16 wt%  and 

Purity: >90 wt%. The solution was prepared by drag a 200 µl of the 

SWCNT (1000 µg/ml)  in 1800 µl of culture media to obtain 2000 µl at 

concentration 200 µg/ml. done using the dilution relationship. then drag 

by micropipette 200 µl and placed into the plate. 
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3- Nanoparticles of TiO2 Decorated Ag  

  Silver Titanium Oxide / Ag-TiO2 Nanoparticles 20wt% dispersion was 

obtain from ―SIGMA-ALDRICH‖  fully dispersed in Water (Doped with 

100 ppm 15 nm Ag light brown color). The solution was prepared by 

dissolving a 800 µl of the TiO2/Ag (1000 µg/ml)   in 1200 µl of culture 

media to obtain 2000 µl at concentration 400 µg/ml done us`ing the 

dilution relationship. After that drag by  micropipette 200 µl  and placed 

into the plate. Figure(3-5) shows the preparation of used material in this 

study. 

 

Figure (3-3) : The Prepared materials of (a) Culture medium+Tio2/Ag 

(b) Culture medium+ SWCN-OH (c) Culture medium+ 5-ALA. 

3-10 Light Devices and Protocols 

  Cells were seeded on sterile 96-well plates (well area: 0.2826 cm
2
) in 

200 μl of medium with cover during irradiation The emission tip was 

 

(c)     

(b) 

(a) 
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hold perpendicular above the culture media and the irradiation was 

carefully timed and carried out in a dark room. The emitted light 

completely covered the irradiated field of each culture plate, as assessed 

using an optical power meter. The control group was not exposed to 

laser. cells were kept at 37C. This work was done at the rowafid alelom 

center for cell culture techniques in Babylon. Three different light source 

protocols were employed which are: 

a. Light Emitting Diode (LED) 

  The blue-light lasers were obtained from the Dental clinic of Hilla. 

emitting at around 420-480 nm with output light wave intensity  1600-

1800 mw/cm  LED, irradiance 400 mW/cm
2
, An optical power meter was 

used to measure irradiance (Laboratory optics and laser in college of 

science department of Physics). 

 

Figure (3-4): Setup of Photodynamic Therapy (PDT) by blue LED in 

this work. 
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b. Xenon Lamp 

  The Xenon lamp  used in these experiments is based on commercially 

available LED, emitting at around 420-480 nm. 35 W optical emission 

power for Xenon (12 V). 

 

Figure (3-5): Setup of Photodynamic Therapy (PDT) by Xenon in this 

work. 

c. Blue Laser 

  Diode lasers, which emitted 473 nm was used as light sources. The 

exposure conditions used were as following: blue laser λ=473 nm, 

power= 100 mW, mode laser (CW), Threshold Current = 20 mA, Applied 

voltage = 220 v, Height of laser =10 cm. This work done in laser physics 

laboratory in College of Science for women, University of Babylon. 
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Figure (3-6): Setup of Photodynamic Therapy (PDT) by blue Laser in 

this work. 

3-11 Laser Irradiation 

  After 24 hours of cell seeding, the irradiation was carried out in the 96-

well plate. The laser's tip was 10 centimeters away from the plate's 

bottom, which corresponded to the size of a single well on a 96-well 

plate, and the cells were uniformly exposed to radiation .The exposure 

time in seconds  was multiplied by the laser power density (W/cm
2
) to 

determine the energy-density (fluence) (J/cm
2
) for all treatment groups. 

The exposed surface area used for the study was the same size as each 

culture well's surface area on a 96-well plate, which is (0.2826 cm
2
).                                                                                                                                       

Surface area (cm
2
) = π x r

2
.When the power is divided by the area on 

which is it distributed, then we got the power density (irradiance): 

The power-density (irradiance) (W/cm
2
) =Power/Area                 (3-3)    

     The energy-density (fluence) (J/cm
2
) = 

                     Time (s) x [Power (W)/ Area (cm
2
)] [13]                      (3-4) 
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3-12 Cytotoxicity Assays (MTT Assay) 

  Cell growth was determined by measuring absorbance of -3(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT; Sigma–

Aldrich) in living cells as described previously [170].                                                                               

  At the end of the exposure period, the medium was removed from the 

wells and then the cells were washed with PBS.  A blank control was 

carried to assess unspecific formazan conversion. The MTT solution (10 

µl: 5 mg/ml in PBS) was add to each of the 96 wall plates. The plates 

were further incubated for 3-4 hours at 37 ℃ until intracellular purple 

formazan crystals were visible under the inverted microscope. The 

supernatant was removed and 100 μl DMSO was added in each well to 

dissolve the resultant formazan crystals. The plate was incubated at room 

temperature for 30 minutes until the cells have lysed and purple crystals 

have dissolved. Absorbance was measured by a microplate reader at 570 

nm.  

The absorbance reading of the blank must be subtracted from all samples. 

Absorbance readings from test samples must then be divided by those of 

the control and multiplied by 100 to give percentage cell viability or 

proliferation. Absorbance values greater than the control indicate cell 

proliferation, while lower values suggest cell death or inhibition of 

proliferation. Percent of cell viability or percent of inhibition was 

calculated by the following formula [173]: 

The percentage of inhibition was calculated according to the following 

equation : 
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Inhibition % = (optical density of control wells – 

optical density of test wells) / optical density of control wells (X 100)                       (3-5) 

 

The percentage of viability was calculated according to the following 

equation:  

Viability % = 100- (optical density of control wells- optical density of test well) / 

optical density of control wells (X 100)                                                                                      

(3-6) 

 

 

 

Figure (3-7): The micro plate reader instrument. 

3-13 X‐ray Diffraction (XRD)  

X-ray diffraction (XRD) is a powerful technique for determining the 

crystal structure and lattice parameters. The basic principles of X-ray 

diffraction are found in textbooks e.g. by Fox [174].  A basic instrument 

for such study is the Bragg spectrometer [175]. The relationship 

describing the angle at which a beam of X-rays of a particular 

wavelength diffracts from a crystalline surface was discovered by 
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William H. Bragg and W. Lawrence Bragg and is known as Bragg‘s law 

[176]. 

                                  (   )                                                     (3-7) 

Where,  ( ) is wavelength of the X-ray, ( ) is Bragg diffraction angle of 

the XRD peak in degree (scattering angle), ( ) is integer representing 

the order of the diffraction peak, and ( (   )) is inter-plane distance of 

(i.e atoms or ions or molecules). The crystallite size of the deposits is 

estimated from the full width at half maximum (FWHM) of the most 

intense diffraction line by Debye Scherrer's formula as follows [177].  

                                    
      

     
                                                       (3-8) 

 Where,      is crystallite size, and    is (FWHM) in radians. The X- ray 

diffraction data can also be used to determine the dimension of the unit 

cell. The lattice constants (a) and (c) of the wurtzite structure for thin film 

can be calculated using following relations [178]. 

                                  
 

√ 
  (   )                                                      (3-9) 

                                 C = 2d(hkl)                                                        (3-10)    

The X-ray diffraction measures structures of crystalline compounds and 

surface chemistry. The XRD patterns were determined using a 

diffractometer equipped with a rotating target X-ray tube and a wide-

angle goniometer. The X-ray source were Kα radiated from a copper 

target with a graphite mono chromator. The X ray tube was operated at a 

potential of 30 kV and a current of 20 mA. The range (2 θ) of scans was 

performed from 10 to 80. The XRD pattern were analyzed for SWCNTs-

OH and TiO2/Ag. Samples were examined at the faculty of engineering, 

university of  Kufa, and the XRD system is shown in the Figure (3-8). 
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Figure (3-8) : Image of the XRD. 

3-14 Statistical Analysis 

  Sigma Plot version 13 and Microsoft Office Excel 2010 were used to 

collect and analyses all the data. The significance of differences between 

the data means was evaluated using the ANOVA test, where a p-value 

between 0.001 and 0.05 was deemed statistically significant. 
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4- Introduction 

  The skin cancer cell line A431 was transferred to 96-well culture plates 

containing 150 µL of medium per well and planted one day before 

treatment at a density of 5 ×10
4
 cells per well. PDT was irradiated with 

continuous-wave radiation (CW). In this study, three different sources of 

light at wavelengths (420-480). nanoparticles, and photosensitizers were 

used to treat skin cancer at period of times. and then performed assays 

and were validated by applying the percentage viability of cells equation 

(3-6) 

4-1 Effect of Laser Beam  Irradiation at 473 nm on the A431 

Cell Line 

Effect of a blue laser (λ= 473 nm, Optical Output Power = 100 mW) on 

the A431 cell line after incubation for 24 hours. The results showed that 

there was no significant stimulatory effect on the viability percent of the 

cells at the lower exposure time. In the viability percent at all exposure 

times (150, 160, 170, 180, 190, and 200 seconds) for 24 hours of 

incubation, no effect was clearly seen after incubation for 24 hours in 

comparison with the control group, as shown in Table (4-1) and Figure 

(4-1). 
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Table (4-1):Parameters of Photodynamic Therapy PDT  for blue laser 

on cell line. 

 

 

 

 

 

 

 

 

Time (Sec) optical density 

of test well 

Average optical 

density of 

control wells 

Viability of cells 

% 

Average 

Viability cells 

% 

150 0.272  
0.285 
0.273 

0.2865 94.938 
99.476 
95.287 

96.567 

160 0.27 
0.285 
0.28 

0.2865 94.240 
99.476 
97.731 

97.149 

170 0.24 
0.322 
0.282 

0.2865 83.769 
112.390 
98.429 

98.196 

180 0.258 
0.271 
0.28 

0.2865 90.052 
94.589 
97.731 

94.124 

190 0.254 
0.277 
0.243 

0.2865 88.656 
96.684 
84.816 

90.052 

200 0.249 
0.22 
0.23 

0.2865 86.910 
76.788 
80.279 

81.326 
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Blue laser (college) exposure time in second
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Figure (4-1): Effect of different irradiation times of the laser (473 

nm–100 mW) on the A431 cell line after incubation for 24 hours. 

4-2 Effect of Light Emitting Diode  on the A431 Cell Line 

  The LED result showed that there was a significant cytotoxic effect. The 

growth rate of the A431 cells decreased gradually at different irradiation 

times, and the effect of cell death got bigger with increased exposure time; 

the viability of cells was reduced to 45.526 at 240 seconds, as shown in 

Table 4-2.  
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Table (4-2): Parameters of Photodynamic Therapy PDT  for Blue 

LED on cancer cell. 

Time 

(sec) 

optical 

density 

of test 

well) 

Average 

optical 

density 

of 

control 

wells 

Viability 

of cells 

%  

Average 

Viability 

of cells 

% 

190 0.217 
0.181 
0.19 

0.38 57.105 
47.631 
50 

51.578 

200 0.184 
0.185 
0.192 

0.38 48.421 
48.684 
50.526 

49.210 

210 0.208 
0.193 
0.186 

0.38 54.736 
50.789 
48.947 

51.491 

220 0.218 
0.196 
0.168 

0.38 57.368 
51.578 
44.210 

51.052 

230 0.18 
0.204 
0.186 

0.38 47.368 
53.684 
48.947 

50 

240 0.17 
0.172 
0.177 

0.38 44.736 
45.263 
46.578 

45.526 

 

After exposing the cells for 190, 200, 210, 220, 230 and 240 seconds, it 

was observed that irradiation with 400 mW/cm
2
 killed nearly half of the 

cells (Figure 4-2); 
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Blue laser exposure time in second

Contro
l

190
200

210
220

230
240

V
ia

b
ili

ty
 o

f 
c

e
lls

 %

0

20

40

60

80

100

120 Treated

control 

 

Figure (4-2): Effect of different irradiation times of LED blue light 

(420-480 nm) on A431 cell line after incubation for 24 hours. 

Table 4-2 shows that cell viability decreased from 51.57% at 190 seconds 

to 45.526% at 240 seconds. The LED blue light with a wavelength range 

of 420–480 nm and a power density of 400 mW/cm
2
 caused a 

considerable amount of PDT cytotoxicity on the cells, and the effect of 

death cells became more pronounced with longer exposure times. After 

being exposed to blue light for 240 seconds, approximately half of the 

cells in the sample died as a result. Therefore, blue light at 420–480 nm 

was used to treat SCC cells in order to study cell reactions to PBM at 

various irradiances and doses. This reduction was dependent on dosage 

and wavelength. The viability of cells is obviously different when 

compared to a blue laser at 200 seconds because of the low radiation 

dose. When compared to the previously reported study [179-182]. 

The morphology of the treated cells was examined using a CKX41 

inverted light microscope (Molecular Devices in the United 
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States),connected to a camera with get IT software . After 24 hours of 

treatment, the morphology of each plate, including both live and dead 

cells, was photographed. As shown in Figure (4-3). 

 

Figure (4-3): Observations of A431 cell morphological changes after 

exposure by blue LED, the cells were observed by optic microscope 

directly. 

4-3-1 Effect of TiO2/Ag Nanoparticles on the A431 Cell Line 

   The MTT test was used to see if human skin cancer cells would still live 

after being exposed to TiO2/Ag nanoparticle concentrations that were 

doubled over , ranging from 12.5, 25, 50, 100, 200 and 400 µg/ml. The blue 

light results showed a big decrease in cell viability (p≤0.001) after 24 hours 

of incubation; the nanoparticle results showed a big decrease in cell 

viability (p≤0.001) for all concentrations. It was observed that the viability 

of cells was very low, and this indicates the destruction of cancer cells due 

to the small size of the nanomaterial that can penetrate into the cell and 

spread into the cytoplasm of the cell. The best concentration was 400 

µg/ml, which resulted in the greatest number of cancer cells destroyed. 
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Nanoparticles' considerable suppression of cell viability was clearly 

detected in a dose-dependent manner. The cytotoxicity of TiO2/Ag NPs 

against cancer cells was dependent on size, as shown in Tables 4–3.           

Table (4-3) : Parameters of concentration TiO2 decorated Ag on A431 

cell line. 

Concentration 

µg/ml 

Optical density of 

test well) 

Average 

optical density 

of control 

wells 

Viability of 

cells %  

Average 

Viability 

cells %  

12.5 0.541 
0.545 
0.553 

0.587 92.137 
92.818 
94.181 

93.0457 

25 0.513 
0.556  
0.608 

0.587 87.368 
94.692 
103.548 

95.20295 

50 0.54  
0.579  
0.517 

0.587 91.967 
98.609 
88.049 

92.87539 

100 0.56  
0.548  
0.546 

0.587 95.373 
93.329 
92.988 

93.89725 

200 0.385  
0.398  
0.352 

0.587 65.569 
67.783 
59.948 

64.43372 

400 0.201  
0.319  
0.328 

0.587 34.232 
54.328 
55.861 

48.14079 

 

Figure (4–4) show the cell viability of TiO2/Ag NPs with a minimal serial 

doubling increase. The cell survival rate diminishes as the concentration 

of nanoparticles rises. The viability of cells nearly dropped marginally as 

the concentration of TiO2/Ag nanoparticles was raised. 
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Effect of TiO2 decorated Ag Nanoparticals on skin cell line 
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Figure (4-4): Effect of different concentrations of TiO2/Ag on the 

A431 cell line after incubation for 24 hours. 

4-3-2 Effect of TiO2/Ag Nanoparticles in Combination with 

Blue Light Emitting Diode (400 mW/cm
2
) on the A431 Cell 

Line 

The cytotoxicity of TiO2/Ag NPs against cancer cells was size-dependent. 

There was a big decrease in cell viability with the best concentration when 

exposed to irradiation for 220 s, 230 s, and 240 s after 24 hours of 

incubation compared to the control group, As shown in table 4-4 
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TiO2/Ag nanoparticle concentration (µg/ml) 
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Table (4-4): Parameters of Tio2/Ag in combination with blue LED on 

A431 cell line. 

 

 PDT treatment of the A431 cells noted major cell death of almost 19.13% 

of the viability of cells when combined irradiation with 400 µg/ml of 

TiO2/Ag, which has been considered the optimal concentration in current 

work. In the results of photodynamic treatment of a human skin cancer 

cell line with the optimum parameter, there was obvious cytotoxicity in 

A431 cells at a concentration of 400 µg/ml (P > 0.05) (Figures 4–5). The 

viability of cells decreased by approximately 19.13% with increasing 

exposure time by applying equations (3-6) to skin cancer without and with 

nanoparticles with photodynamic therapy, which indicated the Ag-TiO2 

NPs exhibited good biocompatibility. There was a decrease in the number 

of surviving cancer cells due to the presence of TiO2 and Ag 

nanoparticles. The number of surviving malignant cells was decreasing 

with increased exposure time. As shown in Figure (4-5), the evidence at 

hand points to multiple processes that may be involved in cell death as the 

mechanism underlying the anticancer characteristics.                                   

Time (Sec)  optical density of test 

well) 

Average optical 

density of 

control wells 

Viability 

of cells % 

Average 

Viability 

of cells % 

220 0.348  

0.256  

0.174 

1.062 32.742 

24.086 

16.371 

24.400 

230 0.209  

0.164 

0.19 

1.062 19.664 

15.430 

17.876 

17.657 

240 0.198  

0.218  

0.194 

1.062 18.629 

20.511 

18.253 

19.131 
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Effect of TiO2 decorated Ag Nanoparticals (400ug/ml) after exposed to different

 exposure time  on skin cell line 
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Figure (4-5) Effect of TiO2/Ag (400 µg/ml) in combination with blue 

LED on the A431 cell line after incubation for 24 hours. 

  According to a theory put forth by De Matteis et al. [183], silver 

nanoparticles are taken up by cells by endocytosis. The released cytosolic 

silver ions may then produce large amounts of intracellular ROS, which 

may eventually lead to DNA damage and mitochondria-related apoptosis 

[183]. According to the Gurunathan et al. report, the MDA-MB-231 breast 

cancer cell line was susceptible to the cytotoxicity of silver nanoparticles 

by a conventional p53-dependent apoptotic mechanism [184]. Autophagy, 

however, has also recently been put forward as a potential mechanism. 

According to Lin et al.'s research, administering an autophagy inhibitor to 

patients increases the anticancer effect of nanoparticles [185]. It is well 

known that the plasma and mitochondrial membranes may be harmed by 

oxidative stress brought on by a high quantity of ROS [183]. This ROS 

production, specifically for silver NPs, has repeatedly been noted as a key 

mechanism underlying their cytotoxic activity [183, 186].                            
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The morphology of the treated cells was examined using a CKX41 

inverted light microscope (Molecular Devices in the United States), 

connected to a camera with get IT software . After 24 hours of treatment, 

the morphology of each plate, including both live and dead cells, was 

photographed. As shown in Figure (4-6). 

 

Figure (4-6) Observations of A431 cell morphological changes after 

exposure blue LED with TiO2/Ag nanoparticles (400 µg/ml), the cells 

were observed by optic microscope directly. 

4-4-1 Effect of SWCNT-OH Nanoparticles on the A431 Cell 

Line 

Table (4–5) displays the findings of the viability of the cell assay. The 

results showed that the non-treated 0 µg/ml demonstrated a decrease in 

the percentage of viability of cell behavior for SWCNTS-OH at 

concentrations of 200 µg/ml (48.140%). 
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Table(4-5): parameter of concentration SWCNT-OH on A431 cell 

line. 

Concentratio

n 

µg/ml 

optical 

density of 

test well) 

Average 

optical 

density of 

control wells 

Viability of 

cells %  

Average 

Viability 

cells %  

6.2 
 
 

0.477 
0.498  
0.454 

0.587 81.237 
84.814 
77.320 

93.0457 

12.5 0.462  
0.538  
0.493 

0.587 78.682 
91.626 
83.962 

95.20295 

25 0.5  
0.492  
0.384 

0.587 85.154 
83.792 
65.398 

92.87539 

50 0.451  
0.478  
0.511 

0.587 76.809 
81.407  
87.028 

93.89725 

100 0.409  
0.427  
0.481 

0.587 69.656 
72.722 
81.918 

64.43372 

200 0.404  
0.289  
0.362 

0.587 68.804 
49.219 
61.652 

48.14079 

 

  The cytotoxicity behavior of SWCNTs-OH was analyzed using MTT 

assay kit. The A431 cell line were prepared with  SWCNTs-OH, After the 

successful PDT treatment, the measured absorbance value of untreated 

cells was kept as a control. The assay results are shown in the Figure (4-

7).                                                
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Effect of SWCNs-OH functionalized on skin cell line 
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Figure (4-7): Effect of different concentrations of SWCNT-OH on 

A431  cell line after incubation for 24 hours. 

4-4-2 Effect of SWCNT-OH Nanoparticles in Combination 

with Blue Light Emitting Diode (400 mW/cm
2
) on the A431 

Cell Line 

  Figure (4-8) , The viability of cells decreased with increasing time of 

exposure. The percentage viability of the cells treated with SWCNTs-OH 

at 220 seconds exhibited a viability of 30.421%, whereas the percentage 

viability of the cells at 230 and 240 seconds was 29.857% and 24.870%, 

respectively, as shown in Table 4-6. The exposure of blue LEDs at 400 

mW/cm
2
 on the plate significantly reduced the percentage of cell viability 

under 240-second irradiation in combination with SWCNTs-OH compared 

to cells alone.                                                                                                   

The irradiated samples showed prominent apoptotic effects on the A431 

cell line compared to the control. It indicates the number of viable cell 

counts was gradually decreased in both with and without photodynamic 

therapy. The assay results are shown in Figure (4-8). 
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Table(4-6): parameter of SWCNT-OH in combination with blue LED 

on A431 cell line. 

Time 

(sec) 

optical 

density 

of test 

well) 

Average 

optical 

density 

of 

control 

wells 

Viability 

of cells 

% 

Average 

Viability 

of cells 

% 

220 0.297
  
0.368
  
0.305 

1.062 27.944 
34.624 
28.696 

30.421 

230 0.355
  
0.307
  
0.29 

1.062 33.401 
28.885 
27.285 

29.857 

240 0.339
  
0.165
  
0.289 

1.062 31.895 
15.524 
27.191 

24.870 

Effect of SWCNs-OH (200ug/ml) on skin cell line After exposed to different 

exposure time 

Contro
l

220 S
230 S

240 S

V
ia

b
il
it

y
 o

f 
c

e
ll
s

 %

0

20

40

60

80

100

120 Treated

control 

 

Figure (4-8): Effect of SWCNT-OH  in combination with blue LED on 

the A431 cell line after incubation for 24 hours. 
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The results of the biological evaluations of the exposure in the initial test 

by optic microscope on culture cell line before the MTT assay when 

conducted on human skin cancer (A431) are depicted in figure 4-9,The 

inverted light microscope was used to capture the morphological 

observation of treated and untreated cells for a period of twenty-four 

hours. The qualitative and preliminary confirmation of cellular viability 

and cell death were examined from the cellular morphology utilizing 

acquired microscopic pictures. This was done in order to get a better 

understanding of both concepts. the SWCNTs-OH,  nanoparticles treated 

cells morphology revealed that severe morphological changes and 

pronounced increased cell death was found after 24 hours, and the 

photographs of this phenomenon are displayed in the Figure (4-9). 

 

Figure (4-9) Observations of A431 cell morphological changes after 

exposure blue LED with SWCNT-OH (200 µg/ml), the cells were 

observed by optic microscope directly. 
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 4-5-1 Effect Photosensitizer 5-ALA on the A431 Cell Line 

  The A431 cell line was utilized in the present research in order to 

investigate the practicability of using 5-aminolevulinic acid hydrochloride 

(ALA-PDT) in the treatment of skin cancer. The results showed that there 

was no significant stimulatory effect (p > 0.001) on the viability percent 

of the cells, but 250 µg/ml was the most effective concentration (Table 4-

7). In comparison to the control group. 

Table (4-7): parameters of concentration photosensitizer 5-ALA on 

the A431 cell line. 

Concentration 

µg/ml 
optical density of 
test well) 

Average optical 
density of 
control wells 

Viability of cells 
%  

Average 

Viability 

cells %  

31.25 0.886 
0.918 
0.842 

0.845 104.769 
108.553 
99.566 

104.296 

62.5 0.797 
0.78 
0.72 

0.845 94.245 
92.234 
85.139 

90.540 

125 0.952 
0.792 
0.738 

0.845 112.573 
93.653 
87.268 

97.832 

250 0.813 
0.697 
0.799 

0.845 96.137 
82.420 
94.481 
 
 

91.013 

500 0.922 
0.798 
0.696 

0.845 109.026 
94.363 
82.301 

95.230 

1000 0.675 
0.691 
0.804 

0.845 79.818 
81.710 
95.072 

85.534 
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  Photosensitizer 5-ALA was given at a dose of 250 µg/ml, but as can be 

seen in Figure (4–10), even this amount had no discernible effects on the 

viability of A431 cells. Yet after 250 µg/mL 5-ALA administration, a 

substantial decline in cell viability was seen when the cells were exposed 

to light depending on the beam's intensity . 

When compared to the previously reported study [187], many of these 

researchers found that 5-ALA (PpIX) has positive effects.    
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Figure (4-10): Effect of concentration photosensitizer 5-ALA on the 

A431 cell line after incubation for 24 hours. 

4-5-2 Effect Photosensitizer 5-ALA in Combination with 

Blue LED on the A431 Cell Line   

 It is apparent in Table 4-8 that PDT-treated A431 cells with photosensitizer 

exhibit significant cell death, close to 73% in Table 4-8, after 240 seconds of 

radiation exposure at a photosensitizer 5-ALA concentration of 250 µg/ml, 

which was considered the ideal concentration in the current study. The 
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optimum parameter for the photodynamic treatment of the human skin 

cancer cell line (A431) was 400 mW/cm
2
 with an output power of a PDT 

blue LED.                                                                                                    

Table (4-8): Parameters of photosensitizer 5-ALA  in combination 

with blue LED on A431 cell line. 

Time (sec) optical density 
of test well) 

Average optical 
density of 
control wells 

Viability of cells 
% 

Average 
Viability of 
cells % 

220 0.658  
0.913  
0.729 

1.062 61.909 
85.902 
68.590 

72.134 

230 0.697 
0.882  
0.786 

1.062 65.579 
82.985 
73.953 

74.172 

240 0.867  
0.802  
0.685 

1.062 81.574 
75.458 
64.450 

73.827 
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  Figure (4–11) showed the effect of photosensitizer 5-ALA in 

combination with blue LED on the A431 cell line after incubation for 24 

hours. Cell viability was reduced by 73% when compared to the control 

group. This agreement with the literature survey [187] Several researchers 

investigated whether 5-ALA (PpIX) has good therapeutic outcomes due to 

its high absorption, both in vitro and in vivo [188,189].  

Effect of photosensitizer (250ug/ml) on skin cell line After exposed to different 

exposure time 
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Figure (4-11): Effect of photosensitizer 5ALA  in combination with 

blue LED on the A431 cell line after incubation for 24 hours. 

The findings imply that 5-ALA is a secure photosensitizer that can be 

used to create a useful PDT treatment for skin cancer. in contrast to the 

study that had been presented prior to this one [187]. During the phase of 

the experiment by M. Atif et al. [187], 5-ALA-exposed RD cells were 

subjected to a total light exposure of 80 J/cm
2
 from a red light produced 

by a diode laser at 635 nm. The effects of various 5-ALA incubation 

durations and concentrations, variable radiation doses, and diverse 

combinations of photosensitizer and light doses were investigated for their 

potential to have an impact on the viability of RD cells. When analyzed on 
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their own, the concentration of the sensitizer and the amount of light that 

was administered were shown to have no discernible effect on the survival 

of the cells. The maximum amount of cellular absorption was achieved 

after an in vitro incubation time of 47 hours. In the phototoxic experiment, 

it was discovered that a medicine concentration of 250 µg/ml and a light 

exposure of 80 J/cm
2
 caused ALA-PDT to kill 76% of the cells. Optimal 

dosing of photodynamic therapy (PDT) following photosensitization with 

5-ALA was investigated by Zeiyad Alkarakooly et al. [188], and the 

researchers also found that 5-ALA did not cause any significant changes 

in the cell viability of MCF-7 cells, even at the maximum dose that was 

used in the study, which was 2.0 mM. Cell viability was significantly 

reduced, however, after the cells were treated with 2.0 mM 5-ALA and 

then irradiated with laser light. This resulted in the cells being 

significantly less viable. These alterations were determined by the 

intensity of the laser beam that was used.                                                    

 The morphology of the treated cells was examined using a CKX41 

inverted light microscope (Molecular Devices in the United States), 

connected to a camera with get IT software . After 24 hours of treatment, 

the morphology of each plate, including both live and dead cells, was 

photographed. As shown in Figure (4-12).                                                  
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Figure (4-12): Observations of A431 cell morphological changes after 

exposure in a blue LED with 5-ALA(250 µg/ml), the cells were observed 

by optic microscope direct. 

4-6 Effect of Xenon Lamp on the A431 Cell Line 

The skin cells were subjected to irradiation at wavelengths ranging 420-

480 nm. power of 40 W at 15,30 and 45 min. When we exposed the cells 

to direct light for different periods of time, through the measurements, we 

found the response of the cells to the power density of the source used, 

and therefore the change was made depending on the cell's response, and 

the best response was also searched for. the Xenon lamp had an effect of 

82% in time 45 minutes, as shown in Table -4) 9) and Figure (4-13). In 

times 15 and 30 minutes, It was observed that there was enhancement in 

Control (0 sec) Time of exposure (220 sec) 

Time of exposure (230 sec) Time of exposure (240 sec) 
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cells rather than death, which is due to the high direction and non-

monochromatic nature of the lamp. 

Table (4-9) : Parameters of Photodynamic Therapy PDT  for Xenon 

lamp on cancer cell. 

Time  optical density 

of test well) 

Average 

optical density 

of control wells 

Viability of 

cells % 

Average 

Viability of 

cells % 

15 min 0.794 
0.791 
0.803 

0.579 137.132 
136.614 
138.687 

137.478 

30 min  0.72 
0.68 
0.709 

0.579 124.352 
117.443 
122.452 

121.416 

45 min 0.47 
0.496 
0.47 

0.579 81.174 
85.664 
81.174 

82.671 
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Figure (4-13): Effect of different irradiation times of Xenon 

lamp(420-480 nm) on A431 cell line after incubation for 24 hours. 

The morphology of the treated cells was examined using a CKX41 

inverted light microscope (Molecular Devices in the United States), 

connected to a camera with get IT software . After 24 hours of treatment, 
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the morphology of each plate, including both live and dead cells, was 

photographed. As shown in Figure (4-14). 

 

 

Figure (4-14): Observations of A431 cell morphological changes after 

exposure by Xenon lamp, the cells were observed by optic microscope 

direct. 

4-7 Effect of TiO2/Ag Nanoparticles (400 µg/ml) in Combin- 

ation with Xenon Lamp (40 W) on the A431 Cell Line 

  Figure 4-15 shows that the combination results showed that there was a 

significant decrease in cell viability percent (p≤0.001) at exposure times 

(15, 30, and 45 min) for 24 hours of incubation and that PDT by Xenon 

lamp-treated A431 cells showed major cell death, almost 42.79% in 

comparison to the control group, as shown in Table 10-4 , at 400 μg/ml of 

TiO2/Ag, which has been considered the optimal concentration in this 

study. 
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Table (4-10): Parameters of TiO2/Ag in combination with Xenon lamp 

on A431 cell line. 

Time  optical density 

of test well) 

Average 

optical density 

of control 

wells 

Viability of 

cells % 

Average 

Viability of 

cells % 

15 min 0.221 
0.258 
0.226 

0.562 39.300 
45.880 
40.189 

41.790 

30 min  0.257 
0.206 
0.202 

0.562 45.702 
36.633 
35.921 

39.419 

45 min 0.234 
0.218 
0.27 

0.562 41.612 
38.767 
48.014 

42.797 

Effect of TiO2 decorated Ag Nanoparticals (400ug/ml) after exposed to different

 exposure time  on skin cell line 
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Figure (4-15): Effect of Tio2/Ag in combination with Xenon lamp on 

A431 cell line after incubation for 24 hours. 

   

Skin cancer with a lower survival rate than cells cultured in control 

medium (0 µg/ml). At optimal concentrations of NPs 400 µg/ml in Figure 

(4-16) there were obvious changes in cell survival, and as the exposure 
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time increased, there was a modest change in cell survival, but as the time 

reached 45 min, cell survival dropped dramatically. Cells grown for 24 

hours in media containing NPs exhibit a modest decrease in viability. 

There is a consistent change in cell viability with irradiation and NPs, and 

this change is distinct from that of cancer cells only. When the 

concentration of TiO2/Ag NPs on cancer cells grows, there will be cell 

shrinkage and death; the highest mortality was found when the cell could 

still display roughly 42% of viability at a concentration of (400 µg/ml) 

after exposure of time 45 min by xenon lamp.                                               

This is due to the fact that TiO2/Ag NPs are so minute that they are able to 

infiltrate cancer cells and bring about the death and shrinkage of those 

cells. 

 

Figure (4-16): Observations of A431 cell morphological changes after 

exposure xenon lamp with TiO2/Ag nanoparticles (400 µg/ml), the 

cells were observed by optic microscope directly. 
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4-8 Effect of SWCNT-OH Nanoparticles in Combination 

with Xenon Lamp (40 W) on the A431 Cell Line 

   Table (4–11) shows that the percentage viability of the cell with 

SWCNTs-OH treated cells was 82.691% after 15 minutes of xenon lamp 

exposure and decreased to 80.260% and 74.985 after 30 and 45 minutes, 

respectively.  Table (4–11) shows that the percentage viability of the cell 

with SWCNTs-OH-treated cells was 82.691% after 15 minutes of xenon 

lamp exposure and decreased to 80.260% and 74.985 after 30 and 45 

minutes, respectively. It was discovered that nanoparticles significantly 

suppressed the viability of cells when compared to control groups. 

 

Table (4-11): parameters of SWCNT-OH  in combination with xenon 

lamp on A431 cell line. 

Time  optical density 

of test well) 

Average 

optical density 

of control wells 

Viability of 

cells % 

Average 

Viability of 

cells % 

15 min 0.462 
0.481 
0.452 

0.562 82.157 
85.536 
80.379 

82.691 

30 min  0.458 
0.408 
0.488 

0.562 81.446 
72.554 
86.781 

80.260 

45 min 0.396 
0.443 
0.426 

0.562 70.420 
78.778 
75.755 

74.985 
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Figure (4-17) shows that the combination results showed that there was a 

significant decrease in cell viability percent (p≤0.001) at exposure times 

(15, 30, and 45 min) for 24 hours of incubation and that PDT by Xenon 

lamp-treated A431 cells showed cell death. 

Effect of SWCNs-OH (200ug/ml) on skin cell line After exposed to different 

exposure time 

Contro
l 15 30 45

V
ia

b
ili

ty
 o

f c
el

ls
 %

0

20

40

60

80

100

120 Treated

control 

 

Figure(4-17): Effect of SWCNT-OH  in combination with xenon on 

A431 cell line after incubation for 24 hours. 

 

  Figure (4-18) shows that morphology at optimal concentrations of NPs 

(200 µg/ml) there were obvious changes in cell survival, and as the 

exposure time increased, there was a modest change in cell survival, but 

as the time reached 45 min, cell survival dropped dramatically. Cells 

grown for 24 hours in media containing NPs exhibit a modest decrease in 

viability. There is  aggregate and consistent change in cell viability with 

irradiation and NPs, and this change is distinct from that of cancer cells 

only (control).                                                                                                 
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Figure (4-18): Observations of A431 cell morphological changes after 

exposure Xenon lamp with SWCNT-OH (200 µg/ml), the cells were 

observed by optic microscope directly. 

4-9 Effect of Photosensitizer 5-ALA in Combination with 

Xenon Lamp (40 W) on the A431 Cell Line 

In the results of photodynamic treatment of a human skin cancer cell line 

with the optimum parameter of 250 µg/ml, there was cytotoxicity in A431 

cells at the concentration of 250 µg/ml (P > 0.05) Table (4-12); the 

viability of cell rate was all approximately 83% with increasing time of 

exposure.  
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Table (4-12): Parameters of photosensitizer 5-ALA  in combination 

with Xenon lamp on A431 cell line. 

Time  optical 

density 

of test 

well) 

Average optical 

density of 

control wells 

Viability 

of cells 

% 

Average 

Viability 

of cells 

% 

15 

min 

0.697 

0.721 

0.834 

0.829 84.077 

86.972 

100.603 

90.550 

30 

min 

0.788 

0.63 

0.712 

0.829 95.054 

75.995 

85.886 

85.645 

45 

min 

0.764 

0.619 

0.688 

0.829 92.159 

74.668 

82.991 

83.273 

The number of surviving malignant cells is decreasing with increased 

exposure time. as shown in figure (4-19). 
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Figure (4-19): Effect of photosensitizer 5-ALA  in combination with 

xenon on A431 cell line after incubation for 24 hours. 
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Figure (4-20): Observations of A431 cell morphological changes after 

exposure in a Xenon lamp with 5-ALA (250 µg/ml) were observed by 

optic microscope direct. 

 

 

 

The morphology of the treated cells was examined using a CKX41 inverted 

light microscope (Molecular Devices in the United States), connected to a 

camera with IT software. After PDT for 24 hours, the morphology of each 

plate, including both live and dead cells, was photographed. The results of 

the biological evaluations of the exposure in the initial test by optic 

microscope on a culture cell line before the MTT assay when conducted on 

human skin cancer (A431) are depicted in figure 4–20 and cells revealed 

alterations in their morphology after adding 5-ALA.                                      

                                                                            

 

Control (0 sec) Time of exposure (15 min) 
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  4-10 XRD Analysis of TiO2/Ag Nanoparticle Characterization 

 
 Under specific conditions, the X-ray diffraction (XRD) technique was 

used to determine the type of crystal structure, the major crystalline 

stages, and the orientation of the films that were generated as well as to 

identify some structural elements including the crystal size. Figure(4-21) 

shows the XRD pattern of the TiO2/Ag produced films. XRD pattern 

showed peaks at 2θ = 25.4°  corresponding to planes (101) this 

agreement with [189]. Furthermore, weak peaks corresponding to metal 

silver can be found at "2 θ = 44.3◦ (2 0 0), 64.4◦ (2 2 0) and 77.4◦ (3 3 

0)". It showed that Ag had attached itself to the TiO2 supports 

successfully. Unluckily, this is because there are few metals present and 

the TiO2 supports have high diffraction peaks .The strength of the 

primary signal in PEG following Ag photo reduction on the surface of 

TiO2 declines, showing that the anchoring procedure did not alter TiO2 

distinctive crystal surface structure [189]. The samples had rather tiny 

crystallite sizes for TiO2/Ag, ranging from 5 to 25 nm. 

 

  

 

Figure (4-21): The XRD analysis of sample of TiO2/Ag nanoparticle. 
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4-11 XRD Analysis of Single Walled Carbon Nanotube-OH  

Characterization 

  X-ray diffraction examinations were utilized in order to conduct analysis 

on the crystallinity as well as the structural properties of the Nano sized 

particles. The XRD data that were obtained were evaluated using the 

numbers provided by the Joint Committee on Power Diffraction Standards 

(JCPDS). In order to conduct an XRD study, TiO2/Ag and SWCNTs were 

both placed on a wafer made of crystal glass. According to JCPDS # 

751621 reflecting graphite, the XRD patterns of the SWCNTs are shown 

in Figure 4-21. These patterns indicate that the characteristic peak at 24.2° 

and 25.6° was generated by reflections from hexagonal carbon atom 

layers and nanotube stacking layers that correspond to (002) planes. In 

single-walled carbon nanotubes (SWCNTs), the existence of SP2-bonded 

carbon groupings is indicated by the plane 002 [190]. 

 

Figure (4-22): The XRD analysis of sample of SWCNTS-OH. 
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There was a slight shift at 25.8 degrees for the nanobiocomposite that was 

synthesised, and the strength of the peak was less distinctive when viewed 

in the plane. 

4-12 Conclusion 

  From the overall results and measurements, it can be concluded that: 

1- It was observed that by using a LED with a wavelength of 420–480 nm, 

a large number of cancer cells have been killed  using the wavelength 

(420–480 nm) a specific cell (Squamous cell carcinoma). 

2- The results of the PDT treatment method with high radiation doses at 

various exposure times show that the intensity of 400 mW/cm
2
 of 

irradiation has killed 50% of the cancer cells at 240 seconds. 

3- By observing the effect of skin cancer cells after adding several 

concentrations of the nanomaterial (12.5, 25, 50, 100, 200, 400 )μg/ml of 

TiO2/Ag and (6.23, 12.5, 25, 50, 100, 200) μg/ml of SWCNT-OH, it was 

observed that the higher the concentration, the less viable the cell. 

4- X-ray diffraction examinations were utilized in order to conduct 

analysis on the crystallinity as well as the structural properties of the 

nanosized particles. shows the XRD pattern of the TiO2/Ag-produced 

films. The XRD pattern showed peaks at 2θ = 25.4° corresponding to 

planes (101) and the characteristic peaks at 24.2° and 25.6° were 

generated by reflections from hexagonal carbon atom layers and nanotube 

stacking layers (SWCNT-OH) that correspond to planes (002). The 

samples had rather tiny crystallite sizes for NPs, ranging from 5 to 25 nm. 

5- The results of the biological evaluations of the exposure in the initial 

test by optic microscope on culture cell line before the MTT assay when 

conducted on human skin cancer (A431) .The inverted light microscope 

was used to capture the morphological observation of treated and 
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untreated cells for a period of twenty-four hours. The qualitative and 

preliminary confirmation of cellular viability and cell death were 

examined from the cellular morphology utilising acquired microscopic 

pictures. the  nanoparticles treated cells morphology revealed that severe 

morphological changes and pronounced increased cell death was found 

after 24 hours. 

6- It was found that PDT-treated A431 cells showed  that the highest 

percentage of inhibition close to 73% after 240 seconds of radiation 

exposure with a photosensitizer 5-ALA concentration of 250 µg/ml, 

which was considered the ideal concentration in this study. Our findings 

imply that 5-ALA is a secure photosensitizer that can be used to create a 

useful PDT treatment for skin cancer. In light of these findings. 

7- The results of adding TiO2/Ag NP have demonstrated that the size, 

shape, and concentration of the nanoparticles, as well as the type and 

energy of the irradiation, play an important role in the treatment 

enhancement. The best results were obtained with a 240-second exposure 

time in light with a TiO2/Ag concentration of 400 µg/ml. The combination 

of the nanoparticle with light had a synergistic effect by reducing the cell 

numbers more than that noticed during 

using the nanoparticle or photodynamic therapy separately. 

4-13 Future Recommendations 

1- Involve different lasers sources with different wavelengths. 

2- Try using other cancer cells such as melanoma cancer cells and colon 

cancer.                                                                                                        

3- Apply the photodynamic therapy PDT to the squamous cell carcinoma 

human cancer cells.  
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 الخلاصت

يٛكشٔنزش يٍ  200ثئشًا فٙ  96فٙ ْزا انؼًم، رى صسع انخلاٚب ػهٗ نٕؽبد يؼمًخ يكَٕخ يٍ 

نؾٛخ انٕعػ يغ غطبء أصُبء انزشؼٛغ. صساػخ انخلاٚب ْٙ ػًهٛخ إصانخ انخلاٚب يٍ الأَغغخ ا

ٔصساػزٓب فٙ ثٛئخ يؼًهٛخ ؽزٗ رصجؼ عبْضح نلاخزجبس ثبعزخذاو انؼلاط انذُٚبيٛكٙ انعٕئٙ 

( انًضسٔػخ فٙ ٔعػ A431ٔانغغًٛبد انُبَٕٚخ. رى رشؼٛغ صفبئؼ خلاٚب انغهذ )خػ انخهٛخ 

( ثبنعٕء الأصسق ثٕاعطخ انصًبو FBS٪ يٍ يصم الأثمبس انغُُٛٙ )10اعزضساع يكًم ثـ 

يزش ٔرى يؼبنغزٓب َبَٕ 480 - 420ػش نهعٕء ٔانهٛضس ٔيصجبػ صٌُٕٚ ثأغٕال يٕعٛخ انضُبئٙ انجب

 )( ٔأَبثٛت انكشثٌٕ انُبَٕٚخ أؽبدٚخ انغذاسTiO2/Ag) ضُبئٙ أكغٛذ انزٛزبَٕٛو انًطؼًخ ثبنفعّث

(SWCNT-OH ( 25، 50، 100، 200، 400ثؼذ إظبفخ ػذح رشاكٛض يٍ انًبدح انُبَٕٚخ 

( يٛكشٔغشاو/يم، ػهٗ انزٕانٙ. 6.25ٔ 12.5، 25، 50، 100، 200ٔ) ( يٛكشٔغشاو/يم12.5ٔ

رى اعزخذاو فؾٕصبد ؽٕٛد الأشؼخ انغُٛٛخ لإعشاء رؾهٛم ػهٗ انجهٕسح ٔكزنك انخصبئص انٓٛكهٛخ 

ب ػُذ  XRD. أظٓش ًَػ TiO2 / Agنلأفلاو انًُزغخ ثـ  XRDنهغضٚئبد انُبَٕٚخ. ٚظُٓش ًَػ  ًً لً

2θ = 25.4 دسعخ  24.2( ٔرى إَشبء انمًى انًًٛضح ػُذ 101انًغزٕٚبد ) دسعخ رزٕافك يغ

دسعخ ثٕاعطخ اَؼكبعبد يٍ غجمبد رسح انكشثٌٕ انغذاعٛخ ٔغجمبد ركذٚظ الأَبثٛت  25.6ٔ

(. كبَذ انؼُٛبد راد أؽغبو ثهٕسٚخ 002( انزٙ رزٕافك يغ انًغزٕٚبد )SWCNT-OHانُبَٕٚخ )

َبَٕيزش. رى أخز عشػبد الإشؼبع  25إنٗ  5، رزشأػ يٍ NPsصغٛشح إنٗ ؽذ يب ثبنُغجخ نهـ 

( LEDانًخزهفخ ٔٔلذ انزؼشض فٙ الاػزجبس. ؽمك انصًبو انضُبئٙ انجبػش نهعٕء الأصسق )

َزبئظ فؼبنخ. أدٖ رؼشض خلاٚب  2ٔاد/عىهٙ ي 400َبَٕيزش ٔإشؼبع  480-420ثأغٕال يٕعٛخ 

عشٚغ ٔكجٛش فٙ لبثهٛزٓب نهؾٛبح، ٚهّٛ يٕد انضسلبء إنٗ اَخفبض  LEDعشغبٌ انغهذ إنٗ يصبثٛؼ 

. ٚؤد٘ ػلاط LEDيب ٚمشة يٍ َصف انخلاٚب. انؼلاط الأؽذس ٔالأكضش أيبَبً ْٕ انؼلاط ثزمُٛخ 

إنٗ صٚبدح فٙ يٕد انخلاٚب. لذ ٚفزؼ انزؼشض نهعٕء الأصسق إيكبَٛبد  LEDانخلاٚب انًشؼؼخ ثبنـ 

( ْٕ يؾغظ ALA-5. ؽًط أيُٕٛنٛفٕنُٛٛك )عذٚذح نؼلاط عشغبَبد انغهذ انغطؾٛخ نذٖ انجشش

 PDTعٕئٙ يفٛذ نغشغبٌ انغهذ. أٌ خػ انخلاٚب انًؼبنظ ثـ انآيٍ ًٚكٍ اعزخذايّ نؼلاط ظٕئٙ 

صبَٛخ يٍ انزؼشض نلإشؼبع  240٪، ثؼذ 73أظٓش أػهٗ َغجخ يٍ صلاؽٛخ انخلاٚب، يب ٚمشة يٍ 

نز٘ ٚؼزجش انزشكٛض انًضبنٙ ، ٔا يٛكشٔغشاو / يم 250لذسِ  ALA-5يغ رشكٛض يؾغظ ظٕئٙ 

 240أظٓشد َزبئظ انصًبو انضُبئٙ انجبػش نهعٕء الأصسق اَخفبظًب كجٛشًا ػُذ  فٙ ْزِ انذساعخ.

؛ أظٓشد َزبئظ انغغًٛبد  عبػخ يٍ ٔلذ انؾعبَخ فٙ َغجخ انصلاؽٛخ 24صبَٛخ ثؼذ 

َخفبظًب كجٛشًا اOH) - (SWCNTٔأَبثٛت انكشثٌٕ انُبَٕٚخ أؽبدٚخ انغذاس  (TiO2/Ag)انُبَٕٚخ
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يٛكشٔغشاو/يم؛  400نغًٛغ انزشكٛضاد؛ ٔكبٌ انزشكٛض الأكضش فؼبنٛخ ْٕ  ثمبء انخلاٚبفٙ َغجخ 

. controlيمبسَخ يغ  (p<0.001) ٔاظٓشد َزبئظ انذيظ اَخفبظب يؼُٕٚب فٙ َغجخ ؽٕٛٚخ انخهٛخ

يٛكشٔعشاو/يم  400ثزشكٛض ًطؼًّ ثبنفعّ انُبَٕٚخ ان صُبئٙ أكغٛذ انزٛزبَٕٛوأَزغذ عضٚئبد 

%( ػُذ ديغٓب يغ فزشح رؼشض 100%( يمبسَخ ثًغًٕػخ انزؾكى )19.131أفعم انُزبئظ )

خ انخلاٚب يُخفعخ نهغبٚخ، ْٔزا ٚذل ػهٗ رذيٛش انخلاٚب ؽٕٛٚصبَٛخ. ٔنٕؽع أٌ  240نهعٕء لذسْب 

عٛزٕثلاصو ٔالاَزشبس إنٗ انغشغبَٛخ ثغجت صغش ؽغى انًبدح انُبَٕٚخ انزٙ ًٚكُٓب اخزشاق انخهٛخ 

نزؾذٚذ يذٖ صلاؽٛخ  (MTT) رى اعزخذاو اخزجبس يمبٚغخ يٛضٛم صٛبصٔنٛم رزشصٔنٕٛو انخهٛخ.

 .عًٛغ انزغبسة، ٔرى لٛبط شذح انهٌٕ ثٕاعطخ لبسئ انهٕؽخفٙ انخلاٚب 
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قعًٕٓسٚخ انؼشا  

 ٔصاسح انزؼهٛى انؼبنٙ ٔانجؾش انؼهًٙ

 عبيؼخ ثبثم

 كهٛخ انؼهٕو

ضٚبءلغى انفٛ  

 

معالجت خلاٌا الجلذ السزطانٍت بأستخذام الطٍف الضوء 

 المزئً مع بعض الجسٍماث النانوٌت

 

جامعت بابل -أطزوحت مقذمت الى قسم الفٍزٌاء فً كلٍت العلوم   

 وهً جزء من متطلباث نٍل درجت الذكتوراه فً فلسفت علوم الفٍزٌاء
 

 من قبل:

فٍاض اء جعفز ضٍاء جابزدع  

2115فٍزٌاء , جامعت الكوفت  بكالورٌوس علوم  

2112ماجستٍز علوم فٍزٌاء , جامعت الكوفت   

 بأشزاف

 أ.م.د. سمٍزة عذنان مهذي
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