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Abstract:

Cancer is a major health problem in which control cancer cells divide
resulting in abnormal growth and metastasis. Laser fluorescence
spectroscopy (LIF) has been used as a potential tool for cancer diagnosis.
The influence of two very important parameters of sensor design aspects,
excitation-collecting geometry and excitation wavelength on cell
spontaneous fluorescence response and malignancy resolution, was
investigated. An attempt was made to determine the optimal sensor
configuration to develop a diagnostic procedure to enhance a small
spectral difference to significantly improve the accuracy of fluorescence
cancer diagnosis. Also, in this work, a nano-material was prepared for the
purpose of Killing cancer cells. Thin films with titanium dioxide
nanostructures were prepared on glass substrates using a DC magnetron
sputtering technique. The operating parameters of the plasma spray
system were optimal, while the sedimentation time was changed in order
to determine the optimal conditions for obtaining high-quality samples.
Monophase (Anatase) TiO, using an Ar:O, gas mixture at a ratio of 50:50
The characterization results showed that the average crystal size of
titanium dioxide samples was 17.74 nm while the minimum size of
nanoparticles was 60. Cell culture means cells are removed from living
tissue and then made. Grow them in an artificial environment until they
are ready for nanoparticle testing, that is, direct irradiation in the
laboratory. Nanoparticles have the ability to target tumor tissues that are
explored by tumor vascular defects, enhancing the permeability and
retention effect that occurs in tumor tissues allowing passive targeting of
cancers in contrast to normal tissues which are usually impermeable to
infiltration of tio2 nanoparticles. Nanoparticles can be directly injected

into a colon cancer cell with minimal effects on its normal tissue



surroundings. The fluorescence spectra of colon cancer cells after adding
several concentrations of the nanomaterial (1000, 500, 250, 125, 62.50,
31.25) pg/ml, where the best results were obtained, which correspond to
the statistical analysis of the cells .At high concentrations, it was
observed that the fluorescence spectrum 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 desire of this thesis was to determine the best concentration of
nanoparticles, which results in the optimal solution for treating cancer.
The results showed the best concentration 250ug/ml that gives the
maximum number of destroyed cancer cells The MTT scale is used to
evaluate human colon cancer in vitro proliferation in vitro cancer cells in
response when exposed to serial double-dilutions of a concentration of
Tio2NPs present in cell line culture that clearly showed reduced cell
viability compared to the normal (0 pg/ml) cell. Using an additional assay
with the MTT assay, cell toxicity shows a significant (p < 0.01) increase
(1000 pg/ml).
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Chapter one General Introduction and Litrature Review

1-1 introduction

Laser-induced fluorescence (LIF) is (spontaneous) emission from
atoms or molecules that have been excited by (laser) radiation. The
phenomenon of induced fluorescence was first seen and discussed back in
1905 by Robert Williams Wood [1], many decades before the invention
of the laser. If a particle resonantly absorbs a photon from the laser beam,
the particle is left in an excited energy state. Such a state is unstable and
will decay spontaneously, emitting a photon again. The excited state of
finite lifetime emits its photon on return to a lower energy level in
random directions. It is this fact that allows one to measure an absorption
signal directly. Conveniently, the fluorescence is observed at 90 ° to a
collimated laser beam. In principle, a very small focal volume V. may be
defined in the imaging set-up, resulting in spatial resolution of the laser—
particle interaction volume; note that spatial resolution cannot normally
be realized in an experiment, which measures the absorption directly. In a
sense, the method of LIF may be seen as a fancy way of measuring the
absorption of species, but with a bonus. Absorption spectroscopy, which
detects the transmitted light, has a limited sensitivity [2]. The problem is
that one has to detect a minute amount of missing light in the transmitted
beam, i.e. one encounters the problem of the difference of large near-
equal numbers. The use of pulsed lasers aggravates the problem due to
their normally substantial pulse-to-pulse intensity fluctuations, which
limit the signal-to-noise ratio. With fluorescence detection the signal can
be detected above a background, which is (at least in favorable cases)
nearly equal to zero, and detection at a single photon level is relatively

easy to achievel[3].
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Chapter one General Introduction and Litrature Review

1-2 Laser Induced Fluorescence (LIF)Spectroscopy

LIF is a powerful techniqgue more and more commonly used by the
chemical physicist for probing gas-phase atomic or molecular species,
even in minute amounts, and determining their internal states distribution.
The principle is quite simple: by absorption of one or several photons
from the laser beam the probed species are pumped from an initial state
(i) to an excited state from which radiation is subsequently emitted as

transitions take place to final states (f).

All or part of the emitted radiation is detected. Usually, each time it
Is possible, the light is detected at a wavelength different from the laser
wavelength (the states i and f are different) to eliminate any spurious
signal due to scattered laser light [4]. Since lasers have narrow
bandwidths and are easily tunable over large wavelength domains the
technique is very well adapted to determine ro-vibrational populations of
reaction products. Indeed, the laser being swept, whenever it coincides
with a molecular absorption line, the reaction product makes a transition
to an excited electronic state from which it fluoresces. The fluorescence
intensity recorded as a function of the laser wavelength is usually called
an excitation spectrum. The intensities of the different lines thus observed
are converted to relative populations of the various product internal states
with the help of Franck -Condon factors and rotational line strengths. In
these excitation spectra the spectral resolution is given by the bandwidth

of the laser [5], as in figure (1-1) :
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Fig. (1-1): fluorescence process, a particular vibrational-rotational level [6]

In the LIF technique, a laser is tuned so that its frequency matches
that of an absorption line of some atom or molecule of interest. The
absorption of the laser photons by this species produces an electronically
excited state which then radiates. The fluorescent emission is detected
using a filter or a monochromatic followed by a photomultiplier. Because
a particular absorption line is selected, the excited state has definite and

identifiable vibrational, rotational, and fine structure quantum numbers
[7]

This clean state preparation has significant advantages for spectroscopic
and collision studies, in contrast to the congestion often found in ordinary
emission spectra from, for example, a discharge. Since the lower state
responsible for the absorption is also definite, considerable selectivity is
provided by LIF when used as a diagnostic tool. In addition, its high
degree of sensitivity, the spatial and temporal resolution available, and its

non-intrusive nature are important attributes for this purpose. Finally,
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Chapter one General Introduction and Litrature Review

special LIF methods not possible in non-laser spectroscopy, such as two
photon excitation, yield new information and make possible new
diagnostic probes. LIF as a whole has had a tremendous impact on the

study of the electronic spectra of small molecules[8]. As in figure (1-2):

o Volume element Experiment (e.g. flame, flow, plasma)
Excitation A, (~1mm?) _

= | Trap or powermeter

Laser S

Q
Collection =
optics =~
P d PMT with spectral filter to record emission at

| A orat Ay, (#A,), or grating monochromator

Fig. (1-2): Typical experimental setup for LIF systems[8]

a- Recording modes:
1. Emission intensity at a fixed detection wavelength
2. Fluorescence spectrum (spectrometer)
3. Excitation spectrum (scanned laser)
4. Can be extended to 2-d with CCD array detector (PLIF)

5. Can also measure temporal behavior.as figure (1-3) :

| &
CW Laser

LIF (decay rate
contains info on

-
-
-
-—

Wavelength (nm)
Fig. (1-3): LIF quenching rate [9]
LIF signal and fluorescence quantum yield depend on collisional transfer

rates among upper levels and the number of these monitored by the

detection system.as figure (1-4):
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Induced Induced Collisional  Collisional
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Fig. (1-4): Entry-level model for LIF (two levels)[10].
1-2-1 Two-photon excitation in proteins

In order to largely increase the signal-to-background ratio for single-
molecule detection of auto fluorescent proteins in live cells, one could
envisage to further shift the wavelength of the excitation light to the red
by using two photon excitation. The basic advantage for using two photon
excitation is resting on the earlier observation that the two-photon
absorption cross-section of a variety of fluorescent molecules scales

super-linearly with the one-photon absorption cross-section [11] . Hence,

Excited State (E=E;) fy—————

r Yl ~

~ - Excitation Photon ~ -
~ E=hf/2 ~
~ ~
~ ~
B — r\/\f\f:‘ﬁ‘
Excitation Photon Fluorescence Fluorescence
E=Eq1-Eg=hf Photon e Photon
Excitation Photon 4

<+ =@ S+ =@

Ground State (E<Eq) ) 4——=——"—"————— ot -—" —
One-Photon Fluorescence Two-Photon Fluorescence

Fig. (1-5): Two-photon excitation [11].

The ratio of the effective excitation rate of a fluorophore with high
one-photon absorption cross-section, like the fluorescent proteins, and a
fluorophore with a low one-photon absorption cross-section, like flavines,
will be largely increased for two-photon excitation. The second advantage

of two-photon excitation is that it constitutes a good method to scan a
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three-dimensional tissue space with laser excitation configured to excite
two (or more) photons at discrete locations in the tissue. This particular
applicability for depth discrimination in thick tissues results from the fact
that fluorescence signal intensity is highly dependent on the degree of
photon flux, which decreases rapidly as a function of distance from the.

focal plane[12].

Two-photon microscopy has been involved with numerous fields
including: physiology, neurobiology, embryology and tissue engineering.
Even thin, nearly transparent tissues (such as skin cells) have been
visualized with clear detail due to this technique [13]. Two-photon
microscopy's high speed imaging capabilities may also be utilized in
noninvasive optical biopsy. In cell biology, two-photon microscopy has
been aptly used for producing localized chemical reactions [14]. Using
two-photon  fluorescence  and second-harmonic  generation—based
microscopy, it was shown that organic porphyrin-type molecules can
have different transition dipole moments for two-photon fluorescence and
second harmonic generation[15] , which are otherwise thought to occur
from the same transition dipole moment. Non-degenerative two-photon
excitation, or using two photons of unequal wavelengths, was shown to
increase the fluorescence of all tested small molecules and fluorescent

proteins [16].
1-2-2 Fluorescence Resonance Energy Transfer in proteins

Many areas of biological research are interested in the precise
position and nature of interactions between specific molecular species in
living cells, but investigations are typically hampered by the poor
resolution of the equipment used to investigate these phenomena.
Traditional wide field fluorescence microscopy allows for the localisation

of fluorescently tagged molecules within the Rayleigh criterion's optical
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spatial resolution limits of around 200 nanometers (0.2 micrometer).
However, in order to fully comprehend the physical interactions between
protein partners in a typical bimolecular process, the relative proximity of
the molecules must be calculated with greater accuracy than allows

classic diffraction-limited optical imaging methods [17].

The technique of fluorescence resonance energy transfer (more
commonly referred to by the acronym FRET), when applied to optical
microscopy, permits determination of the approach between two
molecules within several nanometers, a distance sufficiently close for
molecular interactions to occur [18]. Typical fluorescence microscopy
techniques rely upon the absorption by a fluorophore of light at one
wavelength (excitation), followed by the subsequent emission of
secondary fluorescence at a longer wavelength. The wavelengths of
excitation and emission are often tens to hundreds of nanometers apart.
The use of certain fluorophores to label cellular components such nuclei,
mitochondria, cytoskeleton, Golgi apparatus, and membranes allows them

to be located in both fixed and live samples [19].

Specialized fluorescence filter combinations can be used to analyze
the proximity of labeled molecules within a single cell or tissue section
by simultaneously labeling various sub-cellular structures with individual
fluorophores that have separated excitation and emission spectra.
Molecules that are close together than the optical resolution limit appear
to be coincident using this approach, and this apparent spatial proximity
suggests the possibility of a chemical link. In most cases, however, the
normal diffraction is insufficient to determine whether an interaction
between biomolecules actually takes place [20]. Fluorescence resonance
energy transfer is a process by which radiation less transfer of energy
occurs from an excited state fluorophore to a second chromophore in
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close proximity. Because the range over which the energy transfer can
take place is limited to approximately 10 nanometers (100 angstroms),
and the efficiency of transfer is extremely sensitive to the separation
distance between fluorophores, resonance energy transfer measurements

can be a valuable tool for probing molecular interactions [21].

The mechanism of fluorescence resonance energy transfer involves
a donor fluorophore in an excited electronic state, which may transfer its
excitation energy to a nearby acceptor chromophore in a non-radiative
fashion through long-range dipole-dipole interactions. The theory
supporting energy transfer is based on the concept of treating an excited
fluorophore as an oscillating dipole that can undergo an energy exchange
with a second dipole having a similar resonance frequency [22]. In this
regard, resonance energy transfer is analogous to the behavior of coupled
oscillators, such as a pair of tuning forks vibrating at the same frequency.
In contrast, radiative energy transfer requires emission and reabsorption
of a photon and depends on the physical dimensions and optical
properties of the specimen, as well as the geometry of the container and
the wave front pathways. Unlike radiative mechanisms, resonance energy
transfer can yield a significant amount of structural information

concerning the donor-acceptor pair[23].

Resonance energy transfer is not sensitive to the surrounding solvent
shell of a fluorophore, and thus, produces molecular information unique
to that revealed by solvent-dependent events, such as fluorescence
quenching, excited-state reactions, solvent relaxation, or anisotropic
measurements. [24] The major solvent impact on fluorophores involved
In resonance energy transfer is the effect on spectral properties of the
donor and acceptor. Non-radiative energy transfer occurs over much

longer distances than short-range solvent effects, and the dielectric nature
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of constituents (solvent and host macromolecule) positioned between the
involved fluorophores has very little influence on the efficacy of
resonance energy transfer, which depends primarily on the distance

between the donor and acceptor fluorophore. [25]

1-2-3 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 [26]. A theory proposed by Theodor Forster in the late 1940s
initially described the molecular interactions involved in resonance
energy transfer, and Forster also developed a formal equation defining the
relationship between the transfer rate, interchromophore distance, and
spectral properties of the involved chromophores [27]. 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 [28]. Exciting a specimen containing both donor and
acceptor molecules with light of maximum and detecting light released at
wavelengths centered on the acceptor's emission maximum will reveal the

phenomena. [29].
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Fig. (1-6): resonance energy transfers jablonski diagram.|29]

Presented in Figure (1-6) 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 [30]. 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[31].

In summary, the rate of energy transfer depends upon the extent of
spectral overlap between the donor 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[32].
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Presented in Figure (1-7) are the absorption and emission spectra of
cyan fluorescent protein (the donor) and red fluorescent protein (the
acceptor) when compared for their potential application as a fluorescence
resonance energy transfer pair. Absorption spectra for both biological
peptides are illustrated as red curves, while the emission spectra are
presented as blue curves [33]. The region of overlap between the donor
emission and acceptor absorption spectra is represented by a gray area
near the base of the curves. Whenever the spectral overlap of the
molecules is increased too far, a phenomenon known as spectral bleed-
through or crossover occurs in which signal from the excited acceptor
[34].

If macromolecules are labeled with a single donor and acceptor, and
the distance between the two fluorochromes is not altered during the
donor excited state lifetime, then the distance between the probes can be
determined from the efficiency of energy transfer through steady state
measurements [35]. In cases where the distance between the donor and
acceptor fluctuates around a distribution curve, such as protein
assemblies, membranes, single-stranded nucleic acids, or unfolded

proteins, FRET can still be employed to study the phenomena, but time-
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resolved lifetime measurements are preferred. Several biological
applications that fall into both cases, including conformational changes,
dissociation or hydrolysis, fusion of membrane-like lipid vesicles, and
ligand-receptor interactions [36]. Although various methods are available
for the measurement of fluorescence resonance energy transfer in the

optical microscope, none are completely without disadvantages.

Some techniques require more elaborate and expensive
instrumentation, while others are based on assumptions that must be
carefully validated. Certain approaches are appropriate for fixed
specimens, but cannot be applied to living cell systems, while other
methods must incorporate significant corrective calculations or data
analysis algorithms. It is certain, however, that FRET analysis shows
great promise for further development in the utility and scope of
biological applications. Dramatic improvements in instrumentation have
occurred in recent years, particularly with respect to time-resolved

techniques [37].

Fluorescence lifetime measurements that were only accomplished
with extreme difficultly in the past are now aided by picosecond and
nanosecond technologies. Advances in fluorescent probe development
have produced smaller and more stable molecules with new mechanisms
of attachment to biological targets. Fluorophores have also been
developed with a wide range of intrinsic excited state lifetimes, and a
significant effort is being placed on development of a greater diversity in
genetic variations of fluorescent proteins. Entirely new classes of
fluorescent materials, many of which are smaller than previous
fluorophores and allow evaluation of molecular interactions at lower
separation distances, promise to improve the versatility of labeling and
lead to new applications of the FRET technique [38].

12
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1-3 Nano photonics and Nano devices

Nano is a Greek word meaning dwarf and used as a measure of
about (10" m).Modern electronic devices highly depend on the nanoscale.
Nano photonic technology also refers to devices that restrict light
wavelength within Nano size [39].Thin films are sensitive to surface
properties [40], which includes transparent conducting oxides (TCOs)
used in various practical applications because of their unique physical and
chemical properties with nanostructures, the sizes, shapes, and different
structures that have contributed to developments in Nano science.
Methods and Techniques of deposition thin film has been explained and
described the importance of thin film multi-layer systems used in critical
applications such as photo-detectors, solar cells, photo catalysts, optical

windows and filters, and gas sensors [41].

1-3-1 Definition Nano photonics and Nano devices

Nano photonics can be defined as the science and engineering of
light-matter interactions [42]. Photonics this term initially used to
describe the connection between light technologies and electronics in the
field of communication. After that, the light was determined to be of a
high intensity up to 10" and sufficient for it to occur nonlinear
interactions, its divided into nonresonant (without absorption) and
resonant(with absorption). Nano photonics aims to regulate optical
energy and convert it on a nanoscale scale by merging the properties of
metals, organics, semiconductors, organometallics, polymers, and
dielectric materials to generate new, combined states of light and matter
known as meta-materials. Nano photonics is thought to have the ability to
provide ultra-small optoelectronic components, as well as higher speeds
and bandwidth [43] .

13
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1-4 Literature survey

In 2003, Fu-Hua Wangl and Takashi Yoshitakel they studied
The method based on capillary electrophoresis with laser-induced
fluorescence detection (CE/LIF) was developed for determination of
magnetic iron oxide nanoparticles (hydrodynamic diameters of 100 nm)
functionalized with molecules containing primary amino groups. The
present method provides an efficient and fast tool for sensitive
determination of the efficacy of bimolecular functionalization of
magnetic nanoparticles. The CE/LIF technique requires only negligible
sample volumes for analysis, which is especially suitable for controlling
the process of preparation of functionalized nanoparticles with unique

properties aimed to be used for diagnostic or therapeutic [44].

In 2003, Moon S. Kim, Alan M. Lefcourt, and Yud-Ren Chen
they explained A LIF imaging system developed to capture multispectral
fluorescence emission images simultaneously from a relatively large
target object is described. With an expanded, 355-nm Nd: YAG laser as
the excitation source, the system captures fluorescence emission images
in the blue, green, red, and far-red regions of the spectrum centered at
450, 550, 678, and 730 nm, respectively, from a 30-cm-diameter target
area in ambient light. Images of apples and of pork meat artificially
contaminated with diluted animal feces have demonstrated the versatility
of fluorescence imaging techniques for potential applications in food

safety inspection [45].

In 2004, Peter Ashjian and Amir Elbarbary they explained Time-
resolved laser-induced fluorescence spectroscopy (TR-LIFS) is
demonstrated here to noninvasively monitor the formation of osteogenic
extracellular matrix (ECM) produced by putative stem cells derived from

human adipose tissue. The results are consistent with those obtained by
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conventional histochemical techniques (immunofluorescence and
Western blot) and demonstrate that TR-LIFS is a potential tool for
monitoring the expression of distinct collagen types and the formation of

collagen cross-links in intact tissue constructs [46].

In 2006, Chan Kyu Kim and Rajamohan R Kalluru they studied A
compact, highly specific, inexpensive and user friendly optical fiber LIF
sensor based on fluorescence quenching by nanoparticles has been
developed to detect single-strand (ss-) DNA hybridization at femtomolar
level. The fluorescence of fluorophore-tagged ss-DNA increases by a
factor of 80 when it binds to a complimentary DNA, while the addition of
single-base mismatch DNA had no effect on the fluorescence efficiency

[47].

In 2013 Joshi-Deepak and KumarAnil K.MainiRamesh they
explained Standoff detection of biological warfare agents in aerosol form
using Ultra violet-Laser Induced Fluorescence (UV-LIF) spectroscopy
method . Range-resolved detection and identification of biological
aerosols by both Nano-second and non-linear femto-second LIDAR is
also discussed. Calculated received fluorescence signal for a cloud of
typical biological agent Bacillus globigii (Simulants of B. anthracis) at a
location of ~5.0 km at different concentrations in presence of solar

background radiation has been described [48].

In 2014 Jagdish P Singh and Sunil K. Kiwanian they explained
Laser induced fluorescence (LIF) spectroscopy has emerged as a potential
tool for the cancer diagnosis. A comprehensive analytical study of a
compact optical fiber LIF based sensor for in-vitro point monitoring of
tissue auto-fluorescence as a non-invasive tool for cancer diagnosis is
presented. An attempt has been made to determine an optimum sensing

configuration to develop a diagnostics procedure to enhance small but

15

——
| —



Chapter one General Introduction and Litrature Review

consistent spectral difference between the normal and malignant tissue
from various parts of animal body to greatly improve the accuracy of the

auto-fluorescence cancer diagnosis [49] .

In 2018, Jorge Marques da Silva and Andrei Borissovitch
Utkin they studied use of fluorescence techniques, namely, pulse-
amplitude-modulated fluorometry, was crucial to understanding the photo
physiology of these microbial communities, since they made it possible to
measure biofilms’ photosynthetic activity without disturbing their
delicate spatial organization within sediments or soils. The use of LIF
added further technical advantages, enabling measurements to be made at
a considerable distance from the samples, and under daylight. and in

biotechnological applications of photosynthetic biofilms [50] .

In 2018, Siqgi Guo, Yu Jing, Incline. Berkus they explained Nano
pulse stimulation (NPS) as a developing technology has been studied for
minimally invasive, nonthermal local cancer elimination for more than a
decade. Here we show that a single NPS treatment results in complete
regression of the poorly immunogenic, metastatic 4T1-Luc mouse
mammary carcinoma. Impressively, spontaneous distant organ metastases
were largely prevented, even in those animals with incomplete tumor
regression. All tumor-free mice were protected from secondary tumor cell

challenge, demonstrating a vaccine-like effect [51].

In 2019, Valentina Gabbarini and Riccardo Rossi they explained
applicability of LIF to the classification of viruses, Experimental tests
were performed in which different viruses were irradiated with a UV
laser emitting at 266 nm and the emitted spectra were recorded by a
spectrometer. The classification techniques show the possibility of
discriminating viruses. Although the application of the LIF technique to

biological agents has been thoroughly this work aims at validating for the
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first time its applicability to virological analyses. allowing fast responses

to epidemiologic reducing their risks [52].

In 2019 Fatemeh Ghasemi, Parviz Parvin and Maryam Lotfi
shown that formaldehyde, a tissue preserver, demonstrates fluorescence
properties. Here, laser-induced fluorescence spectroscopy is carried out in
order to differentiate between normal and cancerous tissues of interest,
namely human breast, larynx and colon. Although no spectral shift
appears with changes in formaldehyde concentration, the fluorescence
emission of impregnated tissues undergo a notable red shift versus
fluorophore concentration and the cancerous tissues exhibit a definite
blue shift with respect to normal tissues. This emphasizes that
endogenous fluorophores in molecules of interest within the scaffold
show some spectral shift properties, mainly due to the high propensity for

formation of covalent chemical bonds between proteins in tissues [53].

In 2019 D.S. Arabia, Z.A. Abdel-Salama, H.A. Godabc, M.A.
Haritha they studied LIF is a spectrochemical analytical technique that
was used to obtain bacteria spectral fingerprints in the liquid phase. Two
laser wavelengths, 266 nm (UV) and 405 nm (violet), have been used as
excitation light sources delivering output power 5 mW and 100 mW,
respectively. The results of LIF analysis showed that the differences in
fluorescence bands intensity can be used as a fingerprint for each
bacterial species. In addition, the fluorescence emission intensities of the
two strains were exponentially related to the concentration of the bacteria

[54].

In 2019, Yinhua Jiang, Juan Kang and Yarui Wang they studied
laser-induced breakdown spectroscopy—laser-induced fluorescence
(LIBS-LIF) spectroscopy was first applied to carry out rapid and sensitive

trace lead analysis in medicinal herb samples. To overcome the problem
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of diversity on the sample size, shape, and density for different samples,
original samples were pulverized to powder and then pressed into pellets

for spectral analysis [55].

In 2019, Ahmed L.Abdel Gawad and Yasser El-Sharkawy they
studied Early diagnosis of tooth enamel demineralization, and dentin
caries lesions, present a valuable solution to avoid or decrease their
deleterious effect. The aim of this study was to design a simple, effective,
and non-invasive technique, employing a novel laser wavelength to
classify and differentiate between various tooth abnormalities in-vitro, by
estimating wavelengths, showing distinctive appearance for each tooth
class [56].

In 2020 Zachary A. Duca and Nicholas C. Speller they explained
Micro capillary electrophoresis (LCE) enables high-resolution separations
in miniaturized, automated microfluidic devices. Pairing this powerful
separation technique with laser-induced fluorescence (LIF) enables a
highly sensitive, quantitative, and compositional analysis of organic
molecule monomers and short polymers, which are essential, ubiquitous
components of life on Earth. Improving methods for their detection has
applications to multiple scientific fields, particularly those related to
medicine, industry, and space science. Here, a modular benchtop system
using LCE with LIF detection was constructed and tested by analyzing
standard amino acid samples of valine, serine, alanine, glycine, glutamic
acid, and aspartic acid in multiple borate buffered solutions of increasing
concentrations from 10 mM to 50 mM, all (pH 9.5) [57].

In 2021, Oloche Owoicho, Charles Ochieng’ Olwal and
Osbourne Quaye they studied laser-induced fluorescence-light detection
and ranging (LIF-LIiDAR) has been used to identify MS, bacteriophage

on artificially contaminated surgical equipment or released amidst other
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primary biological aerosol particles in laboratory-like close chamber. It

has also been shown to distinguish between different picornaviruses [58].
1-5 Aim of Work

The aim of this research is:

1- Synthesis of TiO, Nanoparticles by using DC Sputtering Technique.
2- Use the laser induced fluorescence (LIF) technique in Diagnosing
Colon Cancer Cells treated with TiO, Nanoparticles.

3- Analysis and study of some optical properties of colon cancer cells
before and after treatment with TiO, nanoparticles according to certain

concentrations, depending in particular on fluorescence spectra.
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2-1 Introduction

In this chapter, the principle of LIF is introduced to give an overview
of the main parameters of this technique, its basic tools and applications,
in addition to knowing the advantages of this technique, as well as
learning about the process of tissue transplantation of cancer cells as a

bio-chemical application of a technique LIF.

2-2 Laser Induced Fluorescence (LIF) Principle

LIF is a two-step process: absorption of a laser photon followed by
emission of a fluorescence photon from the excited state. For absorption
the laser wavelength (A aser) must match an allowed energy transition of
the LIF-active molecule (atom). Only a fraction @, of these excited
molecules fluoresces, the rest relaxes without light emission. An optical
filter selects the usually red-shifted fluorescence light at the emission
wavelength (A jg). Only the fraction n of all emitted LIF-photons is

detected and converted to the camera signal.

Upon relaxation back into the ground state they sometimes emit
fluorescence quanta at longer wavelengths than the exciting laser
wavelength and with a characteristic average stay in the excited higher
state, the fluorescence lifetime. When a good separation between laser
and fluorescence wavelength is given by using high-quality optical filters
or spectrographs, highest detection sensitivities can be reached. When
using femto-, pico-,nano or microsecond lasers, the fluorescence lifetime
of a sample can be determined [59]. Typically they are found in the range
of pico- or nanoseconds. In the case of “forbidden” electronic transitions
excited-state-lifetimes of micro- or milliseconds occur. Such long-lasting
luminescence lifetimes are especially interesting for bio-analytical

applications. Fluorescence spectroscopy is primarily concerned with
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electronic and vibrational states. Generally, the species (molecule of the
substance) being examined has a ground electronic state (a low energy
state) of interest, and an excited electronic state of higher energy. Within
each of these electronic states there are various vibrational states. In
fluorescence, the species is first excited, by absorbing a photon, from its
ground electronic level to one of the various vibration states in the excited

electronic level.

Collisions with other molecules cause the excited molecule to lose
vibration energy until it reaches the lowest vibrational state of the excited
electronic level. The molecule then drops down very fast (10 s range) to
one of the various vibrational levels of the ground electronic state again,
emitting a photon in that process. As molecules may drop down into any
of several vibrational levels in the ground state, the emitted photons will

have different energies, and thus frequencies [60].

It is also possible to classify Laser Induced Fluorescence
into continuous wave or time-resolved LIF. Continuous wave (CW) LIF
utilises a continuous laser for excitation and is employed when only
spectral information is required. In time-resolved LIF, a pulsed laser is
used to excite the sample and its emission (either a single wavelength or
the full spectrum) is detected as a function of time. This provides
valuable time-resolved information such as the lifetimes of chemical
intermediates and their associated time-gated spectral evolution [61] . As

shown in the figure (2-1):
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Fig.(2-1): Schematic representation of excitation LIF spectroscopy [60] .

2-3 LIF Technology System

The attached devices used in LIF technology are shown in the figure
(2-2):
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Fig.(2-2): Optical devices used in LIF technology [62].
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2-3-1 Laser Source

The most widely used laser in LIF technology is the green diode
laser with a wavelength of 532 nm 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 [63] .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 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 [64]. As

shown in Figure (2-3):
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Fig.(2-3). Structure of diode laser [65] .

2-3-2 Optical Fiber
The recent use of optical fibers is a good result for transmitting light

over long distances. It is important to improve fiber-optic materials, now
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possible to concentrate the energy density of the order of megawatts per
square centimeter at the end of the fiber, without damage, by Putting a
lens at the end of the optical fiber. Placing the optical fiber close to the
sample at a distance of a few millimeters is an important way to collect
emissions from samples, as the collecting angle of the end of the fiber
allows light to be collected. It has been proposed to use optical fiber
beams to simultaneously obtain spectral emission from different regions
of the spectral emission of some elements. The use of a single optical
fiber collect the emission from the sample makes the LIF system suitable
for studying a sample located at a great distance, providing a unique
advantage for its industrial applications. Optical fibers transmit laser
pulses over distances of up to 100 meters. Thus the emitted light can be
collected and sent back to the detector using the same fiber or a second
fiber optic cable [66].

2-3-3 Detector and Spectrometer

A spectrometer is a device that neutralizes the light emitted by a
sample. It is made from the entrance aperture, two mirrors and a
diffraction grating. The light enters through the hole and reaches the first
mirror that meets the light and directs it towards the groove. Also, light is
reflected at different angles depending on the wavelength. The second
mirror focuses the light towards the position of the detector. Different
types of reagents are used in LIF technology depending on the practical
application. If the required information is 2D, the most commonly used
devices are CCD and ICCD devices. CCD detectors provide a lower
signal in the background, while ICCD detectors provide improved signal-
to-noise ratio (SNR), fast response time of a few nanoseconds, and wide

detection ranges from the visible to the infrared region of the
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electromagnetic spectrum, but their cost is much higher than CCD
detectors [67].

2-4 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 [68].
Fluorescence requires a fluorophore (molecule 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 [69].

Fluorescence plays an important role in clinical medicine, especially
a diagnostic and research tool. The useful properties of fluorescence are
applied in techniques such as fluorescence microscopy and fluorescence
spectrometry. Here fluorescence has many aims, such as to detect viruses
and to identify hormones. Another area where it is used, is in
immunochemistry, to identify the distribution of a specific protein within

a tissue, for example, a fluorochrome can be used to mark the protein via
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an antibody. FRET and FLIM are also two techniques related to
fluorescence Furthermore, fluorescence also used in surgery as a medical
imaging technique that is used to detect structures during surgery.
As we can see, there are many advantages of using fluorescence in

medicine.

The techniques associated with it, are very simple and specific. It is
fairly sensitive and thus can detect low quantitates of a compound.
Unfortunately, not all substances are able to emit light, and therefore
techniques using fluorescence cannot always be applied. 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 [70].

2-4-1 Photo Physics of Fluorescence Proteins
Fluorescence-based assays are crucial experimental tools which
allow the detailed dissection of molecular mechanisms. The assays can be
performed in real-time, in solution, with high-time resolution and
sensitivity down to single molecules. This has allowed the measurement
of protein interactions, enzymatic activity, conformation changes,
localization of proteins, and the ability to see individual proteins moving
in real time.[71] Proteins have intrinsic fluorescence due to residues such
as tryptophan. A fluorophore reports upon the protein it is attached to and
its environment. In the simplest case, this allows proteins to be visualized
or counted through photo bleaching. More advanced assays can measure
protein—protein interactions or conformation changes, by measuring

intensity changes and fluorescence. With all of these approaches,
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ensemble bulk or single-molecule measurements are possible. Bulk
measurements offer the greater flexibility with the least requirements in
terms of fluorescence properties. Single-molecule measurements provide
a greater sensitivity because the ensemble averaging can mask rare, or
short-lived, states [72].

2-4-1-1 Fluorescence in Sensing Imaging & Microscopy

The great advantage of fluorescence as a tool is that, being an optical
phenomenon in most cases it involves non-ionizing radiation is
nondestructive and mirmally invasive, and can therefore be applied to
living cells and tissues. This is a feature it shares with nonfluorescence-
based, optical microscopy techniques such as, for example, coherent anti-
Stokes Raman scattering (CARS) and second harmonic generation (SHG)
and third harmonic generation (THG) imaging. Compared to
bioluminescence or chemiluminescence techniques, an advantage of
using fluorescence is that a single fluorophore can be excited repeatedly,
unlike bioluminescence or chemiluminescence, which irreversibly
produces only a single photon per chemical reaction of interacting
molecules. Compared to radioactive labeling techniques, fluorescence
methods are easier to manage, and the samples are less cumbersome to
dispose of than those involving radioactive methods. Indeed, improving
the spatial resolution in optical microscopy has recently become a field of
great activity, which has spawned several promising methods, some of

which have already been commercialized [73].

Conventional fluorescence microscopy relies on contrast according to the
fluorescence intensity, with the fluorescence detection sensitivity
extending down to the single molecule level . Due to the Stokes shift of
fluorescence emission, the exciting light can be eliminated from the

image so that only fluorescence on a dark background is detected, leading
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to a high contrast . Two- and three-dimensional fluorescence imager, to
locate, for example, labeled proteins can be recorded using wide-field or
one- or two-photon confocal scanning techniques. Confocal microscopy,
the basic principle of which is a 1955 invention by Minsky (1988), is
based on a of focused light scanned across the sample and detecting the

fluorescence through a pinhole [74].

This spot allows out-of-focus fluorescence emanating from above
and below the focal plane to be eliminated from the image. This optical
sectioning feature is also achieved by the more recent technique of
multiphoton excitation microscopy . The invention of laser and computers
with image processing capacity and the demonstration of the advantages
of this microscopy for cell biology have led to a widespread use of
confocal and multiphoton excitation microscopy over the last decade or
so Time-lapse imaging allows the temporal evolution of the system to be
studied, and fluorescence bleaching techniques can provide information
about the diffusion of the fluorescent probe [75]. Imaging of FRET
between a fluorescent donor and acceptor enables the determination of
protein interaction and conformational changes well below the optical
diffraction limit [76]. The key purpose of fluorescence microscopy is the
localization of fluorescent dyes, nanoparticles, or proteins in the
specimen, which can be achieved by mapping the fluorescence intensity

[77].

2-4-4 Absorbance

Absorbance is defined as "the logarithm of the ratio of incident to
transmitted radiant power through a sample (excluding the effects on cell
walls)". Alternatively, for samples which scatter light, absorbance may be
defined as "the negative logarithm of one minus absorptance, as measured

on a uniform sample [78]. The term is used in many technical areas to
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quantify the results of an experimental measurement. While the term has
its origin in quantifying the absorption of light, it is often entangled with
quantification of light which is “lost” to a detector system through other
mechanisms. What these uses of the term tend to have in common is that
they refer to a logarithm of the ratio of a quantity of light incident on a
sample or material to that which is detected after the light has interacted
with the sample. The term absorption refers to the physical process of
absorbing light, while absorbance does not always measure only
absorption: it may measure attenuation (of transmitted radiant power),
caused by absorption, but also reflection, scattering, and other physical

processes [79].

The roots of the term absorbance are in the law of (Lambert law). As
light moves through a media, it will become dimmer as it is being
"extinguished”. Bouguer recognized that this extinction (now often
called attenuation) was not linear with distance traveled through the
medium, but related by what we now refer to as an exponential function.
If I, is the intensity of the light at the beginning of the travel and I the

intensity of the light detected after travel of a distance T, is given by:

I

T= - =eap(—pd) e (2-1)
0

where pis called an attenuation constant (a term used in various fields

where a signal is transmitted through a medium) or coefficient. The

amount of light transmitted is falling off exponentially with

distance. Taking the Napierian (natural) logarithm in the above equation,
we get:

Iy

M) =inr=pd e (2-2)



https://en.wikipedia.org/wiki/Propagation_constant#Attenuation_constant
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For scattering media, the constant is often divided into two parts

Ll T s (2-3)

separating it into a scattering coefficient L , and an absorption coefficient
Ha , Obtaining:

SIn(T) =0 = (g + p)d e (2-4)

If a size of a detector is very small compared to the distance
traveled by the light, any light that is scattered by a particle, either in the
forward or backward direction, will not strike the detector. In such case, a
plot of  -In(T) as a function of wavelength will yield a superposition of
the effects of absorption and scatter. Because the absorption portion is
more distinct and tends to ride on a background of the scatter portion, it is
often used to identify and quantify the absorbing species. Consequently
this is often referred to as absorption spectroscopy, and the plotted

quantity IS called "absorbance”, symbolized A[80]:

Ay =prod e (2-5)

2-5 Advantages of Using LIF Technology

LIF technology has the following advantages over some other analysis

methods:

1- LIF technology can detect and analyze multiple items simultaneously,
I.e. a simple and straightforward method To analyze multi-element

materials.

2- Quick (or instant) elemental analysis. Extraction and stir are done in

one step.
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3- Different materials can be analyzed using avoid sample contamination

and obtain accurate results.

4-The equipment is inexpensive, and the cost of analyzing samples with
LIF is low compared to traditional analytical techniques
others provide good sensitivity to some elements. It can be applied to

detect all elements in the periodic table.

5- Telemetry can be carried out from distances of up to 50 meter. [81,82]

2-6 Sputtering Technique

Sputtering is a physical process in which atoms in a solid-state
(Target) are bombarded by energetic ions, causing them to be freed and
flow into the gas phase (mainly noble gas ions). Sputtering is commonly
confused with sputter deposition, a high-vacuum-based coating
technology that belongs to the PVD (physical vapor deposition) process
family. Sputtering is also employed in surface physics as a cleaning
procedure for high-purity surface preparation and as a way for assessing

the chemical composition of surfaces [83]. As shown in figure (2-4):
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Fig. (2-4): Sputtering Technique[83].
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2-6-1 Sputtering theory

Three steps make up a sputtering deposition:
1.Particles are emitted from a solid target as a result of momentum
transfer from the ions blasting the target. Due to many collisions and
dispersions of sputtered particles by sputtering gas molecules such as Ar
atoms,
2 - The moving process is the most typical of sputter deposition and has a
significant impact on the formed films.
3-The main portion of the deposition process includes nucleation and
growth processes, which is something that most vapor deposition

technologies have in common [84]. As shown in Figure (2-5):
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Fig. (2-5): The schematic drawing of sputtering setup [84] .

Sputtering is a vital and popular method in the PVD process. Atoms
are ejected off the surface of the target material during the sputtering
process by the transfer of sustained momentum from an atomic-sized
energetic bombardment particle, commonly a gaseous ion accelerated
from a plasma [85]. That is, depending on the kinetic energy of the
bombing particles, multiple phenomena may occur when charged

particles are bombarded on a solid surface. When bombing energy are
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less than 5 kV, reactions are restricted to the surface's outer layer, with
arriving particles being reflected, or entering into a thermal equilibrium
with the surface. The potential energy of the bombed species is
responsible for removing the secondary electrons, or in the case of the
installed surface, responsible for breaking and rearranging the bonds. In
the Kkinetic energy that exceeds the binding energy of the surface atoms,
the lattice atoms are pushed to new locations, that cause the atoms to
move from the surface and damage the surface. Its energy is around four
times that of the target material's sublimation heat. Physical sputtering,
which is the basis of the deposition technique used in this study [86], is
characterized by the expulsion and dislodging of atoms into the gas
phase. The basic principle of sputtering is simple momentum transfer as a

result of collisions. As shown in Figure (2-6):
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Fig. (2-6):The processes generated by the impact of very energetic particle on a

target surface [87].

There are several characteristics that distinguish the sputtering process
from the rest of the deposition processes:
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1-Metals, semiconductors and insulators can be deposited using direct
current or radiofrequency sputtering, both reactively (to form oxidizing
films, nitrides or carbides), and non-reactively. In addition, materials of
complex composition such as stainless steel and Pyrex glass can be
deposited on condition that the cathode is cooled. Vacuum evaporation of
these materials is almost impossible.

2-Sputtering produces films that have same stoichiometry as materials of
target.

3-The relative simplicity of controlling film thickness once the process
parameters are defined to obtain a measurable thickness, any desired
thickness can be achieved by keeping the parameters and changing the
deposition time only.

4-The values of sputtering yields compared to the vapor pressure values
of different materials are closer to each other. This makes the deposition

of the multi-layer films more controllable by sputtering.

5-Possible formation of new phase structure from target material .
6-Lifetime of target material is long .

7-DC Sputtering systems can be constructed readily from primitive
materials.

The following points summarize the drawbacks of this technique:

1-1t requires provide vacuum.

2-To produce high-quality films, this technique requires many variables
to optimize, complexity.

3-Dedicated equipment for sputtering process are highly costs and require
clean room facilities.

4-1t produces pollution such as increased porosity, pinholes, gas
incorporation into film.

5- This technique often slower than other techniques [88].
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2-6-2 Sputtering configurations

Sputtering is classified as diode sputtering (cathode or radio
frequency), reactive sputtering, bias sputtering, magnetron sputtering, and
ion beam sputtering based on the source and process orientation. The
sputtering deposition technique employs several energy sources, and the
operating pressure varies depending on the power arrangement. DC A
pair of planar electrodes, the cathode and anode, are used to create
sputtering. The negative electrode is used to deposit the target material,
and the anode is used to deposit the substrate [85]. The maximum energy
(Emax) of the atoms which removed from the target in DC sputtering
systems is determined by the applied voltage, by acceleration a single
charged ion through a voltage difference of (1V) and transmit Kinetic
energy of (1 eV) to the ion, and for the applied voltage, the atoms are
sputtered from the target with a wide distribution of energies [88].A
parameter called the sputter yield (S), which is the removal rate of surface
atoms due to ion bombardment, is defined as the mean number of atoms

removed from the surface of a solid per incident ion and is given by [86]:

_ Atoms removed

Incident ions

The sputter yield is large when m ions = m atoms, it depends on mass,
ions, and direction of incident ions.

For sputter deposition of thin films in DC systems, applied voltages
between 100 and 1000V are commonly utilized. The density of sputter
current has a big impact on the sputtering rate. 0.1-10 mA/cm? is a typical
range. The rate of deposition accelerates as the current density rises.
However, because materials arrive reach the substrate surface at a faster

rate, processes including surface diffusion and agglomeration at present
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growth sites, as well as nucleation with other growth sites, take less time.
The type of sputter gas and pressure have a significant impact on the
sputtering rate and qualities of the deposited layer. Because it is not
desirable for the sputter gas to interact with the target in most instances,
noble gases with large masses are utilized. Because xenon and krypton
have bigger atomic masses than argon, they provide higher sputter yields.
However, argon is more typically employed since it is less expensive and
more readily available. The average distance traveled by the sputter
atoms before they contact with the gas atoms is determined by the gas
pressure, and this is known as the mean free path (m), which is inversely
proportional to the gas pressure. The short mean free path means before
the sputtered atoms are deposited on the substrate they that will undergo
many collisions with the gas atoms. It can influence the porosity of the
deposited film as well as its crystallization and surface morphology [88].
DC systems cannot be used to sputter targets because the target will be
charged as a result of the electrical discharge.

The fundamental advantage of DC diode sputtering systems is that
they are very simple and can be built with commonly accessible materials
at a minimal cost. The quality of the films deposited for these systems, on
the other hand, is relatively low, owing to the considerable working
pressure required to maintain the electrical discharge. The use of
magnetic fields to confine the electrical discharge in the area around the
target is a fantastic way to lower the pressure of sputter gas. Sputtering
systems that use magnet groups around the target are referred to as direct
DC magnetrons. With these systems, the sputter gas pressure can be as
low as (10 Torr) and high-quality films can be produced at deposition
rates that are identical to those obtained with evaporation deposition
techniques. Unfortunately, the usage of DC systems and DC magnetron
systems is difficult to sputter magnetic materials and insulators [87].
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In this work, the films were formed using the DC reactive magnetron
sputtering process, which allows the deposition of composite materials of
different compositions, and high deposition rate, excellent uniformity of
coating and control of deposition parameters are the main advantage of

using this technology [89].

2-6-3 Magnetron Sputtering

Magnetron sputtering can be used to create thin films and coatings
on a variety of substrates. The technology was first used in industry at the
end of the 1970s. The magnetron sputtering process is useful not just in

industry, but also in science and technology research.

This approach has a high productivity, is environmentally friendly, and
produces particles of the desired size. Using a static magnetic field, this
approach confines electrons in the area of the cathode target of an
essentially DC discharge. The Lorentz force is the force acting on a

charged particle in the presence of a magnetic field. [90].

F7=q(E”+V7 X B7) (2-7)

where q is the charge of particle, is electric field, is the velocity of
charged particle and is the magnetic field .

The electron confinement leads to dense plasma adjacent to the cathode
target and abundance of ions to perform sputtering as they are accelerated
across the cathode sheath. The sputter process releases the film forming
material from the cathode target and these species are either ionized or
not before they fall onto a substrate to form a film or coating [91]. In
general, there are two standard types of magnetic field configuration used
in deposition by magnetron sputtering .

Balanced magnetron: The inner and outer magnets are of equal strength,

allowing electrons to be confined close to the target surface. This
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indicates that the plasma does not reach the substrate, resulting in low ion
bombardment of the substrate during film growth, resulting in reduced
atom mobility on the substrate.

Unbalanced magnetron: The magnetic field arrangement is
unbalanced if the inner magnet has a stronger pole than the outer magnet
(type | unbalanced magnetron). The magnetic field lines open up and
extend towards the substrate in the type Il arrangement because the inner
pole is weaker than the outer pole. The electrons follow the field lines
and, therefore, the plasma is also extended to the substrate. lon
bombardment during growth can beneficially influence the film
properties, such as increase coatings density and improve adhesion to the
substrate [90].

Despite the benefits offered by unbalanced magnetrons, it is still
difficult to uniformly coat complex components at acceptable rates from a
single source. As a result, numerous magnetron systems have been
introduced in try to commercialize this technology. The magnetic arrays
of nearby magnetrons in a multiple magnetron system can be designed
with either identical or opposite magnetic polarity. In the first situation,
the arrangement is described as mirrored, while in the second case, it is
described as closed field. The field lines in the mirrored casing are

directed towards the chamber walls.

Following these lines, secondary electrons are lost, resulting in a low
plasma density in the substrate region. In the closed field configuration,
on the other hand, the field lines are connected between the magnetrons.
The substrate is in a high-density plasma area, therefore there are few
losses to the chamber walls. The effectiveness of the closed field
configuration . As can be seen, operating in the closed field mode results

In an ion-to-atom ratio incident at the substrate some 2-3 times greater
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than that obtained under the same conditions in the mirrored, or single

unbalanced magnetron configurations [83]. As shown in Figure (2-7):

B3

W,

Balanced Unbalanced type |

S

Unbalanced type I

Fig. (2-7): The schematic of the magnet configuration.(a) all the field lines that
originate from the central magnet enter the annular magnet (b) all the field lines
originate from the central magnet, while some do not enter the annular magnet
(unbalanced type 1), and (c) all the field lines originate from the annular magnet,

and some do not enter the cylindrical central magnet (unbalanced type I1) [91] .

2-7 Titanium Dioxide TiO,NPs

TiO, has a molecular weight: 79.866 and other names as titanic oxide,
titanic acid anhydride, titanium anhydride, titanium, titanium white.
Titanium dioxide is mined from natural deposits. It also is produced from
other titanium minerals or prepared in the laboratory, Titanium dioxide
also can be prepared by heating Ti metal in air or oxygen at elevated
temperatures [92]. Nanoscale titanium dioxide (TiO,) attracts
considerable attention due to its unique physicochemical and catalytic
properties, which found application in various fields, where it is defined
as an inexpensive material, earth abundant, chemically stable, nontoxic,

and environment friendly.
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2-7-1 Physical and Chemical Properties of Titanium

Dioxide

Titanium dioxide is an n-type semiconductor with a large energy
band gap, with rutile and anatase optical band gaps of 3.0 and 3.2 eV,
respectively, and brookite optical band gaps ranging from 3.13 to 3.40
eV. However, the band gap of nanostructured materials can be narrowed
by adding structural flaws or doping with non-metal and metal
components. TiO, thin films have a high dielectric constant of 40 to 86
and a high resistivity of up to 10°Q.cm. Titanium dioxide is made up of
two elements, Ti: 59.95% and O: 40.05% ,Its density 4.23g/cm3 , Mohs
hardness 5.8 (anatase and brookite) and 6.2 ( rutile),with index of
refraction 2.488 (anatase), 2.583 (brookite) and 2.609 (rutile),melts at
1843C°, insoluble in water and dilute acids, soluble in concentrated acids

but it does not dissolve completely [92].
2-7-2 Crystal Structure

Titanium dioxide usually appearing in an amorphous phase or as
three crystalline phases: anatase and rutile tetragonal phases, , and an
orthorhombic phase brookite. Rutile is the most stable phase, in which
both anatase and brookite are metastable, transforming to rutile when
heated . It has been claimed that phase transformation of the amorphous
state to anatase takes place between 300 and 500 degrees Celsius, with
further transformation to rutile taking place between 600 and 1000
degrees Celsius. The tetragonal structures of rutile and anatase have six
and twelve atoms per unit cell, respectively. Each Ti atom is coordinated
to six O atoms in both phases, and each O atom is linked to three Ti
atoms. The TiO6 octahedron is slightly distorted, with two Ti-O bonds
slightly larger than the other four and some O-Ti-O bond angles shifted
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from 90 degrees (greater distortion in anatase than rutile). Rutile and
anatase crystal structures are made up of TiOg octahedral chains, with
four edges in anatase and two in rutile.In the case of brookite, it has
distorted TiO6 octahedral sharing three edges. Moreover, brookite has
eight formula units in the orthorhombic cell, in which the interatomic
distances and O-Ti-O bond angles are similar to those of rutile and
anatase, nevertheless it has six different Ti-O bonds .Rutile, anatase and
brookite unit cells. The lattice parameters for rutile are a= 0.4594 nm and
c= 0.2958 nm, while anatase has lattice parameters of a= 0.3785 nm and
c= 0.9515 nm, and brookite has lattice parameters of a= 0.9184 nm, b=
0.5447 nm, and c= 0.5145 nm [93]. As shown in Figure (2-8):
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Fig.(2-8) : Unit cells of TiO, Rutile, Anatase and Brookite [93].

2-8 Cancer Therapeutic Effects of TiO, NPs

Cancer is a group of diseases which cause an abnormal and
uncontrolled cell division coupled with malignant behavior such as
invasion and metastasis. Despite remarkable advances in modern medical
sciences, cancer remains a disease difficult to treat and becomes a leading
cause of death worldwide (around 13% of all deaths). During the past 70
years, the number of cancer death has continued to rise, as compared to

the slight increase in the number of people died of other diseases such as
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heart diseases, cerebrovascular diseases, and pneumonia [94].
In these days, radiotherapy and chemotherapy are the principal treatment
modalities aimed at eradicate solid tumors that are located deep inside the
body. However, [95] these methods have suffered from their non-specific
mode of action, which not only kills cancer cells but also harms normal
cells at the same time. [96]. Since the current chemotherapy is mainly
based on a whole-body treatment with the chemotherapeutic agents, it is
inevitable to cause many dangerous side effects associated with the non-

selective cytotoxic effect of the medications [97].

2-8-1 Earlier Detection and Diagnosis by Nano Technology

In the fight against cancer, half of the battle is won based on its early
detection. Nanotechnology provides new molecular contrast agents and
materials to enable earlier and more accurate initial diagnosis as well as
in continual monitoring of cancer patient treatment [98].
For cancer, Nano devices are being investigated for the capture of blood
borne biomarkers, including cancer-associated proteins circulating tumor
cell Already clinically established as contrast agents for anatomical
structure, nanoparticles are being developed to act as molecular imaging
agents, reporting on the presence of cancer-relevant genetic mutations or
the functional characteristics of tumor cells. This information can be used

to choose a treatment course or alter a therapeutic plan [99].
2-8-2 Treatment and Therapy

Cancer therapies are currently limited to surgery, radiation, and
chemotherapy. All three methods risk damage to normal tissues or
incomplete eradication of the cancer [100]. Nanotechnology offers the
means to target chemotherapies directly and selectively to cancerous cells

and neoplasms, guide in surgical resection of tumors, and enhance the
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therapeutic efficacy of radiation-based and other current treatment
modalities. All of this can add up to a decreased risk to the patient and an

increased probability of survival [101].

Research on nanotechnology cancer therapy extends beyond drug
delivery into the creation of new therapeutics available only through use
of nanomaterial properties. Although small compared to cells,
nanoparticles are large enough to encapsulate many small molecule
compounds, which can be of multiple types. At the same time, the
relatively large surface area of nanoparticle can be functionalized with
ligands, including small molecules, DNA or RNA strands, peptides,
aptamers or antibodies. These ligands can be used for therapeutic effect
or to direct nanoparticle fate in vivo [102]. These properties enable
combination drug delivery, multi-modality treatment and combined
therapeutic and diagnostic, known as “theranostic,” action. The physical
properties of nanoparticles, such as energy absorption and re-radiation,
can also be used to disrupt diseased tissue, as in laser ablation and

hyperthermia applications [103].

Integrated development of innovative nanoparticle packages and
active pharmaceutical ingredients will also enable exploration of a wider
repertoire of active ingredients, In addition, immunogenic cargo and
surface coatings are being investigated as both adjuvants to nanoparticle-
mediated and traditional radio- and chemotherapy as well as stand-alone
therapies. Innovative strategies include the design of nanoparticles as
artificial antigen presenting «cells and in vivo depots of
immunostimulatory factors that exploit nanostructured architecture for

sustained anti-tumor activity [103].
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2-8-3 Safety of Nanotechnology Cancer Treatment

Nanotechnology is a powerful tool for combating cancer and is
being put to use in other applications that may reduce pollution, energy
consumption, greenhouse gas emissions, and help prevent diseases.
There is nothing inherently dangerous about being Nano sized [104] .
There are so many ambient incidental nanoparticles, in fact, that one of
the challenges of nanoparticle exposure studies is that background
incidental nanoparticles are often at order-of-magnitude higher levels

than the engineered particles being evaluated [105].

As with any new technology, the safety of nanotechnology is
continuously being tested. The small size, high reactivity, and unique
tensile and magnetic properties of nanomaterials—the same properties
that drive interest in their biomedical and industrial applications
However, the majority of available data indicate that there is nothing
uniquely toxic about nanoparticles as a class of materials. In fact, most
engineered nanoparticles are far less toxic that household cleaning
products, insecticides used on family pets, and over-the-counter dandruff
remedies [106]. Certainly, the nanoparticles used as drug carriers for
chemotherapeutics are much less toxic than the drugs they carry and are
designed to carry drugs safely to tumors without harming organs and

healthy tissue [107] .

2-9 Cell Culture

cell culture is a type of biotechnological technique where cells are
artificially grown in a favorable environment. cell culture is a common
and widely used technique for the isolation of cells and their culture
under artificial conditions. This technique was developed as a laboratory

technique for particular studies; however, it has since been developed to
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maintain live cell lines as a separate entity from the original source.
The development of cell culture techniques is due to the development of
basic tissue culture media, which enables the working of a wide variety of

cells under different conditions [108] .

In vitro culture of isolated cells from different animals has helped in
the discovery of different functions and mechanisms of operations of
different cells. Some of the areas where cell culture has found most
applications include cancer research, vaccine production, and gene
therapy. The growth of cells on artificial media is difficult than growing
microorganisms on artificial media and thus, require more nutrients and
growth factors. However, advances in the culture media have made it
possible to culture both undifferentiated and differentiated cells on
artificial media. Depending on the purpose and application of the
technique, cells, tissues, or organs can be used for the culture process

[109] .

2-9-1 applications of cell culture
The following are some of the applications of animal cell culture:

a. Production of vaccines

1. cell culture is an important technique used for the development of
viral vaccine production.

2. The technique has been used for the development of a recombinant
vaccine against hepatitis B and poliovirus.

3. Immortalized cell lines are used for the large-scale or industrial

production of viral vaccines [110].
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b

Recombinant proteins

cell cultures can also be used for the production of recombinant
therapeutic proteins like cytokines, hematopoietic growth factors,
growth factors, hormones, blood products, and enzymes.

Some of the common cell lines used for the production of these

proteins are baby hamster kidney and CHO cells [110].
Model systems

Cells obtained from cell culture can be studied as a model system for
studies related to cell biology, host-pathogen interactions, effects of

drugs, and effects due to changes in the cell composition [110].

e. Cancer Research

Animal cell culture can be used to study the differences in cancer

cells and normal cells as cancer cells can also be cultured.

The differences allow more detailed studies on the potential causes

and effects of different carcinogenic substances.

Normal cells can be culture to form cancer cells by the use of certain

chemicals, viruses, and radiation.

4. Cancer cells can also be used as test systems for studies related to
the efficiencies of drugs and techniques used in cancer treatment
[110] .

2-9-2 Advantages of Cell Culture

The following are some of the advantages of animal cell culture;

1.

Cell culture is superior to other similar biotechnological approaches
as it allows the alteration of different physiological and
physiobiological conditions like temperature, pH, and osmotic

pressure.
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cell culture enables studies related to cell metabolism and understand
the biochemistry of cells.

It also allows observation of the effects of various compounds like
proteins and drugs on different cell types.

The results from cell cultures are consistent if a single cell type is
used [111].

The technique also enables the identification of different cell types on
the basis of the presence of markers like molecules or by karyotyping.
The use of cell culture for testing and other processes prevents the use
of animals in experiments.

cell culture can be used for the production of large quantities of

proteins and antibodies, [111].

2-9-3 Disadvantages of Cell Culture

Even though cell culture has been used as a technologically advanced

method, there are some disadvantages associated with this approach

1.

It is a specialized technique that requires trained personnel and aseptic

conditions. The technique is an expensive process as it requires costly

equipment.

The subsequent subculture of the cell culture might results in

differentiated properties as compared to the original strain.

The method produces a minuscule amount of recombinant proteins,

which further increases the expenses of the process.

Contamination with mycoplasma and viral infection occur frequently

and are difficult to detect and treat.

5. The cells produced by this technique lead to instability due to the
occurrence of aneuploidy chromosomal constitution [112] .
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2-9-4 Cancer Cell Culture

The continual development of tumor cell culture techniques is vital.
Traditional cell culture methods use a two-dimensional monolayer. With
continuous improvements being made, this method has become a
standard technology in life sciences at present. However, due to the
inherent flaws of traditional culture, it fails to correctly imitate the
architecture and microenvironments of in vivo, which makes 2D-cultured
cells different from cells growing in vivo in terms of morphology,
proliferation, cell-cell and cell-matrix inter-connections, signal
transduction, differentiation and other aspects [113,114]. In order to
improve these simulations of cell microenvironments in vivo, culture has

become the next frontier of cell biology research.

As the intersection between tumor cell biology and tissue
engineering, In vitro tumor models simulate the in vivo physiological
microenvironment, and may be useful at the pre-clinical development
stage to identify potentially successful prototypes and eliminate failures
at an early stage. This means that it has potential to bridge the gap
between traditional monolayer cell culture and tumor cytology
experiments in vivo. Therefore, an increasing number of tumor biologists
have begun to emphasize the importance of tumor cell culture. [115,116],
including preclinical drug screening, cancer stem cell maintenance and
differentiation, signal abnormal transduction and other aspects [117,118].
For example, compared with monolayer cultures, cells in culture
generally exhibit a reduced sensitivity to certain chemotherapeutic agents
[119]. These results and the exponentially increasing number of studies
surrounding this topic convey the importance of tumor cell culture [120].

As shown in Figure (2-9):
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Fig. (2-9): Cancer Cell ulture [120].
2-9-5 Colon Cancer

Colon cancer is the world's second most common cause of cancer-
related death in both men and women, and the second most fatal cause of
cancer-related death in both men and women. It affects more than 35,000
patients worldwide each year, with a 9.4% incidence rate, and kills more
than 55,000 people [121]. Colon cancer accounts for 8.5 percent of all
cancers and is linked to lifestyle variables such as obesity, drinking,
smoking, and other factors [122]. Depending on the site of the metastatic
growth, typical treatment for colon cancer comprises assisting
(application or administration) chemotherapeutic drugs and surgery. The
present chemotherapeutic drugs, on the other hand, cause substantial side
effects and high toxicity. which also increase the risk of death.
Chemotherapy is one of the most important treatments for cancer
patients. However, the efficacy of the chemotherapeutic drugs is still

limited in most solid tumors [123].

2-9-6 Main Interaction of Photon with Matter

The energy transfer from photon beams to the substance differs from
the energy transfer from other rays. There are five different types of
photon interactions with atoms. Photoelectric effect, Compton scattering,

pair creation, photonuclear interactions, and Rayleigh scattering are some
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of the methods used. The photoelectric effect, Compton scattering, and
pair creation are all important interactions in radiotherapy, in which all or
part of the photon energy is transmitted to atom electrons via the
Coulomb contact. Rayleigh scattering is a simple deviation in the course
of an incident photon caused by a Colombian contact between the photon
and an electron atom that occurs without a change in the photon's energy
[124]. When a photon reaches the nucleus and subsequently liberates a
proton or neutron, this is known as a photonuclear interaction. However,
this type of photon contact occurs seldom (less than 5% of the time), thus
it is not common. The photoelectric effect is prevalent when the photon
energy is less than 0.1 MeV, while Compton scattering is typical when
the photon energy is between 0.1 and 1.022 MeV. Pair formation
interactions are common at energies over 1.022 MeV. Compton scattering
Is frequent for materials with low atomic numbers, such as carbon, water,
and human tissue, throughout a large range of energy (0.02 — 30) MeV,
but this effect diminishes as the atomic number of the substance increases
[125].

2-9-7 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. lonizing 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 water [126]. 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 (H,O). The electron
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will combine with H,O to form H,O — and the positron will combine with
H,0 to form H,O + . These H,0O + and H,O — are called ion radicals (not
free radicals). lon radicals are very unstable and rapidly dissociate: H,O +
becomes H+ and OHe , and H,O — becomes He and OH— , OHe and He
are free radicals figure (2-11),[126]:

o R HO® neutral hydroxide

Fig. (2-10): Mechanisms of Radiation Damage to DNA [126].
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3-1 Introduction

In this chapter, the experimental parts of the work includes
synthesizing of Titanium dioxide nanostructures by a lab closed-field
unbalanced dual magnetron DC reactive sputtering system. Also, the laser
induced fluorescence technology (LIF) and its main parts were prepared,
such as the laser source used and the rest of the optical parts used to
collect the spectrum emitted from the prepared samples. With a
description and how to prepare colon cancer cell samples. Figure (3-1)
presents a flow chart of the experimental part of the work in which the

main sections are explained:

52

—
| —



Chapter Three Material and Method

Experimental part of this work
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I
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Ar and O,
Preparation of TiO, thin films Adherent growing primary colon cancer cells
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Fig. (3-1): The flow chart of the experimental part of the present work.
3-2 Sputtering System

The DC reactive magnetron sputtering system used in this work done
in physics laboratory in the College of Science / University of Baghdad,
includes vacuum chamber, discharge electrodes and magnetron assembly,
vacuum unit, dc power supplies, gas supply system, gas mixing unit,

cooling system and measuring tools, as shown in figure (3-2):

53

—
| —



Chapter Three Material and Method

Gas mixing unit

Gas supply system

Fig. (3-2): The magnetron sputtering system used in the present work.

Table (3-1) :Properties of magnetron sputtering system

The height of champer 37.5cm
Cathode diameter 80 mm
Anode diameter 90 mm
Cathode thickness 8.5 mm
Anode thickness 6.5 mm
The distance between 4cm
the electrodes
Pumping speed 24 cm®/h
Pressure 10" mbar
Power source 2kv
Gas mixing ratio 50:50
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3-2-1 Deposition Chamber
They are used to monitor the discharge that occurs inside the chamber, as

shown in the figure ,as shown in figure (3-3):.

Fig. (3-3): The deposition chamber in sputtering system.

3-2-2 Discharge Electrodes and Magnetron Assembly
Stainless steel was used to construct two discharge electrodes (anode and

cathode), as shown in figure (3-4):

Fig. (3-4) : The magnetron assembly on electrodes.
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3-2-3 Gas Mixing Unit

The stainless steel gas mixer in this system includes three cylinders for
mixing oxygen and argon, as well as oxygen cylinders, flowmeters, gas
flow regulators, needle valves, and connections and connectors. Initially,
several gas mixtures were used to determine the optimum gas mixture but
the final results were presented for the samples prepared using the

optimum mixture [127] ,as shown in figure (3-5):

Figure (3-5): The gas mixing unit
3-2-4 Vacuum Unit
A two-stage rotary pump (Leybold-Heraeus) .The vacuum pressure inside
the chamber is measured using an Edward Pirani gauge, as shown in
figure (3-6):

Fig. (3-6): The vacuum unit.
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3-2-5 DC Power Supply
DC power source (Edwards 2A) was used to deliver the electrical
power required for generating discharge inside the vacuum chamber via

high tension cables. [108] As shown in figure (3-7):

Fig. (3-7): The DC power supply
3-2-6 Cooling System and Thermometer
The room-temperature water was cooled and circulated via a channel in
discharge electrodes, with a maximum flow rate of 30 I/min, this machine

can cool the water to around 4°C and disperse it, as shown in figure (3-8):

Fig. (3-8):The cooling system.
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3-2-7 Titanium Dioxide
Titanium dioxide, also known as Titanium(IV) oxide is the inorganic
compound with the chemical formula TiO, When used as a pigment, The

table (3-2) shows the Properties of Titanium:

Table (3-2) :Properties of Titanium [129].

Titanium (Ti)

Atomic number

22

Appearance

Silvery grey-white metallic

Classification

Titanium is a transition metal

Atomic weight

47.867 g/mol

Crystal structure

close-packed hexagonal

Density 4.54 g/cm®

Melting point 1941K (1668 °C)
Molar heat capacity 25.060 J/(mol. K)
Oxidation states +2,+3,+4
Electronegativity 1.54

lonization energies

1 658.8 kJ/mol
2" 1309.8 kJ/mol,
3% 2652.5 kJ/mol

Atomic radius 147 pm
Thermal conductivity 21.9 W/(m. K)
Electrical resistivity 420 Q. m (at 20°C)
Surface binding energy 4.90 eV

—
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3-2-8 Preparation of Thin Film Samples

For the deposition process, the targets were cleaned and dried. Before
the experiments, the glass substrates on which the thin films were
deposited were cleaned. On the cathode, the target was carefully
maintained. The system's operating conditions were split into two
categories: constant and variable. Vacuum pressure, current limiting
resistance, discharge voltage, discharge current, flow velocity, deposition
temperature, inter-electrode spacing, and gas mixing ratio are all constant
operating conditions. The variable operating conditions were 1, 1:30, 2,
2:30, and 3 hours of deposition time. Many experiments were performed
to determine the optimum working pressure as well as the optimum
mixing ratio of Ar and O, gases. Also, it was determined the optimum
inter-electrode distance between 1 to 8 cm, from the experiments
results,4cm has been specified as the optimum inter-electrode distance.
The optimum discharge current was determined according to the stability
of the discharge plasma. The cathode was cooled by circulating water
through the cooling channel while the anode was left to be heated in order

to enhance the adhesion between the deposited film and the substrate.

3-2-9 Extraction of Nano powders from prepared thin films

The experimental part of this work in Department of Physics, College of
Education, Al-lragia University« Baghdad, Iragis schematically shown in

Figure 1(a). The vacuum chamber is made of galvanized steel and can be
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Fig. (3-9) : Experimental setup of the powder extraction method (a) and
ultrasonic generator used in this work (b).[130]

Evacuated down to 10™° mbar using rotary and diffusion pumps. The
film sample can be maintained on a copper plate and cooled down to -20
C using a high-efficiency freezing unit. The ultrasonic waves were
generated by a Triode R.F. Oscillator (Figure (b)) and two transducers (T,
and T,) operating in the frequency range of 3-50MHz. The extracted
powder was collected on a clean watch glass. The procedure is started by
evacuating the chamber down to 10 mbar and then closing the valve
between the chamber and the vacuum pump to isolate the chamber.
Freezing unit is then operated to cool the holder and substrate down to -
20 C. Now, the thin film on the nonmetallic substrate starts to shrink.
After 1 h, the freezing unit is turned off and the temperature of the holder
and substrate starts to increase. It was found that the temperatures of the
holder and substrate are very close to each other during the work period.

Room temperature can be reached after 6-10 h depending on the
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temperature of surrounding environment. The film now is expanded over
the substrate surface. Turning the ultrasonic source on is the next step.
The time period of exposing the sample to the ultrasonic waves depends
on several parameters such as film thickness, type of material, freezing
and final temperatures. The final step involves stirring the copper plate
holding the sample, slowly for 1 h, to remove as much of the film

material as possible [130], as shown in figure (3-10):

Fig. (3-10):Titanium dioxide powder

3-3 The structural and spectral characteristics of Nano-
powders

The samples were prepared in this work characterized in order to
determine their structural and spectral characteristics. The measurements
and characterization tests include X-ray diffraction (XRD) patterns,
atomic force microscopy (AFM), scanning electron microscopy (SEM),
Fourier-transform infrared spectroscopy (FTIR)pensive, X- Energy-Dis,
Ray (EDX) Spectroscopy, UV-Visible spectroscopy .
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3-3-1 X-Ray Diffraction (XRD)Analysis
In order to study the structural properties of the prepared samples, the x-
ray diffraction patterns were recorded by a Shimadzu 6000 X-Ray diffract
meter system. this work done in physics laboratory in College of Applied
Sciences/ University of Technology, This system measures the diffraction
intensity as a function of Bragg's angle. The radiation source is Cu (ko)
with wavelength of 1.5406A, current of 30mA and voltage of 40 kV. The
scanning angle (20) could be varied in the range of 20-60 degree with a
speed of 4 deg /min.
The inter-planer distance (dyq) for different planes was determined by
using Bragg's law :
nA=2dsing ............... (3-1)
Where n is the reflection order, # is Bragg's angle, and A is the
wavelength of X-ray radiation 1.54056A.
The data obtained from the XRD measurements can be used to calculate
the crystallite size (C.S.) of the prepared samples according to Debye-

Scherer's formula [131]:

_0.8914
_[3 cos @

Where A is the wavelength of x-ray radiation 1.54056A, B is the full-
width at half-maximum of the peak on the XRD pattern, 0 is the

diffraction angle, and 0.89 is an Scherer’s constant. As shown in Figure
(3-11).
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Fig. (3-11): X-Ray Diffraction (XRD) [131].

3-3-2 Atomic force microscopy

in order to study surface roughness and topography of the prepared
samples were used AFM. The atomic force microscope is one of the
types of scanning probe microscope, where a topographic image of the
sample surface can be achieved based on the interactions between the tip
and the surface of the sample. It is characterized by imaging almost any
type of surface, including polymers, ceramics, composites, glass, and
biological samples. AFMs probe the sample and performs measurements
in three dimensions on the surface of the sample, and hence can
presentation of three-dimensional image of the sample surface and this
provides a great advantage over any microscope available previously
[135]. this work done in physics laboratory in the College of Science /
Mustansiriya University.
3-3-3 Scanning Electron Microscopy

The structural and morphological analysis of any thin film can be
performed using scanning electron microscopy (SEM). Scanning Electron
Microscope (SEM) uses a focused beam of high energy electrons to
generate a variety of signals at the surface of the solid samples. The
signals that derive from the electron sample interactions reveal

information about the sample,[136] including The texture of the sample,
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chemical composition, crystalline structure, and orientation of materials
that make up the sample. this work done in physics laboratory in the

College of Science / Albasrah University.

3-3-4 Energy Dispersive X-ray Diffraction

Energy-dispersive x-ray spectroscopy (EDX) is an analytical
technique that is used to the compositional analysis of elements which
contained in the materials. It is a technique used in conjunction with SEM
to determine the elemental composition of the final sample. The resulting
signals due to the interaction between the primary electron beam and the
sample under investigation includes secondary electrons, backscattered
electrons, Auger electrons and characteristic x-rays. The characteristic X-
ray is a fingerprint of the element from which it is emitted. The emitted
X-ray is sensed and collected by the EDX detector [137].

3-3-5 Spectroscopic Measurements (UV-Visible)

Transmission and absorption spectra of the prepared samples were
recorded using a computer-controlled UV-visible spectrophotometer
(model K-MAC Spectra Academy SV-2100) . This measurement process
could be precisely controlled by suitable software installed on a personal
computer. The arrangement of this instrument can be modified to
measure the fluorescence by putting the light source at 90° with respect to
the detector [138]. As well, the light source can be replaced by a laser
source to measure the irradiance of the sample. In this case, the test
quartz cell should have four transparent sides. this work done in physics

laboratory in the College of Science / Babylon University.
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3-3-6 Fourier-Transform Infrared Spectroscopy

In order to recognize the bonding modes of the prepared compounds,
the FTIR measurements were done by FTIR spectrometer (SHIMADZU
FTIR-8400S) containing the prepared samples. this work done in
chemistry department in the College of Science / University of Baghdad,
These measurements were performed in the spectral range (400 to 4000)
cm™ [139].

3-4 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 [140].
3-5 Chemical Material:

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

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

Chemical Company Country
Alcohol spray (ethanol 70%) AMEYA FZE UAE
Dimethyl sulfoxide (DMSO) Roth Germany
Fetal bovine serum (FBS) Gibco UK
Gentamycin (80 mg vial) The Arab pharm. | Jordan
MTT(3-(4,5-Dimethylthiazole-2-yl)-2,5- Roth Germany
diphenyl-2H-tetrazolium bromide) dye powder

Phosphate buffer saline tablet Gibco UK
Roswell Park Memorial Institute-1640 (RPMI- | Gibco UK
1640) powder medium

Sodium bicarbonate powder Ludeco Belgium
Trypsin-  Ethylenediaminetetraacetic ~ acid | US biological USA
(EDTA) powder

Cisplatin GSL India

3-6 Instruments and Tools:

The instruments and tools used in the study are listed in (Table 3-4) with

their origins:

Table (3-4): List of Instruments and Tools Used in the Study

instrument or tool Company Country
Autoclave Jeiotech Korea
Automatic micropipettes (different sizes) | Human Germany
Cell culture flask (25ml) SPL Korea
Cell culture plate (96- wells) SPL Korea
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Digital camera Sony Japan
Distiller ROWA Germany
Double distillation water stills GFL Germany
Electric oven Memmert Germany
ELISA Reader Human Germany
(Sterile freezing vial (1.5 mli Biofil Australia
Flow cytometer (BriCyte E6) Mindray China
Incubator Memmert Germany
Inverted microscope T.C  Meiji | Japan
techno
Laminar air flow cabinet Labtech Korea
Liquid nitrogen container GT38 Air Liquide | France
Magnetic stirrer Labinco Netherlan
d

Microcentrifuge Memmert Germany
Millipore filter (0.45, 0.22pum) Biofil Australia
PH Meter WTW Germany

3-7 Methods-Preparation of Reagents and Solutions:

3-7-1 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.
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3-7-2Gentamycin Stock Solution:

Gentamycin vial of 40 mg/ ml solution was considered as stock
solution and stored at 4 C° for uses. The working concentration of

gentamycin in the medium is 50 pg/ml .

3-7-3 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 um millipore filters subsequently. The

content was stored at (- 20C").

3-7-4 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 pm millipore filter into a sterile and
light protected container and stored at 4°C for frequent use or at (-20)°C

for long term storage [132].

3-8 Preparation of Tissue Culture Medium:

3-8-1 Preparation of Serum-Free Medium:

Liguid 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
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the pH of the medium adjusted to 7.4. Sterilization was done by 0.4 and
0.2 um Millipore filters subsequently. After the end of the procedure, 5
ml of the medium was incubated at 37 °C 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 4°C until use.

3-8-2 Preparation of Serum-Medium:
Serum-medium was prepared as described in (3.8.1) with the

addition of 10% FBS.

3-8-3 Preparation Of Colon Cancer
prostate PC3 and MDCK cell lines in frozen vials were obtained

from Tissue Culture Laboratory in the College of Medicine / University

of Babylon.

3-9 Harvesting and Sub-culturing Of Colon Cancer
Harvesting is a technique that uses the proteolytic enzyme trypsin to
detach and disaggregate the adherent monolayer cells from the bottom of
the culture flask. It was performed whenever the cells need to be
harvested for cell counting and sub-culturing of the cell line. This
procedure was done according to the following:
1- Cells were examined using the inverted microscope to ensure that the
cells are healthy and sub-confluent (in the exponential phase of growth)
and are free from contamination.
2- The spent medium was removed using a pipette and wash the
monolayer with a sufficient volume of pre-warmed trypsin- solution to
ensure the removal of all media from the flask. This washing step was

repeated if the cells were known to adhere strongly.
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3- Appropriate volume of trypsin- solution was added into the washed
cell monolayer using (1-2 ml) per 25-cm? flask. Flask was rotated to
cover the monolayer with trypsin.

4- The flask was returned back to the incubator at 37°C to allow the cells
to detach from the inside surface of the flask (the length of time depends
on the cell line, but usually this will occur within 2—10 minutes).

5- The cells were examined using an inverted microscope to ensure that
all the cells are detached and in suspension. The side of the flasks may be

gently tapped to release any remaining attached cells.

6- Inactivate the trypsin by adding an equal volume of serum-containing

medium to the flask.

7- According to the required density, an aliquot of cells was transferred to
a new labeled flask containing a pre-warmed serum-containing medium
(5-7ml for a 25-cm? flask).

9- The flask was incubated at 37C°.

10- This process was repeated as demanded by the growth characteristics

of the cell line, as shown in figure (3-12):
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Fig.(3-12): Preparation Of Colonic Prostate PC3.[141]

3-10 Thawing of Colon Cell lines:
The frozen cell line vial was removed from 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, then it was wiped with 70% ethanol.
Without delay, the cell suspension content of the vial was pipetted under
laminar flow cabinet 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 cells pellet was re-suspended into 5Sml warm (37C") serum-medium
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and transferred into 25 ml size cell culture flask, incubated at 37C° and
the serum medium replaced on 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) pg of nano powder is dissolved in a volume of 1

cm®)of solvent (water), according to the following relationship [142]:

CXVXXMW
1000

e (353)

wy, = Nano powder weight

C: the concentration to be prepared in mol

V: the volume of the solvent cm® to be added to the substance.

M.W: The molecular weight of the dye used is gm/mol.
To dilute the prepared (1000, 500, 250, 125, 62.50, 31.25 ) pg/ml this is
done using the following relationship, which is called the dilution

relationship:

C;: First concentration.

C,: second concentration.

V1. the necessary volume of the first concentration.

V,: The volume needed to be added to the first concentration to obtain

the second concentration. As shown in figure (3-13):
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Colon cancercells Tio,NPs

Colon cancer cells with Tio,NPs

f-. =

S

Fig. (3-13):a) colon cancer cell without Tio,NPs

b) Colon cancer cells with Tio,NPs.

3-11 Cytotoxicity assays:
3-11-1 MTT Assay Principle:

The general purpose of the MTT assay is to measure viable cells in
relatively high throughput (96-well plates) without the need for elaborate
cell counting. Therefore, the most common use is to determine the
cytotoxicity of several drugs at different concentrations. The principle of
the MTT assay is that for most viable cells mitochondrial activity is

constant and thereby an increase or decrease in the number of viable cells
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MTT Formazan
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Figure (3-14): Principle of MTT Assay [132]

is linearly related to the mitochondrial activity, as shown in figure
(3-14).The mitochondrial activity of the cells is reflected by the
conversion of the pale-yellow tetrazolium salt (MTT dye) into dark
purple formazan crystals by NADH which can be solubilized for
homogenous measurement. Thus, any increase or decrease in viable cell
number can be detected by measuring formazan concentration reflected in
optical density (absorbance) using a plate reader at 570 nm. The darker
the solution, the greater the number of viable and metabolically active
cells [132].

3-11-2 Procedure:

1- At the end of the drug 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.

2- A volume of 1.2 ml of MTT solution (5 mg/ ml) was added to 10.8 ml
medium to obtain final concentration of 0.5 mg/mL. Then, 200 pl of the
resulting solution was added in each well.

3- The plate was incubated for 3 hours at 37°C until intracellular purple
formazan crystals were visible under the inverted microscope.

4- The supernatant was removed and 100 pl DMSO was added in each

well to dissolve the resultant formazan crystals.
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5- The plate was incubated at room temperature for 30 minutes until the
cells have lysed and purple crystals have dissolved.
6- 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:

% viability = (AT — AB) / (AC — AB) x 100%

Where, AT = Absorbance of treated cells (drug).

AB = Absorbance of blank (only medium).

AC = Absorbance of control (untreated).

% Inhibition = 100 — % viability

3-12 Statistical Analysis:

Means and standard deviation were calculated for the experimental
group. The statistical significance of the differences between the data
obtained from the control and that obtained from the experimental group
was analyzed via analysis using One Way Analysis of Variance using the
SPSS 25 computer program (SPSS). P-Values < 0.05 were considered to

be statistically significant. As shown in figure (3-15):
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Figure (3-15) :The 96 well plates for MTT assay test

3-13 Description of LIF Arrangement Technique

Figure (3-16) shows the arrangement of LIF setup and as an indication of

each part of it:

Fig.(3-16) Parts of the LIF spectroscopy system.

The main parts are:

1- A CW diode laser source, with (473 nm) fundamental wavelength, for

sample irradiation.
2-Aperture to control the diameter of the laser beam.

3- A light lens is used to illuminate the laser on the surface of the sample
with a focal length (f =10 cm).

4- A plane surface for placing the sample for the purpose of examination.
The distance between the laser and the sample (10cm).

—
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5- A computer to run the spectrum analyzer software that shows the data
as a graph of wavelength as a function of intensity. Hence, the possibility

of storing detailed data for the spectrum.

6- The optical fiber holder is divided into circular angles (360°), to
control the placement of the optical fiber at the best angle for receiving

the plasma spectrum.

7 - The sample under study and targeted by diode laser and located

under the arm carrying it.

3-13-1 laser Source

The laser source used in the LIF system is a diode laser. The table (3-5)

shows the parameters of the laser used in this technology:

Table (3-5): specifications of the laser source (diode) used in the technology

Mode laser CwW
laser Wavelength 473 nm
Optical Output Power 100 mW
Threshold Current 20 mA
Applied voltage 220 v

3-13-2 Optical fiber

A fiber-optic wire is used in the LIF technique to collect the spectrum
emitted from the sample to be transferred to the spectrometer. It is set at
an angle of 90 from the sample position. The spectrum emitted from the
sample is transmitted through the fibers using the phenomenon of total
reflection, and this allows the introduction of a sufficient amount of

emitted spectrum into the spectrum analyzer. [143]
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4-1 Part One

In this part, the result and discussion of thickness measurement and
deposition time of TiO,NPs using DC sputtering technique are studied
and discussed. Structures properties of TiO,NPs (XRD, FTIR, AFM,
SEM, and EDX) and Spectral properties are described in this part.

4-2 Thickness and Time of D.C Sputtering for TiO, NPs.

This section show the effects of working gas pressure, gas mixing
ratio, inter-electrode spacing, and film thickness on the structural and
optical properties of synthesized samples. The results showed that as the

deposition time increased, the thickness increased, as shown in the table

(4-1).
Table (4 -1): Thickness and the Time of D.C Sputtering of (TiO, NPs)
Material Deposition Time (h) Thickness(nm)

1 106.4

1:30 159.6

TiO, 2 190.0

2:30 209.0

3 212.8

4-3 Characterization of TiO, NPs

The structural and spectral properties of the produced samples were
measured in this study. X-ray diffraction (XRD) patterns, Fourier-
transform infrared spectroscopy (FTIR), atomic force microscopy (AFM),
scanning electron microscopy (SEM), Energy-Dispersive X-Ray (EDX)

78

—
| —




Chapter Four Results and Discussion

Spectroscopy, Dispersion Curves of Nanostructured Thin Films, and UV-

Visible spectroscopy are among the tests performed.

4-3-1 XRD Patterns of TiO, NPs

The use of X-ray diffraction to identify the crystal structure and
crystallinity is critical. Strong diffraction peaks were observed in the
XRD patterns for TiO, nanoparticles of various sizes, showing TiO, in
the anisate phase generated at a gas mixing ratio of 50:50 and a chamber
temperature of 400°C. The diffraction peaks at 25.2°, 37.8°, 48.1°, 53.9°,
55.1°, 62.8°, 68.9°, 70.1°, and 75° corresponded to crystal planes (101),
(004), (200), (105), (211), (118), (116), (220), and (125), which are in
agreement with the standard spectrum [161], as shown in figure (4-1).
Debye-equation Scherer's was used to calculate the average crystallite
size of the composite [64]. The TiO,NPs thin film's average crystallite
size was calculated according to Debye-Scherer's formula equation (3-2)

to be 17.74 nm, as shown in figure (4-1):

4000

TiO,
3500 - (101)
3000 -
2500 -
(7]
-
52000 -
o)
o
1500 - A(200)
A(211)
1000 4 A(004)
A(220 A(125)
500 - A(116)
0

20 30 40 60 70 80

50
206(degree)

Fig. (4-1):The XRD patterns for anatase phase of TiO, NPs thin films prepared
at gas mixing ratio 50:50 and inter-electrode 4 cm
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4-3-2 FTIR Spectra of TiO, NPs Films

For a long time, FTIR spectra have been used to provide information
on the nature of metal oxides. The stretching and bending vibrations of
the OH group cause the peaks at 3450 cm™ and 1620 cm™ in the spectra,
as seen in the figure (4-2). For all of the produced samples, the structure
al of TiO,NPs was clearly visible in these spectra. The peak at 408.91 cm’
! is attributed to Ti-O-Ti bands in the TiO,NPs lattice [134], while the
band assigned to Ti-O stretching vibration was seen at roughly 447 and
667 cm™. Because of the optimal working conditions utilized in the
sputtering equipment, FTIR confirms that there are no contaminants

within the prepared samples.

100 +

T (%)

80

409 cm?

1620 cm’!
O-H

60 -

667 cm’!

40 T T T T T T T T T
4000 3400 2800 2200 1600 1000 400
Wavenumber (1/cm)

Fig. (4-2):The FTIR spectra for TiO,NPs thin films prepared at gas mixing ratio
50:50.
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4-3-3 AFM Results of TIO,NPs Films

There were various grain sizes in the TiO,NPs thin film had an
anatase structure, which was discovered. Before reaching the substrate
surface, these high-energy particles are gas-scattered as a result of
collision interactions between the target and the substrate [135] as shown
in figure (4-3), the produced TiO,NPs nanostructures had a Core
Roughness Depth (sk) of 15.1 nm and a root-mean-squared roughness

(sq) of 17.5 nm, where sk > sq .
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Fig. (4-3): The three dimensional AFM micrographs and granularity
cumulating distribution of TiO,NPs thin film
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4-3-4 SEM Measurements of TiO,NPs Films

Scanning electron microscopy (SEM) was used to determine the
surface profile and particle size of the thin films that had been
manufactured (SEM). The first feature seen in these photos is
homogeneous particle distribution, which is one of the most fundamental
advantages of the DC magnetron sputtering approach for nanostructure
fabrication. Another noteworthy finding is the lack of aggregation across
the scanned sample . This could be due to the heat sink mechanism used
in TiO,NPs samples to prevent the anatase phase from changing to rutile.
This can be explained as follows: in a single phase structure, such as the
anatase TiO,NPs sample obtained in this study. In the SEM images, the

nanoparticles have a hexagonal form in the structure [136], figure(4-4):

e

SEM HV: 10.0kV | WD: 5.45 mm MIRA3 TESCAN SEM HV: 10.0 kV WD: 5.45 mm
View field: 4.61 um | Det: InBeam View field: 1.98 pm Det: InBeam
SEM MAG: 30.0 kx Date(m/dly): 09/07/20 Mashhad (MUMS) SEM MAG: 70.0 kx Date(mi/dly): 09/07/20

SEM HV: 10.0 KV [ VVD: 5. 45 mm I 11 1 11 1 I MIRAS TESCAN
View field: 1.38 g Det: InBeam
SEM MAG: 100 kx | Date(mi/diy): 09/07/20 Mashhad (MUMS)

Fig. (4-4):The SEM images of TiO; thin film prepared.
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4-3-5 EDX measurements of TiO,NPs Films

The produced samples' energy-dispersive x-ray (EDX) spectra were
recorded and analyzed .The table (4-2) shows a summary of the elemental
compositions in the TiO,NPs sample. The weight ratio of Ti:O was found
to be 46.77: 50.79, based on the availability of Ti and O in the final
sample. These findings supported the stoichiometry of TiO,NPs
molecules since they matched the chemical bonding arrangement of the
compound perfectly. It was observed that the prepared TiO2NPs samples
were all most pure, which was corroborated by the atomic integration of
Ti and O atoms. This feature is especially useful for investigations
involving physical and chemical features and processes. The EDX
spectrum present in figure (4-5):

|

TiKa
TiLo
= OKa
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TiKB
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Fig.(4-5) :The EDX results of TiO,NPs thin film prepared

Table(4-2):Quantitative Results of TiO,NPs by EDX Spectroscopy

Element Line W% A%
C Ka 2.44 4.67
O Ka 50.79 72.91
Ti Ka 46.77 22.42
100.00 100.00
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4-3-6 Absorption and Fluorescence Spectra of TiO, NPs

Absorption and fluorescence spectra of TiO, films of the anatase phase
nanocrystal line as shown in Fig. (4-6). Nanomaterials were used in this
research as a treatment using them to kill colon cancer cells. Fluorescence and
absorption spectra were studied to clarify the difference between them and the
fluorescence and absorption spectra of colon cancer cell carcinomas to obtain
a more accurate diagnosis. Compared with other studies, a blue shift occurred
with absorbance [137]. Figure (4-6a) shows the absorbance spectrum of
TiO,NPs using UV-visible spectroscopy in distilled water plotted against the
wavelength (A). The wavelength has the highest absorption (0.941) is (300
nm), because the absorption depends on the particle size , this agreement with
Literature survey [44]. Figure (4-6b) shows the fluorescence spectrum of
TiO,NPs using fluorescence spectroscopy (Spectra Academy). The
wavelength at the highest fluorescence (9.579) equals (340) nm, peak at a
longer wavelength is attributed to the dipole Plasmon resonance of the
TiO,NPs. As the antiparticle spacing decreases, the first peak becomes
weaker while the second peak intensifies and shifts to longer wavelengths.
The maximum peak shift is observed if the antiparticle distance approaches
zero, at which point the electrodynamic interaction between the nanoparticles
is at a maximum. the fluorescence emission of semiconductors is mainly
produced when the photo induced electrons and holes are rearranged, Thus,
the grafting can lead to the separation of the photo induced electrons on the
surface of TiO, and thus prevent their recombination, which leads to the
enhancement of the photocatalytic activity, this agreement with Literature

survey [47]
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Fig. (4-6):a) absorption spectra for the prepared sample of TiO, NPs, b)
Fluorescence spectra for the prepared sample of TiO, NPs
Table(4-3): Absorption and Fluorescence of TiO, NPs
Amax (NM) Intensity
Absorbance 300 0.941
Fluorescence 340 9.579
4-4 Part Two

This part shows a fluorescence spectra and absorption spectra for
colon cancer cells after treatment with TiO,NPs were studied by using the
fluorescence and UV- visible spectroscopy to compare with laser induced

fluorescence (LIF) technique.

After completing the preparation of colon cancer cell samples and
treating them with different concentrations (1000, 500, 250, 125, 62.50,
31.25) pg/ml of TiO,NPs, and to ensure the possibility of a spectroscopic
study, specific samples were taken and their absorption spectrum was
measured using (uv- visible) spectroscopy (deuterium and xenon lamps)

as well as their emission spectrum using a fluorescence spectrometer
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(xenon lamps). Both spectrometers use a source of ordinary
electromagnetic radiation It was found by measuring the absorption
spectra that it is possible to conduct a spectroscopic study using the
absorption spectrometer, and it is not possible to conduct the study and
diagnosis using the fluorescence spectrometer. Therefore, the study
resorted to using the laser induced fluorescence technique to study the
emission spectra to diagnose biochemical samples and this is identical to
most of the previous studies [138,139] ,as in figures (4-7 a) and (4-7D).

Figure (4-7): a) fluorescence spectra of colon Cancer for counting different
concentrations (1000, 500, 250, 125, 62.50, 31.25 ) pug/ml. b) Absorbance of colon
Cancer for counting different concentrations (1000, 500, 250, 125, 62.50, 31.25)

4-5 Part Three

This part shows and discusses absorbance spectrum by using UV-
Visible spectrometer as a diagnostic method for the Comparison of the
absorbance spectrum of live and dead colon cancer cells and As well as
studying the absorbance spectrum spectra each chemical compound that
was used in the tissue culture of cells that include the nutrient medium

(RMPI 1640) of colon cancer cells , trypsin and colon cancer cells In
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order to accurately determine the absorbance spectrum of colon cancer
cells and distinguish it from the absorbance spectrum of the rest of the
components contained within the cell culture complex of colon cancer
cells before and after treatment with TiO,NPs. Also, the optical properties
of all the prepared samples were measured, which include (reflectivity,
refractive index absorption coefficient, Transmission) . (LIF) technique
the spectra of the prepared samples were studied. To study the effect of
exaction wavelength in diagnosing colon cancer cells, three wavelengths
(403, 473, 532) nm were used. Live and dead colon cancer cells were
classified by laser-induced fluorescence (LIF) . The LIF of the nutrient
medium (RMPI 1640) of colon cancer cells as well as trypsin were
studied. The (LIF) of colon cancer cells were measured after treatment
with nanomaterials, and there was a lower number of cancer surviving
cells than the initial number due to the presence of a concentration
multiplier of TiO,NPs.

4-5-1 Comparison of the Absorbance Spectrum of Living
and Dead Colon Cancer Cells without TiO,NPs Treatment

(Control Colon Cancer Cells)

The result in figure (4-8) shows the comparison of the absorbance
spectrum between living and dead cells of colon cancer cells by using
UV-Visible spectrometer. When preparing these cells by the method of
tissue culture of cells, these cells live for four hours at most, and then
died due to different reasons. Where it was possible to clarify the
difference and diagnose these cells using UV-Visible spectroscopy. The
red line represents the absorbance of dead cells and the black line
represents the absorbance of living colon cancer cells. It was observed
that the absorbance of living cells (0.957) at a wavelength of 522 nm was

higher than the absorbance of dead cells (0.571) at a wavelength of 524
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nm . In living cells, the reason for the high absorbance is due to the
presence of cancer cells in addition to other chemicals present in the
cancer cell formation compound. As for dead cells, the absorbance mostly
refers to the chemical compounds found in the compound, where the

absorbance of dead cells is very low

— |ive cells
—— dead cells

1.04

0.8 -

0.6 -

0.4 -

Absorbance

0.2 4

0.0

1 1 1 1 v
500 510 520 530 540 550

wavelength (nm)

v 1
480 490

Fig.(4-8): Absorbance spectra of live and dead colon cancer cells culture

Table(4-4): Absorbance of live and dead colon cancer cells culture

Material Amax (NM) Absorbance
Living cells 522 0.957
Dead cells 524 0. 571

88

—
| —



Chapter Four Results and Discussion

4-5-2 Absorbance Spectrum of The Nutrient Medium
(RMPI 1640)

Figure (4-9) shows absorbance spectrum of the nutrient medium
(RMPI 1640) of colon cancer cells culture, (RMPI 1640) medium
represents the major component of all cell culture cultures as it is the food
medium for tumor cells, To evaluate the effect of this medium on the
absorption results at diagnosis, the absorbance spectrum of (RMPI 1640)
medium were calculated. Where the highest absorption of the (RMPI
1640) medium is (0.329 ) at the wavelength (452 nm) .

0.35 -

0.30

0.25

0.20

Absorbance

0.15

0.10

Y T Y T Y T Y T Y 1
300 350 400 450 500 550

wavelength (nm)

Fig.(4-9): Absorbance Spectrum of The Nutrient Medium (RMPI 1640).
Table(4-5): Absorbance Spectrum of (RMPI 1640) 1640 Medium

Amax (NM) Absorption
452 0.329
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4-5-3 Absorption Spectra of Colon Cancer Cells and
Trypsin

Trypsin is widely used for cell dissociation which breaks down
proteins to separate or detach cells from the culture vessel. This process is
important when cells need to move from vessel to vessel, and when
complete, the cells will become suspended and appear rounded. Since
trypsin is one of the chemical compounds found in colon cancer cells, the
absorbance spectrum of trypsin were measured and compared with the

absorbance spectrum of colon cancer cells.

Figure (4-10), the red line represents the absorbance spectrum of
trypsin (0.261 ) at a wavelength (326 nm ) and the black line represents
the absorbance spectrum of colon cancer cells with trypsin (0.957 ) at a

wavelength (522nm).
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Fig.(4-10): Absorbance Spectrum of Colon Cancer Cells and Trypsin
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Table(4-6): Absorption Spectra of Colon Cancer Cells and Trypsin

Material Amax (NM) Absorption
Colon cancer with trypsin 522 0.957
Trypsin 326 0.261

4-5-4 Absorbance Spectrum of the Colon Cancer Cell with
TiO, NPs Treated

This part shows and discusses the absorbance spectrum of colon
cancer cell behavior after treatment with TiO,NPs and for counting
different concentrations (1000, 500, 250, 125, 62.50, 31.25 ) pg/ml of the
nanomaterial. Figure (4-11) shows the absorbance spectrum of the
nanomaterial interaction mixture with the cancer cell compound were
recorded. absorbance spectrum were recorded for all components of the
compound separately (trypsin, nanomaterial, the nutrient medium (RMPI
1640) of colon cancer cells). It was noted that the highest absorbance was
obtained (0.836 ) at a concentration (1000 pg/ml) of the nanomaterials at
a wavelength (517nm) and the lowest absorbance was obtained (0.081) at
a concentration (31.25 pg/ml) of the nanomaterials at a wavelength
(515nm). So observed that the higher the concentration of the
nanomaterial in the solution, the higher the absorbance. because of
increased in the concentration, the solution became darker, so the
absorbance becomes high in addition to other physical phenomena such
as scattering and reflectivity. Compared with the absorbance of the cancer
cells compound before they were treated with nanomaterials, the control
compound had a high absorbance close to the absorbance of the
compound after adding the nanomaterial at a concentration (1000 pg/ml)
This is due to the preparation conditions where the absorbance of the
compound was measured after treatment 24 hours after adding the

nanomaterial.
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Fig.(4-11): Absorbance of colon Cancer for different concentrations (1000, 500,
250, 125, 62.50, 31.25) pg/ml of TiO,NPs

Table(4-7): Absorption spectra of colon Cancer for different concentrations
(1000, 500, 250, 125, 62.50, 31.25) pg/ml of TiO,NPs

Concentration Amse () A

(Hg/ml)

Control 522 0.957

1000 517 0.836

500 518 0.583

250 519 0.485

125 519 0.116

62.50 518 0.094

31.25 518 0.081
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4-5-5 Laser-Induced Fluorescence (LIF) spectrum of colon

cancer cell

This part describes and discusses (LIF) spectrum by using laser
induced fluorescence technique as a modern and accurate diagnostic
method. The effect of excitation wavelengths (403,473,532) nm for
diagnosing colon cancer cells was studied to find out the best wavelength
in diagnosis and use it to diagnose the rest of the prepared samples, as
well as studying the difference between living and dead colon cancer
cells through this technique, as well as studying laser fluorescence (LIF)
spectra for each chemical compound that was used in tissue culture. From
cells containing nutrient medium (RMPI 1640) for colon cancer cell,

trypsin and colon cancer cell medium before and after TiO,NPs treated.

4-5-6 Effect of Excitation Wavelength to Diagnosing Colon
Cancer Cells by Using Laser-Induced Fluorescence (LIF)
Figure (4-12) shows the effect of excitation wavelengths (473, 532,
403) nm to diagnosis the colon cancer cells in LIF spectrum. It is
expected that the use of different wavelengths will lead to the formation
of different spectral intensities of the spectra of cells to verify the
response of cancer cells to the wavelength used, and this reflects the
spectral contents similar to the wavelength used in excitation. From the
figure (4-12) , notice the difference between the fluorescence intensities
at different wavelengths due to the amount of proteins present in the
contents of the colon cancer cell, and this is due to the difference in the
characteristic emission wavelengths, corresponding to the different
constituting bio-species (fluorophores) that got excited with each
excitation wavelength , this agreement with Literature survey [45,49].The
blue line represents the emission spectrum obtained at wavelength 403

nm, the red line represents the emission spectrum obtained at wavelength
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532 nm, and the black line represents the emission spectrum at
wavelength 473 nm. In the case of excitation at wavelength 473 nm, a
maximum emission spectrum for colon cancer sample was observed
equal to (43680) in contrast to the case of excitation at wavelength 403
nm in which the peak of the emission spectrum is very small equal to
(9990). In the emission spectra, there is a component that fluoresces at
wavelengths 532 nm and 473 nm, As for the wavelength of 304 nm, the
lowest emission was obtained because all the materials inside the colon
cancer cell culture compound had the highest absorbance at 473 nm and
532 nm. The spectral shapes were not completely identical at all
wavelengths used in the diagnosis, and the difference in the intensity of
emission is due to the presence of many biochemical components in the

cell sample this agreement with [157 ,158].
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Fig.(4-12): LIF spectrum cancer cell at excitation wavelengths (403,473, 532) nm
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Table(4-8): LIF spectrum cancer cell at excitation wavelengths (403,473, 532)

nm
Laser source Amax (NM) intensity
473 (nm) 600 43680
532 (nm) 609 27220
403 (nm) 597 9990

4-5-7 Comparison of LIF Spectrum of Living and Dead
Colon Cancer Cells without TiO,NPs Treated (Control

Colon Cancer Cells)

The prepared colon cancer cells were examined by LIF spectrum using
LIF system in the Department of Laser Physics / College of Science for
Women / University of Babylon, where the laser wavelength used in the
examination was 473 nm (CW laser), and the absorption wavelength of

colon cancer cells was 522 nm

Figure (4-13) shows the comparison between living and dead cells of
colon cancer cells by using LIF is discussed and explained. Where it was
possible to clarify the difference and diagnose these cells using laser
induced fluorescence technology. The red line represents the LIF
spectrum of dead cells and the black line represents the LIF spectrum of
living cells. It was noticed that the LIF spectrum of live cells (27220) at a
wavelength of 610 nm is higher than the LIF spectrum of dead cells
(16500) at a wavelength of 607 nm, It is observed that the dead cells
have an emission spectrum, because the entire composition of the cells is
contained within the compound only that the cells have reduced their
effectiveness and that this part of the cells has lost its concentration due

to dehydration.
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Fig.(4-13): LIF spectrum of living and dead cell colonic Cancer.

Table(4-9): LIF spectrum living and dead cell colonic Cancer.

Material Amax (NM) intensity
Live cells 610 27220
Dead cells 607 16500

4-5-8 LIF Spectrum of Colon Cancer Cells Without TiO,
NPs Treated

This part presents and discusses the behavior of the LIF spectra of a
colon cancer cell before the treatment with TiO,NPs. By knowing the

behavior of the LIF spectrum of each chemical compound used in cells
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culture for cells that include the nutrient medium (RMPI 1640) for colon

cancer cell, colon cancer cell and trypsin.

4-5-8-1 LIF spectrum of the nutrient medium (RMP1 1640)

of colon cancer cells

The nutrient medium (RMPI 1640) of colon cancer cells culture can
negatively affect the fluorescence assay by causing high levels of
fluorescence to the media. To evaluate the effect of this medium on the
fluorescence results at diagnosis, figure (4-14) shows LIF spectrum of the
rpmi 1640 medium were measured. Where the highest fluorescence of
the medium (5620) at the wavelength ( 526 nm), these results showed a
relationship between the wavelengths of the medium with wavelengths of
fluorescence from the cancer cell, and the difference in intensity and

wavelength was observed .

G000 -
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LIF Intensity
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EDDD I I I 1
450 500 550 800 850 700

wavelength (nm)
Fig.(4-14): LIF spectrum of nutrient medium (RMPI 1640) of colon cancer cells.
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Table (4-10): LIF spectrum of of nutrient medium (RMPI 1640) of colon cancer

cells.

Amax (NM) Intensity
526 5620

4-5-8-2 LIF Spectrum of Colon Cancer Cells and Trypsin

Since trypsin is one of the chemical compounds found in colon cancer
cells, the LIF spectra of trypsin were measured and compared with the LIF
spectra of colon cancer cells .In figure (4-15) , the red line represents the
fluorescence spectrum of trypsin (2990) at a wavelength (409nm) and the
black line represents the fluorescence spectrum of colon cancer cells with
trypsin (27220) at a wavelength (610nm). It was noted that the effect of
trypsin is very low and therefore does not affect the spectrum of cancer cells,

this agreement with Literature survey [49].

colon cancer with trypsin
—— Trypsin
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Fig.(4-15): LIF Spectrum Colon Cancer Cell and Trypsin
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Table(4-11): LIF Spectrum of colon Cancer Cell and Trypsin

Material Amax (NM) intensity
Colon cancer with trypsin 610 27220
Trypsin 409 2990

4-5-9 LIF spectrum the Cancer Cell with TiO, NPs treated

This part shows and discusses the LIF spectra of colon cancer cell
behavior after treatment with TiO,NPs and for counting different
concentrations (1000, 500, 250, 125, 62.50, 31.25 ) ug/ml of the

nanomaterial by using LIF Technique is show in figure (4-16).

When a biological molecule is illuminated with a specific wavelength,
which falls within the absorption spectrum of that molecule, it absorbs
this energy and is excited from the ground level to the excited level, and
then the molecule returns to the ground state by emitting energy in the
form of fluorescence with emissive wavelengths. Colon cancer cells were
exposed to different concentrations of nanomaterials for 24 h to test the
selectivity of this treatment for cancer cells. The effect of the
concentrations used was compared with the control cell before it was
treated and diagnosed using the laser induced fluorescence (LIF)
technique. Nanomaterials can present antigens or adjuvants to stimulate
immune cells, which helps the immune system to efficiently kill cancer
cells that resulted in the induction of distinct cellular outcomes.
Morphological changes induced by different Tio,NPs concentrations
((1000, 500, 250, 125, 62.50, 31.25 ) pug/ml) were distinct in cancer colon
cells. It was observed that the concentration of nanoparticles increased,

cancer cells died, this agreement with Literature survey [51].
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so the intensity of fluorescence decreased, and this corresponds to the

statistical analysis. this agreement with [158] .

——31.25 pg/ml
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1 — 125 nug/ml
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Fig.(4-16): LIF spectrum of colon Cancer for different concentrations (1000,
500, 250, 125, 62.50, 31.25 ) pg/ml of TiO,NPs
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Table(4-12): LIF spectrum of colon Cancer for different concentrations (1000,
500, 250, 125, 62.50, 31.25 ) pg/ml of TiO,NPs

Concentration Amax (1 m) intensity

(Hg/ml)

control 610 27220

1000 606 2870

500 589 4110

250 613 7300

125 603 11290

62.50 597 12460

31.25 579 15280

4-6 Part Four

4-6-1 The Morphology of Cancer and Normal Cell

Figure (4-17) shows the biological evaluations of TiO, NPs in an
initial test using an optic microscope on a culture cell line before doing
the MTT experiment on human colon cancer and normal cell culture.
Both cell cultures showed signs of cytotoxicity, according to the findings.

Even at a nanoparticle concentration of 31.25 pg/ml, after exposure.
In general, nanoparticles have an impact on cell membrane integrity and
morphology, and pinocytosis has been considered as the primary
mechanism for nanoparticle uptake in cells. The toxicity of TiO,NPs,
which were exposed to successive dilutions of decreasing concentrations,
inhibited cell cycle progression. When the concentration of TiO,NPs on
cancer cells is increased, the cells shrink and die, with the highest death
occurring at a concentration of (1000 pg/ml). While the effects of (micro-

size of TiO,) Tio,NPs on normal cells are different, this is due to the fact
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that TiO,NPs with small sizes can enter cancer cells, causing cell
shrinkage and death, whereas the presence of TiO,NPs on the cell
membrane of a normal cell, but not inside the cell, causes a change in the

shape of the normal cell and death due to Tio,NPs' toxicity.

Control colon cancer colon cancer with Ti0,NPS

Fig. (4-17): Observations of cancer cell morphological changes after exposure with

nanoparticles, the cells were observed by optic microscope directly

4-6-2 The Effect of TiO, NPs on Cancer Cell Line

The optical density of cell growth in each well of the microliter plate
is determined using the MTT test. The maintenance medium containing
the test drug was discarded before the completion of the cytotoxicity
assay, and the wells were washed with 100 | of cold Phosphate buffer
saline (PBS) using an automated pipette. The surviving human colon
cancer cell line cultures are then fixed for 20 minutes at room temperature
with 10% buffered formalin. After discarding the fixative solution, 100 |
of MTT was added to each well, incubated for 30 minutes, and the
absorbance was measured at 620 nm. The MTT assay measures cell
proliferation in response to varying doses of TiO,NPs in the culture

media. Cells cultivated in TiO,NPs-containing medium for 48 hours had
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a lower survival rate than cells cultured in control medium (0 g/ml). At
lower concentrations of TiO,NPs (31.25 g/ml), there were obvious
changes in cell survival, and as the concentration climbed (62.50 g/ml),
there was a modest change in cell survival, but as the concentration
reached (125,250, 500, and 1000) g/ml, cell survival dropped
dramatically. Normal cells grown for 48 hours in media containing
TiO,NPs exhibit a modest decrease in viability. There is a consistent
change in cell viability with (125, 250, 500, and 1000) g/ml TiO,NPs
concentration, and this change is distinct from that of cancer cells, as
shown in Figure (4-18).

Concentration (31.25 pug /m#e) Concentration (62.50 pg /me)
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Concentration (500 ug /m®e) Concentration (1000 ug /m#e)

S
-

Fig. (4-18): Observations of colon cancer cell morphological changes after
exposure with different concertation nanoparticles for 24 hours, the cells were
observed by optic microscope directly.

4-6-3 The Cell Viability Analysis of Colon Cancer Cell by
MTT Assay

The MTT test was used to assess the viability of human colon cells
exposed to serial doubling increases in Tio2 nanoparticle concentrations
ranging from 31.25 to 1000 g/ml. Nanoparticles' considerable suppression
of cell viability was clearly detected in a dose-dependent manner. The
cytotoxicity of TiO,NPs against cancer cells was size dependant. Figure
(4-19) shows the cell viability of TiO,NPs with a minimal serial doubling
increase. The cell survival rate diminishes as the concentration
ofnanoparticles rises. The viability of cells dropped marginally as the
concentration of TiO, nanoparticles was raised, this agreement with

Literature survey [53].
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Fig.(4-19): viability of colon Cancer for counting different concentrations
(1000, 500, 250, 125, 62.50, 31.25 ) pug/ml

To compare the three diagnostic techniques that include absorption
spectroscopy, laser induced fluorescence spectroscopy and microscopy,
three samples treated with nanomaterial were taken and measured by

these three techniques to illustrate the difference in diagnosis.
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Fig.(4-20): Comparison of the three diagnostic techniques of colon
Cancer: (a) absorbance, (b) LIF, (C) microscopy
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Figure (4-20) shows the difference in diagnosis using three techniques:
absorption spectroscopy, laser induced fluorescence (LIF) and
microscopy. It was concluded that the laser induced fluorescence
technique is the best technique in accurate diagnosis. It was observed that
when changing the concentration of the nanomaterial, there is a change in
the intensity and shift in the wavelength, and this is not present in the
absorption spectra, where it was noted that the intensity changes with the
stay of the wavelength constant, and this indicates that Accuracy in

diagnosis.

4-7 Conclusion
Based on the results obtained by diagnosing colon cancer cells before

and after adding the nanomaterial using LIF.

1- It was observed that by using a laser with a wavelength of 473 nm, the
highest fluorescence of colon cancer cells was obtained, so this

wavelength was used in diagnosing the rest of the samples.

2- Comparison between the live cells and dead cells of colon by using

absorbance and LIF spectrum of colon cancer

3- Show the absorbance and fluorescence of the components of the
medium in which colon cancer cells were implanted, as well as the
absorbance and fluorescence of colon cancer cells with the components of
the medium in order to know the true spectrum of colon cancer and
diagnose it with high accuracy away from the components of the medium

in which these cells live.

4-The absorbance of colon cancer cells after adding several

concentrations of the nanomaterial (1000, 500, 250, 125, 62.50, 31.25)
pg/ml. It is observed that the higher the concentration, the greater the
absorbance, and this corresponds to the fluorescence spectra .
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5- The fluorescence spectra of colon cancer cells after adding several
concentrations of the nanomaterial (1000, 500, 250, 125, 62.50, 31.25)
ug/ml, where the best results were obtained, which correspond to the

statistical analysis of the cells

6- At high concentrations, it was observed that the fluorescence spectrum
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 desire of this thesis was to determine
the best concentration of nanoparticles, which results in the optimal
solution for treating cancer. The results showed the best concentration

250 pg/ml that gives the maximum number of destroyed cancer cells.

4-8 Recommendations and Future Work

1-The use of the (LIF) system in diagnosing different types of cancer,

such as breast cancer and kidney cancer

2-The use of the (LIBS) system in diagnosing colon cancer and other

types of cancer

3-because tumor vasculature is irregular in comparison to normal tissue,
the nanoparticle dispersion in the tumor is still higher by high
concentration than in healthy cells around the tumor tissue, therefore we

can leverage this the ability to detect cancer tumors using X-rays.
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