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Summary:

Cancer arises when certain epithelial cells develop a series of genetic
mutations. Treatment may include surgery, radiation therapy, and
chemotherapy, which are often associated with serious side effects and toxicity,
significantly affecting the quality of life of patients. This led scientists to look
for newer alternative treatments and PDT with nanomaterials is one of these

treatments.

This study aims to investigate cytotoxic effect of metals-based nanoparticles on
cancer cell proliferations of both primary liver cancer (PLC/PRF/5) cells and
colon cancer cells by using photodynamic therapy. The cytotoxicity of Tio,
NTs, silver decorated with Tio, NTs, gold nanoparticles and gold NPs in
combination with folic acid was measured on PLCs and SW480 cell line for 24
hours' incubation periods. Nine in vitro experiments were done on these cell
lines and the cells of these lines were seeded in 96-well plate. Nano materials
were used in six serial dilutions (500,250,125,62.5,31.3,16.2) pg\ml.

The 3-(4,5-dimethylthiazole -2-yl)-2,5-diphenyl-2H-tetrazolium bromide
(MTT) assay was used to determine the number of viable cells, and the intensity

of color was measured by ELISA reader.

Ex (1): Two plates were seeded with liver cancer cells and colon cancer cells
and each plate were exposed to 200 pl of six serial dilutions of Tio; and Ag
decorated Tio, nanotubes, after 24 hrs. of incubations MTT assay was made to
measure viability of cancer cells. The results of these studies showed that Tio,
decrease in cell viability percent(p<0.001) at higher concentrations on colon
cancer cells, while on primary liver cancer cells the results don’t differ from the

control. The results of Ag decorated Tio, nanotubes showed decrease in cell



viability of both cancer cells(p<0.001) at higher concentrations compared with

the control.

Ex (2): Two plates were seeded with liver cancer cells and the second with
colon cancer cells then the two plates were exposed to diode red laser with 635
nm for different times (1min,3min,5min,7min,9min and 12 min) after 24 hrs. of
incubations MTT assay was made to measure viability of cancer cells. The
results of this study showed that there is significant decrease in cell viability
percent (p<0.001) differ from the control on both cell lines at 7,9 and 12

minutes.

Ex (3): Two plates were seeded with liver cancer cells and the second with
colon cancer cells lines and each plate was exposed to 200ul of six serial
dilutions of Tio, nanotubes and Ag decorated Tio, nanotubes, then the two
plates expose to diode laser with 635 nm for 12 minutes after 24 hrs. of
incubations MTT assay was made to measure viability of cancer cells. The
results of Tio, nanotubes on both cancer cell lines showed decrease in cell
viability(p<0.001) at higher concentrations. The results of Ag decorated Tio;
nanotubes on both cancer cell lines showed decrease in cell viability(p<0.001)

at all concentrations.

Ex (4): Two plates were seeded with liver cancer cells and the second with
colon cancer cells then each plate was exposed to 200 ul (190 pl medium plus
10ul folic acid serial dilutions) ,200 pl of gold nanoparticles six serial dilutions
and 200 pl of six serial dilutions of gold nanoparticles combined with folic acid
after 24 hrs. of incubation MTT assay was made to measure viability of cancer
cells. The results of these studies showed that gold nanoparticles decrease in

cell viability of both cancer cell lines at higher concentrations, while results of

11



Folic acid and gold nanoparticles combined with folic acid caused decrease in

cell viability of both cancer cell lines (p<0.001) compared with the control.

Ex (5): Two plates were seeded with liver cancer cells and the second with
colon cancer cells then each plate was exposed to 200 pl (190 pl medium plus
10ul folic acid serial dilutions) ,200 ul of gold nanoparticles six serial dilutions
and 200 ul of six serial dilutions of gold nanoparticles combined with folic acid
then two plates exposed to diode laser with 635 nm wave length for 12 min at
all concentrations after 24 hrs. of incubation MTT assay was made to measure
viability of cancer cells. The results of these studied showed decrease in cell

viability of both cancer cell lines (p<0.001) compared with the control.
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Chapter One Introduction and Literature Review

1.1 Introduction:

Cancer is one of the deadliest diseases reported in developed as well as
developing countries, it is mainly characterized by the uncontrolled cell growth
and development of normal cells due to genetic alterations or exposure to the
carcinogenic substances. The mutation of normal cells leads to abnormal
cellular proliferation and develops into tumor, this can be either benign,
premalignant (non-cancerous) or malignant (cancerous)(Hester, Kuriakose et
al. 2020).

Presently surgery, radiotherapy, and chemotherapy either as monotherapy or
as combined treatments are used in the treatment of cancer. These therapies are
used routinely based on the pathological stages and clinical signs of the disease.
Despite the advances in treatment protocols, patients’ long-term survival is low
and there is a high incidence of adverse effects of chemotherapy. Often, drugs
used in chemotherapy have poor water solubility. Hydrophobic drugs have
reduced biocompatibility and therefore need to be administered in higher

dosages to achieve therapeutic concentrations(Senapati, Mahanta et al. 2018).

The low hydro solubility translates into reduced drug bioavailability and high
systemic toxicity. Besides, chemotherapy drugs generally have little specificity
and cause significant damage to normal tissues, inhibit rapid-growing tissues
and cells including hair follicles, gastrointestinal tract cells, and bone marrow
and consequently, cause adverse reactions. In addition to the problems related
to the anticancer drugs addressed, early detection of cancer is also a challenge

(Pérez-Herrero and Fernandez-Medarde 2015).

To overcome some limitations of conventional chemotherapy photodynamic

therapy, nanotechnology might be the solution (Gomes, Martins et al. 2021).
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From the point of view of the need for cancer targeting, nanotechnology
seems to be potentially the most important way of employing various
nanomaterials to overcome the main limitations of current cancer therapies.
Through different targeting ligands like vitamins, nanomaterials may be
specifically targeted towards cancer tissues, to selectively bind to cancer cells
and destroy them (Bazak, Houri et al. 2015)

Titanium dioxide nanotubes: is a white, odorless and non-combustible
powder. TiO2 are the important nanoscale components which have been
widely used in industry as well as medical applications such as antiviral,

cancer-cell treatment and antibacterial effect.

Silver nanotubes: Silver is a transition metal in one set with Cupper and
Gold which is a soft, white, lustrous element possessing high electrical and
thermal conductivity. It has been known extensively due to its medical and

therapeutic benefits.

Gold nanoparticles: gold nanoparticles have been proposed for diverse
biomedical applications due to their unique surface, electronic, and optical
properties. Because of the strong and size-tunable surface plasmon resonance,
fluorescence, and easy-surface functionalization, gold nanoparticles have
been widely used in biosensors, cancer cell imaging, cancer therapies

photothermal therapy, and drug delivery.



Chapter One Introduction and Literature Review

Aim of study:

The main aim of this study is to find a solution to avoid many limitations related

to conventional chemotherapy there by:

1. Study the cytotoxic effects of Tio, nanotubes and silver decorated Titanium
dioxide nanotubes on primary liver cancer (PLC/PRF/5) (PLCs) and colon

cancer (SW480) cancer cell lines.

2. Study the cytotoxic effects of gold nanoparticles on primary liver cancer
(PLC/PRF/5) (PLCs) and colon cancer (SW480) cancer cell lines.

3- Study the effect of gold nanoparticles combined with folic acid on primary

liver cancer (PLC/PRF/5) and colon cancer (SW480) cancer cell lines.

4-study cytotoxic effect of laser alone and in combination with silver, Titanium
dioxide nanotubes and with gold NPs combined with folic acid on both cell

lines.
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1.2 Cancer

Cancer is one of the most challenging diseases, characterized by the
development of mutated cells that divide uncontrollably. Cancer cells can
spread to different organs in a process called metastasis. which may lead
eventually to death. Many factors can cause cancer including external factors
such as tobacco smoking, radiation, chemicals, and infections) while internal
factors include inherited mutations, hormones, immune conditions, and random
mutations. (Mathur et al., 2015).

The leading cause of death worldwide is cancer, accounting for nearly 10
million deaths in 2020 (Ferlay, Colombet et al. 2021). The most common types
of cancer cause death including liver cancer, breast cancer, colorectal cancer,

lung cancer, stomach cancer, prostate cancer and skin cancer (Bray et al., 2018).

According to the Global Cancer Observatory (GCO), approximately 30 million
cancer patients will die from cancer each year by 2030(Bray, Ferlay et al. 2018).
In addition to the high mortality of cancer, the economic burden on families of
cancer patients and society is enormous. Therefore, efforts on cancer

prevention, diagnosis and treatment are of great importance
1.3 Cancer pathogenesis:

Deoxyribonucleic acid (DNA), alterations that result in dysregulate gene
structure and function can cause cancer. the damage to the cellular genetic
material alteration in expression of genes is a common feature for virtually all
neoplasms, when there is an inherited error in DNA replication, the cells of
multicellular organisms face the same certainty of developing neoplasms if they

survive long enough.
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Many mutations may be inconsequential, but cancer can develop when non-
lethal mutations occur in a small subset of the coding and noncoding regions of
the genome. The fundamental cause of all cancers is genetic damage, which is

usually acquired but is sometimes congenital (Cullen & Breen, 2017).

In general, the genetic dysregulation that gives rise to uncontrolled cell
proliferation results from activation of growth-promoting oncogenes and/or

deletion/inactivation of growth-inhibiting tumor suppressor genes.

Another contribution to carcinogenesis may result from genes that regulate the
programmed cell death called apoptosis process and genes involved in DNA
repair (Hill, 2019).

One causes of cancer is the infectious agents, the mechanisms by which each
pathogen causes cancer are diverse and include induction of genomic instability
as a result of chronic inflammation, impairment of host immunity, and, in some
cases, a modulation of the balance between proliferation and antiproliferation
signals (Hill, 2019).

The ordinary natural physiological tissue repair mechanisms may become
pathophysiological when micro damage occurs due to exogenous factors
including chemical, physical and biological carcinogens. as well as the presence
of imbalances in the autonomic nervous system stimulation. Sympathetic/hyper
sympathetic dominance may cause tissue ischemia and consequently hypoxia
this micro damage can occur resulting in chronic inflammation with possible
formation of cancer cell that could be permanent (Bukhtoyarov & Samarin,
2015).
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1.4 Primary liver cancer (PLC/PRF/5):

Primary liver cancer (PLC/PRF/5) is the sixth most commonly diagnosed
cancer and the fourth leading cause of cancer mortality worldwide is more
common in men than in women(Bray, Ferlay et al. 2018) Primary liver cancer
(PLC/PRF/5) , includes hepatocellular carcinoma (HCC) originating from
hepatocytes, intrahepatic cholangiocarcinoma (ICC) originating from
cholangiocytes, and combined hepatocellular cholangiocarcinoma (CHC)
Hepatocellular carcinoma (HCC) and cholangiocarcinoma (CCA) account,
respectively, for 85% and 10% of all primary liver cancer (PLC/PRF/5) (Ji, Zhu
et al. 2020).

HCC generally occurs in the presence of liver disease or cirrhosis (Ding, Tu et
al. 2021), and at least 60% of HCC cases worldwide are caused by viral
hepatitis. Chronic hepatitis B virus (HBV), typically acquired at birth or early
childhood, remains the leading cause in most high-risk HCC areas (de Martel,
Maucort-Boulch et al. 2015).

The predominant etiology in developed countries is more likely to be hepatitis
C virus (HCV) infections acquired later in life, other factors include dietary
aflatoxin exposure, smoking, and high alcohol consumption, with nonalcoholic
fatty liver disease (NAFLD) associated with obesity and diabetes increasingly
emerging as a key contributor in the USA and other Western countries (Kulik
and El-Serag 2019).

1.4.1 Differentiation between primary and secondary liver cancer:

Tumors metastatic to the liver are more common than primary tumors. The
most common sites of primary tumor are breast, lung, and colorectal cancer

(Ding, Tu et al. 2021). Liver metastases may be rarer in other primary tumors,

6
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with only 10% of distant metastases in head and neck cancers present in the
liver (Ferlito, Shaha et al. 2001).

The high incidence of hepatic metastases has been attributed to two
mechanisms. (Ferlito, Shaha et al. 2001) First, the dual blood supply of the liver
from the portal and systemic circulation increases the likelihood of metastatic
deposits in the liver. Second, the hepatic sinusoidal epithelium has fenestrations
that enable easier penetration of metastatic cells into the liver parenchyma

(Jepsen and Kissmeyer-Nielsen 2008).
1.4.3 Treatment of primary liver cancer (PLC/PRF/5):

1.4.3.1 Hepatectomy surgical treatment is the most important approach for
achieving long-term survival for liver cancer patients. These treatments include

hepatectomy and liver transplantation(\Ward, Sherif et al. 2021)

1.4.3.2 Local Ablation Therapy only approximately 20-30% of liver cancer
patients have the opportunity to undergo surgical resection because a large
portion of liver cancer patients have liver cirrhosis or are already at the

middle/terminal stage at the time of diagnosis(Peng, Zhang et al. 2013).

However, surgery is the best treatment choice to obtain long-term survival.
Local ablation therapy, which has been widely used in recent years, provides
early liver cancer patients with a curative outcome. Local ablation therapy is
designed to directly destroy tumor tissues using physical or chemical methods
under the guidance of imaging techniques, these techniques mainly include
RFA, microwave ablation (MWA), cryotherapy, high-power focused
ultrasonography ablation, and percutaneous ethanol injection (PEI). Local
ablation therapy is most often performed under the guidance of

ultrasonography, which has the advantages of real time and high efficiency.
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CT and MRI in combination with multimode imaging systems can be used to
monitor lesions when ultrasonography is unable to do so, CT and MRI guidance
techniques can also be used for the ablation of metastases in the lungs, adrenal

glands, and bones (Hasegawa, Aoki et al. 2014)
1.4.3.3 Systemic Treatment

Systemic Treatment for patients with advanced liver cancer, systemic
treatment may reduce tumor burden, relieve tumor-related symptoms, improve

quality of life, and prolong survival.
e Antitumor Treatments and their efficacy molecular target drugs.

Sorafenib is the only molecular target drug approved at this time for the

treatment of advanced liver cancer
e Systemic Chemotherapy

Conventional cytotoxic drugs, including Adriamycin, epirubicin, fluorouracil,
cisplatin, and mitomycin, have low efficacy, significant side effects, and poor
repeatability when they are used as alone or in combination for the treatment of
liver cancer. Chemotherapy drugs not only activate HBV replication but also
damage liver function, thus leading to a lack of survival benefits from
chemotherapy, the EACH study showed that the FOLFOX4 regimen containing
oxaliplatin is superior regarding the overall response rate, disease control rate,
progression-free survival, and overall survival compared to the conventional
chemotherapeutic drug Adriamycin and has good tolerability and safety
(Cucchetti, Piscaglia et al. 2017).
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e Antiviral treatment and other Treatments

Antiviral treatment with nucleoside analogues is essential. Select potent drugs
with a low rate of resistance (e.g., entecavir, telbivudine, or tenofovir
disoproxil) are recommended, the use of antiviral drugs should be started prior
to TACE or chemotherapy because these treatments may lead to active
replication of HBV. Antiviral treatment is also associated with lower
postoperative recurrence Therefore, antiviral treatment should be performed

throughout treatment for liver cancer (Huang, Lau et al. 2015).
1.4.3.4 Supportive Treatment

Adequate rehabilitation exercises can increase immunity. In addition,
supportive treatments should be administered, including active analgesic
treatment, correction of anemia and hypoalbuminemia, enhanced nutritional
support, blood sugar control for patients with diabetes, and treatment of
concomitant symptoms such as ascites, jaundice, hepatic encephalopathy, and

gastrointestinal bleeding in patients with advanced liver cancer.

Doctors should understand the mental status of their patients and their families,
take active measures to adjust their mental state by reversing the negative
mental state to the active mental state, and reduce depression and anxiety by
providing them with a sense of safety and comfort through palliative treatment
and care(Xie, Ren et al. 2020).

1.5 Colorectal cancer:

Colorectal cancer (CRC) Also known as colorectal adenocarcinoma usually
arises from the large intestine's glandular, epithelial cells. When certain
epithelium cells acquire a series of genetic mutations, cancer arises. These

hyper-proliferative cells give rise to a benign adenoma with an abnormally
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increased replication and survival, which may then develop into carcinoma and

metastasize over decades (Rawla etal., 2019).

The incidence of CRC is increasing because of smoking, lack of physical
activity, overweight, and obesity, consuming red and processed meat, and

excessive alcohol-consuming (Hamza et al., 2017).
1.5.1 Classification

Colorectal carcinomas may be classified as sporadic, inherited, and familial
depending on the mutation's origin. Mutations that appear in the lifetime are not
associated with inherited syndromes and affect only individual cells and their
strain. Cancers derived from point mutations are called sporadic cancers and
represent 70% of all CRCs. Approximately 70% of CRC cases follow a specific
sequence of mutations that are then translated into a specific morphological
series, beginning with adenoma formation and ending in the carcinoma state
(Méarmol, Sanchez-de-Diego et al. 2017). For the inherited cancer, two groups
were established to generate a more accurate classification, namely forms of

polyposis and non-polyposis.
e The Familial Adenomatosis Polyposis (FAP)

It is a mutation in the gene of adenomatous polyposis coli (APC), a tumor
suppressor gene that triggers the formation of non-malignant adenomas, also
known as polyps. About 15% of these adenomas are expected to be developed
into carcinoma within 10 years; (<1% of colorectal cancer cases) (Wong et al.,
2019).

e The Hereditary Non-Polyposis Colorectal Cancer (HNPCC)

(Lynch syndrome) with several mutations in one of the DNA repair genes;

(approximately 5% of cases of colorectal cancer) (Marmol et al., 2017). The
10
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mean age of onset of colorectal cancer in both of these syndromes is much lower
(less than 50 years old) than in sporadic colorectal cancers, and extra-colonic
malignancies are also noticed (Angelis, 2019). Familial colorectal cancer
responsible for about 25% of all cases and is also caused by hereditary
mutations, even though they're not classified as hereditary cancers since they

cannot be included in any hereditary cancer version (Marmol et al., 2017).

The proximal colon is the most common tumor location in CRC followed by
the rectum and distal colon. Different CRC tumor sites have different clinical
and biological presentations, prognoses, and treatment-resistant (Wong et al.,
2019).

1.5.2 Stages of Colorectal Cancer

Once a cancer diagnosis is made, one stage will describe cancer. CRC staging
describes the tumor's size, how far it has grown into the colon or rectum wall
and whether cancer has spread to lymph nodes or other parts in the body past

the place where it started to grow

° Stage 0: This is the first stage, when cancer remains within the colon or

rectum’'s mucosa, or inner layer. It is also termed in situ carcinoma.

° Stagel: Cancer cells have spread through the middle layers of the colon

or rectum's muscular wall from the inner lining.

° Stage 2: Cancer has spread through or into the colon or rectum wall, but

still has not reached neighboring lymph nodes.

° Stage 3: Cancer has invaded the adjacent lymph nodes, but other parts of
the body have not yet been affected.

11
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° Stage 4: Cancer spreads to other body parts, including other organs such
as the liver, the membrane that lines the abdominal cavity, the lung, or the

ovaries (Hamza et al.,2017).
1.5.3 Risk Factors

1.5.3.1 Unchangeable risk factors:

. Elderly.

. Has breast, ovary, or cervical cancer.

. Family history of colorectal cancer or adenomatous polyps.

. Personal history of (IBD): Ulcerative colitis and Crohn's disease are the

main causes behind IBD.

. Personal history of adenomatous polyps, the presence of polyps in the

colon or rectum, which can sooner or later become cancerous.

. Genetically inherited risk: The most common inheritance conditions are
FAP and HNPCC, also called Lynch syndrome (Hamza et al.,2017).

1.5.3.2 Changeable risk factors:

° Overweight and obesity, and a lack of exercise.
° High consumption of alcohol.
° Smoking.

° A diet that is rich in animal protein, saturated fats, calories, and a diet that
has low fiber (Rawla et al., 2019).

1.5.6 Treatment

Endoscopic diagnosis plays an important role in determining therapeutic

strategy. Endoscopic diagnosis is intended to predict the oncological

12
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characteristics of a lesion based on endoscopic characteristics, such as size, and
also to distinguish between malignant and benign tumors (Ishida and Koda,
2019). Since not all CRCs share similar driving mutations, it has been difficult

to design a “catch-all” molecular therapy.

Colorectal cancer treatment options depend on the stage of the tumor that is,
how far it has spread, or how deeply it affects the intestinal wall and other

tissues, and whether it is located in the colon or rectum.

Patients with colon cancer generally receive post-operational chemotherapy if
the lymph nodes are positive. For rectal cancer, most patients with positive
nodes or tumors that extend into the fat surrounding the rectum are treated with
chemotherapy plus radiation before surgery. Treatment is also adjusted to the
age, medical history of the patient, overall health, and tolerance of specific

medications and therapies(Lech, Stotwinski et al. 2016).

1.5.6.1Treatment for colorectal cancer can include surgery, radiation

therapy, and chemotherapy.
s Surgery

Among all therapeutic options, surgery remains the primary course of treatment
in early diagnosis cases where surgery with a curative purpose is still possible
but is no longer effective in advanced cases where cancer has metastasized, as
is the case in about 25% of diagnoses (Rawla et al., 2019). In the early stages,
surgery is used to cure cancer by completely removing the tumor and tissues it
affects. The type of colectomy is based on the location of the tumor and the
lymphatic vascular drainage. Recent evidence supports the principle of
complete mesocolic excision (CME) as the optimal approach to be applied to

all colon cancer (Angelis, 2019).

13
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% Radiation Therapy

Radiation may be used as ultimate therapy in combination with surgery or
may be used to decrease or alleviate the symptoms of colorectal cancer such as

pain, bleeding, or blockage when curative therapy is not possible.

In selected patients with rectal cancer, radiation therapy is often given before
surgery to improve outcomes. It is used before surgery to shrink tumors, for the

destruction of cancer cells that may remain after the surgery ( Mehmet, 2015).
s Chemotherapy

For the treatment of CRC, drugs such as fluorouracil (5-FU), irinotecan,
oxaliplatin, and humanized monoclonal antibodies (bevacizumab, cetuximab,
and panitumumab) were approved. Also, the introduction of an orally active
drug, capecitabine in the chemotherapeutic protocol for the CRC (Angelis,
2019). Standard cytotoxic chemotherapy remains the mainstay of treatment for
metastatic CRC; however, a growing appreciation for the molecular subtypes
of CRC has led to recent advancements in the manner in which this disease is
treated. FOLFOX (leucovorin, 5-FU, and oxaliplatin) (Greally & llson, 2019),
or FOLFIRI (leucovorin, 5-FU, and irinotecan) chemotherapy regimens are
largely utilized in the first-line setting, commonly in conjunction with
bevacizumab, bevacizumab is a humanized monoclonal antibody that targets

the vascular endothelial growth factor (Destefanis et al., 2019).
% Target Therapy

These drugs work in different ways from standard chemotherapy drugs. They
affect particular parts of cancer cells that differentiate them from normal cells.
However, cytotoxic chemotherapy remains the primary backbone of treatment,

this subtype like agents against the receptor of the epidermal growth factor
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(EGFR) is targeted. EGFR is a transmembrane glycoprotein with an
extracellular ligand-binding domain and an intracellular tyrosine kinase domain
that mediates downstream signals. EGFR functions resulting in cell growth,
proliferation, and regulation of other critical cellular functions upon ligand
binding. EGFR inhibitors including cetuximab and panitumumab have been
extensively investigated and showed the first-line benefit combined with

chemotherapy (Destefanis et al., 2019).
1.6 Phototherapy:

There are a variety of phototherapies, that is, treatments that exploit the
photochemical, photo-thermal or photomechanical interactions of light with

cells and tissues (Agostinis, Berg et al. 2011)

Photodynamic therapy (PDT) is based on photochemistry through the use of
light-activatable molecules (or, more recently, nanoparticles), with the
activation leading to generation of free radicals or reactive oxygen species (most
commonly, singlet-state oxygen, * O, that are cytotoxic as shown in figure
(1.1a), the photosensitizer (or a precursor that leads to endogenous synthesis of
photosensitizer) is administered, either systemically (orally or by intravenous
injection), or in some cases topically to the surface of the target tissue (Wilson
and Weersink 2020). Photo thermal therapy (PTT) uses only light as shown in
figure (1.1b), usually in the near-infrared in order to achieve maximum tissue
penetration, to Kill cells/tissues directly by heat. This requires achieving
coagulation-threshold temperatures of around 55-60°C. Photo thermal therapy
should be distinguished from lower-temperature light-induced hyperthermia
that, unless applied for an extended time, is not directly cytotoxic by itself.
Traditionally, PTT has been applied without the use of any administered

(exogenous) compounds, although the use of molecular absorbers such as
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indocyanine green (ICG) was proposed in the early 1990s for enhanced tumor
control and is also used in ophthalmology for non-oncologic condition (Wilson
and Weersink 2020).

More recently, nanoparticles of various forms have been incorporated to
increase the efficiency or target specificity of the treatment, as recently will use
the term “exogenous photo-absorbers” to indicate either molecular or
nanoparticle PDT photosensitizers or PTT thermal-enhancement agents

(Chitgupi, Qin et al. 2017)

a) Light Distribution -

w X
) D S
o N
. =
Singlet Oxygen
i — Singlet Oxygen
Low High
[PS]
Death
* Soozhresho!d e
_—
b) Time Light Distribution Temperature Tissue Damage

Figure (1.1): (a) Schematic of PDT macroscopic effect in tissue

(b) Schematic of PTT macroscopic effect in tissue over time (Luka¢, Lozar et al. 2019)
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1.6.1 Photodynamic therapy (PDT):

Photodynamic therapy is a modern and non-invasive form of therapy, used
in the treatment of non-oncological diseases as well as cancers of various types

and locations.

Good therapeutic results and the possibility of the parallel application of PDT
with other therapeutic protocols make it more commonly used in many fields of

medicine(Correia, Rodrigues et al. 2021).

In 1903, Von Tappeiner and Jesionek demonstrated the first clinical application
of PDT using basal cell carcinomas and now it has been approved to treat
various cancers such as melanoma, esophagus, and bladder cancer (Celli, Spring
et al. 2010, Saeed, Ren et al. 2018).

Photodynamic therapy is based on the local or systemic application of a
photosensitive compound - the photosensitizer, which is intensely accumulated
in pathological tissues, the photosensitizer molecules absorb light of the
appropriate wavelength, initiating the activation processes leading to the
selective destruction of the inappropriate cells(Fitzgerald 2017). Photodynamic
therapy is well tolerated by patients because of its selective action in addition
PD protocols are painless, and the simplicity of their application allows for
outpatient use (Kwiatkowski, Knap et al. 2018). Currently PDT has been on the
forefront of cancer research. As an anticancer therapy, PDT Kkills cancer cells
through oxidative stress produced by the highly cytotoxic Reactive Oxygen
Species (ROS), generated by the PS in its activated state. The main form of ROS
produced in PDT is singlet oxygen (*O;), which initiates reactions and leads to
activation of apoptosis, necrosis, and macro-autophagy (MA) in cells as well as
activation of the immune system and the destruction of tumor vasculature in

vivo, the establishment of PDT as an alternative treatment modality for most
17
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localized cancers has given more hope for the possibility of maximum cancer

eradication with a good prognosis of cancer (Chizenga and Abrahamse 2020).
1.6.2 Photodynamic Reaction:

A photosensitizer absorbs a photon of light and becomes activated from
ground state to a short-lived excited singlet state (1 PS*). The excited PS may
either decay back to the ground state by emitting fluorescence, a property that
can be clinically exploited for imaging and photo detection; or it can undergo
intersystem crossing whereby the spin of its excited electron inverts to form a
relatively long-lived triplet state (3 PS*)(Lee, Hsu et al. 2020).

The triplet excited PS can then directly interact with a substrate, such as the
cell membrane or a molecule, and transfer a proton or an electron to form a
radical anion or cation, respectively, which then reacts with oxygen to produce
oxygenated products such as superoxide anion radicals, hydroxyl radicals, and
hydrogen peroxides (type | reaction). Alternatively, the energy of the excited
PS can be directly transferred to molecular oxygen (itself a triplet in the ground
state), to form 'O, (type Il reaction) as shown in figure (1.2). The energy
required for the transition of oxygen from triplet ground state to excited singlet
state is 22 kcal mol™?, which corresponds to a wavelength of 1274 nm. Thus, a
relatively small energy is only needed to produce 'O,(Fitzgerald 2017). The
byproducts formed as a result of the type | and type Il reactions are responsible
for the cell-killing and therapeutic effect in PDT. It is to be noted that both type
| and type Il reactions can occur simultaneously, and the ratio between these
processes depends on the type of PS, as well as the concentrations of molecular

oxygen and substrate present (Lucky, Soo et al. 2015).
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Figure (1.2): photodynamic reaction Jablonski diagram (Silva, Bussadori et al. 2015)

When light (hv) is absorbed by the PS the electron moves from a non-excited,
low-energy singlet state into a high-energy singlet state. This excited state can
lose energy by emitting a photon (fluorescence) or by internal conversion (non-
radiative decay). The process known as inter-system crossing, involves flipping
of the spin of the high-energy electron, leading to a long-lived excited triplet
state. In the presence of molecular oxygen, superoxide and hydroxyl radicals
are formed in type | reactions and singlet oxygen in type Il reactions(Jin, Fatima
et al. 2022). These ROS can damage most types of biomolecules (proteins,
lipids, nucleic acids). The mechanism of killing cancer cells firstly occurs by
direct tumor cell kill. Generally, the site of photo damage is considered to
coincide with the location of accumulation of the PS in the tumor cells
Oxidation of the lipids, amino-acids, and proteins by * O, induces irreversible
photo damage to vital subcellular targets such as plasma membrane and
organelles like mitochondria, lysosomes, Golgi apparatus, and endoplasmic

reticulum (ER)
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Photosensitizers that are less hydrophobic tend to be too polar to diffuse
across the plasma membrane and are therefore taken up by endocytosis
(Castano, Demidova et al. 2004). PDT induced cell death can occur by
apoptosis, necrosis, or autophagy and does not depend on the phase of the cell
cycle (Mroz, Yaroslavsky et al. 2011). Apoptotic cell death (programmed cell
death) remains the preferred mode of cell death following PDT, which is
characterized by cell shrinkage, membrane blebbing, nuclear fragmentation,
chromatin condensation, chromosomal DNA fragmentation, and formation of
apoptotic bodies that are scavenged by phagocytes in vivo thus preventing an

inflammatory response (Li, Lee et al. 2018).

Secondly, the PS that adsorbed to the dense blood vessel network of tumor
tissues causes potent anti-vascular effects that destroy the tumor vasculature
leading to thrombosis and hemorrhaging that subsequently, lead to tumor death
via deprivation of oxygen and nutrients. Lastly, an ancillary mechanism that
follows is the direct activation of the immune system (Mroz, Hashmi et al.
2011), as shown in figure (1.3).

Blood vessels Tumor cells Vascular Direct tumor

7 destruction cell destruction
3
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)
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Vascular occlusion

Figure (1.3): Photodynamic mechanism of tumor destruction (Agostinis, Berg et al.
2011)
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1.6.3 PDT essential elements:
1.6.3.1 Photosensitizers:

Photosensitizers are key elements for PDT. Ideally, these molecules should
accumulate preferentially in the tumors, have a high singlet oxygen quantum
yield, have low activity in the absence of light, be quickly eliminated from the
patient body, have amphiphilicity, and have a light absorption peak between

approximately 600 nm and 800 nm (Simdes, Sarpaki et al. 2020)

It is possible to divide photosensitizers into three generations. The porfimer
sodium and the hematoporphyrin derivatives (HpD) are first-generation
photosensitizers. These PSs have relatively weak absorption of light in the red
portion of the spectrum where tissue penetration of light is optimal, thus
significantly reducing the penetration abilities and thus the effectiveness of the
treatment, in addition due to their low extinction coefficients, administration of
a large amount of the drug is often required to obtain a satisfactory
phototherapeutic response, in addition they readily accumulate and are retained
in the normal tissue and skin for prolonged period, leading to severe
photosensitivity for approximately 4—6 weeks after treatment. But these side
effects could be prevented by avoiding sunlight and high-energy light, or by
wearing protective clothing and sunglasses for approximately 6 weeks after
treatment. However, lack of tumor selectivity, poor bioavailability, and
unfavorable bio distribution, as well as prolonged photosensitivity was a major
limitation during the initial clinical trials with first generation PSs(Allison,
Bagnato et al. 2006).

The second-generation photosensitizers arise to overcome some drawbacks of
the first-generation ones, related to light absorption at a specific spectral region.
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Some examples of second-generation photosensitizers are the derivate of
chlorines, bacteriochlorin, and phthalocyanines, which can have a stronger
action on the tumor regions due to their strong absorbance in the deep red
region, and consequently, increased light penetration. Hydrophobicity could
hamper its solubility in physiological solvents and body fluids, limiting clinical
applications of these PSs. Thus, clinically successful PS must have balance
between the degree of hydrophilicity and lipophilicity(Simdes, Sarpaki et al.
2020).

Finally, the third-generation photosensitizers are molecules with improved
selectivity for tumor regions, due to the conjunction of the PS with targeting
molecules or its encapsulation into carriers. Today, the functionalization of
photosensitizers seems to be the best strategy to achieve a high selectivity to the
tumor regions, combining photosensitizers with biomolecules or carriers
(Abrahamse and Hamblin 2016).

Photosensitizers can be covalently bonded to several biomolecules, which
have affinity to tumors. These biomolecules include antibodies, proteins,
carbohydrates, and others. Photosensitizers can also be encapsulated into
carriers, such as gold nanopatrticles, silica nanoparticles, quantum dots, carbon
nanotubes, or others carriers, to guide the photosensitizers to tumors (Li and
Yan 2018, Montaseri, Kruger et al. 2021).

1.6.3.2 Light:

Photodynamic therapy has been performed with various light sources,
including lasers, incandescent light, and laser-emitting diodes (‘Yanovsky,
Bartenstein et al. 2019).
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Laser light sources are usually expensive and require the use of an optical
system to expand the light beam for irradiation of a larger tissue area. Non-laser
light sources (e.g., conventional lamps) can be used with optical fibers to
specify the light wavelength for tissue irradiation. However, conventional

lamps may have thermal effects, which must be avoided in PDT.

Light-emitting diodes (LEDs) have also been used in PDT as light sources.
LEDs are less expensive, less hazardous thermally non-destructive, and easily
available in flexible arrays (Chen, Zheng et al. 2012). Light penetration into
tumor tissue is very complex, as it can be reflected, scattered, or absorbed. The
extent of these processes depends on the type of tissue and the wavelength of
light as shown in figure(1.4) (Yoon, Li et al. 2013). Light absorption is mainly
due to endogenous chromophores existing in tissues, such as hemoglobin,
myoglobin, and cytochromes, which can reduce the photodynamic process by

competing with PS in the absorption process (Allison and Sibata 2010).

Light absorption by tissues decreases with increasing wavelength, so longer

wavelengths of light (red light) penetrate more efficiently through tissue.

The region between 600 and 1200 nm is often called the “tissue optical
window”. Shorter wavelengths (<600 nm) have less tissue penetration and are
more absorbed, resulting in increased skin photosensitivity (Agostinis, Berg et
al. 2011).

On the other hand, longer wavelengths (>850 nm) do not have enough energy
to excite oxygen in its state of singlet and to produce enough reactive oxygen
species. Therefore, the highest tissue permeability occurs between 600 and 850
nm. This range, called the “phototherapeutic window,” is predominantly used

in PDT (Kwiatkowski, Knap et al. 2018, Correia, Rodrigues et al. 2021).
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Figure (1.4) Effect of Laser on Tissue (Aboud, 2005)

1.6.3.3 Oxygen:

The third key component in the PDT mechanism is molecular oxygen. Oxygen
is crucial for the production of ROS during PDT. Oxygen concentration in the
tissues truly affects the effectiveness of the PDT treatment. In fact, oxygen
concentration can vary significantly between different tumors and even between
different regions of the same tumor, depending on the density of the
vasculature(Rocha 2016).
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Especially in deeper solid tumors, often characterized by their anoxic
microenvironment, lack of oxygen can be a limiting factor. the irradiation of the
tumor with a high light fluence rate can lead to a temporary local oxygen
depletion. This leads to interruption of ROS production and reduced treatment
effectiveness. Oxygen depletion occurs when the rate of oxygen consumption
by the photodynamic reaction is greater than the rate of oxygen diffusion in the
irradiated area. In addition, PDT can cause occlusion of the tumor vasculature,
reducing blood flow to the tumor tissue, further increasing hypoxia (Correia,
Rodrigues et al. 2021).

Two available methods to increase oxygen availability in the tumor have been
tested: indirect introduction of oxygen and direct introduction of oxygen. One
indirect way to increase oxygen concentration in tumor cells is using catalase
enzyme to decompose the intracellular hydrogen peroxide into oxygen. The
direct delivery of oxygen into tumors is achieved by using oxygen carriers, such
as perfluorocarbons and hemoglobin, commonly used to overcome tumor

hypoxia in the PDT procedure (Ortiz-Rodriguez, Fang et al. 2021).
1.6.4 Applications of PDT:

Photodynamic therapy is a minimally invasive procedure that is clinically
used in the treatment of several oncologic human diseases, such as skin,
esophageal, head and neck, lung, and bladder cancers (Plaetzer, Berneburg et
al. 2013).

However, PDT also has several non-oncologic applications (Yoo, Oh et al.
2021), including the treatment of non-cancerous human diseases, such as
dermatologic acne (Monfrecola, Megna et al. 2021), warts (Bastuji-Garin,
Laurent et al. 2001), photoaging (Shin, Kim et al. 2015), psoriasis (Choi,
Adelzadeh et al. 2015), hirsutism (Comacchi, Bencini et al. 2012), and alopecia
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areata (Linares-Gonzalez, Rddenas-Herranz et al. 2020), ophthalmologic
central serous chorioretinopathy (van Dijk, Fauser et al. 2018)and
cardiovascular (atherosclerosis (Houthoofd, Vuylsteke et al. 2020) and dental
oral lichen planus (Cosgarea, Pollmann et al. 2020), neurologic (Alzheimer’s
disease (Lee, Suh et al. 2017)) skeletal (rheumatoid arthritis (Gallardo-
Villagran, Leger et al. 2019), and gastrointestinal (Crohn’s disease) (Favre,
Borle et al. 2011)).

Photodynamic therapy utilized for inactivation of viruses and microorganisms,
including bacteria, yeasts, and fungi, named as photodynamic inactivation of
microorganisms (PDI). The viruses or microorganisms are inactivated by
combining non-toxic dyes (photosensitizers) with harmless visible light applied
intravenously can be a solution during the clinical treatment of infections. Very
recently, the use of the PDT procedure to treat patients with COVID-19
performed a study to evaluate if the PDT procedure with Riboflavin (also
known as vitamin B2) and blue light can be used effectively as a therapy for
patients infected with acute COVID-19.

The study used COVID-19-positive patients who received PDT therapy and
COVID-19-positive patients who received conventional care. The patients that
received PDT treatment showed significant improvement in clinical symptoms
and viral load within 5 days, while the control patients had no significant
improvement in clinical symptoms or viral load within 5 days. The results prove
the potential of PDT procedure to treat patients infected with COVID-19 virus
at an early infection stage and with mild to moderate clinical symptoms. This
new application of PDT procedure can prevent hospitalization and intensive
care treatments (Fekrazad 2020, Weber, Mehran et al. 2020).

26



Chapter One Introduction and Literature Review

1.6.5 Advantages and Limitations of PDT:

Photodynamic therapy has several advantages over conventional approaches
to cancer treatment. PDT can be applied directly and accurately in the target
tissue, due to its dual selectivity. The two main factors that contribute to the
selectivity of PDT are the intrinsic capacity of some photosensitizers to
preferentially accumulate in tumor tissue and light irradiation exclusively in the

target tissue.

The selective accumulation of the PS in the tumor is facilitated in the case of
topical application, since PS is applied directly and only to the lesions to be
treated. When PS is given intravenously, it needs to remain in circulation long
enough to reach and accumulate in the tumor (Calixto, Bernegossi et al. 2016,

Correia, Rodrigues et al. 2021).

First generation photosensitizers cause increased skin photosensitivity.
However, PDT has no long-term side effects when correctly used. It is less

invasive than surgical procedures and can be performed on an outpatient basis.

In addition to the tumor itself, PDT can also destroy the vasculature associated

with it, greatly contributing to tumor death (Calixto, Bernegossi et al. 2016).

Furthermore, PDT can be repeated several times in the same location, unlike
radiation. There is little or no scarring after healing. Finally, it usually costs less
than other therapeutic modalities in cancer treatment (dos Santos, de Almeida
et al. 2019). Like every therapeutic modality. Photodynamic therapy also has
some limitations, Tissue oxygenation is crucial for the photodynamic effect to
occur, so tumors surrounded by necrotic tissue or dense tumor masses can lead
to ineffective PDT.
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Finally, the accuracy of target tissue irradiation is the most important point
when considering PDT as a treatment option. Therefore, deep tumors (not easily
accessible without surgical intervention) are difficult to treat due to the low

penetration of visible light into the tissue (dos Santos, de Almeida et al. 2019).
1.7 Nanotechnology:

Nanotechnology is a multidisciplinary field and has emerged from the
junction of chemistry, biology, applied physics, optics, digital analysis, and

materials science(Soares, Sousa et al. 2018).

This evolving and interdisciplinary field mainly involves the design,
characterization, manufacture, manipulation, and application of structures at the
nanometer scale such structures are known as nanoparticles and are of particular
interest as seen by the growing popularity and publications on nanoparticles or

nanomaterials (Werengowska-Cie¢wierz, Wisniewski et al. 2015).

These can be attributed to their physicochemical features, among which are
their rigidity, hydrophobicity, size, and charge, which characterized this
technology.

When used to monitor, repair, and regulate molecular activities of human
biological systems, it is known as Nano-medicine; the specialized application
of nanotechnology to achieve a reliable diagnosis as well as effective therapy
(Jain, Hirst et al. 2012).

It includes aspects such as nanoparticle drug delivery, which currently
constitutes an extensively studied area and shows potentialities for both
molecular nanotechnology and nano-vaccinology (Gopukumar, Sana-Fathima
et al. 2016).
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1.7.1 Role of nanotechnology in cancer therapy:

As with any cancer therapy, the key issue is to achieve the desired
concentration of therapeutic agent in tumor sites, thereby destroying cancerous
cells while minimizing damage to normal cells. With this vision, it is imperative
to create single agents with tremendous potential to make an important
contribution in cancer prevention, detection and treatment. Cancer
nanotechnology is emerging as a new field of interdisciplinary research cutting
across the disciplines of biology, chemistry, engineering and medicine ,and is
expected to lead to major advances in cancer detection, diagnosis and treatment
(Misra, Acharya et al. 2010).

The idea of crafting more effective cancer treatments by engineering matter at
the nanoscale provides a compelling panacea for preferential elimination of
cancer cells without serious damage to normal cells. These Nano systems have

four unique properties that distinguish them from other cancer therapeutics:

(i) the Nano systems can themselves have therapeutic or diagnostic properties
and can be designed to carry a large therapeutic ‘payload’;(Zhou, Peng et
al. 2018, Pedziwiatr-Werbicka, Horodecka et al. 2021).

(i)  Nano systems can be attached to multivalent targeting ligands, which
yield high affinity and specificity for target cells.

(ifi)  Nano systems can be made to accommodate multiple drug molecules that
simultaneously enable combinatorial cancer therapy.

(iv) Nano systems can bypass traditional drug resistance mechanisms.

(v) NTS are also involved in the mitotic index, cell apoptosis, oxidative
stress, metabolic processes, cell cycle, signal transduction and cell
proliferation, and most of these effects might be caused by a genotoxic
mechanism (Xia, He et al. 2018).
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1.7.2 Silver Nanotubes:

Is a transition metal in one set with Cupper and Gold which is soft, white,
lustrous element possessing high electrical and thermal conductivity. It has been
known extensively due to its medical and therapeutic benefits before the
recognition that microbes are agents for infections. It is practiced in many forms
as coins, vessels, solutions, foil, sutures, and colloids as lotions, unguents, and
thus onwards. Since the 19th century, silver-based compounds have been
engaged in the antimicrobial application (Husen and Siddiqgi 2014). Silver
nanotubes play a great role in the study of biology and medicine due to their

attractive physicochemical properties.

Silver products have ex-tended been familiar to have strong inhibitory and
bactericidal effects as considerably as a wide spectrum of antimicrobial
activities (Nam, Purushothaman et al. 2016), which has been practiced for
centuries to prevent and care for various diseases, most notably infections
(Shankar, Rai et al. 2005, Ahmed, Ahmad et al. 2016).

Silver nanoparticles are accounted to own antifungal, anti-inflammatory,

antiviral, and anti-platelet activity (Gawish, Shaban et al. 2018).

Other important medical applications of Ag-NTs are drug delivery and
anticancer agents (Schluesener and Schluesener 2013) , the mechanisms of
cytotoxicity of silver nanoparticles (NTs) including cell viability, oxidative
stress and genes expression involvement in processes that contribute to silver
NTs induced apoptosis .The effect created on ROS was surveyed, as direct
document of oxidative stress as mitochondria are more susceptible to

nanosilver particles (Govender, Phulukdaree et al. 2013).
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Nano-silver particles, because of their capability to form lump in outward the
mitochondria (Bressan, Ferroni et al. 2013) or localize inside mitochondria,
have indirect and direct collaboration in the mitochondrial toxicity. The
mitochondria are the main source of ROS production within the cell (Eftekhari,
Ahmadian et al. 2018).

Increase in ROS production in mitochondria could be the result of impression
of toxic nanoparticle on respiratory chain (Ahmadian, Babaei et al. 2016).
Breaking the electron chain in the mitochondria via nanoparticles increase the
production of ROS and decreases the synthesis of ATP (Ahmadian, Eftekhari
et al. 2017, Ahmadian, Khosroushahi et al. 2018).

This indicates that Nano-silver mediated apoptosis is in a mitochondrial-
dependent mechanism that occurs with an intrinsic pathway (Gengan, Anand et
al. 2013).

1.7.2.1 Toxicity of silver:

Although nanotechnology has become increasingly important today, there is
still reduced and confirmed information about the risks of exposure of humans,
animals, and environment to NTs, particularly those of silver, in terms of
toxicity at short and long term (Vazquez-Mufioz, Borrego et al. 2017, lvanova,
Gugleva et al. 2018).

The synthesis of NTs may presuppose the use of substances that are naturally
toxic to living organisms or the environment. Most studies address these effects

only when they are administered by inhalation, damaging the respiratory tract.

There are in vitro studies that concluded that Ag NTs are toxic to several
organs, such as the lungs, liver, brain, vascular system, and reproductive organs.

Possible mechanisms of toxicity include inducing the formation of reactive
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oxygen species (ROS) and oxidative stress, thus leading to DNA damage and
apoptosis (He, Li et al. 2017). (De Matteis, Malvindi et al. 2015) concluded that
the toxicity in cells treated with Ag NTs is mainly caused by the release of Ag+
ions in the cytosol, after internalization of Ag NTs through endocytosis and their

dissolution in acidic environment.

Hence, the oxidative stress, DNA damage, and cell death verified in the
presence of AgNTSs are mainly due to the impairment of physiological metabolic
and cell cycle mechanism by silver ions present in the cytosol. The activation
of metallothioneins and the prevention of cytotoxicity using Ag+ chelating
agents strengthen this hypothesis. The authors found that there was a rapid entry
of soluble silver ions into the nucleus, where it accumulates and impairs nuclear
receptor activity, which is detrimental to liver metabolism. There are also some

in vivo studies focused on the cytotoxicity and geno-toxicity of AgNTSs.

Due to their small size, they have high mobility and humans are easily
exposed through the skin, inhalation, ingestion, etc. AQNTSs can travel from the
site of exposure to other organs easily, penetrating cells (Ivanova, Gugleva et
al. 2018).

In the work conducted by (Ahamed, AlSalhi et al. 2010), it was revealed that
exposure to Ag NTs modulates the expression of several genes associated with
motor neuron disorders, neurodegenerative diseases, and immune function,
indicating potential neurotoxicity and immunotoxicity resulting from exposure,
also Ag NTs cause reproductive failures, malformations during development,
and morphological deformations in some animal models. The geno-toxicity and
cytotoxicity of Ag NTs are influenced by several physicochemical
characteristics, such as concentration, charge, and surface functionalization,

size, and shape (de Lima, Seabra et al. 2012).
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The experimental results reported until recently are not enough to conclude
with precision which are the effects and mechanisms of toxicity of Ag NTSs.
However, toxicity is a limiting factor for its in vivo use (Rosenblum, Joshi et al.
2018, Karuppaiah, Siram et al. 2020).

1.7.3 Titanium dioxide nanotubes (TiO2-NTs):

Titanium dioxide (TiOy) is categorized as a chemically inert mineral that
usually occurs naturally in anatase, brookite and rutile forms.(Nasr, Hasanzadeh
et al. 2018) . TiO; is an important abundantly available inorganic compound in
nature and possesses specific properties, such as excellent biocompatibility,
thermal stability, low ion release, high refractive index, high corrosion
resistance and resistance to photodegradation (Raja, Cao et al. 2020). Therefore,
TiO; is widely used in several applications such as sunscreens, paints, skin care

products, food products and the pharmaceutical industry.

Furthermore, titanium-mediated nickel alloys are extensively used in various
surgical implants (Ziental, Czarczynska-Goslinska et al. 2020)In addition, the
titanium dioxide nanoparticles (TiO, NTs) have significant medicinal potential,
including inertia, magnificent biocompatibility with body tissues and thus TiO,
NTS have been employed in various biomedical applications such as artificial
hips, bone plates, scaffolds, dental implants and coating, as well as drug and

gene delivery systems (Kim, Im et al. 2020).

Moreover, TiO, NTs possess antimicrobial, wound healing, larvicidal,
antioxidant and anticancer application potentials showing their promising role
in the biomedical field TiO, anti-tumor effects revealed that it occurs through
oxidative stress when reactive oxygen species (ROS) disrupt the balance
between oxidative pressure and antioxidant defense. ROS (such as hydroxyl

radical, superoxide, etc.) could be produced by photo-activated, some chemicals
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on the particle surface, or a consequence of the interaction between particles
and cellular components(Akinola, Lateef et al. 2020). The mitochondria are the
target of TiO, NTs that have been phagocytosed by cells as well as a source for
ROS production, and the disruption of mitochondria would also lead to the
increase in ROS production, then the decrease of mitochondrial membrane
potential and apoptosis. Furthermore, ROS can also cause damage to protein,
lipids, and DNA in cells(El-Said, Ali et al. 2014).

1.7.3.1 Toxicity of Tio>:

The potential toxicity of TiO; in vivo, it can be assumed that there will be no
light exposure and activation of TiO, photo-catalysis of cellular components;
however, there is still a need to consider the surface reactivity of TiO,
nanomaterials, their ability to bind to proteins and nucleic acids, and a general
propensity of nanomaterials to interact with molecules within a similar size

range (Dobrovolskaia, Patri et al. 2009).

In addition to the fact that biological responses caused by nanoscale materials
may be very different from those caused by bulk materials, the increased surface
reactivity of Tio , at the nanoscale may, potentially, lead to an aggregation of
nanoparticles, and to the triggering of immune responses, the clogging of
vessels and ducts, and an accumulation in organs associated with the filtration
of blood and lymph (Patri, Umbreit et al. 2009).

At present, the conditions that either increase or decrease the rate of
aggregation of Tio, nanomaterials have not yet been widely studied in
biological systems, in part because there are so many factors to consider, such

as crystal structure and size, pH, and the ionic strength of the colloid.

34



Chapter One Introduction and Literature Review

Moreover, in a study of microscale Tio, particles, anatase Tio, was found to
produce more ROS than its rutile counterpart, adding crystal poly-morphology
as yet another potential factor to be controlled when evaluating the toxicity of
Tio, nanoparticles in vivo. It has been argued that the total surface area - per -
unit - mass is the best predictor of Tio, toxicity in vivo, whereas others have
maintained that this characteristic is not indicative of toxicity at all (Olmedo,
Tasat et al. 2008).

Whilst photocatalytic reactivity of Tio, in vivo is unlikely, concern has been
expressed that ROS may be generated at the particle surface when Tio;
nanoparticles interact with biological processes, potentially causing oxidative
damage to adjacent tissues. The expected clearance of Tio, nanomaterials is via
the reticuloendothelial system (RES) and, because of their small size, they

would be expected to locate to the liver, spleen, lymph nodes, and kidneys.

In the fi eld of cancer diagnostics and therapeutics, nanoscale molecules would
potentially accumulate in tumors because of the poorly developed and largely
fenestrated blood vessels of the neo-vasculature. Poor lymphatic drainage
would reduce the clearance of these nanoscale structures from the tumor. This
phenomenon, which is referred to as the enhanced permeability and retention
(EPR) effect, is a mainstay of most so - called “passive targeting” approaches

to concentrate nanoparticles within tumors.
1.7.4 Gold nanoparticles:

Chemistry of gold colloids began from the nineteenth century, when Michael
Faraday performed his well-known experiments for gold colloids generation.
His experiments yield deep red gold sols by reduction of tetrachloroaurate with
the help of white phosphorus. At the start of the 20th century, Wilhelm Ostwald

contributed positively to the supplementary progress of colloid science.
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He pointed out that in the nm range, the properties of metal particles are mainly
defined by surface atoms and he reasoned that these nanoparticles, called
colloids, should show novel properties with respect to bulk particles. The
trimness of gold to the nanometer range has dramatic consequences for its

physical and chemical properties (Khan, Saeed et al. 2019).

The promising candidate is gold because of its outstanding surface properties.
These surface properties can be used in biotechnological, optical and
electrochemical applications. There are various advantages of the gold
nanoparticles like non-toxicity, strong scattering length, bio-conjugation and
long-term stability. These features are fundamental for a secure and responsive
bio-sensing policy (Yadav 2018). Gold nanoparticles (GNPs) are the most well-
suited nanomaterial for groundwork of engineered Nano-platforms in smart
sensing devices. Surface Plasmon resonance property of GNP makes them
useful nanomaterial in various fields like bio-imaging, biomedical therapeutics
and bio-diagnostic tool (Lata, Arvind et al. 2014).

Gold nanoparticles are also called as gold colloids. There are huge global
demands of gold colloids because of their significant requirement in many
industrial and commercial applications. Biomolecule GNPs are used in the
medicine and in cosmetic products as these have anti-aging components for skin

protection.

Gold nanoparticles are used for doing permanent coloration of wool or cotton
fibers. These are also used for novel coatings and catalysis purposes over the
years (Rao, Gowda et al. 2017).

Gold NPs consider the most important laser-responsive nanomaterial, into the
tissue changes optical properties of the medium and increases local conversion

of laser energy into heat as shown in figure (1.5).
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Gold NPS possess surface Plasmon resonance (SPR), a well-known property
that implies the resonant oscillation of free electrons on the particle surface
induced by incident light, following this phenomenon, the electrons in Au atoms
absorb the laser photons and become excited to higher energy levels. Through
electron-phonon relaxation, the absorbed photon energy is converted to heat and

Is transferred into the particle lattice (Raoof, Cisneros et al. 2013)

Laser light

Nanoparticles in
blood stream

Auger electrons and free radicals

Figure (1.5): Methods eradicating the cancer cells after nanoparticles accumulation at

the tumor site (Samadian, Hosseini-Nami et al. 2016)

To limit such released heat and its resulted thermal damages to the tumor, and
also to increase targeting of nanoparticles toward tumor cells it is necessary to

target Au NPs towards cancer cells using various targeting ligands as folate.

The combination of F-Au NPS with laser exposure leads to selectively heat
and destroy the cancer cells (Mehdizadeh, Pandesh et al. 2014).
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Folic acid or folate (pteroyl glutamate) is a water-soluble vitamin, an
ingredient needed for DNA synthesis and cell division. The closed chemical
formula of folic acid is C19 Hi9 N7 O (Mw = 441.4 Da) (the salt of folic acid)
is an ingredient needed for biosynthesis of purines and pyrimidines in DNA

synthesis pathway (Ghaznavi, Soheili et al. 2015).

Rapidly dividing cancer cells overexpress folate receptors in order to
compensate the increased requirement of folate for DNA synthesis and rapid
growth. Folate has several properties that make it suitable as a targeting agent
such as its stability, simple conjugation chemistry, non-immunogenicity, very
high affinity to its receptors and rapid internalization into tumor cells (Talekar,
Kendall et al. 2011). Folate is brought into both healthy and cancerous cells by
the folate-receptor, this receptor is used to transport folate into the cytosol for
the synthesis of thymine by dihydrofolate reductase. The expression level of the

folate receptors on a cell’s surface is regulated by the cell’s function.

Owing to their rapid division rate and a higher requirement for folate, cancer
cells generally require a much greater amount of folate and, consequently, tend
to overexpress a high level of folate receptors on their surface in comparison
with the normal cells (Birn, Spiegelstein et al. 2005). Therefore, it would be
expected that the folate-conjugated nanoparticles are preferentially directed
towards the cancer cells due to the abundant presence of folate receptors on the
cancer cell (Beik, Khademi et al. 2017). Tumor targeting of folic acid occur
with either active targeting or passive targeting. Active technique based on
specific identification of a ligand by its target substrate and an active targeting
approach is the alternative for passive methods to increase specificity of
targeting procedure and reduced side effects on normal tissues (Golla,
Cherukuvada Bhaskar et al. 2013).
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Folate conjugated nanoparticles are either taken up into endocytotic vesicles
or released into the cytoplasm. From this point of view, folate conjugated
nanoparticles have an advantage over antibodies or other targeting ligands in
which the targeted nanocomplex is transported into the lysosome to get

destroyed (Samadian, Hosseini-Nami et al. 2016).

Some ligands such as monoclonal antibodies, vitamins, and hormones act
based on molecular recognition processes to deliver therapeutic agents to

pathological sites or to pass through biological barriers (Li et al. 2015).
1.7.4.1 Toxicity of gold Nano -particles:

Colloidal gold nanoparticles have been proposed for diverse biomedical
applications due to their unique surface, electronic, and optical properties
(Castano, Demidova et al. 2004). Because of the strong and size-tunable surface
Plasmon resonance, fluorescence, and easy-surface functionalization, gold
nanoparticles have been widely used in biosensors, cancer cell imaging, photo

thermal therapy, and drug delivery (Anker, Hall et al. 2010).

Today, gold nanoparticles have been suggested to be potentially useful as a
novel radio sensitizer in radiotherapy, because the strong photoelectric
absorption and secondary electron caused by gamma or X-ray irradiation can
accelerate DNA strand breaks. In general, the toxicity of gold nanoparticles
depends on their physical dimensions (such as size and shape) and surface
chemistry (such as coating) gold nanoparticles in human cells has been studied
in detail, and the results have shown that gold nanoparticles are nontoxic up to
250 mM, while ionic gold shows obvious cytotoxicity at 25 mM (Liu, Wang et
al. 2008).
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Actually, in vitro cultures cannot replicate the complexity of an in vivo system
or provide meaningful data about the response of a physiologic system to an
agent. A case in point is carbon nanotubes (Manna, Sarkar et al. 2005). The
toxicity in vivo is determined by many parameters including dose, route of
exposure, metabolism, excretion, and immune response. The toxicological
profiles of nanomaterials might also be determined by nanomaterial chemical

composition, size, shape, aggregation, and surface coating.

Very recently, the size-dependent organ distributions of gold nanoparticles
have been investigated, and the results showed that small gold nanoparticles of
5-15 nm had wider organ distribution than that of large gold nanoparticles of
50-100 nm, and liver and spleen were the dominant targeted organs (Semmler-
Behnke, Kreyling et al. 2008)

Meanwhile, it has been found that gold nanoparticles with a long blood
circulation time can accumulate in the liver and spleen, and have obvious effects
on gene expression Increasing concentrations of gold nanoparticles induce
decreases in weight but no significant statistical difference is observed. Obvious
effects on organ index have been observed at high concentration

(Balasubramanian, Jittiwat et al. 2010).

Moreover, of the three different administration routes, the oral and
intraperitoneal injection show the highest toxicity, and tail vein injection shows
the least toxicity. Considering the results of all of these studies, targeting gold
nanoparticles by tail vein injection is promising for possible biomedical
application (Zhang, Wu et al. 2010).

40



Chapter One Introduction and Literature Review

1.8 Cell Culture:

Cell culture is a process in which the cells are removed from an organism and
placed in fluid medium. Under proper conditions, the cells can stay live and
even grow and replicate. The growth can be identified and characterized by cell
division (mitosis) or by other processes, such as differentiation, during which
the cells can convert into specific types that are capable of functions analogous

to tissues or organs in the whole organism (Lynn 2009).

It is @ method that are done to enable the growth of cells in physiological
desired conditions, it was first introduced to study tissue growth and maturation,
virus biology, and vaccine evolution, role of genes in the disease and health,
and for use of hybrid cell to produce biopharmaceutics. In a clinical context,
cell culture is most commonly linked to evolve model systems in order to study
basic cell biology, replicate disease mechanisms, or investigate the toxicity of
novel drug compounds. The main advantages of using this cell culture system

are to manipulate genes and molecular pathways. (Segeritz and Vallier 2017).

The goal and advantage of cell culture is to train the researcher and become
familiar with the technique of undergoing cell setup and successfully propagate
cells in vitro, and to ensure safety of the researcher and carrying out aseptic

conditions that is free of contamination (Segeritz and Vallier 2017).

Primary culture is derived from tissue removed directly from a living animal
rather than immortalized cells that divide indefinitely, Primary tissue culture
allows scientists to directly investigate cells of interest in a carefully controlled
in vitro environment (Ventura, Toullec et al. 2018). The preparation of primary
cultures is intensive labor, and they can be maintained in vitro only for a limited
period. Primary cultures usually retain most of the characteristics of the cells in

VIVO.
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Primary cultures mean that the cells have not been passaged and when they
passaged, they become a cell line and no longer called primary cultures, the
primary cell culture, when sub-cultured, it becomes a cell line or cell strain that
can be finite or continuous, depending on its life span in culture (Philippeos,
Hughes et al. 2012)

1.9 Cell line:

The term cell line refers to the propagation of cell culture after the first
subculture. In other words, a cell line is a permanently established cell culture
that will proliferate through given appropriate fresh medium and space. A given
cell line contains several cell lineages of either similar or distinct phenotypes.
Cloning or physical cell separation or any other technique could be used to
select particular cell linage. This cell line that obtained by cloning or selection
is referred to as cell strain. Cell strains do not have infinite life, as they die after
some divisions (Chaudhary & Singh, 2019) The choice of a cell line for cell
culture depends heavily on the functional properties and specific readouts

required of the cell model.

Cells cultured in the lab can be classified into three different types: primary
cells, transformed cells, and self-renewing cells, However, there are strict
regulations and rules that restrict handling of these cell types to ensure
researchers safety and aseptic condition. Furthermore, primary cells are
generally characterized as “finite” and therefore rely on a continuous supply of
stocks since their proliferation ceases after a limited amount of cell divisions
and cell expansion is oftentimes impossible. Transformed cells can be generated

either naturally or by genetic manipulation (Segeritz and Vallier 2017).

Cell lines can be obtained commercially, where certain quality control

measures are in place that guarantee genomic stability and absence of
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contaminants. Other places to source cell lines from can be cell banks or other
cell culture laboratories. The introduction of new cell lines in a lab should
always be accompanied by a Mycoplasma PCR test to ensure clean cultures
(Segeritz and Vallier 2017).

Contamination with bacteria, yeast and other fungi can result in the complete
loss of cultures. Undetected contamination with slow growing micro-
organisms, or with micro-organisms resistant to antibiotics, can have a
significant impact on the quality and/or validity of data obtained from in vitro
systems. The most common example of such an infection is mycoplasma follow
up of the tissue culture is a mandatory process via macroscope or microscope
(Coecke, Balls et al. 2005).

The two major factors that determine the proliferation of the cell culture, the
first is the free space in the culture flask and the second is the decline in
nutritional support provided by the medium, therefore, cell passage is required
in these conditions, the passage is required according to the cell conditions such
as cell concentration, pH of the environment, time of the last passaged and the
conditions that the specific study brings. Sometimes in cell cultures, there is a
need for cells to be frozen and stored, also cell viability testing is carried out
most often to determine viability after exposing cells to traumatic conditions
such as freezing, thawing and sub culturing, the cells will continue its
proliferation but at the end of a certain time scale, the cells lose its ability to
proliferate and survive due to many changes that are physiological or
pathological, this process is somehow similar to cellular aging and apoptosis,
therefore, in cell culture it is always recommended to measure cell viability and

apoptosis periodically (Philippeos, Hughes et al. 2012)
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1.9.1 Colon cancer cell line (SW480):

One of the most fatal and prevalent cancerous world-wide is the colorectal
cancer, despite the great advance in the medical field and chemotherapeutic
agents, the drug resistance remains the unresolved problem in cancer.
Therefore, establishing an effective compound with lowest side effects like
Nanomaterials in PDTs (Khan, Albalawi et al. 2022) to fight cancer is of central
priority The colonic cancer SW480 cell line originates from primary tumor of
an adenocarcinoma of the colon in a 50-year-old male (Siekmann, Tina et al.
2019).

1.9.2 Primary liver cancer (PLC/PRF/5) cell line (PLCs):

A continuously growing cell line has been established from autopsy material
taken from a primary liver carcinoma, a cancer which has a high incidence in
Southern Africa. The cell line was initiated from multifocal areas of outgrowth
in the primary culture, and adaptation to in vitro conditions was completed after
18 months. The cells resemble hepatocytes in culture, have a doubling time of
35 - 40 hours and a plating efficiency of 40 - 50%. No virus particles have been

found in the cells by ultrastructural examination.

The isozyme pattern and the karyology of the cells are human. The
chromosome pattern is heteroploid (mean number 56) and there are marker

chromosomes (Ishii, Tamura et al. 2020).
1.10 Cell’s viability:

Viability levels or proliferation rates of cells are used as indicators of cell
health. Physical and chemical agents can affect cell health and metabolism.
Different mechanisms can cause damage or even death to the cultured cells such

as cell membrane destruction, inhibiting protein synthesis, enzymatic reactions,
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irreversible binding to receptors, and inhibition of polydeoxynucleotide
elongation. In order to determine the cell death caused by these mechanisms,
there is a need for inexpensive, reliable and reproducible short-term cytotoxicity

and cell viability assays (Riss, Moravec et al. 2016).
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2.Materials and methods:

This study was done during the period from September 2021- April 2022 in the

Tissue Culture Laboratory at the College of Medicine/ Babylon University.

2.1 Materials:

2.1.1 Chemicals:

The chemicals used in this study are listed in (Table2-1) with their suppliers

Table 2-1 List of Chemicals Used in the Study

Chemical Company Country
Alcohol spray (ethanol 70%) | AMEYA FZE UAE
Chloroauric acid Sigma USA
De-ionized water PR omega USA
Dimethyl sulfoxide (DMSO) | Roth Germany
Fetal bovine serum (FBS) Gibco UK
Folic acid powder india
Gentamycin (80 mg vial) The Arab pharm. | Jordan
Salat
Liquid nitrogen Clever USA
MTT(3-(4,5- Roth Germany

Dimethylthiazole-2-yl)- 2,5-
diphenyl-2H-tetrazolium
bromide) dye powder

47



Chapter Two

Materials and Methods

Phosphate buffer saline tablet | Gibco UK
Roswell Park  Memorial | Gibco UK
Institute1640 (RPMI-1640)

powder medium

Sodium bicarbonate powder | Ludeco Belgium
Trisodiumcitrate Sigma USA
dehydrate(TCD)

Trypsin- US biological USA
Ethylenediaminetetraacetic

acid (EDTA) powder
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2.1.2 Instruments and Tools:

The instruments that used in the study listed in table (2-2)

Table 2-2 List of instruments used in this study

Equipment Manufacturers Origin
(Sterile freezing vial (1.5 | Biofil Australia
ml)
Autoclave Jeiotech Korea
Automatic  micropipettes

_ ] Human Germany
(different sizes)
Cell culture flask (25ml) SPL Korea
Cell culture plate (96- wells) | SPL Korea
Deep freezer -80°C Labtech Korea
Digital camera Sony Japan
Disposable face masks KY China
Disposable gloves Fe Malaysia
Distiller ROWA Germany
Double distillation water | GFL

_ Germany
stills
Electric oven Memmert Germany
ELISA Reader Human Germany
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Eppendorf tubes  2.0ml | Chemo Lab China
Freezer -20 °C Mettler Switzerland
Incubator Memmert Germany
Inverted microscope T.C Meiji techno Japan
Laminar air flow cabinet | Labtech Korea
Laser MDL-I11-635nm- Dragon Laser China
300Mw
Liquid nitrogen container | Air Liquide
GT38 France
Magnetic stirrer Labinco Netherland
Microcentrifuge Hettich Germany
Micropipette Jiangsu xinkang China
medical
Millipore filter (0.45, BiofilJET Australia
0.22um)
Paraffin film Analab Ireland
Sensitive Balance Labtech Korea
Syringe Chemo Lab China
Ultrasonic Binder Germany
Refrigerator Arcelik Turkey
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2.1.3 Preparation of Reagents and Solutions:

2.1.3.1 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.
2.1.3.2 Trypsin-(EDTA) Solution:

According to US Biological directions, a weight of 10.1 gm of trypsin-EDTA
(ethylene diaminetetra-acetic acid) 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°).

2.1.3.3 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 um 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 (VVan Meerloo,
Kaspers et al. 2011).

51



Chapter Two Materials and Methods
2.1.4 Preparation of Tissue Culture Medium:

2.1.4.1 Preparation of Serum-Free Medium:

Liquid RPMI-1640 medium was prepared from powdered RPMI-1640
medium according to the Gibco product manual as the following: From the
RPMI-1640 powdered medium, 10.43 g was dissolved in approximately 900 mi
of DDW in a volumetric flask. The other components include: 2 g sodium
bicarbonate powder or according to need and 1.25 ml from gentamycin stock
solution had been added with continuous stirring. The volume was completed
by DDW to one liter and the pH of the medium adjusted to 7.4. Sterilization
was done by 0.4 and 0.2 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.
2.1.4.2. Preparation of Serum-Medium:

Serum-medium was prepared as described in (2.1.4.1) with the addition of 10%
FBS.

2.1.4.3 Preparation of Freezing Medium:

Ten ml of freezing medium was prepared from the following constituents: six
ml serum-free medium, three ml FBS, and one ml DMSO.The solution was
stored in between uses around (- 20°C) (Barrette, 2016).
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2.1.5 Synthesis of gold Nano particles (Turkevich method):

It’s a chemical procedure were gold Nano particles (Au NPs) prepared as a
solution, it’s simple and result in aspherical gold nanoparticles which is testing

by TEM (Transmission Electron Microscopy) (Wang and Dellago 2003).
Materials for synthesizing gold Nano particles include:

A-Chloroauric acid

B-Trisodium citrate dihydrate (TCD) as reducing agent.

For preparing the gold Nano particles a stock solution was made from
Chloroauric acid and trisodium citrate dihydrate, then to prepare this stock
solution of 2%Chloroauric acid we dissolved 1g of Chloroa and for preparing
1%stock solution of Trisodium citrate dihydrate dissolve 1g in 100ml deionized
water. After preparing the stock solutions, 150ul of Chloroauric acid solution
plus 50ml of deionized water must heat up to 100°C then 500ul of Trisodium
citrate solution was added (stirrer with heating at 100°C) until the clear color

change into red color indicating the gold Nano particles.
2.1.6 Folic acid stock solution preparation:

Folic acid (pure drug powder) was solubilized with DMSO ,20 milligrams of
folic acid powder was dissolved in 1ml of DMSO to obtain a stock solution of
the drug 20,000 ug\ml) and from this stock a serial dilution was made(Zu, Wang
et al. 2011).
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2.1.7 Silver decorated Tioz nanotubes stock solution preparation:

Silver decorated titanium dioxide Nano tubes was solubilized with deionized
water then 10 milligrams were dissolved in 10 ml of deionized water to obtain
a stock solution of the 1000 pg\ml and from this stock a serial dilution was

made.
2.1.8 Tioz nanotubes stock solution preparation:

Tio, Nano tubes was solubilized with deionized water then 20 milligrams were
dissolved in 10 ml of deionized water to obtain a stock solution of the 2000

ug\ml and from this stock a serial dilution was made.
2.1.9 Laser Irradiation

The irradiation was done in a 96-well plate after 24 hours of cell seeding. The
cells were uniformly irradiated and there was a distance of 10 centimeters
between the laser tip and the bottom of the plate, which corresponded to a single

well size from the 96-well plate (Dompe, Moncrieff et al. 2020).

In this study used red Diode laser with wave length 635 nm, laser power 300

Mw with continuous wave.

For all treated groups, the energy density (fluence) (J/cm?) was calculated by
multiplying the exposure time (s) by the laser power density W/cm2. The
exposed surface area selected for the study was identical to the surface area of
each culture well on a 96-well plate which is (0.2826 cm?). Surface area (cm?)
= 1t x r2. When the power is divided by the area on which is it distributed, then
we got the power density (irradiance): The power density (irradiance) (W/cm?)

=Power/Area.
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The energy density (fluence) (J/cm?) = Time (s) x [Power (W)/ Area (cm?)]

(Gagnon, 2015).

Dose (energy density) of red diode laser that was used in this study is 765 J/cm?

for 12 minutes.
2.1.10 Transmission Electron Microscopy (TEM):

Transmission electron microscopy is used for material imaging and elemental
composition analysis. The Transmission Electron Microscope (TEM) is a

versatile analytical microscope for material characterization.

In a TEM, a very high-energy electron beam is placed on a sample that is thin
enough to be partially electron transparent, and the electron “shadow” of the

sample is viewed and digitally recorded.

High resolution imaging shows morphology, aggregate form and internal
structure of particles and materials. In addition, the images of the particles can
be used to measure the particle, size distribution of the material(Velez, Allen et
al. 2017).
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2.2 method:

2.2.1 Preparation of PLC/PRF/5 Cell Lines for Cytotoxicity Assays:

2.2.1.1 Thawing of PLC/PRF/5 and SW480 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 Sml warm (37C°) serum-medium and
transferred into 25 ml size cell culture flask, incubated at 37C° and the serum

medium replaced on the next day.
2.2.1.2 Harvesting and sub-culturing PLC/PRF/5and SW480 Cell Lines:

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.
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2- The spent medium was removed using a pipette and wash the monolayer

with a sufficient volume of pre-warmed trypsin- (EDTA) solution to ensure the
removal of all medium from the flask. This washing step was repeated if the

cells were known to adhere strongly.

3- Appropriate volume of trypsin- (EDTA) solution was added into the washed
cell monolayer using (1-2 ml) per 25-cm 2 flask. Flask was rotated to cover the

monolayer with trypsin.

4- The flask was returned 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 2 flask).

8- The flask was incubated at 37C°.

9- This process was repeated as demanded by the growth characteristics of the

cell line
2.2.1.3 Freezing of PLC/PRF/5 and SW480 Cell Lines:

Cell lines source was kept frozen at (-196) °C 0 in nitrogen tank according to

the following protocol:
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1- Cultures were checked using an inverted microscope to assess the degree of

cellular growth and to ensure that the cells are free of contamination. Adherent
cells are harvested (as mentioned above) for cryopreservation in the exponential

phase of growth.

2- A volume of 1 ml of the freezing medium was added and then the content of
the flask was transferred into 1.5 ml sterile freezing vial. Each freezing vial was

clearly marked with the cell line name, passage number, and date of freezing.

3- These vials were placed in the vapor phase of a liquid nitrogen container,
which is equivalent to a temperature of -80°C for a minimum of three hours (or

overnight).

4- The vials were removed from the vapor phase of the liquid nitrogen

container and transfer them to the liquid phase for storage (-196°C).

2.2.2 The experiments of studying cytotoxic effects of Nano- based metals
on (PLC/PRF/5) and (SW480) cell lines.

2.2.2.1 Study cytotoxic effect of titanium dioxide nanotubes and Ag

decorated Tio2 nanotubes as following:

Cell line including primary liver cancer (PLC/PRF/5) (PLC) and colon cancer
(SW480) were seeded and labeled in 96 tissue culture plate in concentration 5*
10°.

One replicate well considered as control group and three replicates well were
exposed to 200ul of serial dilution with different concentrations
(500,250,125,62.5,31.3,15.6) pg/ml of silver decorated Tio, nanotubes.

The remaining well were exposed to 200 ul of Tio, nanotubes with the same

concentrations. After incubation for 24hrs, MTT assay was done to assess
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cytotoxic effect of metals-based nanoparticles for each cell lines.as shown in

figure (2.1).

Figure (2.1) 96 tissue culture plate seeded with cancer cells and exposed to Tiozand Ag

decorated Tio2 nanotubes

2.2.2.2 Study cytotoxicity effect of Diode laser on both primary liver cancer
(PLC/PRF/5) (PLCs) and colon cancer (SW480) as following:

Cell line including PLCs and SW480 were seeded and labeled in 96 tissue
culture plate in concentration 5* 10°. Each plate was exposed to diode laser with
635nm for (1,3,5,7,9,12) minutes after that the two plates incubated for 24hrs

then MTT assay was made to assess cytotoxicity effect of laser.

2.2.2.3 Study cytotoxicity effect of silver decorated Tio> nanotubes and
titanium dioxide nanotubes with laser on both primary liver cancer
(PLC/PRF/5) (PLCs) and colon cancer (SW480) as following:

Cell line including PLCs and SW480 were seeded and labeled in 96 tissue
culture plate in concentration 5* 10°. Three replicates well of columns no.2,3
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and 4were exposed to 200 pl of silver decorated Tio2 nanotubes of serial

dilution with different concentrations (500,250,125,62.5,31.3,15.6) pug/ml.

Two replicates considered as a control, three replicates well of columns no.8,9
and 10 were exposed to 200 pL of different concentrations
(500,250,125,62.5,31.3,15.6) pg/ml of Tio2 nanotubes then the plate exposed
to diode laser for 12 minutes with wave length 635nm at all concentrations, after
that the plate was incubated for 24 hrs. and at the end of incubation cell lines
growth was assessed by cytotoxicity assay MTT assay. As shown in figure (2.2).

Figure (2.2) 96 tissue culture plate seeded with cancer cells and exposed to Tio2and Ag
decorated Tioz nanotubes with red laser 635 nm exposure.
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2.2.2.4 study cytotoxic effect of gold nanoparticles, Folic acid and Gold NPs

combined with Folic acid as following:

Primary liver cancer (PLC/PRF/5) (PLC) and colon cancer (SW480) cell lines

were seeded and labeled in 96 tissue culture plate in concentration 5* 10°.

Three replicates well of column no.2,3 and 4 were exposed t0200 uL of gold
nanoparticles serial dilutions (500,250,125,62.5,31.3,15.6) pg/ml.

Three replicates well in columns 5,6 and 7 were exposed t0200 ul of folic acid
serial dilutions (0.05 - 0.00156) pg/ml. One replicate well in column 8 consider
as control, the remaining column exposed to 200 ul of gold nanoparticles serial
dilutions combined with folic acid serial dilutions were high concentration of
gold nanoparticles with high concentration of folic acid and low concentration

of gold nanoparticles with low concentration of folic acid.

After that plate was incubated for 24 hrs. and MTT assay was done to assess
cytotoxic effect of folic acid and gold nanoparticles on each cell lines, as shown
in figure (2.3).
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/,

Figure (2.3) 96 tissue culture plate seeded with cancer cells and exposed to gold

nanoparticles, Folic acid and Gold NPs combined with Folic acid.

2.2.2.5 Study effect of Gold NPS combined with Folic acid and laser as

following:

Cell line including primary liver cancer (PLC/PRF/5) (PLC) and colon cancer
(SW480) were seeded and labeled in 96 tissue culture plate in concentration 5*
10°. Three replicates well in columns no.2,3 and4 exposed to 200 pL of serial
dilutions of different concentrations of gold NPs with folic acid serial dilutions,
were high concentrations of gold NPs with high concentration of folic acid and
low concentration of gold NPs with low concentration of folic acid. Two
replicates of columns no.5 and 6 considered as control after that the plate

exposed to diode laser with 635 nm wavelength for 12 minutes on each well of
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all concentrations and at the end of exposure the plate was incubated for 24 hrs.

then the cell line growth was assessed by cytotoxicity assay MTT assay, as

shown in figure (2.4).

MRE-1-638300m W

Figure (2.4)96 tissue culture plate seeded with cancer cells and exposed to gold
nanoparticles, combined with Folic acid with red laser 635 nm at different times.
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2.2.3 Cytotoxicity assays (MTT Assay):

2.2.3.1 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 is linearly related to the mitochondrial
activity. 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 (Figure below) 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 (Van Meerloo, Kaspers et al. 2011), as

shown in figure (2.5).

MTT Formazan O

Yellow colour . . CH,
Purple colour .

Figure (2.5) Principle of MTT Assay (Sukhramani, Sukhramani et al. 2011)
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2.2.3.2 Procedure (Meerloo et al; 2011):

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 60 mg/mL. Then, 200 pul 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 ul DMSO was added in each well to

dissolve the resultant formazan crystals.

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.
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2.3 Statistical Analysis:

All data were collected and analyzed by Microsoft Office Excel 2016 and
Sigma plot version 12.5 software. ANOVA one-way test was used to assess
significant differences among the means of data. the p-value (p<0.001, p<0.05)
were considered statistically significant(Hamida, Albasher et al. 2020).
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3. Results:

3.1 Cytotoxicity evaluation of Tio. nanotubes on the viability of PLC and

SW480 cancer cell line

The results of Titanium dioxide NTs on SW480 colon cancer cell line
showed that Concentrations of (62.5, 125,250, and 500) pg/ml caused
significant decrease in cell viability (P<0.001) while a concentration of
31.25ug/ml statistically (P<0.050) differ from the control. The results of Tio
NTs showed that there are no statistical differences from the control liver

cancer cell line. (As shown in figure 3.1).

¥ Primary liver cancer
(PLC/PRF/5)

® Colon cancer(SW 480)

*

* % ¥

| * %k
.6 250 500

31.25 62.5 125
Concentrations (pg/ml)

120

100
8
6
4
2

Control 15

Viability %
o (] (e}

(=]

o

Figure 3.1. effect of Tioz NTs on viability of PLC and SW480 cancer cell line using
MTT assay

*= Significantly decrease (p<0.05)

***= significantly decrease (p<0.001)
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3.2 Cytotoxicity evaluation of Ag decorated Tio2> on the viability of PLC
and SW480 cancer cell lines.

The results of Ag decorated Tio, NTs on liver cancer cell line showed that
the concentrations (250 and 500) pg/ml were significantly decrease in cell
viability(P<0.001) compared with the control. While the concentration
125ug/ml was significantly decrease cell viability (P<0.050) in comparison
with the control. The results on colon cancer cell line showed that (125,
250pg/ml and 500) pg/ml were significantly decrease cell viability (P<0.001)
compared with the control (As shown in figure 3.2).

120 ¥ Primary liver

cancer(PLC/PRF/5)
* *
100 *
% " ¥ colon cancer(SW
480)
*
80 *
X
* ok %
2
= 60
=
<
.s * % & K Kk F
40 * %k k
* % ok
20 I I
0
Control 15.6 31.3 62.5 125 250 500

Concentrations (ng/ml)

Figure 3.2 effect of Ag decorated Tioz on viability of PLC and SW480 cancer cell line
using MTT assay

*= Significantly decrease (p<0.05) ***=significantly decrease (p<0.001)
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3.3 Cytotoxicity evaluation of laser on the viability of PLC and SwW480
cancer cell lines.

The results of laser on liver cancer cell line showed that Only (9 &12)

minutes. significantly decrease cell viability (p<0.001) differ from the control.

The results of laser on colon cancer cell line showed that time from (7 to 12)
minutes statistically decrease cell viability (p<0.001) while time of 5 minutes'

decrease cell viability (p<0.05) compared with the control (As shown in figure

3.3).
¥ Primary liver cancer
= Colon cancer
120
100
80 *
ES
2
= 60
)
e
>

4

(=]

2

(=]

* %k 3k k% %k
sk
* % ¥ %k %k %

Control 1 Min. 3 Min. 5 Min. 7 Min. 9 Min. 12 Min.

* *
0 |

Concentrations (pg/ml)

Figure 3.3 effect of laser on viability of PLC and SW480 cancer cell line using MTT

assay

*= Significantly decrease (p<0.05) ***=significantly decrease (p<0.001)
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3.4 Cytotoxicity evaluation of TiO2 NTs with laser on the viability of PLC
and SW480 cancer cell lines.

The results of Titanium dioxide NTs with laser on liver cancer cell line
showed that the concentrations of (250 and 500) pg/ml significantly decrease in
cell viability (p<0.001), while all the remaining concentrations statistically

decrease in cell viability (p<0.050) compared with the control.

The results of Titanium dioxide with laser on colon cancer cell line showed that
concentrations of 500 pg/ml significantly decrease in cell viability (p<0.001)
differ from the control while the concentrations (of 125 and 250) pg/mi
statistically (p<0.050) differ from the control (As shown in figure 3.4).

H Primary liver

120 cancer(PLC/PRF/5)
= Colonic cancer(SW 480)

I| ***

Figure 3.4 effect of TiO2 with laser on viability of PLC and SW480 cancer cell line

100
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Control 31.3 62.5 125
Concentrations (pg/ml)

o

Viability %
o

[}
*

o

using MTT assay

*= Significantly decrease (p<0.05) , ***= significantly decrease (p<0.001)
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3.5 Cytotoxicity evaluation of Ag decorated Tio. with laser on the viability
of PLC and SW480 cancer cell lines.

The results of Ag decorated Tio, with laser on liver cancer and colon cancer
cell lines showed that all the concentrations decrease in cell viability
significantly (p<0.001) when compared with the control (As shown in figure
3.5).

120

¥ Primary liver

cancer(PLC/PRF/5)
100

® colon cancer(SW 480)
80

* %k %k
%
60
* * %k %k

40 ¥ % %k * %k %
’ I II

. m Am

5

control 15.6 31.25 62.5 12 250 500
Concentrations (pug/ml)

Viability %

Figure 3.5 effect of Ag decorated Tioz with laser on viability of PLC and SW480

cancer cell line using MTT assay
*= Significantly decrease (p<0.05)

***= significantly decrease (p<0.001)
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3.6 Cytotoxicity evaluation of Folic acid on the viability of PLC and SW480
cancer cell lines.

The results of folic acid on liver cancer and colon cancer cell lines showed that
all the concentrations significantly decrease in cell viability (p<0.001)
compared with the control (As shown in figure 3.6).

B Prmary liver cancer
120

M colon cancer

Control 0.001562 0.003125 0.00625 0.0125 0.025
Concentrations (pg/ml)
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o

2

o

o

Figure 3.6 effect of Folic acid on viability of PLC and SW480 cancer cell line using
MTT assay

*= Significantly decrease (p<0.05)

***= significantly decrease (p<0.001)
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3.7 Cytotoxicity evaluation of Au NPs on the viability of PLC and SW480
cancer cell lines.

The results of Gold NPs on liver cancer cell line showed that the
concentrations (250 and 500) pg/ml significantly decrease in cell viability
(P<0.050) differ from the control. While The results of Gold NPs on colon
cancer cell line showed that the Concentrations from (62-500) pg/mi

significantly decrease cell viability (P<0.001) compared with the control (As

shown in figure 3.7).
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cancer(PLC/PRF/5)
120 = Colon cancer(SW 480)
100
* % *
80 *
* %
ES
"? 60
= * %
o
>
20 I
0
Control 15.6 31.25 62.5 125 250 500

Concentrations (pg/ml)

Figure 3.7 effect of Au NPs on viability of PLC and SW480 cancer cell line using MTT
assay*= Significantly decrease (p<0.05)

***= significantly decrease (p<0.001)
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3.8 Cytotoxicity evaluation of Folic acid combined Gold NPs on the

viability of PLC and SW480 cancer cell lines.

The results of Gold NPs with folic acid on liver cancer and colon cancer cell

lines showed that all the concentrations significantly decrease in cell viability

(p<0.001) when compared with the control (As shown in figure 3.8).

® Primary liver

120 cancer(PLC/PRF/5)
u Colon cancer(SW

100 480)
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Control .6 31.25 62.5 250 500

Concentrations (ug/ ml)

Figure 3.8 effect of Folic acid combined Au NPs on viability of PLC and SW480

cancer cell line using MTT assay
*= Significantly decrease (p<0.05)

***= significantly decrease (p<0.001)
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3.9 Cytotoxicity evaluation of Gold NPS combined folic acid with laser on
the viability of PLC and SW480 cancer cell lines.

The results of Gold NPs with folic acid and laser on liver cancer and colon
cancer cell lines showed that all the concentrations significantly decrease in cell

viability (p<0.001) when compared with the control (as shown in figure 3.9).

¥ Primary liver
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Figure 3.9 effect of Au NPS combined folic acid with laser on viability of PLC and
SW480 cancer cell line using MTT assay

*= Significantly decrease (p<0.05)

***= significantly decrease (p<0.001)

75



Chapter Three Results

3.10 Transmission Electron Microscopy results of metals-based

Nanotubes:

3.10.1TEM of TiO2NTs:

3.10.2 TEM of Ag decorated TiO2 NTs:
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4. Discussion

4.1 Cytotoxic effect of Tio, nanotubes on primary liver cancer
(PLC/PRF/5) (PLC) and colon cancer (SW480) cell lines:

The results showed that there is significant decrease in cell viability percent
(p<0.001) for colon cancer cell line. While the results showed that there is no
statistically significant decrease in the cell viability (p< 0.794) for primary liver
cancer (PLC/PRF/5) cell line.

Antitumor effects of TiO,-NTs affected by NP size, aggregation tendency and
agglomeration are key factors that determine cell viability and genetic alteration
in tumor cells ( Behzadi, 2017 ) and even the type of disease may substantially
change the biological identity of NPs and their biological fates, including their
cellular uptake and toxicity (Colapicchioni, Tilio et al. 2016).

Nanoscale TiO; particles have unique medicinal properties, including inertia
and biocompatibility with body tissues and, thus, have been invested in many
biomedical applications, such as bone plates, dental implants, artificial hips,
scaffolds, and coatings, as well as in gene and drug delivery systems. Ultrafine
Ti0,-NPs (<100 nm) possess anti-tumor and anti-bacterial properties, showing

promise in biomedical fields(Raja, Cao et al. 2020).

Ti0,-NPs enter the cell via pinocytosis, phagocytosis, or micropinocytosis and,
then, get accumulated in the cells at specific locations, such as the vesicles,
cytoplasm, or mitochondria (Rauch, Kolch et al. 2013). The interactions of NPs
with cells resulted in the generation of ROS, and the resultant oxidative stress

may cause DNA fragmentation, in addition the increased levels of hydrogen

peroxide (H,O,), hydroxyl radical ('OH), superoxide (O27), hydroperoxyl
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(HOZ') induced oxidative stress in cells, which can cause oxidative DNA

damage and lead to the activation of p53 tumor suppressors and bcl-2 apoptotic
factors. Oxidative stress can affect the mitochondria, the richest source of ROS,
in which oxygen is metabolized and converted to O2 by several components of
the mitochondrial respiratory chain (Armand, 2016; El-Said, 2014).

Cell cycle arrest is closely associated with cell growth retardation and
apoptosis. The cell cycle can be divided into G1, S, and G2/M phases. In the
current study, TiO, treatment increased the percentage of G1 phase and
decreased the percentages of S and G2/M phase cells, suggesting that the
synthesis of RNA and ribosomes were blocked, thus preventing the cells from
entering the next stage of the cell cycle and leading to increased

apoptosis(Lagunes, Martin-Batista et al. 2018).

TiO, Nano filaments exhibited enhanced cytotoxic action and a strong dose-
dependent effect on cell proliferation and cell death (Magrez, Horvéth et al.
2009).

TiO, particles can induce malignant cell apoptotic death via the production of
ROS and ROS on the surface of TiO, nanoparticles caused oxidative stress in
adjacent cells or tissues, and preferentially damaged cancer cells(Imani, Dillert
et al. 2017) .ROS-induced accumulation of misfolded and unfolded
polypeptides in the ER activates the adaptive intracellular stress response

(unfolded protein response) (Kritsiligkou, Rand et al. 2018).

The ROS-induced ER stress response can trigger cell apoptosis by inducing the
expression of ER sensor proteins, including protein kinase RNA-like
endoplasmic reticulum kinase (PERK), activating transcription factor 6 (ATF6),

eukaryotic initiation factor (elF) 1, and X-box binding protein 1, and their
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downstream signaling pathways, such as the PERK/elF2a/ATF4/CCAAT
enhancer-binding protein homologous protein (CHOP) pathway(Chalmers, van
Lith et al. 2017) Nanoparticle-induced ER stress is an early biomarker for

nontoxicity evaluation(Chen, Huo et al. 2014).

4.2 Cytotoxic effect of silver modified Tio2 NTs on primary liver cancer
(PLC/PRF/5) (PLC) and colon cancer (SW480) cell lines:

Cancer is a multifaceted disease, extremely variable in its presentation,
development and outcome. It is well established that cancer is a multifactorial
disease caused by a complex mixture of genetic and environmental factors.
However, the knowledge of the genetic, molecular, and cellular basis of cancer
can provide new targets and strategies for therapy. Many anticancer drugs are
unable to reach their target site in sufficient concentrations and efficiently exert
the pharmacological effect without causing irreversible unwanted injury to
healthy tissues and cells, nanotechnology offers a wealth of tools to treat cancer
by passing biological barriers to exert their effect . The unique physicochemical
characteristics of metal NPs, such as high surface-to-volume ratio, broad optical
properties, ease of synthesis and surface functionalization offer new

opportunities for cancer therapeutics(Buttacavoli, Albanese et al. 2018).

The results of this study showed significant decrease in cell viability percent
(p<0.001) differ from the control at higher concentrations for primary liver
cancer (PLC/PRF/5) cell line, while on colon cancer cell line the results showed
there is significant decrease in cell viability percent (p<<0.001) at concentrations
(500,250 and 125) pg/ml compared with the control.

Ag NTs and Tio, NTs each of them exerts its cytotoxic effect by specific
mechanisms were silver NTs caused morphological changes; including cell

shrinkage, detachment, clustering, and rounding (Bin-Meferij and Hamida
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2019). These cytomorphological changes may be attributed to the small size of
N-SNPs, which enables them to interact with cellular structures, such as
membranes, mitochondria, endoplasmic reticulum, and the nucleus, and cellular
components, such as nucleic acids, proteins, and enzymes, leading to cellular
dysfunction and cell death (Firdhouse and Lalitha 2015).Imbalances in ATPase,
LDH, GPx, and GSH activities. LDH is a soluble cytoplasmic enzymes that
exists in nearly all cells and it is liberated into the extracellular space through
damaged plasma membranes the significant increase in LDH levels observed in
the assay revealed that N-SNPs caused membrane disruption that influenced
membrane integrity and permeability, The decrease in ATPase activity after
exposure of cells could be attributed to the induction of oxidative stress, which
inhibits the activity and expression of ATPase, resulting in imbalances in

cellular homeostasis and eventual damage to cells(Chan, Moriwaki et al. 2013).

Enhanced cell death pathways by suppressing the expression of anti-apoptotic
proteins (Akt, p-Akt, mTOR, Bcl-2) and promoting the activity of apoptotic
proteins (p53 and caspase 3), possibly via inducing oxidative stress and/or
through interactions with cellular components and organelles, such as DNA and
mitochondria. The tumor suppressor p53 has a crucial role in the response to
cellular stress; it regulates many genes that are involved in numerous cellular
process, including DNA damage repair, cell cycle arrest, apoptosis, and cell
survival (Hafner, Bulyk et al. 2019) The observed upregulation of p53 protein
may indicate that N-SNPs directly and/or indirectly interact (via oxidative
stress) with DNA, causing DNA damage that stimulates cell death pathways
(Satapathy, Mohapatra et al. 2013), Caspase 3 is a well-known major executor
of the apoptosis pathway that orchestrates cellular destruction with proteolytic

cascades (Nakajima and Kuranaga 2017).
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Its acted as potent antiproliferative agents in a dose dependent manner were the
response of cancer cells toward NPs differs according to the cell type.

(Hasegawa, Aoki et al. 2014, Lagopati, Kotsinas et al. 2021).

Tio, NTs can cause cytotoxicity (Galata, Georgakopoulou et al. 2019) and
induce apoptosis (Lagopati, Tsilibary et al. 2014) as mention previously . In this
study combined Ag with Tio; in order to improved Tio, NTs cytotoxic effects
that compatible with these studies (Chao, Yun et al. 2003, Nbelayim, Kawamura
et al. 2017) were silver increases the Specific Surface Area (SSA) of the TiO..
In fact, silver modification promotes the ROS generation prolonging the
bioactivity duration of the TiO, NTs.

4.3 Cytotoxicity of Diode laser on primary liver cancer (PLC/PRF/5) (PLC)

and colon cancer (SW480) cell lines:

Lasers are widely used for superficial and interstitial PDT. A unique property
of lasers is that the generated monochromatic light, with a very narrow
bandwidth, is coherent.(Kim and Darafsheh 2020). Main components of a laser
are a gain medium, a resonant cavity, and an energy source (Saleh and Teich
2019)

Fundamental interactions of light with tissue include reflection, refraction,
scattering, and absorption were Scattering leads to dispersion of light and
eventual reduction in the light intensity major highly absorbing molecules in
tissue include water, oxyhemoglobin, deoxyhemoglobin, melanin, and

cytochromes (Wong and llgner 2016) .

Hence, even if the surface of the target area is illuminated evenly, the energy of
the incident light will fall dramatically at increasing depths below the surface

(or at increasing distances within tissue from an interstitial fiber). This is
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because most tissue chromophores (hemoglobin, melanin, fat etc.) absorb light
strongly in the visible spectrum, Thus, effectiveness of PDT greatly decrease
with tissue thickness due to strong attenuation of visible light with increasing
tissue depth, leading to incomplete treatment and tumor relapse(Lucky, Soo et
al. 2015) .

Treatment light is affected by the tissue optics and must be taken into
consideration when determining photodynamic effect. The optimal therapeutic
window for PDT, however, is with light between 600-800 nm in wavelength is
often called the “optical window” of tissue(Kirillin, Shakhova et al. 2016).

Use of longer wavelengths (>800 nm) is not practical due to their inefficiency
in exciting an oxygen molecule from triplet ground state to the excited singlet
state and the depth to which light penetrates tissue is dependent upon the optical
properties of the tissue and the wavelength of the light employed. (Hester,
Kuriakose et al. 2020) .

The results of this study showed that there is significant decrease in cell
viability percent (p<0.001) differ from the control on both cell lines at 7,9 and

12 minutes.

Cell injury occur as laser therapy mainly works on cytochrome ¢ oxidase
(COX) in the mitochondrial, Apoptotic responses to PDT are carried out
primarily through the intrinsic pathway in which the mitochondria play a crucial
role. This pathway is induced by diverse factors including developmental and
environmental cues, cellular stress, DNA damage, heat shock, nutrient
deprivation, and cytotoxic(Parsons and Green 2010). One of key events in the
intrinsic pathway is the release of apoptogenic proteins from the mitochondrial
intermembrane space into the cytosol; these proteins include cytochrome c,

apoptosis-inducing factor (AIF), and endonuclease G (EndoG) (Jendrossek
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2012)Upon release into the cytosol, cytochrome ¢ associates with apoptotic
protease activating factor 1 (Apaf-1), forming a heptameric complex (i.e.,
apoptosome) with caspase-9 in the presence of ATP. This leads to the
conformational change and activation of caspase-9, in turn, the activated
caspase-9 cleaves and activates downstream caspases (e.g., caspase-3 and

caspase-7), which carry out apoptosis)Tait and Green 2010)

4.4 Cytotoxicity TiO. and laser on primary liver cancer (PLC/PRF/5)
(PLC) and colon cancer (SW480) cell lines:

The results of this study showed there is a statistically significant decrease in
cell viability percent (p<0.001) at concentrations (500 and 250) pg/ml while the
concentrations (125,62.31 and 15) pg/ml showed decrease in cell viability
percent (p<0.050) for PLCs cell line.

There is significant decrease in cell viability of colon cancer percent(p<0.001)
at concentration 500 pg/ml but with concentrations (250 and 125) pg/mi
(p<0.050) compared with the control.

These results closed to the study (Zhang, 2014) that indicated the viability of
the cancer cells treated with TiO, nanoparticles in the presence of UV
irradiation decreased remarkably compared to those under UV irradiation or
TiO, nanoparticles alone, which indicated that the photocatalytic activity of
Ti0O, nanoparticles could have increased the mortality of cells in dose dependent

manner.

Semiconductor nanoparticles made of TiO, used in new applications in biology
and medicine, e.g., such as photosensitizers in photodynamic therapy (PDT) for
cancer therapy(Li, He et al. 2020).
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TiO, NPs behave as photo catalysts, when they are excited by photon energy
derived from light, pairs of holes and electrons are generated, reacting with the
available water and oxygen, yielding reactive oxygen species (ROS) (Liao, Li
et al. 2020). This phenomenon can take place when TiO, NPs enter the cell and
since the produced free radicals might be potentially very harmful (Barbouti,
Lagopati et al. 2021) TiO, NPs may prove efficient damaging agents against
crucial biomolecules of cancer cells were Reactive oxygen species (ROS) have
high oxidative potential and they damage DNA and cell membrane in cancer
cells and as the membrane of a cancer cell damages, this causes necrosis.
Nucleus and mitochondria damage lead to apoptosis, whereas damage in
endoplasmic reticulum induce autophagy(Cesmeli and Biray Avci 2019). If this
event is triggered controllably, it can specifically target the cancer cells, sparing
the healthy ones (Li, 2020).

4.5 Cytotoxicity of silver modified TiO2 NTs and Diode laser on primary
liver cancer (PLC/PRF/5) (PLC) and colon cancer (SW480) cell lines:

The results of this study showed there is a significant decrease in cell viability
percent(p<0.001) at all concentrations compared with the control for primary

liver cancer (PLC/PRF/5) and colon cancer cell lines.

This study aim to improve photo catalytic activity of TiO, by addition of silver
NTs according to this study(Kim, Lin et al. 2017, Liao, Li et al. 2020). Silver is
used as a dopant, since it has the ability to trap the photo-excited electrons from
TiO,, allowing to the holes remain active as collective oscillation of conduction
electrons can be induced in metal NPs by irradiating with light. This is because
the collective oscillation of surface electrons resonates with the electromagnetic
field of the incident light.
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This behavior is generally termed as the localized surface Plasmon resonance
(LSPR). LSPR covers a wide range of solar spectrum, particularly in the visible
and near-infrared (NIR) regions After excitation, LSPR decays non-radiatively
into hot electrons and holes through Landau damping, generating highly
energetic charge carriers that are typically termed ‘hot carriers. This ultrafast
relaxation renders the hot carriers capable of rapidly separating and transferring
into semiconductors to drive chemical reactions and create ROS on adsorbed

molecules.

The LSPR effect is more pronounced Ag nanoparticles compared with other
metal. Enhanced photocatalytic activity also was observed, since the time
needed for the efficient photo-activation was approximately 10 min, Previous
studies had shown that TiO, induced apoptosis only after a 20-min irradiation
with light. Thus, silver modification allowed an optimization of the
photocatalytic cytotoxicity that was controllably triggered in order to lead

cancer cells to apoptosis according to this study (Lagopati, Kotsinas et al. 2021).

Possibly, the composition of the cell membrane proteins is different in each cell
line and consequently the interactions between those proteins and Ag/TiO, NPs

are different in each case.

4.6 Cytotoxic effect of folic acid on primary liver cancer (PLC/PRF/5)
(PLC) and colon cancer (SW480) cell lines:

Folic acid is a small water-soluble molecule and vitamin in the B group. The
FA molecule consists of three components: a pterin residue, p-aminobenzoate
and a glutamic acid residue. Folic acid can be coupled via either a- or y-
carboxyl groups of its glutamate residue, but it is described that the y-conjugate
is mostly capable of binding to FR (Stallivieri, Baros et al. 2015) . Folate plays

an important role in regulating DNA replication and various metabolic
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pathways such as the biosynthesis of thymidylates and purines so a sufficient
intake of folate is needed in any rapidly proliferating cells like cancer cells.
Many cancer cells try to overexpress the folate receptors (e.g., breast, colon,
ovary, lung, kidney, and other cancers) on their surface to uptake much more

folic acid in competition with their neighboring cells (Cheung, Bax et al. 2016).

Generally, Folic acid can protect against the development of cancer by helping
in methionine regeneration and reducing the error rate during DNA replication
In addition, FA has been shown to exert the scavenging potential for free radical
and antioxidant properties, which might also contribute to its anti-tumor

properties (Li, Rong et al. 2006) ..

The results of this study showed that there is a statistically significant decrease
in cell viability percent(p<0.001) at all concentrations for both cell lines (PLCs
and SW480) this results closed to this study (Majumdar, Kodali et al. 2004)that
indicated FA inhibit cell proliferation by inhibits tyrosine kinase activity
particularly epidermal growth factor receptor (EGFR) suggests a role for these
enzymes in regulating the folic acid-induced inhibition of proliferation, tyrosine
kinases play a crucial role in regulating proliferation, differentiation, and

transformation of cells.

The present study has demonstrated that folic acid was able to induce the
apoptosis this apoptosis may be mediated by down-regulating the expression of
apoptosis-associated gene bcl-2 and up-regulating the expression of tumor
suppressor gene p53 as the members of the Bcl-2 family play a central role to
inhibit or promote apoptosis(Ting, Lee etal. 2019). Levels of Bcl-2 within cells
are critical to antiapoptotic activity, decreasing Bcl-2 could be a mechanism to

sensitize cells to apoptosis(Merlin, Rupasinghe et al. 2021)
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4.7 Cytotoxic effect of gold NPs on primary liver cancer (PLC/PRF/5)
(PLC) and colon cancer (SW480) cell lines:

Cell proliferation was measured after incubation period for 24 h at 37 ° the
result show there was a significant decrease in the viability of cells (p<0.05) at
higher concentration (500,250) pug/ml for primary liver cancer (PLC/PRF/5) cell
line, while for colon cancer cell line all concentrations showed statistically

significant decrease in cell viability percent(p<0.001) compared with control.

The cytotoxic effect Au NPs on cells may be due to the higher-level
concentration of Au NPs which can interact with other component in the growth
media. Cellular media contains vitamins, serum proteins and antibiotics and

other chemicals.

The high concentration of gold nanoparticles will change their properties such
as size, surface chemistry, shape, aggregation state, and surface charge
(Alkilany and Murphy 2010) .

AuUNPs at high concentration induce damage to cell membrane, plasma
membrane, cellular metabolic activity, mitochondrial activity and a LDH
leakage that led to the damage of cells (Avalos, Haza et al. 2018).Another
reason may be due to the oxidative stress as a results of increasing reactive
oxygen species (ROS) in mitochondria which is consider toxic to the cells and
cause damage to cellular molecules such as DNA, lipids and proteins(Khanna,
Ong et al. 2015)

The cytotoxic mechanism of AuNPs include damage of normal morphology
resulting in rounded cells, cell cycle arrest at G1 phase, increased expression
levels of proapoptotic genes caspase-9 and caspase-3 and generation of

ROS(Grijalva, Vallejo-Lopez et al. 2018).AuNPs induce change in the structure

88



Chapter Four Discussion

of cellular cytoskeleton network due to high concentration which effect on cells
morphology and cause change in energy metabolism , cell adhesion and signal

transduction to the cells(Pavlovich, Volkova et al. 2017).

It was shown that AuNPs have many cytotoxic interactions with Cell
membrane, mitochondria, proliferation related gene and nucleus. Previous
study has shown toxicity of AuNPs to be dose dependent, area and surface
charge. The surface charge is one of the major reasons that lead to increase Au
NPs toxicity. The authors found that interaction of a positive charge on the
ammonium species with a negative charge on the lipid bilayer of cell

membranes can cause cytotoxic effect to cells (Pivodov4, Frankova et al. 2015).

4.8 Cytotoxic effect of folic acid and gold NPs on primary liver cancer
(PLC/PRF/5) (PLC) and colon cancer (SW480) cell lines:

Tumor targeting therapy is a promising therapeutic strategy (active targeting
and passive targeting) It can be achieved via the vectorization of PSs meaning
either the introduction of the latter into liposomes or their encapsulation in
nanoparticles (NPs) (Talekar, Kendall et al. 2011). It can also be carried out
using the addressing strategy by conjugation of the PS with molecules known
to have specific interactions with receptors, which are overexpressed on tumor
cells as this enhances their selectivity for cancerous tissue as opposed to healthy

tissue.

In this study uses folic acid for improving nanoparticles targeting and also for
utilization cytotoxic effects of folic acid against cancer cell proliferation that
agreed with these studies(Samadian, Hosseini-Nami et al. 2016, Liu, Turyanska
et al. 2019).
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The results of this study showed that all concentrations of both cell lines
(PLCs and SW480) decrease cell viability significantly (p<0.001) differ from
control the results were closed to these studies (Liu, 2019, Li, 2015). Gold
nanoparticles have been identified as promising candidates for new cancer
therapy modalities because of biocompatibility, easy synthesis and
functionalization, = chemo-physical stability, and optical tunable
characteristics(Mehdizadeh, Pandesh et al. 2014) .

Gold NPs were directly attached to folic acid can be conjugated to Au
nanoparticles by 4-aminothiophenol producing folate-targeted Au nanoparticles
(Ramzy, Nasr et al. 2017) in order to avoid significant increases in the overall
size and hence properties of the Au NP(Galchenko, Schuster et al. 2019)
(Stallivieri, Baros et al. 2015) cytotoxicity of folic acid conjugated gold NPs
occur more on colon cancer cell than primary liver cell as colon cancer cells
express FARs more than PLCs according to the study (Stallivieri, Baros et al.

2015) so colon cancer cell more sensitive to cytotoxic effect of this conjugation.

4.9 Cytotoxic effect of folic acid and Au NPs and laser on primary liver
cancer (PLC/PRF/5) (PLC) and colon cancer (SW480) cell lines:

The results of this study showed that all concentrations of both cell lines
(PLCs and SW480) decrease cell viability significantly (p<0.001) comparing
with the control, the results were closed to these studies (Zeinizade, 2018, Beik,
2017).

Gold nanoparticle (AuNP) is of great interest for developing a unique system

with high potential for biological applications such as Nano-photo thermolysis.

When short laser pulses irradiate AuNPs, a process named Nano-photo

thermolysis occurs. In this process, AuNPs heat up quickly.
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It has been determined that the absorbed light by AuNP converts to heat on the
picosecond time scale. AuNPs are the most promising candidates for nano photo
thermolysis since they are strong absorbers, photo stable, nontoxic, and have

adjustable optical properties.

The absorption maximum of AuNP is tunable from the mid visible region into
the infrared region based on the size, shape and material. AuNPs strongly
absorb laser irradiation, this absorbed energy transforms quickly into heat,
which could cause fatal damage to cancer cells through local overheating
effects. Accordingly, AuNPs are potentially very practical and efficient photo
thermal agents in therapeutic applications, especially in cancer
treatment(Akhter, Ahmad et al. 2012).

The introduction of AuNPs, the most important laser-responsive nanomaterial,
into the tissue changes optical properties of the medium and increases local
conversion of laser energy into heat. As stated earlier, AUNPs possess surface
Plasmon resonance (SPR), a well-known property that implies the resonant
oscillation of free electrons on the particle surface induced by incident light.
Following this phenomenon, the electrons in Au atoms absorb the laser photons
and become excited to higher energy levels. Through electron-phonon
relaxation, the absorbed photon energy is converted to heat and is transferred
into the particle lattice (Manna, Sarkar et al. 2005, Beik, Khademi et al. 2017)
To limit such released heat and its resulted thermal damages to the tumor, it is
necessary to target AuNPs towards cancer cells using various targeting ligands
such as folate. Therefore, it is expected the combination of F-AuNPs with laser
exposure leads to selectively heat and destroy the cancer cells(Shakeri-Zadeh,
Mansoori et al. 2010).
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Conclusions:

1. TiO2 showed cytotoxic effects on liver cancer and colon cancer cells in a

different sensitivity.

2. Ag and TiO; each of them exerted cytotoxic effects on liver cancer and
colon cancer cells with specific mechanisms and TiO, modification by

addition Ag NTs enhanced cytotoxic effects of TiO, NTs.

3. Laser showed cytotoxic effects on liver cancer and colon cancer cells in
a time dependent manner and laser caused improvement in cytotoxic

effects of NTs on tumor cells.

4. Folic acid (pure drug powder) showed cytotoxic effects on both cancer
cells even at low concentrations while gold NPs showed cytotoxic effects

at higher concentrations.

5. Combination of folic acid with gold NPs lead to increase targeting of

nanoparticles in tumor cells and so enhancement cytotoxic effects of NPs.
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Recommendations:
We recommended that:

1. Utilization of nanomaterials for drug delivery system to increase

targeting of the drugs towards cancer cells.

2. Use PDT to treat the same or other type of cancerous disease on animal
groups (in vivo).
3. Studying cytotoxic effects of other types of photosensitizers on cancer

cells.

4. Use other types of ligands like monoclonal antibodies, hormones, other
types of vitamins combined with nanomaterials to increase cancer cells

targeting.
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