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Summary

Summary:

The current study involved the isolation and identification of Bifidobacterium
bifidum and the evaluation of its ability to produce a Biosurfactant (BS). The (BS)
was subsequently extracted and its effect was investigated on the Human Rectal
Tumor cell line [HRT-18]. Then, the study assessed the gene expression of the
NADPH Oxidase 4 gene (NOX4) in the same cell line following treatment with
various concentrations of the extracted (BS), and the effects of these

concentrations were compared to the chemotherapeutic FOLFOX.

The current study was conducted from the beginning of April 2024 to the end
of January 2025 and included three main axes, the first axis was the isolation and
diagnosis of bacteria and extraction of (BS) at the Al-Ameen Research Center/The
Holy Shrine of Imam Ali (AS) Najaf/Iraq, the Biotechnology Research Center/Al-
Nahrain University, and a specialized medical studies center in Baghdad/Iraq The
second component focused on cytotoxicity Assays, while the third involved
investigating the gene expression of NOX4. The latter two components were
carried out at the Center for Natural Product Research and Drug Discovery,
Department of Pharmacology, Faculty of Medicine, University of Malaya, Kuala

Lumpur.

Five B. bifidum isolates were obtained and screened for (BS) production. The
extracted (BS) was lyophilized, and five concentrations (400, 200, 100, 50, 25)
ug/ml were prepared.

Cytotoxic effects were detected using the [3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide] assay (MTT) , activated cell line [HRT-18] were
exposed to the five prepared concentrations for 24 hours at 37C°, the results
showed cytotoxic effects of (BS) on the [HRT-18], a decrease in the number of

cancer cells was observed with an increase in the inhibition rate with increasing



Summary

concentrations, with the highest inhibition rate at concentrations (400,200) pg/ml

reaching (68.4, 61.3)% respectively.

While (BS) did not show acute cytotoxicity on the normal cells Human Dermal
Fibroblasts neonatal [HDFn], the results showed significant differences P<0.0001
in the calculation of the Inhibitory Concentration 50% (I1C50) when cancer cells
[HRT-18] were treated with (BS) 53.4 pug/ml, and in [HDFn] 93.2 ug/ml.

The results confirmed significant differences P<0.0001 between (BS) and
FOLFOX in the [HRT-18] at concentrations between (400, 25)ug/ml, while the
results showed significant differences between (BS) and FOLFOX in [HDFn] at
concentrations (400, 200)pg/ml and no significant differences at concentrations
(100, 50, 25)pg/ml.

Based on MTT results, High Content Screening (HCS) was conducted on
[HRT-18] cells using (BS) concentrations between (200, 25)ug/ml, with
comparisons to untreated cell controls and (FOLFOX) 200 pg/ml.

The results of the (HCS) confirmed significant effects on most cellular
indicators with an increase in the concentration of the (BS) on the [HRT-18],
particularly at concentrations of (200, 100)ug/ml , compared to the negative
control , the results also indicated no significant difference between the effects of
(BS) and FOLFOX at a concentration of 200ug/ml.

The results of the Caspase-9 and Caspase-8 assays showed that Caspase-9
exhibited a significant increase compared to the negative control, on the other
hand, Caspase-8 showed lower activity, compared to Caspase-9, suggesting that
the main pathway in the opoptosis is the intrinsic pathway, mediated by Caspase-
9. Moreover, the results revealed no significant differences between the effects of
the (BS) and the FOLFOX at the concentration of 200ug/ml, when compared to
the negative control in both apoptotic pathways.
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The results of the 2,2-Diphenyl-1-picrylhydrazyl (DPPH) anti-Oxidant assay
showed no significant differences between (BS) and Ascorbic acid when treated
the [HRT-18] cell line with a small significant difference at a concentration of

50ug/ml.

The results of the Reactive Oxygen Species (ROS) assay showed that there were
significant differences and an increase in ROS production at concentrations (200,
100)pg/ml, and the results showed no significant differences between the effect
of (BS) and FOLFOX at a concentration of 200pg/ml, compared to the negative

control.

The results of the investigation of the gene expression of NOX4 gene in the
[HRT-18] after treating it with different concentrations of (BS) using the
Quantitative Reverse Transcription Real-Time PCR (RT-qPCR) assay showed ,
(BS) has cytotoxic effects with significant differences P<0.0001 in the gene
expression of NOX4 gene in the [HRT-18] after treatment with concentrations
(200,400)ug/ml, compared to the negative control, while at concentrations (100,
50, 25)ug/ml no significant differences appeared in gene expression, meaning
that with increasing concentrations of (BS), the gene expression of the anti-

cancer NOX4 gene increases.
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Chapter One

Introduction



Chapter one Introduction

1-Introduction

Cancer is one of the most important diseases that affect humans and includes
more than 100 different diseases that can occur in any part of the body, one of the
distinguishing characteristics of cancer is the rapid growth and proliferation of
abnormal cells, which have the ability to invade nearby tissues and spread to other
organs through blood vessels in a process known as metastasis, these widespread

metastases are a primary cause of death (Sherman et al.,2022).

Malignant tumors affecting the human large inAssayine, in all their types, rank
third in occurrence compared to other types of malignant tumors, it ranks fourth as
a leading cause of death worldwide. It is commonly found in humans, with an
occurrence rate of 58% in men and 47% in women over the age of 40 in countries

with a high incidence of the disease (Lui et al.,2021).

In Irag, colorectal cancer is a common disease among the elderly, ranking second
with an incidence rate of 7.3%, average 6.8 hundred thousand people, incidence
rate compared to other types of cancer in the country, in addition its incidence is
also increasing just like other types of tumors (Iraqi Cancer Board,2022; American
Cancer Society,2023).

Bifidobacterium bifidum was identified in the last century, and numerous studies
have highlighted its therapeutic properties that contribute to improving human
health. These bacteria are found in the inAssayines, with Bifidobacterium spp
making up 99% of the large inAssayine's microbial content. They are mainly
located in the inAssayinal lining and vaginal canal, helping to digest fibers, prevent
infections, and produce several secondary metabolic compounds used in treating

microbial infections (Henry,2023).

It produces important compounds such as vitamin B and healthy fatty acids, it
Is a type of beneficial bacteria known as probiotics, fermented foods are a good

source of this bacteria, and many studies have proven that they are effective in
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preventing digestive diseases, boosting immunity, and treating tumors, they are
also helpful in eliminating foodborne pathogens, such as Salmonella, which causes
diarrhea (Sakanaka et al.,2019).

Biosurfactants are biological substances produced by various microorganisms,
including B. bifidum bacteria, they work by reducing surface tension and are

considered antimicrobial and anti-adhesive agents (Chen et al.,2021).

To investigate the cytotoxic effects of the (BS), researchers have developed a
technique that facilitates the study of therapeutic effects in vitro against different
types of cancer cells ,this technique is called tissue culture, and cancer cell lines
are used ,through this method , the cytotoxic effect of compounds on cultured cells
can be evaluated the researcher has the ability to control the environmental
conditions for cultivating and preparing cancer cells, as well as the exposure time
to them (Marcelino et al.,2020).

NADPH Oxidase 4 gene (NOX4) is a human gene and is a member of the NOX
enzyme family that produces (H.O;) and has an important role in cell proliferation,
migration, and programmed death (apoptosis) (Dewa et al.,2024). The NOX4 gene
regulates certain beneficial adaptive responses mediated by reactive oxygen
species (ROS) and is located on chromosome 11 with a precise locus of 11q14.3,

causing cancer cell death by increasing gene expression. (Xirouchaki et al.,2021).

1-1-Aim of the Study
The aim is to find a safe biological treatment as an alternative to chemotherapy,
which is more effective, less expensive, and has fewer side effects on normal cells,
through the following axes:
1. To sample collect, isolation, and diagnosis of Bifidobacterium bifidum.
2. To extract Biosurfactants (BS) from B. bifidum.
3. To prepare different concentrations of (BS) in pg/ml (400, 200, 100, 50, 25)
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4. To activate the cells of the colorectal cancer cell line [HRT-18], performing the
MTT cytotoxicity assay and investigating the effect of different concentrations
prepared from (BS) on the colorectal cancer cell line [HRT-18] and comparing it
with the normal cell line [HDFn] and the effectiveness of chemotherapy. FOLFOX.

5. To conducte a high-content HCS assay to evaluate the cytotoxicity of (BS) in
colorectal cancer cell line [HRT-18] for concentrations that will show an effective
result in the MTT assay and compare it with the effectiveness of FOLFOX
chemotherapy to identify the mechanism of cancer cell death.

6. To conducte a Caspase-9 and Caspase-8 assay to investigate which of the two
caspase pathways is responsible for the programmed death of the colorectal cancer
cell line [HRT-18] when treated with different concentrations of (BS) extracted
from B. bifidum bacteria.

7. To conducte a (DPPH) Scavenging A activity assay to identify the extent of
oxidation (free radical scavenging) when treating the cancer cell line [HRT-18]
with different concentrations of the (BS).

8. To show a Reactive Oxygen Species (ROS) assay to determine the level of
oxygen and to evaluate reactive oxygen species and their role in cancer
development.

9. To investigation of gene expression of NOX4 gene in Colorectal Cancer cell line
after treatment with BS extracted from B. bifidum by Quantitative Reverse
Transcription Real-Time PCR (RT-gPCR) Analysis.
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2- Literature Review

2-1- Colorectal Cancer
The appearance of cancer in any organ of the human body is essentially a

disturbance in the structure and activity of DNA in some cells, which causes a
defect in the functions of chromosomes and genes that control cell functions and
growth. The cancer cell acquires the characteristic of immortality, meaning the
cancer cell continues to divide and multiply. Continuously without control, and
when the number of cancer cells increases significantly, some of them are
destroyed by this crowding, while others clump together, forming a mass of excess

tissue called a tumor , which can be malignant or benign (Al-Khalili,2022).

When normal cells turn into cancer cells in an organ, the cells lose their normal
characteristics and function, and the body loses the ability to control their
accelerated reproduction and growth (Diaz et al.,2013). One of the most important
cancers that appear in families under the influence of genetic factors is colorectal
cancer, Cancer genes can be detected in the genes of a person whose family

members have been exposed to colorectal cancer (Wu et al.,2013).

According to the World Health Organization (World Health Organization)
2014, Colorectal Cancer (CRC) is one of the most common types of cancer that
can affect all ages and both sexes, which originates from the large inAssayine and
may cause death if not diagnosed early and neglected treatment, and colorectal
cancer ranks third in incidence from other cancers worldwide with the highest
incidence in developed countries and it is estimated that by 2035 about 24.4

million new cases will be diagnosed colorectal cancer (Siegel et al.,2014 ).

Colorectal Cancer has increased in recent decades, accounting for 10% of
cancer deaths, as its symptoms are not felt in the early stages without regular
screening, and it is often diagnosed at advanced stages with limited treatment

options (Kuipers et al.,2015).
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Colorectal Cancer has become the second and third most common cancer in
females and males, respectively, in western and developed countries (Kuipers et
al.,2015). This increase is attributed to an aging population, poor dietary habits,
smoking, obesity, low physical activity, and excessive alcohol consumption (The
(Organization for Economic Cooperation and Development-OECD,2015).

In Irag, several descriptive studies have been conducted on (CRC) and showed
that the incidence of colorectal cancer was low but started to increase in recent
years (Al Dahhan & Al Lami,2018). These Iraqi descriptive studies of (CRC)
included patient gender, age, and symptoms (Al-Bayati & Jasim,2009 ; Al- Janabi
et al.,2015).

Colorectal Cancer is a type of cancer that affects the colon and spreads to the
rectum (large intestine) and can cause significant damage and death (Al-Janabi et
al.,2015). Many studies have revealed that the risk of colorectal cancer increases
with age and most cases occur in people over the age of 50 (Steele et al.,2014).
The risk (CRC) can be reduced by eating a healthy diet, quitting smoking, limiting
alcohol consumption, and exercising, and regular checkups are extremely

important for early detection of the disease (Kuipers et al.,2013).

The American Cancer Society confirmed that in 2023, colorectal cancer will be
the second leading cause of cancer deaths in the world, and it is estimated that
there will be more than 1.9 million new cases of colorectal cancer and more than
930,000 deaths from colorectal cancer worldwide in the next few years (Islami et
al.,2017; Jemal et al.,2010). Men are more likely to be affected than women in
most parts of the world, with high incidence in North America and Europe and

low incidence in South Central Asia and Africa (Torre et al.,2012).

The highest incidence and mortality rates were observed in Europe, Australia
and New Zealand, while the highest death rates were recorded in Eastern Europe,

the Colorectal Cancer burden is projected to increase to 3.2 million new cases per
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year, an increase of 63%, and 1.6 deaths per year, an increase of 73%, by 2040
(Siegel et al.,2015).

Colorectal Cancer rates have declined in developed countries due to advances
in early diagnosis methods, as the prognosis of Colorectal Cancer varies
depending on the stage of the disease at the time of diagnosis (Chen et al.,2017).
The likelihood of recovery is higher for people with cancer detected in the early
stages compared to people with cancer detected in the late stages (Steele et
al.,2014). Early correct diagnosis, correct treatment, and regular care and follow-

up are important in achieving a cure (Neagoe et al.,2004).

2-2- Symptoms of Colorectal Cancer
The most common symptoms of Colorectal Cancer are weakness or fatigue,

lack of appetite, poor health for no apparent reason, changes in bowel habits such
as increased diarrhea or constipation, rectal bleeding with blood in the stool,
nausea or vomiting, persistent abdominal pain such as cramps and gas, and a
feeling of not completely emptying the abdomen when defecating , persistent
bloating, marked weight loss for no apparent reason, lack of appetite, deteriorating
general health and low iron levels, and many patients are often asymptomatic in

the early stages of the disease (Jiang et al.,2013).

2-3- Colorectal Cancer Types
Colon Cancer is a type of cancer that develops from the inner lining of the large

inAssayine (colon), and in many cases, colon cancer and rectal cancer coincide at
the same time (Koch et al.,2001). Scientists were able to identify four types of
Colon Cancer, which will greatly help in its diagnosis and treatment. Colorectal
Cancer is divided depending on the type of cells from which it developed, as 95%
of Colorectal Cancers are adenocarcinoma, the most common type that developed
from epithelial cells of the mucous membrane lining the colon and rectum

(Stanojevi¢ et al.,2009). The types of Colorectal Cancer are :
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. Primary Colorectal Lymphomas
. GastroinAssayinal Stromal Tumors

Leiomyosarcomas

now N e

. Carcinoid Tumors

1- Primary Colorectal Lymphomas
Primary Colorectal Lymphomas are Colorectal Cancers that involve lymph

nodes and immune cells in general (Aisenberg et al.,2000). The World Health
Organization (WHO) has identified several histological subtypes of lymphoma
and confirmed that all types of these nodular lymphomas may develop in the Gl
tract, but the two main types that appear in more than 90% of cases are B-cell
Non-Hodgkin's Lymphomas (NHL) and MALT lymphoma (MALT) NHL or
Mucosa-Associated Lymphoid Tissue lymphoma (MALToma) (Khalil et al.,
2014).

2- GastroinAssayinal Stromal Tumors
It is one of the rare colorectal cancers with an incidence of approximately 10%

(Kays et al.,2018). It can occur at any age and the incidence rate between the sexes
is the same (Kim et al.,2005), occurring in the cells of the colon wall that stimulate
the colon muscular tissue to move food (Casali et al.,2018). The exact cause of
these types of gastroinAssayinal tumors is not known, but some studies and the
American Joint Committee-AJCC (2017), have stated that some are caused by the
transmission of specific genes from parents to children (Jumniensuk &
Charoenpitakchai,2018).

3- Leiomyosarcomas
Leiomyosarcoma is a rare type of cancer that occurs in smooth muscle and soft

tissue. Smooth muscle tissue is found in many parts of the body such as the
digestive system, urinary system, blood vessels, and uterus (Serrano & George,

2013). Most often the growth occurs in abnormal cells so that these cells begin to
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multiply rapidly and invade and destroy neighboring normal body tissues (Katz &
DeMatteo,2008).

4- Carcinoid Tumors
It is a type of cancer that belongs to a subgroup of neuroendocrine tumors and

is slow-growing and occurs in different areas of the body, mostly in the
gastroinAssayinal tract (stomach, appendix, small inAssayine, large inAssayine,
colon and rectum) or the lungs, in cells that produce certain hormones within these
organs (Mitchell,2005). Carcinoid tumors do not show symptoms until the
advanced stages of the tumor by releasing excessive amounts of hormone-like
substances (such as serotonin) into the body causing a carcinoid syndrome to
produce symptoms such as diarrhea, redness of the skin color and a warm
sensation in the face and neck causing what is known as dermatosis (Gala &
Chung,2011), women are more likely than men to develop carcinoid tumors, and
carcinoid tumors can be treated with surgery or medication depending on the stage
of the tumor (Cress et al.,2006). Pictur (2-1) shows the detection of colon cancer
and polyps by performing a comprehensive colonoscopy using a colonoscopy

screening device.
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Mayo Expert (2022) for Medical Education and Research
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2-4- Causes of Colorectal Cancer
There are no specific causes of colon and rectal cancer, and it may occur under

the influence of several different factors, and the true causes of all types of cancer
are still largely unknown. But there are some causes that may lead to this, which
are exposure to chemicals and carcinogens, radioactive materials and radiation,
hormonal or genetic imbalance, heredity and family history of the disease, which
may produce a mutation in the DNA found in the cells of the colon or rectum. This
mutation causes cells to lose their ability to control the speed of growth and
division, causing a defect in the nature of the body’s functions as a result of the
random growth of cells that accumulate and form a tumor. These cancer cells can
destroy the normal tissue adjacent to the colon after a period of time, and may

move to other parts of the body (Ervik et al., 2023).

2-5- Risk Factors
Numerous studies have confirmed that factors that increase the risk of

colorectal cancer include :

1. Aging Factor
Colon cancer can occur at different ages, but most studies have emphasised that

people over the age of 50 are more likely to develop the disease than others for

reasons that are not yet clear (Steele et al.,2014).

2. black Race
Black Americans are more likely to be affected as indicated by the source (Bray

et al.,2002).

3. History of Previous Family Infections
Having a family history of colorectal cancer increases the likelihood of

developing the disease if family members have had it since birth, and the risk is
even higher if one or more family members have had colon or rectal cancer (Beebe
et al.,2017).
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4. Familial Genetic Factors and Inherited Syndromes
These factors can cause colorectal cancer such as Lynch Syndrome, Lynch

Syndrome is caused by a genetic mutation that causes colorectal cancer in 70 to
80 per cent of people who have the mutation and Lynch Syndrome patients
develop colorectal cancer, often before the age of 50, and may have an increased
risk of developing other types of cancer, especially endometrial cancer and
ovarian cancer, and an increased risk of stomach cancer, small bowel cancer, and
colon cancer. They are more likely to develop colorectal cancer before the age of
50 and may be at increased risk of other cancers, particularly endometrial and
ovarian cancers, as well as stomach cancer and cancers of the small inAssayine,
bile ducts, kidneys, and ureters (Dobre et al. ,2015; Obuch et al.,2016).

MUTYH (familial adenomatous polyposis) and Colorectal polyps are tumours
that grow in the wall of the colon and rectum and come in different forms,
including polyps that are elevated and resemble mushrooms as in Pictur (2-2)A or
polyps that have a wide base and a rounded top as in Pictur (2-2)B , a rare genetic
disorder that can cause colorectal cancer and is caused by genetic mutations in the
MUTYH gene. Research has shown that more than half of people with this
syndrome develop rectal cancer by the age of 60, and are at increased risk for other
types of cancer, such as gastroinAssayinal and bone cancers, ovarian, bladder,
thyroid, and skin cancers (Obuch et al.,2016).

Pictur (2-2)B Colorectal polyps Pictur (2-2)A Colorectal polyps

National Comprehensive Cancer Network -NCCN (2024)

Colorectal Cancer Screening Guidelines)
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5. Diabetes Mellitus or Insulin Resistance
People with diabetes or insulin resistance have a higher risk of developing and

recurring colorectal cancer (Budzynska et al.,2018; Chubak & Ziebell,2018).

6. InAssayinal Inflammatory Diseases and Benign Tumors
Patients with inflammatory bowel disease, Crohn's disease or ulcerative colitis

are also at higher risk in terms of the size of the affected area of the inAssayine or
rectum, the length of the infection depending on the patient's age at the time of the
disease (Smith et al.,2004), as well as the person's previous infections. People who
have previously had colorectal cancer or certain types of polyps are at higher risk

of developing the disease again (Al-Saigh et al.,2019).

2-6- Methods of Treatment
Several methods have been discovered to treat colorectal cancer depending on

the type of tumour, tumour location, tumour stage, tumour spread and the general
condition of the patient in the presence of other diseases. Treatment is either
surgery, chemotherapy, radiation therapy or modern methods of biological
therapy, which is still under research and development (Rodriguez,2023). They

are as follows:

1. Surgery Therapy
Colon Cancer treatment is most often treated with surgeries and the surgery

depends on the location and size of the cancerous tumour, where partial resection
is done by removing the affected part with simple removal of some healthy parts
surrounding the affected area, and surgery is the only solution in the initial stages
of colon cancer, and lymph nodes close to the tumour are also removed during
surgery to detect the stage of the disease, and the lymph nodes are examined by a

microscope to detect the presence of cancer cells (Goldman, 2020).

Lymph nodes near the tumour are removed during surgery to detect the stage at
which the disease has reached and the lymph nodes are examined with a

microscope to detect the presence of cancer cells, if the glands are infected, this is

11
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an indication that the disease has spread to other areas of the body and that the

patient needs additional treatment after surgery (Goldman,2020).

2. Chemotherapy
Chemotherapy is several chemical drugs that destroy cancer cells and can be

taken orally or injected intravenously, each of which treats a specific type of
cancer with specific doses and a specific schedule, and may combine more than

one drug for treatment depending on the disease state (Niederhuber,2020).

Chemotherapy is given to Colon Cancer patients in several ways, either before
surgery to shrink the tumour and be able to remove it without complications, or it
IS given after surgery and tumour resection to remove any cancer cells remaining
after surgery, or it is given as a palliative treatment if the cancer has spread to
other areas of the body and cannot be eliminated by surgery, and the purpose of
chemotherapy in this case is to relieve symptoms and tumours, and among the
chemotherapies for colon cancer are (American College of Rheumatolog - ACR,
2019) :

FOLFOX (Folinic acid, Fluorouracil and Oxaliplatin)
FOLFIRI (Folinic acid, Fluorouracil and Irinotecan)
CAPOX (XELOX) (Capecitabine and Oxaliplatin).

Chemotherapy is resorted to after surgery in the late stages of colon cancer,
with a high likelihood of cancer recurrence, while in the case of early stage colon
cancer, there is often no need to use chemotherapy, and chemotherapy may require
eight treatment cycles in periods ranging between 2-3 weeks for each cycle, and
the success rate of chemotherapy for colon cancer depends on the stage of the
disease and the extent of its spread, and because chemotherapy is given in
conjunction with other treatments for colon cancer, it is difficult to determine the

effectiveness of each treatment without a combination (Warner, 2019).

12
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3. Radiotherapy
Radiotherapy is done by using high-energy rays directed towards cancer cells

to eliminate them and prevent their spread, and the goal of radiotherapy is similar
to surgical treatment where radiotherapy is a localised treatment, i.e. it has an
effect on cancer cells in the specific treated site only, and the doctor may resort to
radiotherapy before surgery sometimes to shrink the size of the tumour, which
helps make it easier to remove. Sometimes radiation is given before surgery to
shrink the size of the tumour, which helps make it easier to remove, and radiation
is also given after surgery to eliminate cancer cells that could not be removed
during surgery, and radiation may be used to relieve pain and other complications
in the patient when surgery cannot be performed to remove the tumour (Hall,2021;
NCL,2023).

4. Biological therapy
Itis called biologic or immunotherapy. It is a treatment that harnesses the body's

natural immunity and lines of defence to fight and eliminate cancer cells. Biologic
cancer therapy aims for the immune system to recognise and kill cancer cells and
usually has fewer toxic side effects than other methods of cancer treatment
(National Cancer Institute — NCL,2023).1t may be used as a synergistic treatment

with chemotherapy after surgery (Papiez,2021).

There are many types of biological therapy, including cancer vaccines, cytokine
therapy, gene therapy, oncolytic virus therapy and other biotherapies. Cancer
biotherapy is a very active area of cancer research and studies are still ongoing to

uncover more information about this therapy (Niederhuber,2020).

2-7- Colorectal Cancer Cell Line [HRT-18]
The cancer cell line in general is the extraction and isolation of cancer cells

from the living body and growing them in special vessels in the laboratory outside
the body by providing favourable environmental conditions for them to continue

to grow, divide and multiply for many years, then the cells are kept in liquid

13
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nitrogen and continue to grow them in special culture media and transfer them
from time to time to new vessels to be ready and at the service of scientific

research when the researcher requests them (Hanahan & Weinberg,2000).

The process of developing a cancer cell line is so difficult and delicate that most
scientific centres and laboratories have been unable to develop any cancer cell line
due to the difficulty of providing the appropriate conditions for it, and the process
of developing and creating them has been limited to developed countries that have
established the International Bank for Global Lines (Hanahan & Weinberg, 2011
; Gillet et al.,2013).

Studies examining the morphological changes in human colon cancer cell lines
revealed that there are four types of human colon cancer cell lines: Human Colon
Tumor-8 [HCT-8] , Human Rectal Tumor-18 [HRT-18] , Derived from Duke’s
Type D Colorectal Adenocarcinoma [DLD-1] and Human Colon Tumor-15
[HCT-15], with an epithelial morphological pattern consisting of repetitive round
cells and suffering from a deficiency of a-catenin , o-catenin is an important
protein in cells that provides communication between the actin cytoskeleton and
the cell membrane (Shinji et al.,2025).

Using DNA fingerprinting of colon cancer cell lines, it was shown that the four
colon cancer cell lines have identical common genetic origins (Vermeulen et
al.,1998). Findings from several studies suggest that these cells harbour a genetic
mutation capable of losing a-catenin recurrently (Rimm et al.,1995).

The [HCT-8] cancer cell line is highly phenotypically and genetically identical
to the [HRT-18] cancer cell line and it is suspected that the HCT-8 and [HRT-18]

colon cancer cell lines are the same (Nelson-Rees,1978).

[HRT-18] also known as [HCT-8], is a vital cell line for exploring the
underlying mechanisms and potential therapies of colon adenocarcinoma, derived

from human colon tissue, [HRT-18] occupies an important position in colorectal

14
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cancer research. Scientists take advantage of this line to gain insight into tumour
biology, explore molecular pathways, and develop new therapeutic strategies,
making it useful in the development of adenocarcinoma research and colorectal

cancer in general (Tompkins et al.,1974).

[HRT-18] cells were isolated from the large inAssayine (Biochrom Berlin,
Germany) of a 67-year-old adenocarcinoma patient and maintained in RPMI-1640
medium supplemented with 10% fetal calf serum (PAA) and preserved for
subsequent use in cancer research, toxicology and human cytology (Tompkins et
al.,1974).

Although advances in genomics over the past decade have opened new horizons
for translational research and allowed direct evaluation of clinical samples, there
is still a need for reliable preclinical cancer cell line models to Assay therapeutic
strategies. Human cancer-derived cell lines are the most commonly used models
to study cancer biology and Assay hypotheses to optimise the efficacy of cancer

therapy based on recent studies that have fuelled this debate (Chen et al.,1995).

2-8- Mechanisms of Cell Death
Programmed cell death (PCD) is an essential process for normal development

and for many diseases such as cancer, autoimmune syndrome and liver disease by
balancing cell division with cell death (Jung et al.,2020), the mechanisms of cell
death are Apoptosis, Autophagy and Necrosis (Mery et al.,2017; Rode,2008).
1-Apoptosis

It is a natural mechanism of programmed cell death in mammals caused by
phenotypic cellular changes including blebbing, cell shrinkage, nuclear
fragmentation, chromatin condensation, chromosomal DNA fragmentation and
global mMRNA decay (Karam & Jose,2009).

Programmed death plays an essential role in the development and balance of

cells in an organism by eliminating damaged and excess cells and balancing the
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production of new cells with cell death, which in turn will maintain the balance of

cell numbers in tissues (Katherine,2013).

Apoptosis is a complex and regulated process that occurs through one of two
main pathways (internal or external), In the internal pathway, the cell kills itself
when it senses cell stress, and in the external pathway, the cell Kills itself due to
signals from outside the cell, so both pathways work to induce cell death through

the activation of Caspases or Proteases (Koff et al.,2015).

2- Autophagy
Autophagy is a way for the cell to conserve energy sources in case of lack of

oxygen or nutrients by producing amino acids needed to sustain life, disposing of
damaged organelles that have lost their function, and getting rid of viruses and
microbes that attack cells (Galluzzi & Green,2019). Autophagy also helps
maintain the genetic makeup of cells, which helps prevent several diseases such
as cancer, immune diseases, neurological diseases, heart and liver disease, and
diabetes (Weiskirchen & Tacke,2019).

Studies have indicated that cellular autophagy has three forms: total autophagy,
partial autophagy, and autophagy by intermediate proteins called Chaperon-
mediated autophagy. Each of these forms has a method for cellular autophagy, but

they all perform the same function (Badadan,2012).

Research has indicated that some chemotherapy and radiotherapy treatments
for cancer induce cell autophagy, causing resistance to treatment and survival,
requiring the use of other types of treatment that inhibit autophagy and change the

elimination pathway to programmed death (Perez et al.,2019).
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3- Necrosis

Necrosis is an uncontrolled episodic form of cell death that lacks the key
signalling event and lacks the characteristics of apoptosis. This form may be best
suited for damaged cell death caused by severe physical damage such as
hyperthermia (Duprez et al.,2009), where the necrotic cell exhibits cytoplasmic
hypertrophy, plasma membrane rupture, expansion of organelles (mitochondria,
endoplasmic reticulum, Golgi apparatus and chromatin condensation) and caspase

activation (Kroemer et al.,2005).

2-9- Role of Mitochondria in Apoptosis
Mitochondria have a role in apoptosis. Several molecules secreted into the

cytosol have been identified with different forms of signalling that cause changes
in the permeability of the outer mitochondrial membrane leading to the production
of cytochrome C from the mitochondria and the formation of a multiple protein

called the apoptosome (Borisenko, 2016).

2-10- Cell Viability
Cellular viability is the number of healthy cells in a sample. Measuring cellular

viability is essential in all forms of cell culture. Cellular viability is calculated by
dividing the number of live cells by the total number of cells (live and dead cells)
(Madorran et al.,2024). Cell viability is expressed as a percentage of the control.
Cell viability measurement is a necessary measure to analyse the efficacy of a new
treatment and is often used in combination with cytotoxicity Assays to detect the
effect of the treatment on cell viability because not all drugs and treatments work
by the same mechanism (Mery et al.,2017).

2-11- Cytotoxicity
Cytotoxicity is a complex process that affects multiple metabolic pathways and

indicators. After exposure to a toxic substance, cells will undergo either nicosis or

apoptosis, which is accompanied by changes in nucleus shape, mitochondrial
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function and cell permeability, resulting in loss of mitochondrial membrane

strength and release of cytochrome C (Shamsee et al.,2019).

2-12- NOX4 Gene
The NOX4 gene is one of the seven members of the NOX family of enzymes

that act as a catalytic subunit of Nicotinamide Adenine Dinucleotide (NADPH),
an enzyme present in all cells that acts as an essential cofactor and substrate for a
number of important cellular processes including participation in oxidative
phosphorylation, ATP production, DNA repair, gene expression, intracellular
calcium signalling, and immune functions, as well as an electron carrier that is
used to temporarily store energy during cellular respiration. , an oxidising agent
that accepts electrons from other molecules and becomes reduced and acts as an
oxygen sensor that catalyses the reduction of molecular oxygen into different
types of Reactive Oxygen Species (ROS) (Altenhofer et al.,2012).

NADPH provides equivalents to reduce anabolic and redox reactions involved
in protecting against ROS toxicity, and allowing the regeneration of GSH
glutathione reductase. NADPH is also used for anabolic pathways, such as lipid
synthesis, cholesterol synthesis, and fatty acid chain elongation. The NADPH
system is also responsible for Generation of free radicals in immune cells and
these radicals are used to destroy pathogens in a process called (respiratory burst)
(Anilkumar et al.,2013).

The NADPH oxidase (NOX) family is widely recognised for its biological
function of catalysing oxygen to produce reactive oxygen species (ROS). NADPH
oxidase (NOX) has been identified as a multicomponent enzyme and one of the
main sources of NOX. This family has so far comprised seven members (NOX1,
NOX2, NOX3, NOX4, NOX5, Duox1 and Duox2), Their composition lead to the
generation of hydrogen peroxide (H,O;) as the main product and sensor of oxygen
NOX4 -derived H,O, plays diverse roles in cell proliferation, migration and
apoptosis (Dewa et al.,2024; Goyal et al.,2005). These NOX isoforms differ in
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terms of distribution in the organism, expression by cell type, location of
subcellular structure, microproducts, and function and have been extensively
investigated (Anilkumar et al.,2013).

NADPH (NOX4) was first identified by Shiose in 2001 (Mittal et al., 2007;
Shiose et al.,2001), and NOX4 is a human gene (Goyal et al,2005), which is the
only form of the NOX family that produces hydrogen peroxide (H202). NOX4 is
widely distributed in human tissues and is particularly expressed in the kidney and
blood vessels (Porporato et al.,2018; Block et al.,2009).

Increased generation reactive oxygen species (ROS) of Nicotinamide Adenine
Dinucleotide (NADPH) derived promotes increased incidence of a variety of
diseases such as chronic hepatitis, cardiovascular disease and cancer (Caramia et
al.,2004). NOX4 protects blood vessels from inflammatory stress (Geiszt et al.,
2000), and modulation of NOX-dependent reactive oxygen species can lead to
apoptosis in NOX4 -high-expressing cancer cells (Anwar et al.,2018). A study
demonstrated that NOX4 facilitates some beneficial ROS-mediated adaptive

responses (Sedeek et al.,2010).

The NOX4 gene produces large amounts of hydrogen peroxide primarily, NOX4
binds to the inner cell membrane protein and induces ROS generation making it
the controller of cellular proliferation, differentiation, migration, apoptosis,
senescence, fibrosis and angiogenesis. A study confirmed the high expression of
the NOX4 gene in many diseases such as cardiovascular diseases, including
atherosclerosis, pulmonary fibrosis, high blood pressure, heart failure, and stroke
(Lassegue & Griendling,2010).

Increased expression of the NOX4 gene has been observed in colorectal cancer
and is involved in metastasis, angiogenesis and apoptosis, expression of the NOX4
gene in endothelial cells mediates endothelial activation, dysfunction, and cancer,

which contributes to significantly altering cell proliferation, cell cycle, apoptosis,
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migration and invasion in cell lines. The NOX4 gene may have pathological
importance and serve as a potential target for the treatment of cardiovascular
diseases and cancer (De Santis et al.,2018 ; Goettsch et al.,2009).

2-13- Bifidobacterium spp.
Bifidobacterium was first isolated in 1899 by Henry Tisser, a French

paediatrician at the Pasteur Institute in Paris, from the feces of breast-fed infants
and named Bacillus bifides, which has a bacilliform morphology (Bertazzoni et
al.,2001; Brock & Madigan,1991).

In 1907, Elie Metchnikoff, deputy director of the Pasteur Institute, theorised
that lactic acid bacteria are beneficial to human health and observed that the good
health and longevity of Bulgarian peasants was the result of their consumption of
fermented milk products (Rasic, et al.,2003). It has also been suggested that oral
ingestion of fermented bacterial cultures would cultivate beneficial bacteria in the

inAssayinal tract European Probiotic Association- EPA,2012).

Several studies have reported a correlation between this bacterium and a
decrease in diarrhoea in breastfed children and it has been used as a biological
treatment for diarrhoea (Doré&Corthier,2010). The presence of Bifidobacterium
in infant faeces has been observed to vary in abundance between breastfed and
bottle-fed infants (Turroni et al.,2018). The incidence of diarrhoea caused by
gastroinAssayinal infections in breastfed children is low and several studies have
shown that this is due to the presence of Bifidobacterium bacteria in breast milk
(Thibault et al.,2004; Chieric et al.,2003).

Studies confirmed that increasing Bifidobacterium bacterium reduces harmful
bacteria (Yoshioka et al.,1983). It was observed that the pH value of breastfed
babies' faeces is less than 6.0 while the pH value of formula-fed babies is more

than 7.0 during the first seven weeks after birth due to the production of lactic acid
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and acetic acid by the bacteria, which is why they are prescribed as food

supplements in many studies (Saavedra & Tschernia,2002).

Bifidobacterium is an important microorganism as a natural flora, and the
majority of its species are found in the large inAssayine, especially the colon,
small inAssayine, breast milk, and the vagina (Ljungh & Wadstrom,2006). It
constitutes approximately 99% of the commensal microbiota in the large
inAssayine and 1% belongs to the rest of the commensal microbiota (Brankovic
& Baras,2001).

The genus Bifidobacterium to date includes 48 different species (Tsuchida et
al.,2014), isolated from various sources such as humans, animals, birds, insects,
milk and dairy products, and honey (Ventura et al.,2014). All Bifidobacterium
species are non-pathogenic except for one, B. dentiuum, which is isolated from
dental caries (William et al.,2012) and is able to grow at temperatures up to 43C°
(Zinedine & Faid,2007).

2-13-1-Classification and General Characteristics of

Bifidobacterium bifidum
scientific name: Bifidobacterium bifidumis a bacterial species of the genus B.

bifidum is one of the most common probiotic bacteria that can be found in the
body of mammals, including humans (Sharma et al.,2021), and is classified
according to Bergey's Manual of Systematic Bacteriology (Abdelhamid & El-
Dougdoug,2021).

Kingdom : Procaryota
Phylum : Actinobacteria
Class : Actinobacteria

Order : Actinobacteriales
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Family : Bifidobacteriaceae
Genus : Bifidobacterium
Species : B. bifidum

B. bifidum is a Gram-positive anaerobic bacterium that is neither motile nor
spore-forming (Hoover et al.,2014). The bacteria are rod-shaped between short
and long and may be branched and can be found living in groups, pairs or even
independently, the colonies growing on the culture medium have convex and
smooth edges with a characteristic odour (Palmer et al.,2007).

The sensitivity of Bifidobacterium genera to oxygen generally limits the
activity of probiotics in anaerobic habitats (Bolduc et al.,2006). Recent research
has reported that some strains of Bifidobacterium it shows a different growth
nature for oxygen, low concentration of O, with the availability of CO, can have
a stimulating effect on the growth of strains of Bifidobacterium depending on the
nature of growth under different concentrations, of Bifidobacterium species have
been classified into four sections, highly sensitive to O, sensitive to O, and
insensitive to Oy, the primary factor responsible for the inhibition of aerobic
growth is the production of hydrogen peroxide (H.O,) in the growth medium
(Sonomoto et al.,2011).

It is negative for catalase and urease, negative for nitrate and indole, non-gas
producing, acid and fermentation resistant (Braun,1981), does not produce NH3
ammonia or H2S hydrogen sulfide from amino acids, growth temperature ranges
from 37C° to 41C°, growth pH value ranges from 6.5 to 7.0, the proportion of
guanine G and cytosine C in the DNA strand is 42-67% respectively
(William,2012).

The genus Bifidobacterium possesses a unique fructose-6-phosphate

phosphoketolase (F6PPK) pathway that is used for carbohydrate fermentation, it
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is an enzyme of the genus Bifidobacterium and is responsible for the conversion
of glucose to fructose-6-phosphate upon entering the cell (Abd et al.,2004).

The optimal medium for bacterial growth under anaerobic conditions is DeMan
Rogosa sharp (MRS) medium and Trypticase phytone -Yeast (TPY) medium is a
selective medium for it (Hadadji et al.,2005). It can also grow on fructose as a

good source of carbon (Caescu et al.,2004).

Several studies have shown that Bifidobacterium is abundant in the gut of
breastfed babies, especially in the first week after birth, but with age it may
gradually decrease if not provided in the diet (Gronlunde et al.,2007). Their
presence depends on several factors: food quality, use of antibiotics, fatigue and
stress, Bifidobacterium species are naturally occurring beneficial bacteria in the
gut and are probiotics that are used to replace the beneficial bacteria in the gut,
which may have been lost after prolonged use of antibiotics (Santacruz et al.,
2009), because B. bifidum is highly present in the large inAssayine, especially the
colon, it competes with pathogens and yeasts for space and food (Servin, 2004),
and is highly resistant to bile acids, which helps it to settle in the inAssayine

permanently (Schell et al.,2002).

These bacteria have many methods that improve their biological effectiveness
to reduce disease infections, including as an agent regulating the inAssayinal
microbial balance and agents against pathogenic bacteria, that is, inhibiting
pathogens and harmful bacteria that colonize or infect the inAssayinal mucosa due
to their ability to produce organic acids, bacteriocins, and H,0, , they have the
ability to occupy bacterial and toxin binding sites on host epithelial cells as well
as immunological effects by modulating systemic immune responses (Mack &
Lebel,2003), It produces acetic acid and lactic acid ,they produce more acetic acid
the ratio of acetic acid to lactic acid production is 2:3, respectively, and the effects
of acetic acid are greater than those of lactic acid, especially against Gram-

negative bacteria (Rasic & Korman,1983).
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In a study indicating that B. bifidum, a natural microflora isolated from the
inAssayines of breastfed children, could be given as a treatment against diarrhoea
in children as an oral dose, this bacterial species has since been highlighted as a

prevention or treatment against many diseases (Hamilton-Miller,2003).

Several in vitro and in vivo studies have suggested that B. bifidum may have
the effect of improving the quantitative and qualitative profile of the inAssayinal
microbiota (Zhang et al.,2015). The same results have been observed in clinical
trials (Hatakka et al.,2008; Ohara et al.,2010), for example, regular consumption
for 16 days was able to significantly increase diversity and microbiota in
individuals with colorectal cancer (CRC) who had undergone colectomy, and in
this case, the component of these inAssayinal microorganisms for these patients

is akin to a natural therapy that has no side effects (Liu et al., 2011).

Another study confirmed the effectiveness of B. bifidum in digesting complex
carbohydrates and produces various compounds which are important for gut
health (Ju-hoon & Daniel,2010), namely short-chain fatty acids (SCFASs) such as
glutamic acid and aspartic acid conjugated with linoleic acid (CLA), (Ladeira et
al.,2023) and building some vitamins such as B2, B6, Riboflavin, Thiamin, Biotin,

Purine, Pyrimidin and Vitamin K (Koboziev et al.,2013).

Studies have shown that B. bifidum bacteria combined with the drug Lactulose
work on detoxification, in patients with hepatitis, it lowers the pH of the large
inAssayine and restores the normal inAssayinal flora that has been reduced by
liver diseases such as chronic liver cirrhosis by reducing the production of NH3
ammonia and free phenols and lowering serum cholesterol (Abt & Artis, 2009;
Pinzone et al.,2012).

It regulates colon function, treating constipation in the elderly, lactose
digestion, irritable bowel syndrome and ulcerative colitis caused by bacteria that

necrotise the in Assayine , it is effective in reducing the side effects of ulcers
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caused by Helicobacter pylori and contributes to the treatment of a skin disease

called atopic eczema (Kumar et al.,2021).

Bifidobacterium is one of the original components of the large inAssayine in
almost all ages, but with age, the proportion of this bacterium decreases
significantly, especially in the elderly, and other bacterial species increase
(Collado et al.,2008), many studies in this field have proven that cases of
metabolic, immunological and various inAssayinal diseases coincide with the
depletion of Bifidobacterium bacteria from the human gut microbiome, so many
doctors recommend the use of these bacteria as probiotics either in capsules or
pills to prevent possible diseases or as an alternative to the treatment of many
diseases (Ladeira et al.,2023).

2-13-2- Probiotic Bacteria
The concept of probiotics came from the Greek word pro bios in 1908 by Nobel

Prize-winning Russian researcher Ilya Metchnikoff, who observed a correlation
between good health and the longevity of nomadic tribes inhabiting Bulgaria and
Russia and their regular consumption of large quantities of yoghurt because
contains lactic acid microbiomes that have the ability to survive in the gut and
compete with pathogenic and unwanted gut microbiomes (Smug et al, 2014), the
term probiotics was first used by Lilly & Still in 1965 as microorganisms that
when consumed in appropriate amounts confer a health benefit to the host (Ladeira
et al.,2023).

In 2013 the concept of probiotics was revisited by specialists International
Scientific Association for Probiotics and Prebiotics (ISAPP), to discuss the field
of probiotics, the Food and Agriculture Organisation/World Health Organization
(FAO/WHO) probiotics definition was reinforced in 2001 as microorganisms with
health and therapeutic benefits (Food and Agriculture Organization-FAO and
World Health Organization-WHO,2002). There is also a treatment known as

Probiotic Therapy (Colin et al.,2014), the aim of which is to increase the number
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of beneficial microorganisms in the inAssayine and improve their effectiveness,
thus restoring the natural microbial balance of the inAssayine. It is called
Bacteriotherapy, which consists of three components: Prebiotics, Probiotics and
Synbiotics (Guarner & Clin,2012).

The term Probiotics is associated with other terms related to human health
benefits such as Direct Feed Microbial (DFM) which are types of beneficial
bacteria and yeasts preserved under certain conditions and with specific numbers
of microbiome dried and stored until use, Prebiotics which are fibre-rich foods
that act as food for human microflora and are not affected by inAssayinal
microorganisms that are not considered bio-enhancers such as Escherichia coli,
and the term Synbiotics which is the combination of probiotics with natural
prebiotics (Ladeira et al.,2023). Some studies suggest that a person who takes
probiotics while taking antibiotics has a very high chance of not developing
antibiotic-induced diarrhoea (Hempel et al.,2021).

Bacteria used as bioconjugates are non-pathogenic, non-toxic, and maintain
their biological viability after growth in their culture media, during use, and
throughout their preservation before consumption (Sumera et al.,2024), they are
genetically stable, resistant to gastric acidity and bile salts, mostly are resistant to
antibiotics and have a superior ability to adhere, colonise and reproduce in the
inAssayinal lining and have good health effects for the host (Food and Agriculture
Organization-FAO and World Health Organization-WHO,2002).

Scientific and clinical evidence, as well as the development of a number of
effective probiotic products, has evolved and confirmed their importance in
human health (Cosme et al.,2022), Studies have indicated that it has various
effects on human health, such as lowering blood pressure, lowering cholesterol,
preventing bowel diseases, improving the immune system (Bezirtzoglou &
Stavropoulou,2011), and helping to overcome many diseases such as diarrhoea,
constipation, obesity and depression (Elaine,2020).
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Recently, the use of probiotics has witnessed great importance in treating many
diseases, including oral and skin diseases, and cancer, especially colorectal cancer
(Cornista et al.,2023), and they help in preventing many bacterial, fungal, and
viral infections (Krenbiel et al.,2003).

Harvard University confirmed in 2021 that probiotics can do more than just
improve gut health, they can also indirectly promote mental health. Research has
also shown that the gut and the brain are interconnected via the so-called gut-brain
axis, a connection between essential information between the brain and gut
through the Vagus, which is the longest nerve in the human body (Grand, 2021).

Probiotics are used in many industrial fields such as food preservation, and
certain types of microorganisms are added as bio-enhancers to many foods in the
form of dried cells or fermented materials, giving them a desirable characteristic
taste, increasing appetite and prolonging the stay of fats, nitrogen and calcium in
the digestive tract (Guandalini et al.,2000).

Formula milk and fermented foods are a rich source of probiotic isolates and
are known as good bacteria, microorganisms including bacteria, yeast and moulds
are used as probiotics but the main microorganisms used as probiotics are bacteria
of the genus Lactobacillus rhamnosus, Lactococcus lactis, Bifidobacterium

bifidum and Streptococcus salivarius, (Ruben et al.,2023).

2-13-3- Biosurfactant (BS)
Biosurfactant are a diverse group of surface-active molecules with unique

chemical properties that are of microbial origin and range in size from 500 to 1500
daltons (Marcelino et al.,2020). They were first discovered in the 1660s and have
since been widely accepted as an effective alternative to their conventional
Surfactant counterparts (Mukherjee et al.,2006).

Biosurfactant molecules are classically categorised as emulsifiers of

hydrocarbon compounds and are widely applied in many fields including

27



Chapter Two Literature Review

pharmaceuticals, food processing, biodegradation, bioremediation, cosmetics and
pest control management, they are substances formed on the surfaces of
microorganisms or formed outside the living cell and secreted to the outside of
cells to perform certain purposes for the cells and are amphiphilic containing
hydrophilic molecules and other hydrophobic molecules and amphiph ilic , due to
these properties, BS interacts with the lipid membranes of the cell and changes
their physical and chemical nature and as a result, various biological functions of
the target cells are lost. It reduces the surface tension of fluids, acts on interfaces
or areas where surfaces meet and may change the nature of these surfaces from
hydrophobic to hydrophilic, and lowers Surfactant Tension (SFT) and Interfacial
Tension (IFT) (Marcelino et al.,2020).

Biosurfactant acts with similar mechanics to Surfactant and plays a key role in
various processes such as emulsification, de-emulsification, wetting, forming,
polymerisation and phasedispersion (Helmy et al.,2011), they are non-toxic and
biodegradable (Banat et al.,2000).

Diverse microbial surfaces are selective in nature, environmentally friendly,
characterised by long-term physico-chemical stability and can be mass-produced
to withstand extreme environmental conditions and can be used in many

applications (Rahman et al.,2002).

Biosurfactant (BS) and Bioemusifiers (BE) are synthesised from many
microorganisms such as bacteria, fungi and yeasts and are used in many activities
due to their dual familiarity and both possess emulsifying properties, the
Biosurfactant contains one of the following in its structure: Glycolipide, Mycolic,
lipoprotein, lipid composite-polysaccharide, lipopeptide, or phospholipide
(Ramana & Karanth,1989).

Biosurfactant compounds of glycolipids and some short chains of lipopertide

have low molecular weight, and polymeric compounds have high molecular
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weight, and in both cases they have active surface properties that reduce surface
tension (SFT) and interfacial tension (IFT) (Perfumo et al.,2009).

2-14- Biosurfactants Production
Biosurfactants are mainly produced by microorganisms bacteria, yeast and

filamentous fungi, but can also be produced in animals (e.g. bile salts and

phospholipids) and plants (e.g. saponin), (Aparna,2012)

Biosurfactants derived from microbes are known to have high emulsification
capacity and lower surface tension, because the structure of Biosurfactants
includes biomolecules such as lipids, proteins, and carbohydrates, they are more

structurally complex than surfactants (Aparna,2012).

From an environmental perspective, Biosurfactants reduce environmental
pollutants such as carbon dioxide (CO,) and greenhouse gas emissions such as
methane (CH,) and nitrous oxide (N,O), Microbes release Biosurfactants during
the biodegradation of hydrocarbons, providing advantages, to maintain
environmental sustainability, thus reducing reliance on chemical degradation
methods (Rahman & Gakpe, 2008).

2-14-1- Types of Biosurfactants
Biosurfactants are categorised according to their chemical composition and

microbiological origin and include monosaccharides, disaccharides,
polysaccharides, anions or cations and are hydrophilic molecules of Biosurfactant
(Kashif et al.,2022). In contrast, the hydrophobic fraction consists of saturated
fatty acids and unsaturated fatty acids (Elsoud & Ahmed,2022).

Glycolipids are the most effective form of Biosurfactant consisting of fatty
acids and carbohydrates connected to either an ester group or an ether group (Mnif
et al.,2016).
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The most common forms of Biosurfactant include Glycolipids, Lipopeptides ,

Polymeric, fatty acids and phospholipids (Ambechada,2024 ; Simdes et al.,2024).

2-14-2- Advantages of Biosurfactants
Biosurfactants have many advantages compared to surfactants, including:
1- Biologically Degradable
Biosurfactants are suitable for biodegradation/bioabsorption because

microorganisms break them down faster than their surfactant counterparts and
chemical-based surfactants pose a risk to the environment (Femina et. al, 2021).
As a result, naturally biodegradable Biosurfactants are seen as a more
environmentally friendly, biocompatible and easily digestible alternative, making
them useful in cosmetics, pharmaceuticals and therapeutic dietary supplements
(Hogan et al.,2019; Sharma et al.,2021).

2- Low Toxicity
Biosurfactant is less dangerous than surfactant, and in addition, it is 50% more

efficient than its surfactant counterpart (Yuan et al.,2014), it is therefore suitable
for use in many applications such as pharmaceuticals, food and cosmetics, and a
study using a Biosurfactant produced from Bacillus subtilis indicated that this
compound is non-toxic and non-irritating, making it safer to use in detergent

formulations (Fei et al.,2020).

Glycolipid and lipopeptide Biosurfactants generally have low toxicity,
antimicrobial and skin surface moisturising properties and have therefore been
considered a suitable material to replace surfactant in cosmetics and skin care
products (Adu et al., 2020; Renuka, et al.,2023).

3- Specificity

Biosorbents are multifaceted macromolecules containing different functional
groups, each responsible for a specific response quality, such as detoxification of
certain pollutants, demulsification of commercial emulsions, and many medical

and food applications (Femina et al.,2021).
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4- Cost-Effective Raw Materials
Cheap natural resources can be used to synthesise Biosurfactants as their

synthesis requires a high carbon content substrate, such as hydrocarbons,
carbohydrates and lipids (Phetcharat et al.,2019). Their production is
economically cheap and a large amount of Biosurfactants can be produced from
waste and industrial residues, making them cheap compared to surfactants
(Cassidy, 2001; Hospes et al., 2002).

2-14-3- Applications of Biosurfactants
Biosurfactants are important biotechnology products for industrial and medical

applications due to their specific modes of action, low toxicity, relative ease of
preparation and wide applicability, and are effective wetting and foaming agents,
solvents, dispersants, dispersants, emulsifiers, and detergents such as soaps (Ines
et al.,2023).

The properties of Biosurfactants can be widely used commercially (Banat et
al.,2022). Global production of Biosurfactant volumes increased to about 17
million cubic tonnes by 2000 and economic research has confirmed the decreasing
availability of chemical-based products on the market with increasing demand for
biobased products (Olasanmi&Thring,2018), This has been identified by the

expansion of biochemical patent rights (Tiso et al.,2017).

The increasing environmental awareness of environmental sustainability has
also prompted increased interest in alternatives of biological origin that work to
reduce environmental pollutants (Badmus et al.,2021).

Previous studies have confirmed that Biosurfactants have applications in many
fields such as industrial as pesticides (Johnson et al.,2021) and medicine (Shekhar
et al.,2015; Santos et al., 2016) which include:
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1- Effective Anti-Cancer
Biosurfactants (BS) are amphiphilic compounds that exist as families of

congeners and isomers that act as anti-tumour agents (Master & Markande,2023)
it interferes with some cancer development processes, the antiproliferative activity
of Bs makes them a potential anticancer agent, (BS) can arrest the cell cycle,
induce apoptosis and inhibit cellular metastasis without any effect on healthy cells
(Fracchia et al.,2012; Rodrigues,2011), one of the most important findings that
has been reported is that surface biogenic dispersants have the ability to control
cell differentiation, cell immune response, signal transduction, and control a

variety of mammalian cell functions (Drakontis & Amin,2020).

Some microbial compounds or Biosurfactants such as glycolipids have the
ability to provide differentiation and recognition of cancer cells and inhibit
proliferation in humans (Rodrigues et al.,2006). A study showed that the
Biosurfactant (Glycolipids) inhibits the growth, apoptosis, and differentiation of
skin cancer cells (Zhao et al.,1999). Mannosylerythritol lipids have shown clear
growth inhibition and differentiation activities against human leukaemia cells
(Isoda & Nakahara,1997). Succinoyl trehalose inhibits the growth and induces
the differentiation of the HL-60 cell line, a human leukaemia cell line that has
been used in laboratory research on haematopoiesis and physiology (Sudo et al.,
2000), and the human basophil leukemia cell line KU812 (Blom et al.,1992).

In addition, lipopeptides have been extensively studied for their potential anti-
tumour activities many researchers have confirmed the efficacy of Biosurfactants
and other lipopeptides against different cancer cell lines (Liu et al.,2010; Seydlova
& Svobodova, 2008; Sivapathasekaran et al.,2010).

evaluated the effect of Biosurfactants on the human colon cancer cell line LoVo
and showed that lipopeptide possesses potent growth inhibitory activity by
inducing apoptosis and cell cycle arrest (Kim et al.,2007).
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While Biosurfactants are able to disrupt cell membranes by degrading and

increasing membrane permeability (Gudifa et al.,2013).

Research by (Cao et al.,2010) showed that Biosurfactant causes apoptosis
through the mitochondrial/caspas pathway (ROS)/reactive oxygen species/(JNK)
Jun N-terminal mediated pathway, where mitochondrial loses its function by
caspase proteases and generation of reactive oxygen species during apoptosis , the
same researchers also demonstrated the toxic effect of the Biosurfactants against
K562 human chronic myeloid leukaemia cells and BEL7402 hepatocellular

carcinoma cells.

evaluated the effect of lipopeptides produced by Bacillus subtilis on Bcap-37
breast cancer cell lines and demonstrated that these compounds induce apoptosis
in a dose-dependent manner (Liu et al.,2010), that Biosurfactants inhibited the
growth of MCF7 human breast cancer cells in a dose-dependent manner as well
(Leeetal.,2012), this is why various glycolipids are used to detect and treat cancer
and thus have an effective role against cancerous tumors in humans

(Krishnaswamy et al.,2008).

A novel cytotoxic activity against cancer cell lines was revealed by
lipopeptides, from Biosurfactants and fengycins produced by Bacillus circulans
DMS2, a marine microorganism, as using lipopeptides in a dose-dependent
manner as an antiproliferative agent after 24 hours of treatment, more than 90%
inhibition of proliferation on human HCT 15 or HT 29 colon cancer cell lines
could be achieved by concentrating purified lipopeptides at 300 pg/ml
(Sivapathasekaran et al.,2010).

The inhibitory performance of Biosurfactants was also evaluated after
conducting several studies to determine the effects against cancer cell lines when
compared to non-cancerous cell lines , Serratamolide AT514 found in a group of

cyclic depsipeptides produced by the bacterium Serratia marcescens, was
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discovered, as a practical inducer of apoptosis in several cell lines in B-chronic
lymphocytic leukaemia cells, in various human tumors, this mainly involves the
mitochondria-mediated apoptosis pathway(Matsuyama et al.,2010), Biosurfactant
research against the human lymphoma cell line AT514 is progressing towards

clinical applications in medical oncology (Fechtner et al., 2017).

2- Effective Anti-Microbial
Biosurfactant are Antibacterial, Anti-viral, Anti-fungal, Anti-tumour, Anti-

mycoplasma and Anti-inflammatory (Seydlova&Svobodova,2008), Biosurfactant
of the lipopeptide type have activity against various cell membranes, whether
Gram-positive or Gram-negative bacteria. Lipopeptide affects the integrity of the
membrane but not important cellular processes, many antibiotics can be made

from Biosurfactant (Rodrigues & Teixeira,2010).

Studies have indicated that the Biosurfactant derived from Bacillus circulans
has antimicrobial activity as well as against several Gram-positive and Gram-
negative pathogenic bacteria, Micrococcus flavus, Bacillus pumilus,
Mycobacterium smegmatis, Escherichia coli, Serratia marcescens and Proteus
vulgaris are among the organisms that produce effective Biosurfactant (Das et
al.,2008), the chemical composition of the Biosurfactant of these species has
overlapping patterns such as lipopeptides and lichenysin, it has been observed to
have an antagonistic effect against Methicillin-resistant Staphylococcus aureus
(MRSA) and other multi-drug-resistant (MDR) pathogenic strains (Cameotra et
al.,2004). this confirms that Biosurfactant can be used as drugs in antimicrobial

chemotherapy due to its nature (Fracchia et al.,2012).

3- Effective Anti-Adhesive
Biosurfactant have anti-adhesion properties to solid surfaces or infected

biological surfaces. Bacteria can colonize medical devices and food processing

surfaces, changing their properties. Moreover, they may represent an important
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source of contamination, as pathogenic bacteria produce biofilms, which are more

resistant to antimicrobial agents and disinfectants (Palmer & White,1997).

Adhesion of bacteria to surfaces is one of the initial steps leading to the
formation of biofilms (Donlan & Costeron,2002), thus, actions that prevent or
reduce bacterial attachment may reduce biofilm formation and the presence of
polymers, protein and other molecules in the medium can affect bacterial
attachment because these particles can accumulate on surfaces and thus change
their properties , factors affecting this include hydrophobicity, electrostatic
charges, and surface free energies (Goulter et al., 2009), Much effort has been
directed to avoid bacterial adhesion, studies have been conducted on changing the
surface properties of contact surfaces by conditioning (BS) (Meylheuc et al.,2001;
Nitschke et al.,2009).

(BS) of microbial origin has many advantages over synthetic surfactants BS has
low toxicity, is biodegradable, offers chemical diversity, is effective under
extreme environmental conditions - such as temperature, pH, and ionic strength -
exhibits strong surface activity, emulsifiability, and has antimicrobial and anti-
adhesive properties (Singh&Cameotra, 2004; Gautam &Tyagi,2006; Nitschke et
al.,2007).

Although the anti-adhesive mechanisms of Biosurfactant are not fully
understood, they have anti-adhesive properties against many microorganisms
(Rodrigues et al.,2011), Showed that vinyl coating before urethral catheterisation
by activating a surfactin solution caused a significant reduction in biofilm
production by Salamonella typhimurium, S.enterica, Escherichia coli and Proteus
mirabilis (Rodrigues et al.,2004).

Research has also that Biosurfactant isolated from Lactic acid bacteria has
shown anti-adhesive activity, but its antimicrobial activity has only been

characterised for a few strains (Gudin et al.,2010).
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(BS) has been used against microorganisms responsible for diseases and
infections in the urinary and vaginal tract, gastroinAssayinal tract, and skin, as
well as against cancer cell lines, making it a suitable alternative to conventional
antibiotics (Ibrahim et al.,2019; Sajid et al.,2020; Ceresa et al.,2023).
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3- Materials and Methods
3-1- Materials

3-1-1- Tools Used in the Study

A number of tools were used, shown in Table (3-1).

Materials and methods

Table (3-1): Laboratory Tools and Origin

No. Name of Tools Company (Country)
1- Conical flasks BBL (USA)

2- Cooled Box Syria

3- Durham Tubes Shndon (England)
4- Eppendorfs Tubs Qrenier (Germany)
5- Filter Paper China

6- Flask BBL (USA)

7- Loop Loop Rhndon (England)
8- Membrane Filter Difico (USA)

9- Micropipettes Germany

10- Microtiter Plate (U shape) Biohit (Finland)
11- Paraflim BDH (England)
12- Petri Dishes Plastilab (Lebanon)
13- Pipets Tips China

14- Slides and Coverslips Meheco (China)
15- Syringes Mecheco (China)
16- Tubes Afco-Dispo (Jorden)

3-1-2- Laboratory Device Used in the Study

A number of devices were used in the current study as shown in Table (3-2).

Table (3-2): Laboratory Equipment and Origin

No. Name of Device Company (Country)
1- Autoclave Labtech (Korea)
2- Benzen Burner Shndon (England)
3- Centrifuge Hettich (Germany)
4- Computer Lenovo (USA)
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5- Cooling Centrifuge Hettich (Germany)
6- Deionized Water Ogawa (Japan)
7- Distiller Ogawa (Japan)
8- Electrical Sensitive Balance Satorius (Germany)
9- Electrophoresis Biotek (USA)
10- ELISA Biotek (USA)
11- Flow Cytometry BD Bioscience (USA)
12- High Content Screening Assay Thermos Scientific
Scan (HCS) (USA)
13- Incubator Binder (Germany)
14- Inverted Microscope OLYMPUS (Japan)
15- Laminar Flow Hood K&K Scientific Supplier
(Korea)
16- Lyophilizer Memmert (Germany)
17- Magnetic Stirrer Scotech (Germany)
18- Microscope OLYMPUS (Japan)
19- Microscope Camera Olympus (Japan)
20- Microtiter Reader Gennex lab (USA)
21- Oven Memmert (Germany)
22- Polymerase Chain Reaction Biotek (USA)
23- NanoDrop Spectrophotometer Biotek (USA)
24- Refrigerator LG (korea)
25- Rotary Evaporator (11, Slovenia)
26- Shaker Incubator Labtech (Korea)
21- Vitek 2 System BioMerieux (France)
28- vortex Mixer Biotek (USA)
29- Water Bath Memmert (Germany)

3-1-3- Biological and Chemical Materials Used in the Study
A number of materials were used in the current study as shown in Table (3-3)

Table (3-3): Biological and Chemical Substances and Origin

No. Name of Materials Company (Country)
1- Absolute Ethanol BDH (England )
2- Ager — Agar Oxoid (France)
3- Alpha Naphthol BDH (England)
4- Ascorbic Acid Oxoid (England)
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5- BaCl, BDH (England)
6- BaCl,H,0 BDH chemical Itd (England)
7- Beef Extract Oxoid (England)
8- C6H5-CH3 BDH (England)
9- cell lines: European Collection of
Human Rectal Tumor-18 Authenticated Cell Cultures
[HRT-18] (United Kingdom)
10- cell lines:
Human Dermal Thermo Fisher
Fibroblasts — neonatal Scientific (Gibco™) (USA)
HDFn
11- CHsCOOH BDH Chemical Ltd (England)
12- Coconut Oil Iraq
13- CuSOq, BDH Chemical Ltd (England)
14- Dimethyl Sulfoxide (DMSO) Oxoid (England)
15- Ethanol Fluka (Switzerland)
16- Ethylene Diamine Tetra Capricorn (Germany)
(EDTA) Acetic acid
17- Fetal Bovine Serum (FBS) Capricorn (Germany)
18- Free Nuclease Water Bioneer (Korea)
19- Fresh Eggs Local Markets in Holy Kerbala
20- Gelatin Oxoid (England)
21- Gingely Oil Iraq
22- Glycreol BDH (England)
23- Gram Stains UK BDH
24- H,0, BDH Chemical Ltd (England)
25- H2504 BDH(Englaand)
26- HCL BDH Chemical Ltd (England)
27- HCS Assay Kit Thermos Scientific (USA)
28- lodine Sigma (USA)
29- Kerosene BDH (England)
30- Kl BDH Chemical Ltd (England)
31- KNO3 BDH Chemical Ltd (England)
32- KOH Thomas Baker
33- Kovac's reagent Oxoid (England)
34- L-arginine Monohydrochloride Oxoid
35- L-Cystiene-HCL Oxoid
36- Lugol's Solution Oxoid
37- Malachite Green HI-media (India)
38- Methanol B.D.H (U.K)
39- MTT Assay kit (stain) OZ BIOSCIENCES (France)
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40- NaCl BDH Chemical Ltd (England)
41- NaHCO3; Sigma (USA)

42- NaOH Fluka (Switzerland)
43- Nessler Reagent Oxoid (England)

44- NH,CI BDH Chemical Ltd (England
45- Normal Saline BDH (England)

46- Peptone Water HI-Media India

47- Phenol Red HI-Media India

48- pH-Meter Memmert (Germany)
49- Povidone lodine 10% Iraq

50- Sulfanilic Acid BDH Chemical Ltd (England)
51- Trypsin Solution Sigma (USA)

52- Trypsin/ EDTA Capricorn (Germany)
53- Urea Oxoid (England)

54- a-Napthalamine BDH chemical Itd (England)

3-1-4- Sugars Used in the Study
A number of sugars were used in the current study as shown in Table (3-4)

Table (3-4): Sugars Used and Origin

NO. Name of Sugars Company (Country)
1- Arabinose Merck (Germany)
2- Fructose Merck
3- Galatose Merck
4- Glucose B.D.H (England)
5- Lactose Merck
6- Maltose Merck
7- Mannitol Merck
8- Mannose Merck
9- Raffinose Merck
10- Sucrose UK BDH
11- Xylose Merck
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3-1-5- The Culture Media and the Purpose of their Use
In the current study, a number of culture media were used, which were prepared
according to the manufacturer’s instructions and shown in Table (3-5).

Table (3-5): Cultivation Media, Purpose of Use, and Origin

No. Culture media Purpose of their Use Company
(Country)
1-
(MRS) For the Purpose of
(De Man Growing, Purifying and
Rogosa Sharp Revitalizing Oxoid
Agar) Bifidobacterium bifidum (England)
Bacteria and Preserving
them
on the Inclined
Medium
2- For the Purpose of
(MRS) Growing
Broth De Man and Revitalizing
Rogosa Bifidobacterium bifidum Oxoid
Sharp Agar Bacteria and Preserving
them with the Use of
Glycerol
3-
Agar-Agar To Diagnose the Mobility Prepared
of Bacteria in the
laboratory
4- Enriched Medium for
Blood Agar Base Growing All Types of Oxoid
Bacteria
5- To Conduct a Motility
Motility medium | Assay and Investigate whe
ther Oxoid
or not the Bacteria Can
Move
6-
Nutrient Agar To Cultivate and Activate Himedia
Media Pure Bacterial Isolates (India)
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7- To Develop Bacterial
Isolates and Activate
them to Conduct
Biochemical Assays
Nutrient Broth and Prepare Various Himedia
Bacterial Plankton,
Storing the Samples for
a Period of Time at
a Temperature of

-20C°
8- To Conduct a Gelatin
Liquefaction Assay and Biosciences
Nutrient Gelatin to Investigate the (France)

Ability of Bacteria to
Liguefy Gelatin

9- To Investigate the
Pepton Water Ability of Bacteria to Himedia
Medium Degrade Tryptophan (India)
and Produce Indole
10- RPMI-1640 To Culture media for Capricorn

the growth of normal and (Germany)
cancer cell lines
(Activate of the Cells line)

11- Simmon Citrate To Conduct a Jacket Himedia
Consumption Assay (India)
12- To Conduct a Urease Assay ang
Urea Agar to Investigate the Potential of 0z
Bacteria to Produce the Enzym¢ Biosciences
Urease
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3-1-6- Study Design

The axes to carry out the study shown in fismee below (3-1).

Study Design
The Firs Collection of 50 samples of
AXIs » Bifidobacterium bifidum

¥

Isolation, of B. bifidum by Culture MRS-L-Cystiene-HCL,
Identification, Morphological, Microscopic, Biochemical Assays,
Fermentation of sugars, VITEK-2 and (PCR)

¥

Ability of B. bifidum to Produce Biosurfactant (BS) by Oil
Dispersion and Emulsification Index (E24%o), Extraction of (BS)
and Preparation of Five Concentrations of it
(400, 200, 100, 50,25) pg/mi

¥

/ Activate of the Cells line Human Rectal

The Second Tumor-18 [HRT-18], Human Dermal
AXis » Fibroblasts—Neonatal [HDFn]
Assays Procedure Cytotoxicity (MTT, HCS,

Caspase-9 and 8, DPPH, ROS)

¥

~

o

The Third Investigation of Nox4 Gene Expression in
Axis » Cell Line Human Rectal Tumor-18 [HRT-18]

Figure (3-1) Study Axes
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3-2- Methods
3-2-1- Sample Collection

Samples were collected from April 2024 to the end of September 2024 from
fresh cow’s milk, lactating mothers’ milk, and both imported and locally produced
dairy products such as yogurt, which are known potential sources of
Bifidobacterium bifidum, fifty samples were included, and five isolates of B.
bifidum were obtained: were obtained: two from dairy products, two from cow’s
milk, and one from human milk. The identity of the isolates was confirmed
through microscopic and laboratory examinations, using the VITEK-2 Compact

system and Polymerase Chain Reaction (PCR) technique.
3-2-2- Preparation of Culture Media

The culture media required in the current study were prepared as follows:

3-2-2-1- Ready-Made Culture Media
These media were prepared according to the manufacturers' instructions and

sterilised by autoclaving at 121C°and 15 Ib/in2. After pouring, they were
incubated in the incubator for 24 hours to ensure that they were not contaminated,

then stored in a refrigerator at 4C° until use.

3-2-2-2- Prepared Culture Media
These media were prepared as follows:
3-2-2-2-1- MRS-L-Cystiene
a) Solution L-Cytiene-HCL
The solution was prepared by dissolving 5 g of L-Cystiene-HCI in distilled

water, and after mixing it, the volume was increased to 100 ml of distilled water
and filtered for sterilization with fine filters diameter of 0.22 microliters.
b) Middle MRS-L-Cystiene
MRS was prepared according to the Manufacturer company's instructions, then
complete the volume to 900 ml of distilled water. It was sterilized in an autoclave
and then left to cool to 50C°, then add 100 ml of sterile L-Cystiene-HCL solution
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to it and mix well, then pour it into sterile Petri dishes. This medium was prepared

for the purpose of growing and isolating B. bifidum (Atlas,2010).

3-2-2-2-2- Blood Agar Base
The blood agar medium was prepared by adding 5% of human blood to

autoclaved blood agar and allowed to cool to 45-50C° according to the
manufacturer's instructions and then poured into sterile Petri dishes. This medium
was used to grow and isolate bacteria for the KOH Assay, which confirms the
result of the Gram stain Assay. (Medical Lab Notes,2022).

3-2-2-2-3- Gelatin Medium
Prepare gelatin medium by adding 120g of gelatin to 1 liter of Nutrient broth,
sterilize in an autoclave and distribute it into tubes at an amount of 5 ml for each

tube, This medium was used to investigate the potential of bacteria in producing

the enzyme gelatinase (Logan & V0sa,2009).

3-2-2-2-4- Starch Medium
The starch medium was prepared by adding starch to Nutrient agar medium at

a rate of 2%, sterilizing it in an autoclave, and pouring it into Petri dishes in an
amount of 25 ml in each dish. This medium was used to determine the ability of
bacteria to degrade starch (Atlas et al.,1993).

3-2-2-2-5- Arginine — MRS Broth
Thy was prepared using MRS broth with the addition of 0.3% w/v L-

arginine monohydrochloride and sterilized using an autoclave
(Harrigans & MacCance,1976).
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3-2-2-2-6- Nitrate Reduction Broth
Thy was prepared by dissolving 3g of Meat Exteact, 1g of KNO3, and 5g of

Peptone in a liter of distilled water, adjusting the pH to 7, then pouring the medium
into tubes with an amount of 5ml for each tube, and then it was sterilized with an
autoclave. This medium was used to investigate the potential of bacteria in
producing the Nitrate Reductase. Which converts nitrate (NO3) to nitrite (NO,)
(Logan & Vo0sa,2009).

3-2-2-2-7- Milk Agar Skim

Thy was prepared by adding 12.5 ml of Milk Skim to 87.5 ml of Nutrient agar
prepared according to the manufacturer’s instructions. It was sterilized with an
autoclave and left to reach a temperature of 45-50C°. Then it was poured into
sterilized Petri dishes. This medium was used to investigate the ability of bacteria

to produce Protease, which works on casein analysis (Collee et al., 1996).

3-2-2-2-8- Egg-Yolk-Agar
Thy was prepared by adding egg yolk to 15% Nutrient agar sterilized at a
temperature of 50-55C°. This medium was used to investigate the potential of

bacteria in producing Lecithinase and Lipase (Cruickshank et al.,1975).

3-2-2-2-9- Carbohydrate Fermentation Medium
Thy was prepared by dissolving 10 g of Peptone, 10 g of Meat Exteact, 5 g of

NaCl, and 0.08 of Phenol red in 1 liter of distilled water, adjusting the pH to 7.4,
and pouring the medium into glass tubes with an amount of 5 ml for each tube,
which was sterilized in an autoclave, and the medium was left to cool, and
sterilized sugar was added to it by filtration. by 1% (MacFaddin, 2000).
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3-2-2-2-10- Motility Medium

This medium was prepared from 100 ml of Nutrient broth according
to the manufacturer’s instructions, and 0.4 g of agar-agar was added to
it. It was sterilized in an outoclave and distributed in plastic tubes at an
amount of 5 ml for each tube. The medium was left to solidify in an
Portrait mode. This medium was used to investigate the ability of

bacteria to move (Forbes et al.,2007).

3-2-3- Preparing the Solutions and Reagents Used
The solutions and reagents used in the study were prepared as follows:

3-2-3-1- Macfarland Standard Solution
a) Barium Chloride Solution BaCi..

It was prepared by dissolving 1.175 g of aqueous barium chloride in 100 ml of
distilled water (Atlas et al.,1995).

b) Concentrated Sulfuric Acid Solution H2SO4 at a Concentration of 1%o.
It was Prepared by adding 1ml of H2SO4 to 99ml of distilled water, then adding

0.5ml of solution a to 99.5ml of solution b, mixing the solution well, dispensing
5-4ml into glass tubes with a tight cap to prevent evaporation and kept in the dark
at room temperature until use. This solution is intended as a standard solution for
titration of bacterial cell counts and to obtain a solution of 1.5x108 cells/ml,

prepared according to the manufacturers' instructions.

3-2-3-2- Normal Saline
The physiological saline solution (NS) was prepared) 0.85 g of NaCl was

dissolved in 100 ml of distilled water, sterilised with autoclave and stored at 4C°
until use. This solution was used to prepare the dilutions required in this study
(Atlas et al.,1995).
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3-2-3-3- Phosphate — Buffer Saline (PBS)
This solution was prepared according to the manufacturer's instructions, then

sterilised with autoclave and kept in a refrigerator at 4C° until use.

3-2-3-4- Malachite Green
It was prepared by dissolving 0.5g of Malachite green in a volume of distilled

water and after dissolving the volume was completed to 100ml with distilled
water. This stain has been used to investigate the spore-forming potential of

purified bacterial isolates (Pommerville,2007).

3-2-3-5- KOH Solution
It was prepared by dissolving 3 g KOH in 100 ml of distilled water (Atlas,

2010).

3-2-3-6- Oxidase Reagent
The reagent was prepared instantaneously by dissolving 1g of (Tertramethyl P-

phenylen-diamine dihydro chloride) in 100 ml distilled water to obtain a violet-

coloured liquid that was placed in a dark, sterile vial (Tang & Stratton, 2006).

3-2-3-7- Catalase Reagent

H,0, at 3% concentration was used to investigate the ability of bacteria to

produce catalase (Tang & Stratton, 2006).

3-2-3-8- Kovac's Reagent
Use the manufacturer's ready-made reagent.

3-2-3-9- Ureae Solution
Prepared by dissolving 20 g of urea in 100 ml of distilled water and filtered

through 0.22 Membrane filters (Macfaddin,2000).

3-2-3-10- Solutions Used to Adjust PH
a) 0.5 N HCI solution

b) 0.5 N NaOH solution
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3-2-3-11- Nitrate Reduction Reagent Solutions
a) Sulfanilic acid solution was prepared by dissolving 0.8 g of sulfanilic acid in

100 ml of acetic acid of 5 mol .

b)The solution of a-naphthylamine was prepared by dissolving 0.5g of
naphthylamine in 100 ml of 5 mol% acetic acid, and the nitrate reduction reagent
was prepared anionically from a mixture of two equal parts of solutions A and B
(Macfaddin,2000).

3-2-3-12- Sugar Solutions
It was prepared by dissolving 1 g of each of the following types of sugars

(Arabinose, Fructose, Galatose, Glucose, Lactose, Maltose, Mannitol, Mannose,
Raffinose, Sucrose, Xylose) each type separately in 100 ml of distilled water and
sterilizing the solutions by filtration using membrane filters. Millipore filter 0.22
microliter (Macfaddin,2000).

Xylose

3-2-4- Sample Culturing
After collecting the samples, they were transferred to the laboratory and grown

by taking a portion of the products with a sterile conveyor and directly cultured
on Petri dishes containing MRS-L-Cytiene culture medium prepared according to
(3-2-2-2-1) and incubated anaerobically using an anaerobic jar with a gas
generating kit (gas pak) and kept in the incubator at 37C° for 48 h. the incubator
was incubated at 37C° for 48 h.

Samples were grown in two ways:

1) A small portion of milk or one of the collected products was taken with a sterile
carrier and directly seeded onto the MRS-L-Cystiene solid medium in a planned
manner without any dilution and the plates were incubated under anaerobic
conditions using Anaerobic Jar with a gas pak in the incubator at 37C° for 48

hours.
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2) Milk or one of the collected products was diluted with 0.1% peptone water
prepared and sterilised according to the manufacturer's instructions, then a small
portion of the suspension was taken with a sterile vector and cultivation onto MRS-

L-Cystiene solid media in the same manner as described in (1) (Rocio et al.,2009).

3-2-5- Sample Diagnosis
After obtaining single colonies from positive cultures, B. bifidum was

diagnosed according to Bergey's Manual of Systematic Bacteriology,2015
(Whitman,2015).

3-2-5-1- Morphological Characteristics
The phenotypic characteristics of the bacterial colonies growing on MRS-L-

Cystiene medium were determined by observing the shape, colour, texture and

odour of the growing colonies.

3-2-5-2- Microscopic Examinations
The laboratory Assays consisted of transferring a part of the bacterial culture

grown on MRS-L-Cystiene solid medium to a slide by a sterile Loop and after
fixing and staining with Gram Stain, and after the slide dried, it was examined
under the oil lens of a light microscope to observe the shape of the bacterial cells

and the result of Gram staining.

3-2-6- Biochemical Assay
Biochemical Assays included the following:

3-2-6-1- KOH Assay
The KOH Assay is a confirmatory Assay of the Gram Stain Assay result by

taking a single colony growing on the basic blood medium prepared according to
paragraph (3-2-2-2-2) and mixed with an amount of KOH 3% prepared according
to paragraph (3-2-3-5). Loop or stick to see the nature of the substance formed. If
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the bacteria are Gram-positive, the gel is not formed, while if the bacteria are

Gram-negative, the gel is formed within 60 seconds (Markey et al., 2014).

3-2-6-2- Oxidase Assay
This Assay was carried out by placing drops of oxidase reagent prepared in

paragraph (3-2-3-6), where it was transfer by sterile stick a pure colony to a clean
and dry filter paper on which drops of oxidase reagent were immediately placed.
If the colour of the colony turned dark purple immediately, it is evidence of a
positive Assay and the ability of the bacteria to produce oxidase enzyme
(MacFaddin,2000).

3-2-6-3- Catalase Assay
A portion of the top of the bacterial growth colonies was taken from the MRS-

L-Cystiene solid medium and placed on a clean glass slide and a drop of H202
reagent prepared according to paragraph (3-2-3-7) was added. The appearance of
bubbles indicates a positive Assay and the ability of the bacteria to produce
catalase enzyme (MacFaddin,2000). This Assay is used to investigate the potential

of bacteria to produce catalase enzyme.

3-2-6-4- Indol Assay
This Assay was represented by inoculating the tubes containing the peptone

water medium with bacterial colonies and then incubating the tubes at 37C° for
24 to 48 hours after the end of the incubation period, we observe the presence of
turbidity, evidence of bacterial growth. Two drops of Kovac's reagent prepared
according to paragraph (3-2-3-8) were added according to the manufacturer's
instructions in case a red ring is formed, indicating a positive Assay and showing
the ability of the bacteria to analyse the amino acid tryptophan and produce indole
Macfaddin (MacFaddin,2000).
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3-2-6-5- Citrate Utilization Assay
This Assay was carried out by inoculating tubes containing Simmon Citrate

slant medium prepared according to the manufacturer’s instructions by stabbing
and planning with bacteria and incubating at 37C° for 24 to 48 hours. The color
of the medium changed from green to blue as evidence of the Assay’s positivity
and the ability of the isolates to consume citrate as the sole carbon source
(MacFaddin, 2000).

3-2-6-6- Urease Assay
Tubes with slant surfaces containing urea agar medium prepared according to

the manufacturer's instructions were inoculated with bacteria by stabbing and
planning method and then incubated at 37C° for 24 to 48 h. The Assay result was
read by turning the pale yellow colour of the medium to pink, indicating a positive
Assay, as the bacterial colonies can produce Urease and degrade Urea into NH3
and CO; (Collins et al., 2004).

3-2-6-7- Gelatin liquefaction Assay
The Assay was carried out by inoculating tubes containing gelatin medium

prepared according to (3-2-2-2-3) with bacteria by the stabbing method using a
needle in the centre of the medium and then incubating the tubes at 37C° for 24
to 48 h. If the gelatin does not harden after incubation at 4C° for 10 min, this

indicates a positive result (MacFaddin,2000).

3-2-6-8- Starch Hydrolysis Assay
This Assay was carried out by inoculating the solid Starch medium prepared

according to (3-2-2-2-4) with a portion of the 18-24 h old bacterial culture in a
Streak Plate Method and incubating the plates at 37C°. After the end of the
incubation period, Lugol's solution was added to the growing bacterial culture on
the culture medium and left for 1 to 2 min. The Assay result was read as a clear

or blue bright area around the colonies (MacFaddin,2000).
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3-2-6-9- Ammonia Production Assay from Arginine
This Assay consisted of inoculating the liqguid MRS-arginine medium prepared

according to paragraph (3-2-2-2-5) with part of the 24-hour-old bacterial culture
and then incubated at 37C° for 7 days. After the end of the incubation period, 1ml
of the inoculated medium was taken and placed in a Assay tube and 1ml of
Nessler's reagent was added to it and the Assay result was read by changing the

colour of the medium to red immediately after adding the reagent (Harrigan,1998).

3-2-6-10- Nitrate Reduction Assay
This Assay consisted of inoculating the nitrate reduction medium prepared

according to (3-2-2-2-6) with a portion of the 18-24 hour-old bacterial culture and
then adding 0.1 ml of nitrate reduction reagent prepared according to (3-2-3-11)
to the tube and reading the result according to the colour changes of the medium
(MacFaddin,2000).

3-2-6-11- Casein Hydrolysis Assay
This Assay consisted of inoculating the milk agar medium prepared according

to paragraph (3-2-2-2-7) with 24-hour-old bacterial colonies and then incubated
at 37C° for 4-7 days. If clear areas appear around it the growing bacterial colonies,
this indicates the degradation of milk proteins (casein) and the result is positive;
if the medium remains cloudy, this indicates that casein is not degraded and the

Assay result is negative (Koneman et al.,1997).

3-2-6-12- Detection of the Enzyme Lecithinase and Lipase
This Assay was carried out by inoculating the egg yolk medium prepared

according to paragraph (3-2-2-2-8) with part of the bacterial culture and
incubating at 37C° for a period of 24 to 48 hours. If clear areas form around the
growing bacterial colonies, this indicates effectiveness of the lecithinase can also
be checked for the lipase in the same Assay by covering the medium with a

generous amount of copper sulphate solution (CuSO4) for 20 minutes. Then the
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excess solution was removed and the dish was dried by placing it in the incubator
for a short period of time. The Assay result was read by the appearance of a
greenish blue color in the sites of fat decomposition. This a evidence of the
effectiveness of the lipase enzyme in decomposing fats (Collee et al.,1996;
Cruickshank et al.,1975).

3-2-6-13- Motility Assay
Tubes containing the motility medium prepared according to paragraph (3-2-

2-2-10) were inoculated with bacteria by the stabbing method and then incubated
at 37C° for 24 to 48 hours in a vertical position. This assay was used to detect the
motility of the bacteria as the lack of bacterial growth beyond the borders of the

stabbing indicates that the bacteria cannot move (Collins et al.,2004).

3-2-6-14- Growth Assay at Different Temperatures
This Assay consisted of using MRS-broth medium prepared according to (3-2-

2-2-1) distributed in sterile Assay tubes that were inoculated with bacterial
cultures and then incubated anaerobically using a gas generating kit (gas pak) and
placed in a Shaker Incubator for 10 days at different temperatures from 5 to 45C°.
The potential of the bacteria to grow at these different temperatures was compared
by comparing the density of growth in the form of turbidity or sedimentation
(Buck et al.,1995).

3-2-6-15- Detection of Gas Production
This Assay consisted of using liquid MRS medium with Durham tubes to detect

CO; gas, the tubes were inoculated with a 24-hour-old culture of bacteria and then
incubated at a temperature of 37C° for a period of 24 to 48 hours. If a gas bubble
forms in the Durham tube, this indicates the ability of the bacteria to produce gas

from glucose fermentation (Harrigan et al.,1998).
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3-2-6-16- Sugars Fermentation Assay
The sugar fermentation medium prepared according to (3-2-2-2-9) containing

the sugars required in the Assay and prepared according to (3-2-3-12) was
inoculated with a portion of the bacterial culture at 48 hours of age and incubated
using an Anaerobic Jar at 37C° for 3 to 7 days with colour changes monitored
daily and the Assay result was read by changing the colour of the medium from
red to yellow, this indicates a positive Assay and this Assay was used to determine

the ability of the bacteria to ferment sugars (MacFaddin et al., 2000).

3-2-7- VITEK- 2 Compact System — Identification
To obtain a more accurate diagnosis of all laboratory-diagnosed bacterial

isolates, diagnosis of the isolates was carried out using the VITEK device
technology, and the diagnostic results were interpreted to mean that all isolates
that were subjected to the VITEK-2 device Assay were B. bifidum, as a special
diagnostic card for Gram-positive anaerobic bacteria was used. The card is based
on biochemical methods and there are 36 biochemical Assays to measure the use
of carbon sources and enzymatic activities. The final results of the diagnosis are
available within 6 hours and you can obtain a list in which all the details of the
sample are recorded. The card contains 64 holes containing the culture media for
each biochemical Assay.

The diagnostic steps were as follows:

1) The ID card was opened from its cover and the model number was recorded on
its device register.

2) The bacterial suspension was prepared by taking a sufficient fraction of pure
bacterial colonies and adding 3.0 ml of normal saline solution in clear plastic
Assay tubes numbered (1).

3) The turbidity of the suspension was compared to the turbidity of the Vitek 2
compact (Densichek TM), which was between 0.5-0.63.
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4) The transfer tube connected to the ID card was inserted into Assay tube 1 and
rested on the cassette by hand.

5) Transfer the holder to the Vaccum chamber, where the inoculation process
occurs inside the device and then transferred to the incubator for incubation at a
temperature of 35.5C° and read the result within 6-8 hours.

6) During the incubation period, the device's work was to analyse and store
biochemical patterns in an autonomous manner. After the incubation period, the
device's software analysed these patterns and then printed a diagnostic report for

the card inside the Reader incubator.

3-2-8- Storage B. bifidum
Bacterial isolates were preserved in two ways as follows:

3-2-8-1- Short Storage Period
This method consisted of growing bacteria on MRS agar medium kept in tubes

with slant surfaces and prepared according to point (b) of paragraph (3-2-2-2-1)
by the stabbing method and incubated at a temperature of 37C° for 48 hours so
that the growth of bacteria was evident, then They were stored at 4C° and

refreshed every twenty days (Holt & Krieg,1984).

3-2-8-2- Long Storage Period
This method consisted of growing the bacteria in the ready-made MRS broth

medium mentioned in Table (3-5) prepared according to the manufacturer's
instructions and placed in small tubes with tight lids and incubated at 37C° for 48
h. Then Glycerol was added at a concentration of 20%, mixed by Vortex and kept
at 20C° (Boonaert & Rouxhet,2000), the information about each sample and the
date of preservation should be recorded and renewed every six months to ensure
the safety of the samples from damage and death (WHO, 2003).
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3-2-9-Molecular Diagnosis of B. bifidum Using (PCR)
The PCR technique was used to detect B. bifidum from the extract of bacterial

cells based on the 16S rRNA gene with a packet size (379) using specialised
primers designed specifically for this study to detect the 16S rRNA gene (Catone
et al.,2024). Five isolates of B. bifidum were diagnosed and the primers used in

the polymerase chain reaction were as shown in Table (3-6).

Table (3-6) Primers Used in the PCR Reaction

Gene Primers Sequence 5'—3’ Primer Amplific- Annealing
name length @ ation size  Temperatu-
(bp) re

F | GAAGAACCTTACCTGGGCTTG | bp21
379 58

16S
rRNAR | ATTACTAGCGACTCCGCCTTC | bp21

The steps for molecular diagnosis of Bifidobacterium bifidum were as follows:

3-2-9-1- Extraction of Deoxyribonucleic Acid (DNA) from
B. bifidum
Extraction was performed using the DNA Extraction protocol from Promega.

The extraction method included the following steps:

1) Sample Preparation where B. bifidum isolates were grown in MRS-broth
medium and then anaerobically incubated using Anaerobic Jar and placed in
Shaker Incubator at 37C° for 24 to 48 hours and then 1.5 ml of growing bacterial
culture was withdrawn and dispensed into Eppendorf tubes.

2) The bacterial culture was centrifuged at 13000R/M for 10 minutes to sediment
the cells, then the filtrate was removed and the sediment of bacterial cells
remained.

3) The filtrate was suspended with 200 ul of Lysozyme and 20 ul of Proteinase K,

mixed well with a vortex mixer and incubated for 30 minutes at 37C°.
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4) Add 200 ml of GB buffer and mix well with a vortex mixer for 10 seconds, then
incubate at 70C° for 10 minutes for Cell Lysis.

5) For DNA Binding, 200 ml of absolute ethanol was added to the cells, mixed
well, and a GD Column with a filter was placed in the collection tube. The
bacterial suspension with the previous additives was poured into the filter tube
and the cell suspension was centrifuged at 13000R/M for 4 minutes, and the
collected supernatant was removed and the bacterial cell DNA and other sediment
remained in the filter.

6) 400 ml of W1 buffer was added to the GD Column, centrifuged for 1 minute
and the filtrate was discarded.

7) 600 ml of the second wash buffer with absolute ethanol was added and the
mixture was centrifuged at 13000R/M for 5 minutes.

8) Then a filter tube was placed inside a new Eppendorf tube and the wash tube
was discarded. The Elution solution that was preheated in a 70C° water bath for
several minutes was added to the filter tube and left for several minutes to allow
the DNA of the bacterial cells to disassociate from the filter, then centrifugation
was performed for several minutes and then the filter tube was discarded and the
Eppendorf tube containing the DNA was retained and then stored at -20C° until

use.

3-2-9-2- Polymerase Reaction Technige (PCR)
The polymerase chain reaction included the following components shown in

Table (3-7):
Table (3-7) Polymerase Reaction Technige (PCR) Components

Components Volume (ul)
Master Mix 12.5
Primers Forward 10 uM/ul(1)
Reverse 10 uM/ul(1)
DNA sample 6
Nuclease-Free water 4.5
The total volume of the reaction 25
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It also included two types of solutions used in the polymerization reaction:
1- Stock Primers
The Stock Primers solution was prepared according to the instructions of the
Korean manufacturer Micro-Gen to obtain a solution with a concentration of
100% pL/picomole and was stored at -20C° until use.
2- Master Mix

| use Master Mix prepared by Intron Biotechnology.

3-2-9-3- PCR Techniqge
Primer solutions were prepared, each primer separately, at a concentration of

10% pL/pmol by adding 10 pL of the stock solution of each primer separately to
90 uL of deionized water, then mixed well and stored in the refrigerator until use.

The primer solutions were kept at a temperature of -20C°.

3-2-9-4- Gel Electrophoresis
The electrical relay process requires the following:

1- Solutions Used

e SYBR Green | (SG) stain prepared from Molecular Probes Inc

e Prepare 0.5 X TBE buffer, and 500 ml of distilled water was added to one vial
of TBE buffer (X1) according to the manufacturer's instructions.

2- Prepare Agarose Gel 1.5%
The agarose gel was prepared by dissolving 0.75gm of agarose in 500 mL of

TBE buffer 0.5X, the agarose was heated to boiling and then allowed to reach a
temperature of 45-50C°, then 10 ml of SYBR Green | (SG) stain was added and
mixed well, then the tray and comb stabilisation were prepared to make Wells to
hold the samples, and the agarose was poured in a light and continuous flow to
avoid the formation of air bubbles and left to solidify at laboratory temperature,
then the comb was gently removed, and the gel was transferred from the mould to

the migration basin for the electrophoresis process.
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3-2-9-5- Products of Replication (DNA)
The replication products were detected by transferring the samples onto an

agarose gel after completing the migration process by exposing them to an
ultraviolet source and estimating the molecular sizes of the replication pieces and
comparing them with the location of the bands for the size guide and the stages

with the replication products (Biswas,2024).

3-2-9-6- Polymerase Chain Reaction (PCR) Program
Optimization of amplification for the selected gene was performed under the
following conditions as in Table (3-8).

Table (3-8) Polymerase Chain Reaction (PCR) Program

Steps Temperature (C°) | Time | Cycles
Initial Denaturation 95 5 min 1
Denaturation 95 30 sec
Annealing 5745 30sec| 30
Extension 72 30 sec
Final extension 72 7 min 1

3-2-10-Assaying the Ability of Bifidobacterium bifidum to Produce

Biosurfactant
The ability of the bacteria to produce BS was investigated by the following two
Assays:

3-2-10-1- Diffusion of Oils Assay
This Assay was carried out by pouring 30 ml of distilled water into a sterile

petri dish and then adding 1 ml of Coconut Oil and Gingely Oil in the centre of
the dish containing distilled water and then adding 20 ul of bacterial culture in
the centre. The result of this Assay is read by observing the displacement of the

oils and their dispersion in the water (Anandaraj & Thivakaran,2010).

60



Chapter three Materials and methods

3-2-10-2- Emulsification Index E24 Assay
The emulsification index Assay was performed according to (Cooper&

Goldenberg,1987) by mixing equal amounts of liquid bacterial culture and
kerosene and mixing well with a vortex mixer for 2 minutes and then left for 24
hours to evaluate E24.If a foam-like emulsified layer appears above the solution,
this indicates that the bacteria have the ability to emulsify fats, and the higher the

foam, the stronger the emulsification.

3-2-11- Extraction of Biosurfactant Produced from Bifidobacterium
bifidum

Biosurfactant extraction was performed according to the method of (Lievin et
al., 2000), by reculturing B. bifidum for activation in MRS-L-cysteine medium
and incubated anaerobically in (Anaerobic Jar) in shaking incubator 120\rpm at
37C° for 48 hours , after the incubation period, the bacterial culture was
transferred to tubes and placed in a Cooling Centrifuge at 4C° at 1000 R/M for 30
minutes, the bacterial solution was then filtered through a Millipore filter with a
diameter of 0.22 micrometers and the precipitate containing the bacterial cells was
obtained from the filtrate and kept at 4C° until use, and the cells were washed
twice with deionised water , then the cells were re-suspended in a solution of PBS
with a pH of 7.0 and left for 3 to 4 hours at laboratory temperature with gentle
shaking with a Magnetic Stirrer, which allows the release of the Biosurfactant ,
the solution was put back in the centrifuge to get rid of cell residues, and the
solution was filtered with a Millipore filter paper with a diameter of 0.22
micrometers, to separate the filtrate from the sediment containing the
Biosurfactant , then used a Lyophilizer to dry the Biosurfactant to obtain a white

to pale yellow powder. It was stored at a temperature of 4C° until use.
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3-2-12- Cell Culture of the Colorectal Cancer Cell Line [HRT-18]
The colorectal cancer cell line [HRT-18] was obtainee from the Center for

Natural Product Research and Drug Discovery, Department of Pharmacology,
Faculty of Medicine University of Malaya, Kuala Lumpur, preserved in liquid
nitrogen, concentration of 1 x 10*to 1 x 10° cells/ml, to sustain and grow the cells
and conduct laboratory Assays on them, taking into account methods. Sterilization

required in cellular agriculture is moist heat sterilization and membrane filters.

3-2-13- Cell Culture of the Fibroblast [HDFn]
Fibroblast cell line represents the most common cell type in connective tissue

and is the structural framework of animal tissues. These cells produce a variety of
products including Elastin, Collagen Types I, IlIl and IV, Proteoglycans,
Fibronectin and Laminins, glycosaminoglycans, metalloproteinase, and
prostaglandin, also called fibroblasts or fibroblasts Juvenile cells were obtained
from the same source that provided the cell line [HRT-18], concentration of 1 x

10*to 1 x 10° cells/ml cells/ml

3-2-14- Media and Solutions for Cell Culture
Cell culture media and solutions were prepared according to the source

(Freshney et al.,2015).

3-2-14-1- Fetal Bovine Serum (FBS)
Fetal bovine serum (FBS) was used and heat inactivated at a temperature of up

to 56C° for 30 minutes and then added to the culture medium.

3-2-14-2- Phosphate — Buffer Saline
This solution was prepared in accordance with (3-2-3-3) and following the

manufacturer's instructions.
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3-2-14-3-Trypsin Solution
This solution was prepared by dissolving 1 g of trypsin powder in 100 ml of

PBS prepared according to (3-2-3-3) and sterilised with fiter paper 0.22

micrometers and placed in 10 ml tubes and kept at -20C° until use.

3-2-14-4- Ethylene Diamin Tetraacetic Acid (EDTA)
This solution was prepared by dissolving 1 g of Ethlene Diamine Tetra Acetic

acid (EDTA) in 100 ml of PBS solution prepared according to paragraph (3-2-3-
3), sterilised using Autoclave for 10 minutes, placed in 10 ml tubes and stored at

4C° until use.

3-2-14-5- Trypsin-EDTA
This solution was prepared by mixing 20 ml of trypsin solution prepared

according to (3-2-14-3), 10 ml of EDTA solution prepared according to (3-2-14-
4) and 370 ml of phosphate buffered saline (PBS) solution prepared according to

(3-2-3-3), then the mixture was placed in a glass jar and kept at 4C° until use.

3-2-14-6- Sodium Bicarbonate Solution NaHCO3
This solution was prepared by dissolving 4 g of NaHCO3 in 100 ml of distilled

water and sterilized using an Autoclave at a temperature of 121C° for 15 minutes,

then stored at 4C° until use.

3-2-14-7- Preparation of RPMI-1640 Culture Medium
This medium is a ready-made nutritional medium extracted from bovine serum,

it was prepared according to the manufacturer’s instructions. Then 10 ml of bovine
serum was added to it to multiply the proteins and growth factors, then the solution
was transferred to clean, sterile glass bottles and placed in an incubator at a

temperature of 37C° to ensure no contamination until use.

63



Chapter three Materials and methods

3-2-14-8- Preparation of Culture Serum Free Media (SFM)
This medium was prepared in the same way as the RPMI-1640 medium

described in paragraph (3-2-14-7), but without adding fetal bovine serum to the

culture medium.

3-2-14-9- Preparing the Freezing Medium
This medium was prepared by adding 6 ml of bovine serum-free medium

(SFM) prepared according to paragraph (3-2-14-8) and 3 ml of fetal bovine serum
(FBS) prepared according to paragraph (3-2-14-1) and 1 ml of DMSO, which is
added in successive drops with continuous stirring, then the medium is stored at a
temperature of -20C° during use, and it is preferable to prepare it immediately

when starting the freezing step cancer cell line.

3-2-14-10- Preparation of MTT Stain
This stain was prepared by dissolving 50 mg of MTT Stain powder in 100 ml

of (PBS) solution prepared according to paragraph (3-2-3-3) to obtain a
concentration of 5 mg/ml. Then the solution was sterilized with filter paper with
a diameter of 0.22 micrometers, then with filter paper with a diameter of 0.45 mm,
then placed in clean, sterile, opaque glass bottles away from sunlight , the bottles

were stored at a temperature of 4C°, Until use (Meerloo et al.,2011).

3-2-15- Investigating the of Anti-tumor Effect of Biosurfactant

Agenton human Colorectal Cancer Cell Line HRT-18
To investigate the antagonism of the Biosurfactant, this was done through the

following:

3-2-15-1- Maintenance and Preparation of [HRT-18] Cell Line
To maintain and prepare the cancer cell line, rely on the method (Freshney,

2015) as follows:

1) Take out the incubated cancer cells in liquid nitrogen freezer at
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-210C° for reactivation and place the tubes containing the cells in a 37C° water
bath to thaw them and then transfer them to culture flasks containing RPMI-1640
culture medium prepared according to (3-2-14-7).

2) The cells were left in a humid environment for 24 hours to allow full spreading
in the culture medium. Then, they were transferred to an incubator containing
CO: at a temperature of 37C°.

3) After the incubation period and confirmation of cell growth without
contamination, subcultures are prepared for their proliferation.

4) The cells were then examined by an inverted microscope to confirm the viability
of the cells, the absence of contamination and their growth to the required number
of 600-700 cells/ml, i.e. the percentage of cell proliferation exceeded 80% in the
culture medium.

5) Remove the RPMI-1640 medium and wash the adherent cells with PBS two to
three times.

6) Add 1 to 2 ml of Trypsin-EDTA solution prepared according to (3-2-14-5) to
the cultured cells to obtain single cells and then incubate the flask at 37C° for 2
minutes to separate the cells from the surface of the flask.

7) To completely stop the activity of trypsin, the RPMI-1640 culture medium was
added again.

8) The cells were transferred to special tubes and placed in a centrifuge at 200 R/M
for 10 minutes to sediment the cells and remove the filtrate, then the cell

suspension was distributed in other tubes containing RPMI-1640 medium.

3-2-15-2- Subculture of HRT-18 Cancer Cell Line
Secondary culture is done when required to separate the adherent monolayer

cells at the bottom of the primary culture tubes and for the purpose of cellular
counting of cells. Secondary culture is based on the method (Phelan & May,
2017), by using the proteolytic enzyme Trypsin. This process is done in the

following steps:
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1) Discard the culture medium when cell growth reaches a monolayer (exponential
phase).

2) The cells were washed with 3 ml of PBS.

3)Add 1 to 2 ml of Trypsin-EDTA solution to submerge the monolayer while
continuously stirring the flask 4 to 5 times to completely submerge the cells.

4) The flask was incubated in the incubator at a temperature of 37C° for a period
ranging from 2 to 10 minutes to allow the cells to detach from the inner surface of
the flask (the length of time of incubation for the detachment process to occur
depends on the type of cancer cell line).

5) Note that there should be no excessive use of the Trypsin-EDTA solution, which
could cause damage to the cells, so it is necessary to examine them every few
minutes until the secondary cultivation process is completed.

6) The cells were examined with an inverted microscope to ensure that all cells had
detached and then resuspended with occasional shaking of the flask.

7)Remove Trypsin-EDTA solution from the culture medium by adding Fetal
bovine serum (FBS) at 5-10%.

8) The required volume of suspension cells was then transferred to a new flask and
supplemented with the required volume of culture medium. The cells were then
incubated in the incubator at 37C° to renew, stabilize and restore its activity
approximately 24 hours, and this process may be repeated depending on the

growth requirements of the cell line.

3-2-15-3- Refrigeration of Cell Line
The HRT-18 cell line was frozen according to the source (Yang et al.,2019) as

in the following steps:

1) The monolayer cell culture flask (exponential phase) was washed twice with 5
ml of PBS and then 3 ml of Trypsin-EDTA solution was added.
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2) The flask was incubated in the incubator at 37C° to allow the cells to disintegrate
into single cells after monolayer cell detachment with the help of light stirring on
the sides of the flask.

3) Cells were transferred to special sterile 15ml tubes and centrifuged at 800 rpm
for 10 minutes.

4) After centrifugation, the supernatant was removed and the cells were
resuspended by adding 1 ml of freezing medium prepared according to (3-2-14-
9).

5) The flask was left for 10 minutes at laboratory temperature and then transferred
to a freezer at -80C° for 24 hours and then stored in a liquid nitrogen freezer for

long-term preservation.

3-2-16- Preparation of Different Concentrations of (BS) and the
Chemotherapy FOLFOX.

Different concentrations of Biosurfactant (BS) and chemotherapy (FOLFOX)
were prepared, The FOLFOX chemotherapy regimen is not available as a ready-
mixed, pre-prepared mixture for research or clinical use. Instead, its three
components are obtained separately and mixed according to specific protocols.
0.01g of the dry compounds were dissolved in serum-free medium (SFM)
prepared according to section (3-2-14-8). Then five serial concentrations were
made, diluted in half to reach the lowest concentration, which are as follows (400,
200, 100, 50, 25) pug/ml.

3-2-17-Methylthiazolyldiphenyl-tetrazolium (MTT) Assay to Assay

for Cytotoxicity
The MTT (3- (4, 5-dimethylthiazol-2-yl) -2, 5-diphenyltetrazolium bromide)

assay is a non-radioactive colourimetric assay used to measure cell viability in

response to a variety of cytotoxic stimuli (Stockert et al.,2018). The colour change
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of the MTT stain from yellow to purple is caused by the enzyme Mitochondrial
(NADH dehydrogenase) if the cells are alive

The MTT assay is based on the colour transformation and formation of dark-
coloured insoluble formazan through the reduction of water-soluble tetrazolium,
which helps in knowing the metabolic activity of living cells and detecting cell
growth and proliferation by measuring the optical density (absorbance), thus using
the MTT assay provides an assessment of cell development after treatment with
the Biosurfactant (Buch et al.,2012).

3-2-17-1- Principle
The purpose of this assay was to measure the cell viability and assess the

cytotoxicity of B. bifidum-derived Biosurfactant, 96 wells were used with
different concentrations and replicates for each well.

Since the principle of the Assay is related to mitochondria, an increase or
decrease in the number of cells is closely related to the activity of the
mitochondria, this activity is reflected by converting the pale yellow-coloured
tetrazolium salt (MTT stain) into Formazan stains that form purple crystals that
can be dissolved for homogeneous measurement after an incubation period of 2 to
4 hours, which helps in knowing the increase and decrease in the number of living
cells. By measuring the concentration of Formazan, which is reflected by the
optical density (absorbance) using a microplate reader at a wavelength of 570 nm
and the Assay result is read by the colour where the darker the colour, the higher
the number of live cells (Meerloo et al.,2011).

In the present study cytotoxicity measurement was performed in three replicates
and the IC50 value was calculated, and the cytotoxic effect of different
concentrations of BS extracted from B. bifidum on colorectal cancer cell line
HRT-18 was determined and compared with untreated cells and cells treated with

chemotherapy (Genetics Home Reference - G H R,2018).
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3-2-17-2- Contents of the (MTT) Kits Assay
The MTT assay kit consists of

1) MTT solution (Iml x 10 glass vials)
2) Solubilisation solution (50 x 2 bottles)

3-2-17-3- Procedure
The method is based on the source (Amritha et al.,2015) for vitality detection

and is as follows:
1) Cells were grown at approximately 1x10* cells per well according to (3-2-15-1).
The cell suspension was placed in a 96-well plate with a flat bottom, it was
covered with sterile Para film, shaken gently,200 ul of culture medium was added
to each well, and incubated at 37C°for 24 hours to form a confluent monolayer.
2) After the end of the incubation period, the culture medium was removed and
the diluted concentrations of BS prepared according to (3-2-16) (400, 200, 100,
50, 25) pg/ml were added to the plate pits to investigate their efficacy as a
treatment.
3) Three replicates were used for each concentration including negative control
(cells + medium) and positive control (cells + FOLFOX treatment).
4) After 48 hours of treatment, cell viability was measured by adding 28
microlitres at a concentration of 2 mg/ml of MTT solution.
5) After incubating the cells at 37C° for 1.5 hours, the MTT stain was removed
from the plate after intracellular Formazan crystals appeared.
6) A DMSO solution with a volume of 130 ul was added in each well to dissolve
the resulting Formazan crystals.
7) The plates were then incubated at 37C° for 15 minutes with constant shaking to
dissolve the purple crystals.
8) Absorbance was measured by a microplate reader at a wavelength of 575 nm
and the assay was performed for all three replicates.
9) The rate of cell inhibition (cytotoxicity) was calculated according to the

following equation :
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absobance of treated cells

Cell viability = x100

absobance of non treated cells
Cytotoxicity = 100 — cell viability

10) The result of the reader microplate (OD) was subjected to statistical analysis
to determine the concentration of BS needed to kill or inhibit the growth of half

of the cancer cells according to the following formula:

Optical density of the sample

Viability = %100

Optical density of the control

Whereas :

Viability %: Percentage of cell viability

3-2-18- High Content Screening (HCS) Assay to Assess Cytotoxicity
It is known as High Content Analysis (HCA) or cellomics, it is an advanced

technique used in drug discovery and biological research and to analyse the effects
of chemical compounds, genetic materials or other biologically active molecules
on cells which alters the cell's phenotype in a desirable way (Lin et al., 2020).
HCS also provides a more detailed and multifaceted analysis of cellular responses
(Giuliano & Haskins,2010).

This Assay involved measuring changes in the physiological functions of the
cells (Vivek,2008) and comparing them with untreated and chemotherapy-treated
cells. This Assay was conducted at the University of Malaya/Department of
Pharmacy/Centre for Investigation of New Drugs in Malaysia.

The fold of change values were calculated based on the following equation:

Parameters

Fold of Change =

Control
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3-2-18-1- Contents of the (HCS) Kits
As shown in Table (3-9).

Materials and methods

Table (3-9) Components of the (HCS) Kit

Materials Concentrations

Cytochrome C Primary Antibody 75 ul
Dylight ™ 649 Conjugated Goat- Mouse Antibody 75 ul
Mitochondrial Membrane Potential Stain 1l
Permeability Stain 25 pl
Hoechst Stain 30 pl

Wash Buffer (10 X Duldeccos PBS) 100 pl

Permeabilization Buffer (10 X Duldeccos PBS with 100 pl

1% Triton X100)
Blocking Buffer (10X) 85 ul
Thin Plate Seal Assembly 7/ pack

3-2-18-2- Solution preparation

The solutions required for the HCS Assay were prepared as follows:

1) 1X Wash Buffer

This solution was prepared by taking 20 ml of 10X Wash Buffer, adding 180 ml

of distilled water and keeping the solution at 4C° for 7 days.

2) Fixation Solution

It is Prepare just before use by taking 3 ml of 16% Paraformaldehyde

solution and adding to 9 ml 1X Wash Buffer.
3) 1X Permeabilization Buffer

It is Prepared by taking 15 ml of Permeabilisation Buffer and adding it to 13.5 ml

of Wash Buffer and kept at 4C° for 7 days.
4) 1X Blocking Buffer

It is Prepared by taking 5 ml of 10X Blocking Buffer and adding it to 44 ml of

Wash Buffer and kept at 4C° for 7 days.
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5) Primary Antibody Solution

It IS Prepare the solution immediately before the examination by taking 15 ul of
Cytochrom C Primary Antibody and adding it to 6 ml of 10X Blocking Buffer.
6) Secondary Antibody Staining Solution

It is The buffer was prepared prior to the assay by taking 0.6 pl of Hoechst Stain

and 12 ul of Dylight ™ 649 Conjugated Goat- Mouse Antibody and diluted to 6
ml of 1X Blocking Buffer.

7) Live Cell Staining Solution
It is Prepared by taking 117 pl of DMSO by adding it to Mitochondrial Membrane
Potential Stain to prepare 1 ml of M Stock solution, then taking 2.1 pl of

Permeability Stain and 21 pl of Mitochondrial Membrane Potential Stain and

adding it to 6 ml of complete medium.

3-2-18-3- Procedure
1) Concentrations of BS extracted from B. bifidum , from The lowest

concentrations of BS which showed efficacy against HRT-18 cell line based on
MTT assay results, were prepared, 50 ul of different concentrations of BS were
added to the wells containing the HRT-18 colorectal cancer cell line prepared
according to (3-2-151-) at 3 replicates per concentration, and 50 ul of culture
medium was added to the negative control and positive control wells, then the
cells were incubated at 37C° for 24 hrs.

2) Then, 50 pl of live cell staining solution was added to each well, and the cells
were incubated at 37C° for 30 minutes.

3) The staining solution and medium were quietly withdrawn, then 100ul/well of
fixation solution was added and the plate was incubated at laboratory temperature
for 20 minutes.

4) The fixation solution was quietly withdrawn, then 100 ul/well of wash buffer

was added for 10 minutes.
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5) The wash buffer was withdrawn, then 100 pl/well of permeabilization buffer
was added and the plate was incubated at laboratory temperature for 10 minutes.
6) The wash buffer was withdrawn, then 100 pl/well of blocking buffer was added
and the plate was incubated at laboratory temperature for 15 minutes.

7) The blocking Buffer was withdrawn, then 50 ul/well of primary antibody
solution was added and the plate was incubated away from light at laboratory
temperature for 60 minutes.

8) The primary antibody solution was withdrawn and the plate was washed three
times with 100 pl/well of wash buffer solution.

9) The wash buffer was removed, 50l of staining solution (secondary antibodies)
was added to each well, and the plate was incubated away from light at laboratory
temperature for 60 minutes.

10) The secondary antibody staining solution was withdrawn and the plate was
washed three times with 100 pl per well in the wash buffer.

11) Then 100 ul was added to each well of the wash buffer, the plate was closed
tightly and then read by the Array Scan HCS Reader.

3-2-19- Assay Caspase 9 and Caspase 8
The Caspase assay is an optical technology (Illuminacea), from Promega that

measures Caspase activity, which plays an important role in maintaining cell
homeostasis in terms of its growth, reproduction, differentiation, and programmed
death , Caspase activity ensures the degradation of cell components in a controlled
manner, leading to cell death with minimal effects on surrounding tissues, Caspase
9 and 8 proteins are linked to programmed cell death, as they follow two paths:
the internal path, which is responsible for Caspase 9, and the external path, which
is responsible for Caspase 8 (Rongvaux et al.,2014 ; Thornberry et al.,2000 ;
Costantini et al.,2002).

Perform this Assay to determine which caspase pathway is responsible for the

programmed death of the RTH-18 colorectal cancer cell line when treated with
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different concentrations of Biosurfactant (BS) extracted from B. bifidum. It was
conducted at the University of Malaya / Department of Pharmacy / Centre for

Investigation of New Drugs in Malaysia.

3-2-19-1- Components of the 8 Caspase-9 Assay Kit
1) Caspase-Glo® 9 and 8 Buffer 10x1 mL.

2) Caspase-Glo® 9 and 8 Substrate (lyophilised).
3) MG-132 Inhibitor 30uL.

All components were stored at -20C°.

3-2-19-2- Procedure
1)HRT-18 cancer cell line cells were prepared according to paragraph (3-2-15-1),

and 100 microliters of them were added to a 96-well plate and incubated at 37C°
for 24 hours.
2) After the incubation period, the culture medium was removed and 50 ul of
prepared concentrations of (BS) extracted from B. bifidum bacteria were added to
the pits, which are (200, 100, 50, 25)ug/ml, at (3) replicates for each
concentration, with (3) replicates for the negative control pit and the positive
control pit, then the cells were incubated at a temperature of 37C°, For 30 minutes.
3) After the incubation period, the plate is allowed to equilibrate at laboratory
temperature for a short period, then 100 ul of the components of the Caspase-
Glo® Reagent kit are added to each well.
4) The contents of the plate were mixed vortexally using an Orbital Shaker at (300-
500) R/M for a period ranging from 0.5 to 2 minutes.
5) The plate was then incubated for 30 minutes at laboratory temperature, after

which the absorbance was measured using an ELISA device at 405 nm.
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3-2-20- Diphenyl Picrylhydrazyl Radical Scavenging (DPPH) Assay
The diphenyl-1-picrylhydrazyl-2,2 (DPPH) assay is one of the most common

colorimetric Assays for determining free radical scavenging in compounds and
extracts. This method is accurate, easy to perform, and economical, and provides
an examination of the general activity of antioxidants. When DPPH reacts with an
antioxidant compound, its free radical property is lost because the free radicals
will bind to biological compounds (That is, it removes electrons from other

compounds) and its color changes from violet to yellow (Zeynep et al., 2017).

3-2-20-1-Assay Kit Components
1) DPPH Reagent x 1

2) Trolox Standard x 1
3) Assay Buffer 11ml x 1

3-2-20-2- Procedure
1)HRT-18 cancer cell line cells were prepared according to paragraph (3-2-15-1),

and 100 microliters of them were added to a 96-well plate and incubated at 37C°
for 24 hours.

2) Weigh 10 mg of DPPH and add it to a 100 ml volumetric measuring vial and
add 100 ml of solvent to the vial , (methanol or ethanol) are the commonly used
solvents for DPPH solution.

3) After the incubation period, the culture medium was removed and 507 pl of
prepared concentrations of BS (200,100,50,25)ug/ml (3 replicates for each
concentration), prepared concentrations of Ascorbic acid (200,100,50,25)ug/ml (3
replicates for each concentration) and control (DPPH + solvent) were added to the
pits and the cells were incubated at 37C° for 1 hr.

4) After the incubation period, the plate was allowed to equilibrate at laboratory

temperature for a short time, then 750 pl of DPPH solution was added to each hole
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and DPPH was prepared immediately prior to use and the plate was allowed to
equilibrate at laboratory temperature.

5) The DPPH solution was removed and 507l of Trolox Standard was added and
the plate was left to stabilise at laboratory temperature for a short time.

6) Assay Buffer was then added and the contents of the plate were vortexed using
an Orbital Shaker at 300-500R\M for 0.5-2 minutes and incubated for 60 minutes
at laboratory temperature.

7) Measurement of optical density (OD) at a wavelength of 450 nm by ELISA.

3-2-21- Reactive Oxygen Species (ROS) Assay
The production of reactive oxygen species (ROS) is one of the main causes of

cell damage during energy release. ROS can damage lipids, DNA, and RNA, as
well as oxidize polyunsaturated fatty acids in lipids (lipid peroxidation), amino
acids in proteins, and specific enzymes through oxidative inactivation by co-
oxidants. This process contributes to programmed cell death (apoptosis), (ROS)
play an important role in all body functions (Nosaka & Nosaka,2017).

(ROS) are unstable molecules that contain oxygen and are byproducts of the
normal metabolic process of oxygen , they play a role in cell signaling and
balance, are used to investigate immune responses, monitor the balance between
reactive oxygen species (ROS) and antioxidants, or study their role in cancer
development (Samuni et al.,2021).

These molecules are highly reactive and come in many different forms,
examples include H202 (hydrogen peroxide), NO (nitric oxide), O,- (oxide
anion), peroxynitrite (-ONOQ) and (hydrochlorous acid) (HOCI) hydroxyl radical
(OH")! (Holmstrom & Finkel,2014).

The purpose of this assay is to provide a reactive oxygen species (ROS)
screening protocol to study the photoactivity of chemicals (Onoue et al., 2008),
which helps in identifying oxidative stress that may be responsible for tumour

development or response to treatment, monitoring the effectiveness of treatments
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and identifying drug resistance, ROS screening was conducted at University of
Malaya / Department of Pharmacy / New Drug Investigation Centre in Malaysia.
3-2-21-1- Assay Kit Components

1) ROS Assay Buffer

2) ROS Label (Staining\Dihydroethidium (DHE), Hoechst)

3)ROS Inducer , ROS inhibitor
3-2-21-2- Procedure

1) The reagents were prepared according to the manufacturer's instructions and
stored at the temperatures mentioned in the instructions, preferably immediately
before use.

2)HRT-18 cancer cell line cells were prepared according to paragraph (1-15-2-3)
at a density not exceeding 5 x 10° cells/ml. They were placed in a 96-well plate
and incubated at 37C° for 24 hours.

3) After the incubation period, the culture medium was removed and 507 ul of the
prepared concentrations of (BS) were added to the pits, which are (200, 100, 50,
25)ug/ml, at (3) replicates for each concentration, with (3) replicates for the
negative control pit to which 50 pl of the culture medium was added, and (3)
replicates for the control pit. positive, then the cells were incubated at 37C° for 24
hours.

4) After the incubation period, the plate was allowed to equilibrate at laboratory
temperature for a short period, then the pit content was removed, and 100
microliters of ROS Inducer solution was added to each pit and incubated at 37C°
for 24 hours.

5)ROS Inducer was removed from the pits and 100 pl of ROS Inducer was added
to each pit and incubated at 37C° for 30 min.

6) The reaction stain was added to all the wells containing the cells, and the
contents of the plate were mixed vortexally using an Orbital Shaker at 300-50 R\M
for 5 minutes and incubated at a temperature of 37C° for 30 minutes away from
light.
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7) Absorbance values were measured using a luminometer, which is an instrument
that measures photons of visible emitted light coming from a sample, via a

photomultiplier tube.

3-2-22- Investigation of NOX4 Gene Expression in Colorectal
Cancer Cell Line [HRT-18]

To investigate the gene expression of NOX4 gene in colorectal cancer cell line
[HRT-18] by the following steps:

3-2-22-1- Quantitative Reverse Transcription Real-Time PCR (RT-

gPCR) Assay
Quantitative Reverse Transcription Real-Time PCR (RT- gPCR) assay was

performed to measure the quantitative levels of mMRNA to indicate the amount of
gene expression of the NOX4 gene in the colorectal cancer cell line [HRT-18]
cells. The gene (GADPH) was used as a standard regulator to calculate gene
expression. This assay was performed according to the method of (Xiao-Lu et al.,
2017) as follows:

3-2-22-1-1- Total RNA Extraction by TRIzol™
Total RNA was extracted using the Trizol kit manufactured by the Korean

Pioneer Company and was performed according to the company’s instructions as

follows:

1) After treating the [HRT-18] colorectal cancer cell line with different
concentrations of the Biosurfactant extracted from B.bifidum prepared according
to paragraph (3-2-16) , 250 microliters of it was taken and distributed in 1.5 ml
tubes , and 1 ml of Trizol solution was added to it and mixed well for 2 minutes

by Vortex.

2) 200l of Chloroform alcohol was added to each tube and shaken for 15 minutes
by Vortex and the tubes were kept in the refrigerator for 10 minutes.
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3) The tubes were placed in a centrifuging device for 1 minute at 13000 R\M.

4) The supernatant was drawn off using a micropipette and placed in new
Eppendorf tubes. An equal amount of Isoprobanol alcohol was added to it. The
tubes were shaken gently by hand 4 to 5 times and the tubes were kept at a

temperature of -20C° for 10 minutes.

5) The tubes were placed in a centrifuge for 10 minutes at 13000 R\M and the

supernatant was discarded leaving the precipitate of cells.

6) 1 ml of Ethanol alcohol 80% , was added to the precipitate and mixed using a
Vortex device. The tubes were then centrifuged for 5 minutes at 13000 R\M , The
supernatant was discarded and the precipitate was allowed to dry at laboratory

temperature for 10 minutes.

7) The precipitate was preserved by adding 50 ml of Diethyl pyrocarbonate
(DEPC) water and placed in a water bath at 55-60C° for 10 minutes, after which
the extracted RNA was preserved at -70C°.

3-2-22-1-2- Measure the Concentration and Purity of Total RNA
The concentration and purity of the extracted RNA ng/ul was investigated using

a Nanodrop spectrophotometer and the purity of the RNA was measured by
reading the absorbance at 260-280 nm as follows:

1) After turning on the Nanodrop spectrophotometer, the device was zeroed by
placing 2 microliters of Free nuclease water using a sterile micropipette on the
surface of the substrate, then the substrate was cleaned with blotting papers to
measure the samples.

2) The OK key was pressed to start the RNA concentration measurement process,
1 ul of each extracted RNA sample was added, and the meter substrate was cleaned

each time to measure the other samples.
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3) The purity of the extracted Total RNA samples was determined by reading the
absorbance of the Nanodrop spectrophotometer at a wavelength of (260-280 nm).

The RNA is considered pure when the absorbance is (1.2-2).

3-2-22-1-3- DNase 1 Treatment
To remove DNA residues during the extraction process, DNase enzyme was

added to all extracted Total RNA samples according to the method of the enzyme
kit shown in the table (3-10). The mixture was then incubated in an incubator at
37C° for 30 minutes, then 1 microliter of EDTA was added to the samples and

then kept in a water bath at 65C° for 10 minutes to activate the enzyme activity.

Table (3-10) DNase Enzyme Kit

Mix Volume
Total RNA 100 ng/ul 10 ul
DNase 1 enzyme 1 ul
10X buffer 4 ul
DEPC Water 5ul
Total 20 ul

3-2-22-1-4- cDNA Synthesis
The method of manufacturing cONA complementary to cDNA from extracted

RNA samples was used by Accupower Rockscript RT Premix Kit provided by
Pioneer Korea and used for the purpose of converting RNA to cDNA. This process
was carried out according to the method of operation of the kit as shown in the
following table (3-11).

Then the components of the RT master mix in Table (3-11) were added to the
cDNA kit tubes containing the Reverse transcription enzyme and then all the tubes
were transferred to a VVortex centrifuge at 3000 R\M for 3 minutes.

Then the tubes were transferred to the Thermo Cycler and the thermal conditions

for the cDNA synthesis process were applied according to the method of the kit
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shown in Table (3-12). After that, the samples were stored at a temperature of -
20C° until they were used in the RT-PCR Assay.

Table (3-11) Reverse Transcription Reaction

RT master mix Volume
Total RNA 100 ng/ul 10 ul
Random Hexamer Primer 10 pmo 1 ul
DEPC water 9 ul
Total 20 ul

Table (3-12) Thermal Conditions for cONA Synthesis

Step Time Temperature
cDNA synthesis 1 Hour 50C°
(RT step)
Heat inactivation 5 Minutes 95C°

3-2-22-1-5- Quantitative Real-Time (PCR)
Accupower 2xGreen star qPCR Kit provided by Pioneer Korea was used to

perform gPCR of the study cDNA samples containing SYBR Green stain which
reacts with the amplified genes in the RT-PCR device as follows in Table (3-13).

Table (3-13) Preparation of gPCR Reaction Mixture for Target Gene
(NOX4) and Standard Regulator Gene (GAPDH)

gPCR Pre Mix Volume
cDNA Template 2.5 pL
Primers 10 pmol / gene-F 1.25 pL
Primers 10 pmol / gene-R 1.25 pL
2% Green star master mix 25 uL
DEPC Water 20 pL
Total 50 pL
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The components mentioned in Table (3-13) were added to the special tubes
for qPCR, then all tubes were placed in the Vortex centrifuge at a speed of 3000
rpm for 3 minutes, and the plate was transferred to the (Miniopticon Real-Time
PCR device BioRad.USA),the gqPCR Thermocycler conditions were applied to

all genes according to the method of operation of the kit as in Table (3-14).

Table (3-14) Optimal Temperature Conditions for gRT-PCR Stages for
NOX4 and GAPDH Genes

gPCR Pre Mix Volume
cDNA Template 2.5 uL
Primers 10 pmol / gene-F 1.25 pL
Primers 10 pmol / gene-R 1.25 uL
2% Green star master mix 25 pL
DEPC Water 20 uL
Total 50 pL

3-2-22-1-6- Real-Time PCR Data Analysis

To analyze the data, the method developed by (Livak & Schmittgen, 2001)
called (The A CT Method Using a reference gene) 2 “*was used for the purpose
of analyzing data resulting from quantitative real-time polymerase chain reaction
, this method depends on extracting the Relative Quantitative after correcting it so
that it becomes biologically meaningful to calculate the (fold change) in the target
genes of the current study of NOX4 gene using the conservative gene GAPDH as

a standard regulatory gene for correction.

The threshold cycle number (Ct) values of the target gene were corrected with
the Ct values of the conservative gene by quantitative expression ratio levels (fold
change) levels based on the Livak method so that one of the study samples is a
Calibrator representing Control samples , then all corrected Ct Values are divided
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with Calibrator to extract the relative expression levels (fold change) , then use

the ACT method with the correction gene as in the following steps :

1) The Ct value of the Reference gene (ref) was corrected for the gene targeting
the standard sample and the gene targeting the study sample as shown in the

following two equations :

ACt [Assay]= Ct [target , Assay] — Ct [Ref , Assay]
ACt [Control] = Ct [target , Control] — Ct [Ref , Control]

2) The ACt value of the target gene of the study sample was corrected from the
ACt value of the target gene of the control sample as shown in the following

equation:

[ AACt = ACt [Assay] - ACt [Control] ]

3) The fold change ratio of gene expression levels is calculated as shown in the

following equation:

Fold change = 2-24Ct

Whereas :

Ct [target , Assay] Indicates cycle threshold (target gene, treated sample)

Ct [Ref, Assay] Indicates cycle threshold (conservative gene, treated sample)
Ct [target , Control] Indicates cycle threshold (target gene, control sample)

Ct [Ref, Control] Indicates cycle threshold (conservative gene, control sample)
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3-2-23- Statistical Analysis
The data were statistically analyzed according to the A one way analysis of

variance (ANOVA) Assay (Tukey's Assay) and to determine the statistical and
significant differences, the statistical analysis program (SPSS) was used. The
differences were considered statistically significant and highly significant at the
level of (*p < 0.05 and **p <0.01), and the data were expressed as (Mean + SD)
using (Graph Pad Prism) version 9 (Graph Pad Software Inc., Jolla, CA).
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4-Results and Discussion

4-1- Isolation and Identification

A total of of 50 samples were collected from different sources, including
imported and local dairy products, milk cow's, and human breast milk , the study
samples included 30 (60%) imported and local dairy products gave 2 (40%)
samples were positive for Bifidobacterium bifidum , collected of the cow's milk
15 (30%) gave 2 (40%) gave positive results , from breast milk 5 (10%) this
gaved 1 (20%) positive sample as shown in Table (1-4).

Table (4-1) Numbers and Percentages of B. bifidum Samples from Different

Isolation Sources

Number of
N Insulation Number of | Percentage | positive | Percentage
sources samples samples
1. | Imported and
local dairy 30 %60 2 %40
products
2. Cow's milk 15 %30 2 %40
3. Breast milk 5 %10 1 %20
Total 50 %100 5 %100

Bifidobacterium bifidum was isolated from dairy products, cow's milk and
human milk after purification of the isolates on MRS-L-Cystiene-HCL medium ,
the isolates were identified by the morphological characteristics of the growing
colonies, which appeared as cream-coloured, convex, circular colonies resembling
dewdrops , It has a smell similar to the smell of fermenting milk as in the picture
(4-1).
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Microscopic characteristics were identified by staining with Gram stain, and
the result was positive for Gram stain , it grows under anaerobic conditions in the
form of short rods, singly or in binary aggregates, and does not form spores, as
shown in Table (4-2).

It was identified by biochemical Assays and was negative for KOH Assay
negative for Oxidase and Catalase, non-producer of Indole from tryptophan,
negative for Citrate consumption, negative for Urease, non-gelatin and Starch
degrader, negative for Ammonia production from arginine , negative for Nitrate
reduction, non-degradable for casein, Lecithin and Lipase, non-Motile, Grows at
temperatures ranging between (35-45C°) and does not Grow at temperatures
ranging between (5-15C°) and negative for Gas production as shown in Table
(4-3).

It was also diagnosed based on the fermentation of sugars. It ferments Glucose,
Fructose, Galactose, Sucrose, Lactose, Raffinose and Maltose, and does not
ferment Mannose, Arabinose, Xylol and Menthol , as shown in Table (4-4), these

results are consistent with what was reported in the (Bergeys Manual,2012).
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Picture (4-1) Colonies of B. bifidum Growing on Solid MRS-L-Cystiene-
HCL Medium

Table (4-2) Phenotypic Assays for Diagnosing B. bifidum Isolated from

Different Sources

N The Assay Assay Result
1 Gram Stain +
2. Growth Aerobic -
3 Growth Anerobic +
4. Morphology Rods +
-2 Negative Assay

+: Positive Assay
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Table (4-3) Biochemical Assays for the Diagnosis of B. bifidum Isolated

from Different Sources

N The test Test result
1. Ammonia from arginine -
2. Catalase -
3. Citrate Utilization -
4. Gas production -
5. Gasein hydrolysis -
6. Gelatinase -
7. Growth temperature (35-45) +
8. Growth temperature (5-15) -
9. Indole -
10. KOH -
11. Lecethinase -
12. Lipase -
13. Motility test -
14, Nitrate Reduction -
15. Oxidase -
16. Starch hydrolysis -
17, Urease -

-2 Negative Assay

+: Positive Assay
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Table (4-4) Fermentation of Sugars for the Diagnosis of B. bifidum Isolated

from Different Sources

pd

Sugar name Test result

Arabinose -

Fructose

Galactose

Glucose

Lactose

+| +| | +| +

Maltose

Mannose -
Manthol -

©OEGel ~Npo O R N

Raffinose +

[EEN
=

Sucrose +

11. Xylol -

- Negative Assay

+: Positive Assay

4-2- Bacterial Diagnosis Using VITEK- 2 Compact System —

Identification

To obtain a more accurate diagnosis of B. bifidum isolates, diagnostic Assaying
was performed using the VITEK-2 device technology, it is one of the devices that
identifies the types of microorganisms within a short period of time and
accurately. The device was developed by the French company Biomerieux ,
automatically identifies the type of bacteria in the device by performing 64
Biochemical Assays without the need for any other Assays .

In the present study, a diagnostic card for Gram-positive anaerobic bacteria was
used , its most important feature is that it recognizes living cells only using the
identification card , the diagnostic level of the organism is determined by its Assay

map and compared to the classification characteristics of the device , it gives the
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organism a probability percentage in diagnosis. For example, if the probability
percentage is 96-99%, then it is at an excellent confidence level (Mondelli et
al.,2012), The diagnosis result in the VITEK-2 device showed that all isolates

belonged to B. bifidum bacteria.

4-3- Molecular Diagnosis of B. bifidum Using (PCR)

Conventional diagnostic techniques are the main methods used in the diagnosis
of bacterial isolates, although they take a long time , it requires many biochemical
Assays and can often be expensive, especially when used to diagnose fastidous
organisms, therefore, molecular diagnostic methods using Polymerase Chain
Reaction technology are the best alternative as they are a rapid, Highly sensitive
and specialised despite the high cost (Clifford et al., 2012).

In the current study, the 16S rRNA gene was used to diagnose B. bifidum with
a Pack size of 379, using Specialized qualitative prefixesfor this gene , this gene
IS characterized by high stability and unchangeable over time , therefore, it is a
good criterion for diagnosis (Janda & Abbott et al.,2007).

The 16S rRNA gene also contains highly variable regions. between bacterial
species this will provide a specific sequence in each type of bacteria that will help
in identifying the species (Elgaml et al.,2013; Biswas,2024).

The results showed that the five isolates belonged to B.bifidum bacteria, as shown
in the picture (4-2), which shows that the primer specific to the gene (16S rRNA),
which is (379 bp) in size, was effective in amplifying this gene.
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1500 bp
1000 bp
400 bp
300 bp
200 bp 379bp

100 bp

16S rRNA

Picture (4-2) Electrophoresis of the PCR Product of B. bifidum Using the
16S rRNA Gene-Specific Primer (379 bp), 1.5% gel Concentration and 70V
Voltage, for 50 Minutes

4-4- Ability of B. bifidum to Produce Biosurfactant

The potential of bacteria to produce Biosurfactant (BS) was investigated by
performing an oil spreding technique , after diagnosing and confirming the
isolates, a positive result was shown in the ability of all bacterial isolates to
displace oils, which is evidence of the bacteria’s ability to produce a Biosurfactant
dispersant as in picture (4-3).

A study conducted in India showed the ability of Pseudomonas spp. isolated
from oil-saturated soil to produce Biosurfactant (Anandaraj & Thivakaran,2010),
another study conducted in Spain Assayed the ability of Lactobacillus spp.

bacteria to produce surface bio-dispersants (Rodrigues et al.,2006).
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Picture (4-3) Ability of B. bifidum to Produce Biosurfactant (BS)
by Oil Dispersion Assay

4-5- Emulsification index (E24%o) of B. bifidum Isolates

The results of the Emulsification Index (E24%) test for B. bifidum isolates, the
appearance of a foam layer after 24 hours of interaction of the bacterial culture
with kerosene — indicate the ability of the bacteria to produce Biosurfactants of
the glycolipids type, This indicates that the bacteria have the ability to emulsify
fats, As in picture (4-4).

Picture (4-4) Emulsification Index (E24%) of B. bifidum Isolates in
Kerosene
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This ability is essential not only in evaluating the physical properties of a
compound, such as reducing surface tension, but also in confirming the functional
role of these compounds in biological applications, Isolates that achieved E24
positive results demonstrate their ability to stabilize water—oil emulsions, a
behavior clearly indicative of efficient glycolipid production. Glycolipids are
among the most important classes of low-molecular-weight biosurfactants known
for their ability to reduce surface tension by up to 90% compared to the water—oil
interface. (Rahman et al.,2010).

Recent studies have shown that Glycolipid Biosurfactants are effective in
biosensing and also possess strong antibacterial and antifungal properties and
reduce the formation of Biofilms by pathogenic microorganisms. This enhances
their potential for use in Biomedicine, the success of B.bifidum isolates in forming
self-emulsions is an indication of their stability and ability to cope with changing
temperatures and environmental conditions (Huang et al.,2021).

Compared to other sources of Biosurfactants, Glycolipids are often extracted
from fungi, Pseudomonas, and Candida, However, their production in human-
based probiotic bacteria such as B.bifidum is promising, given their
biocompatibility and bioavailability with the human body, Glycolipid
Biosurfactants have anticancer properties and selective cytotoxicity. Studies have
shown that some Glycolipids (such as Rhamnolipids and Sophorolipids) have a
selective effect against cancer cells without significant harmful effects on normal
cells, making them promising candidates as therapeutic or adjuvant agents for

chemotherapy (Huang et al.,2021).

4-6- Biosurfactant (BS) Produced from B. bifidum

After extracting the Biosurfactant from the culture of B. bifidum anaerobically
activated in MRS-L-Cysteine medium and after completing all extraction steps,

the (BS) was collected by separating the filtrate from the sediment containing the
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Biosurfactant dispersant as shown in picture (4-5), then it is dried with a

Lyophilizer to obtain a white powder with a pale yellow color, as shown in picture
(4-6).

Pictures (4-6) Biosurfactant

Pictures (4-5) Precipitate of

B. bifidum Bacteria after Lyophilization

These results were close to the results of the study (AL-Mjalawi,2015) in which
the Biosurfactant produced from Bifidobacterium spp. was extracted to inhibit the
biofilm of pathogens isolated from cardiac catheterization patients and its effect

on the phagocytosis process.

As shown by the results of another study in which the Biosurfactant
Rhaminolipids were extracted from Pseudomonas aeruginosa bacteria (Salleh et
al.,2011), another study showed that the probiotic bacteria Lactobacillus produces
the Biosurfactant Glycosyldiglyceriodes, which exhibits antimicrobial activity

and inhibits the adhesion of pathogens (Gudin et al.,2010).

Another study showed that Biosurfactants have high effectiveness in reducing

the percentage of pathogenic bacteria without inhibiting cell growth through
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changes that occur on the surface of the bacteria, represented by surface tension
and the charge of the bacterial cell wall (Roderigues et al.,2006), Another study
by (Walencka et al.,2008), confirmed that Biosurfactants play an twa done in

amplifying the interaction between cells and different cell surfaces.

4-7- Detection of the Counteractive Activity of Biosurfactant in
Colorectal Cancer cell Line [HRT-18]

The anti-Biosurfactant activity in [HRT-18] cell line was revealed by the

following :

4-7-1- Cytotoxicity Results of Biosurfactant (BS)

Cytotoxicity assay MTT was used to investigate the toxic effect of
Biosurfactant (BS) extracted from B. bifidum on [HRT-18] colorectal cancer cell
line. This Assay is based on the conversion of MTT [3-(4-5dimethylthiazol-
2yl)2,5-dipheny tetrazolium bromide] yellow by the enzyme succinate
dehydrogenase (found in mitochondria) to the insoluble purple formazan Shown
in picture (4-7) and pictures A , B (4-8), images showing [HRT-18] cell line ,
normal HDFn cells after treatment with Biosurfactant.

The Assay results showed that the Biosurfactant (BS) had good efficacy against
the [HRT-18] colorectal cancer cell line, as it inhibited the cells by (68.4, 61.3,
48.3, 36, 24.4)%. The Biosurfactant (BS) did not show acute cytotoxicity on
normal HDFn cells, as the inhibition rates ranged (19.6, 12.7, 6.7, 5.6, 4.7)% at
concentrations (400, 200, 100, 50, 25) ug/ml, respectively, as shown in Table (4-
5).
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HdFn + (BS) HRT-18 + (BS) HRT-18 + FOLFOX

Negative control

400 pg ml
200 pg ml
100 pg ml
50 pg ml

25 pg ml

Picture (4-7) MTT Assay Plate of the Color Change to Purple for Formazan
After Exposure of the [HRT-18] and [HDFn]Cell Line to different
Concentrations of (BS), FOLFOX for 24 Hours at 37°C.

Picture (4-8) A [HRT-18] Cancer Cells Picture (4-8) B [HdFn] Normal Cell
Line After Treatment with Line After Treatment with

Biosurfactant (BS) Biosurfactant (BS)

"At 40x magnification and a concentration of 200 pg/mL"
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Table (4-5) Effect of Biosurfactant (BS) Extracted from B.bifidum on
Colorectal Cancer Cell Line [HRT-18] and Normal Cell Line [HDFn] Using
MTT Assay for 24 Hours Exposure Time at 37C°

(BS)

Dead cell / Inhibition % (Mean+SD) p value

Concen. HDFn HRT-18
Hg mi

400 19.56+0.75 68.44+1.34 <0.0001

**

200 12.73+0.9 61.35+1.63 <0.0001

**

100 6.75%0.29 48.30+4.82 <0.0001

*%x

S0 5.63+0.60 36.00+2.78 <0.0001

*%

25 4.67+0.52 24.42+3.22 0.0005

**

** pvalue <0.01

In addition, the results showed significant differences (P<0.0001) in the
calculation of IC50 when treating [HRT-18] cancer cells with the Biosurfactant
(BS), which reached (53.4) ug/ml, the normal cell line HDFn reached (93.2)
ug/ml, as shown in Figure (4-1).

Recent research has indicated that probiotics can affect the growth of cancer
cells and reduce their ability to spread, although studies specifically focusing on
the [HRT-18] cell line are still limited, findings from other studies suggest that B.
bifidum may have inhibitory effects on tumor growth (Sankarapandian et al.,
2022).

Several studies have also indicated the potential effects of B. bifidum probiotics

and that certain strains of Bifidobacterium can boost the body's immune response,
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which may help reduce tumours, for example these strains promote the production
of interferon-y, an important molecule in the immune response (Pei et al.,2024).

There is also evidence to suggest that B. bifidum can interact with
chemotherapies and act synergistically increasing the effectiveness of treatments
such as Oxaliplatin, this interaction may have a positive effect on [HRT-18] cells,
enhancing the effectiveness of chemotherapy used to treat colon cancer (Lee et
al.,2021).

Recent research has confirmed that B. bifidum may have positive effects on
colon cancer cells, including enhancing the immune response and improving the
efficacy of chemotherapy treatments. However, further studies are still needed to
determine the exact mechanisms and how to apply these findings in clinical
treatments (Faghfoori et al.,2021).
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Figure (4-1) 1C50 curve (mean+SD%o) for the Colorectal Cancer Cell Line
[HRT-18] and the normal cell line [HDFn] when treated with the (BS) extracted
from B. bifidum using the MTT Assay at 37C°, 5% CO2 for 24 Hours.
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4-7-2- Results of Cytotoxicity Assay of Chemotherapy (FOLFOX)

The results of the MTT cytotoxicity assay when the colorectal cancer cell line
[HRT-18] and a normal cell line were treated with FOLFOX at different
concentrations showed inhibition , the inhibition rates in the [HRT-18] cell line
were (56.7, 48.8, 33.6, 19.6, 6.3)%, The inhibition rates in the normal cell line
were (28, 17, 6.9, 5.9, 3.2)% at concentrations of (400, 200, 100, 50, 25) ug/ml ,
respectively is shown in Table (4-6). The results of calculating the IC50 for [HRT-
18] cancer cells were (77.1) pg/ml and for the normal cell line [HDFn] (98.3)
ug/ml, shown in Figure (4-2).

Table (4-6) Effect of FOLFOX on the Colorectal Cancer Cell Line
[HRT-18] and the Normal Cell Line HDFn Using the MTT Assay at 37C°,
5% CO2 for 24 Hours

FOLFOX

Dead cell / Inhibition % (Mean+SD)

Concen.
g ML HdFn

HRT-18

400

28.05%3.05

56.76+2.74

0.0003 **

200

17.09+0.57

48.81+2.59

<0.0001

**

100

6.91+3.74

33.65+3.48

0.0008 **

S0

5.94+1.38

19.65+1.64

0.0004

**

25

3.20+0.94

6.38+4.04

0.2553
NS

** p value <£0.01, NS: Non-Significant
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Figure (4-2) IC50 Curve (meantSD%) for [HRT-18] Colorectal Cancer Cell
Line and [HDFn] Normal Cell Line Treated with FOLFOX , Using MTT
Assay at 37C°, 5% CO2 for 24 Hours

The results of calculating the 1C50 for treating the cancer cell line [HRT-18]
with (BS) showed that it reached 53.4ug/ml, which is lower compared to the
chemotherapy FOLFOX used as an effective drug against colorectal cancer, which
reached 77.1 pug/ml, and (BS) showed less killing effectiveness against normal
HDFn cells compared to the chemotherapy FOLFOX.

FOLFOX is a combination chemotherapy consisting of 5-fluorouracil, folinic
acid and oxaliplatin, also called oxaliplatin de Gramont or OXMdG, it is used to
treat colorectal cancer. Researchers have studied the effect of FOLFOX on
tumour and normal cell lines under specific conditions using the MTT assay to
evaluate the effect of this treatment (Rothenberg et al.,2003).

FOLFOX can also have a significant inhibitory effect on colorectal cancer cell
growth and the results of a study indicated a significant reduction in cell survival

after exposure (Kowalewicz-Kulbat et al.,2023)
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The results of another study showed that FOLFOX affects normal cell lines,
however, the response may vary depending on the biological characteristics of
each cell line, and it is important to note that this treatment may cause cytotoxicity
affecting healthy cells, necessitating the development of strategies to mitigate
these adverse effects (Zhou et al.,2022). FOLFOX is also thought to work by
inhibiting DNA synthesis, leading to cancer cell death, as oxaliplatin interacts
with cell DNA, causing a cellular response leading to programmed cell death
(Park et al.,2005).

Clinical studies have shown its efficacy in improving survival rates, however,
the development of treatment resistance calls for the search for new strategies to
optimise the efficacy of FOLFOX (Narayan et al.,2022).

The current study indicated that FOLFOX has inhibitory effects against the
[HRT-18] and [HDFn] cell line, with differences in response between the two
lines, while BS has the same inhibitory effects on the [HRT-18] cancer line with
significantly less toxic effects on the normal [HDFn] cell line. The MTT assay is
an effective tool to assess these effects, providing valuable information for the
development of new therapeutic strategies.

The results showed significant differences of P<0.0001 between (BS) and
FOLFOX in the HRT-18 cancer cell line at concentrations (400, 200, 100, 50, 25)
ug/ml, shown in Figure (4-3).

The results showed significant differences between (BS) and FOLFOX in the
normal HDFn cell line at concentrations of (400, 200) pg/ml and no significant

differences at concentrations of (100, 50, 25) pug/ml as shown in Figure (4-4).
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Figure (4-3) Comparison of the Effect of the Biosurfactant and the
FOLFOX on the [HRT-18] Cell Line Using the MTT
Assay at 37C°, 5% CO2 for 24 Hours
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Figure (4-4) Comparison of the Effect of the Biosurfactant and the
FOLFOX on the Normal [HDFn] Cell Line Using the MTT Assay at 37C°,
5% CO2 for 24 Hours
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According to the Food and Drug Administration (FDA), the IC50 value
represents the concentration of a drug required to inhibit 50% of in-vitro reactions,
and is comparable to the EC50 value, which represents the concentration or dose
effective in producing 50% of the maximum response to an inhibitory drug
substance, the EC50 value also represents the concentration of serum or plasma
required to achieve 50% of the effect in living cells.

The IC50 value is calculated in several ways, including using a curve fitting
program, or through a point-to-point analysis that uses internal Excel templates.
The raw data (relative fluorescent units or scintillation units) is plotted against the
drug concentration, or using Excel and according to the basic equation for IC50 is
IC50 = -log10 (x/C), where x is the concentration of the compound and C is the

concentration of the inhibitor.

Several studies have confirmed the efficacy of probiotics in terms of their anti-
cancer effects such as affecting pathogenic bacteria, inactivating carcinogenic
compounds, especially those derived from food with different rates of inhibition
depending on the concentration and type of cancer cell line (Saber et al.,2017).
The results of another study showed the effectiveness of Probiotics in
strengthening the gut barrier and reducing the risk of colorectal cancer (Kuugbee
et al.,2016).

Other studies have confirmed the role of Bifidobacterium in inhibiting many
pathogens due to its ability to lower the pH by producing lactic acid and acetic
acid (Turroni et al.,2017). In the results of another study, it was indicated that
some types of Bifidobacterium are able to reduce DNA damage caused by
carcinogens, pre-tumor lesions, and tumors in the colon (Liboredo et al.,2013). It
also confirmed the ability of B. bifidum and B. infantum to change the gut
microbiota and reduce the development of colon cancer (Kuugbee et al.,2016).

A recent study investigated the effect of Bifidobacterium breve, Lactobacillus

reuteri, and ten other Lactobacillus and Bifidobacterium strains on the human
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colon adenocarcinoma cell line (LS174T) in a colorectal cancer model. This study
demonstrated the potential of Bifidobacteria therapy due to their high cytotoxicity
which causes apoptosis on LS174T cells compared to other bacterial therapies
(Asadollahi et al.,2020).

In another study, the anticancer effect of SPM0212 extract purified from
Bifidobacterium adolescentis isolated from faecal samples of healthy people on
human colon cancer cell lines (Caco-2, HT-29, and SW480) was reported and the
results showed that the extract was significantly effective and inhibited the

proliferation of these cancer cell (Lee et al.,2008).

4-7-3- High Content Screening (HCS)

This assay was used to measure additional cellular markers of the [HRT-18]
colorectal cancer cell line and to confirm the efficacy of the Biosurfactant (BS) ,
including Viable Cell Count (VCC), Total Nuclear Intensity (TNI), Cell
Membrane Permeability (CMP), Mitochondrial Membrane Potential (MMP) and
Cytochrome C Releasing (CC), this is done by detecting the changes in the cells,
as shown in picture (4-9). The Assay included several concentrations of bio-
surfactant (BS) that showed effectiveness in the MTT Assay, namely
(200, 100, 50, 25)ug /ml.

All treatments were compared with the negative control (Untreated) and the
positive control FOLFOX at a concentration of 200 pg /ml.The results of the
(HCS) examination shown in Table (4-7) A,B showed the following.

The study documented the efficacy of (BS) on the [HRT-18] cell line, resulting
in a significant decrease in the number of live cancer cells, an increase in nuclear
staining intensity, higher membrane permeability, a decrease in mitochondrial
potential, and an increase in cytochrome C releasing, the resulting biochemical
indicators, namely a decrease in MMP, indicate mitochondrial dysfunction and

the onset of programmed cell death.
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Chapter Four
1 2 3 4
TNI CMP MMP Cyto C Composite
FOLFOX
200 pg / Ml
Negative
ctrl (Cell
Untreated)
— 200 pg / Ml
R
100 pg / M e
(BS)—= QJ
50 pg / Ml
~— 25ug/ Ml

Picture (4-9) Multi-Indicator Cytotoxicity (HCS) Analysis of [HRT-18] Cells
Treated with Different Concentrations of (BS)
After 24 Hours of Incubation at 37C°

Channel 1: Hoechst Stain\ Channel
2: Cell Membrane Permeability Staining\ Channel
3: Mitochondrial Membrane Potential Staining Channel
4: Cytochrome C Staining
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Table (4-7) A Multi-parameter Cytotoxicity (HCS) Analysis of
[HRT-18] Cells Treated with (BS) Extract from B. bifidum at Different

Concentrations After 24 Hours of Incubation at 37C°

Param Mean = SD Fluorescent Intensity (RFU)% Si| p LS
eters g. |Valu| D
Contr | FOLF BS Concentration in pg / mL e (F
ol OX Val
200 g 200 100 50 25 ue)
/ mL
VCC | 4588+ | 2656+ | 2596+ | 3181+ | 3991+ | 4593+ | * | <0.0 | 47.4
77.1 292.7 68.6 8.0 3321 | 7212 | * | 001 | 2
TNI | 477.5+ | 575.5+ | 652.5+ | 548.0+ | 484.5+ | 470.5+ | * | 0.00 | 28.8
3.6 41.7 4.9 7.1a 14.9 9.2 * 04 5
CMP | 153.0+ | 220.5+ | 224.5+ | 152.5+ | 156.5+ | 155.0+ | * | 0.00 | 15.4
2.8 17.7 14.9 16.3 12.02 4.2 * | 23 4
MMP | 748.0+ | 500.0+ | 431.0+ | 617.0+ | 747.5+ | 7475+ | * | <0.0 | 56.8
10.0 14.14 5.7 7.07 9.2 1.7 * | 001
Cyto C | 443.5+ | 654.0+ | 640.0+ | 540.5+ | 446.0+ | 453.0+ | * | 0.00 | 29.1
2.1 46.7 22.6 31.8 1.4 156 | * | 04 9

** 1 < 0.01,

Table (4-7) B Fold of change

Control FOLFOX (BS) Concentration in pug / Ml

200 100 50 25

VCC 1.0 0.58 0.57 0.69 0.87
1.00

TNI 1.0 1.21 1.37 1.15 1.01
0.99

CMP 1.0 1.44 1.47 1.00 1.02
1.01

MMP 1.0 0.67 0.58 0.82 1.00
1.00

Cyto c 1.0 1.47 1.44 1.22 1.01
1.02
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The First Indicator: Viable Cell Count (VCC) Estimation

The results of cell viability estimation confirmed the findings of the MTT
Assay, showing a significant decrease p<0.0001in the viability of HRT-18 cells at
concentrations of (200, 100)pg/ml , with reductions of (57, 69)%, respectively ,
meanwhile no significant difference was observed at concentrations of (50,
25)pug/ml where cell viability was (87, 100)% , respectively, compared to the
negative control (Untreated cells). The results showed no significant difference
between the effect (BS) at a concentration of 200ug/ml and the FOLFOX at the

same concentration, as shown in Figure (4-5).
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Figure (4-5) Effect of Different Concentrations of Biosurfactant (BS)
Extracted from B. bifidum and FOLFOX on the (VCC) of [HRT-18] Cells
Using the HCS Assay After 24 Hours of Incubation at a Temperature of
37C°
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The MTT assay measures the metabolic activity of cells, while VCC measures
the number of cells capable of surviving and proliferating, the MTT assay
measures the metabolic activity of cells, while VCC measures the number of cells
capable of surviving and proliferating, the count (VCC) results confirm the MTT
assay results, indicating a significant decrease in the viability of [HRT-18] cells
at concentrations of 100 and 200ug/ml. In contrast, no significant difference in
cell viability was observed at concentrations of 25 and 50ug/ml compared to
untreated cells, which enhances the reliability of the results, In addition, there was
no significant difference between the effects of (BS) and FOLFOX at a

concentration of 200 pg/ml.

The significant decrease in cell viability at high concentrations of 200 and
100pg/ml indicates that (B) may have a toxic effect on the [HRT-18] cell line.
This effect could be caused by different mechanisms, such as inducing apoptosis
or necrosis , the lack of significant effect on cell viability at low concentrations
50 and 25ug/ml suggests that these concentrations may be safe or ineffective;
these concentrations may be insufficient to cause significant toxic effects on cells,
the lack of significant difference between the effects of (BS) and FOLFOX
suggests that they may have similar efficacy under the tested conditions for the

treatment of colorectal cancer (Louis&Siagel,2011).

The Second Indicator: Total Nuclear Intensity (TNI)

The examination of morphological changes in HRT-18 colon and rectal cancer
cells was based on staining the cells with Hoechst stain , the results of (TNI)
showed a significant increase when treated with the (BS) at concentrations of
(200, 100)ug/ml compared to the negative control (Untreated cells), with an
increase of (37, 15)% respectively, as for concentrations (50, 25)ug/ml no
significant differences were shown in the increase in (TNI) , the results showed

no significant difference between the effect of (BS) at a concentration of 200ug/ml
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and FOLFOX at a concentration of 200pg/ml on the Total Nuclear Intensity
shown in Figure (4-6).
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Figure (4-6) Effect of Different Concentrations of Biosurfactant (BS)
Extracted from B. bifidum and FOLFOX on the (TNI) of [HRT-18] Cells
Using the HCS Assay After 24 Hours of Incubation at 37C°

The results showed that treatment with (BS) at concentrations of 200 and 100
pug/ml resulted in a significant increase in TNI compared to untreated cells
(negative control). this increase in nuclear fluorescence intensity indicates
chromatin condensation or the onset of apoptosis, a sign of the cytotoxic effect of
(BS) on [HRT-18] colorectal cancer cells.

In contrast, lower concentrations 50 and 25ug/ml showed no significant change,
indicating that the effect of (BS) is dose-dependent, which is common in research
on anti-cancer agents (Miyake et al.,2020). Furthermore, the lack of a significant
difference between the effect of (BS) at a concentration of 200ug/ml and that of
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FOLFOX at the same concentration reinforces the effectiveness of (BS) as an

alternative or adjunct to conventional chemotherapy.

The current study supports recent studies showing that some Biosurfactant
glycolipids have the ability to induce apoptosis through multiple mechanisms,
including increased cell membrane permeability and effects on nuclear integrity,
as reflected in measurements such as TNI, Nuclear morphology is a characteristic

feature of programmed cell death (Hsu et al.,2025).

The Third Indicator: Cell Membrane Permeability (CMP)

The results showed significant differences for the (BS) at a concentration of
200 pg/ml, with a percentage of 47%, however, at concentrations (100, 50, 25)
ug/ml no significant differences were shown compared to the negative control
(untreated cells). The results indicated no significant difference between the
effects of the (BS) at a concentration of 200 pg/ml and the FOLFOX at the same

concentration, both resulting of 44%, as shown in Figure (4-7).
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Figure (4-7) Effect of Different concentrations of Biosurfactant (BS)
extracted from B. bifidum and FOLFOX on the (CMP) of [HRT-18] cell
membrane using the HCS Assay after 24 hours of incubation at 37C°
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The results indicate that (BS) significantly affects cell membrane permeability
at a concentration of 200ug/ml. However, no significant effects were observed at
lower concentrations 100, 50 and 25ug/ml compared to the untreated control, in
addition, the effect of (BS) at 200ug/ml was similar to that of FOLFOX at the

same concentration.

The observation indicates that (BS) has a significant effect at high
concentrations with a dose-dependent response, this is consistent with many
biological and pharmacological phenomena where a threshold concentration must
be reached to produce an effect the reason may be saturation of binding sites on
the cell membrane or the need for a higher concentration of (BS) to disrupt the

membrane structure.

(BS) may cause temporary holes in the membrane, facilitating the passage of
molecules that are normally restricted or (BS) may bind to membrane proteins and
affect their function impairing membrane integrity Cell membrane because

permeability is an indicator of its integrity (Rems et al.,2019).

The lack of significant difference between the effects of (BS) and FOLFOX at

a concentration of 200pug/ml indicates that they have similar efficacy in altering

membrane permeability.

The Fourth Indicator: Mitochondrial Membrane Potential (MMP)

Membrane strength is a hallmark of mitochondrial integrity, and membrane
depolarization is an indicator of mitochondrial dysfunction, which is increasingly
affected by drug toxicity and is an effective characterization of cell death signals
as the efficiency of MMP decreases, cytokines present on the cell wall, including
cytochrome C, is be released, that is as the MMP decreases, the CC mentioned as
the fifth indicator in the HCS Assay increases (Zorova et al., 2017).

The results showed that the concentrations of the Biosurfactant (100, 200)
ug/ml caused a reduction in the (MMP) by (58, 82)%, respectively , the results of
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this indicator showed no significant differences in the concentrations (50, 25)
Kg/ml compared to the negative control (untreated cells) . The results showed no
significant difference between the effect of the (BS) at a concentration of (200)
pug/ml and the FOLFOX at a concentration of 200ug/ml, which amounted to

(67)% on the s Mitochondrial Membrane Potential shown in Figure (4-8).
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Figure (4-8) Effect of Different Concentrations of Biosurfactant (BS)
Extracted from B. bifidum and FOLFOX on the (MMP) of [HRT-18] Cells
Using the HCS Assay After 24 Hours of Incubation at a Temperature of
37C°

In this study, the use of the biosurfactant (BS) at concentrations of 100 and
200 pg/ml led to a significant decrease in MMP. This sharp decrease indicates
that the substance caused a disruption in mitochondrial function, which may
activate the intrinsic apoptosis pathway. This conclusion is supported by the
increase in cytochrome C secretion another indicator studied in the same
experiment, when MMP decreased, indicating the breakdown of the inner

mitochondrial membrane.
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It is noteworthy that the effect of biomaterial (BS) at a concentration of 200
ug/ml was almost similar to that of FOLFOX at the same concentration , which
reinforces the possibility of using these natural compounds as alternatives or
adjuvants to traditional chemotherapy treatments, especially since they may
exhibit selective toxicity towards cancer cells without strongly affecting normal

cells, as shown in some recent studies.

At the lower concentrations 25 and 50 pug/ml, there was no significant effect
on mitochondrial membrane potential, indicating a dose-dependent effect, which
Is an important feature in assessing the efficacy and toxicity of compounds in

preclinical studies (Li et al,.2022).

The Fifth Indicator: Cytochrome C Releasing (CC)

The results showed a significant increase in the amount of cytochrome C
released from mitochondria when treated with (BS) at concentrations of (100,
200) pg/ml by (44, 22)%, respectively , no significant differences were found at
concentrations of (25, 50) ug/ml compared to the negative control , the results
showed no significant difference between the effect of the (BS) at a concentration
of (200) pg/ml and the FOLFOX at a concentration of (200)ug/ml which increased

by (47)% over the negative control, as shown in Figure (4-9).

The current study indicates that (BS) stimulates Cyt C release in a dose-
dependent manner, with high concentrations 100 and 200 pg/ml leading to a
marked increase in cytochrome C release mechanisms, the effect of (BS) on Cyt
C release at a concentration of 200ug/ml is similar to that of FOLOX, which acts
by damaging DNA and inhibiting cell division, leading to cell cycle arrest and cell
death. Oxaliplatin is a major component of FOLFOX, stimulating DNA cross-
links.

Cytochrome C is a therapeutic target due to its role in cell death. Cyt c has been

explored as an anti-cancer agent some studies are investigating the delivery of
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exogenous Cyt ¢ to cancer cells to induce cell death, particularly in cancers where
cell death pathways are impaired, blood levels of Cyt ¢ could serve as a marker to

assess the efficacy of cancer therapies (José et al.,2001).
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Figure (4-9) The Effect of Different Concentrations of Biosurfactant (BS)
Extracted from B. bifidum and FOLFOX on the Release of Cytochrome C
from [HRT-18] Cells Using the HCS Assay After 24 Hours of Incubation at
37C°

In the current study, High Content Screening (HCS) was used, also known as
High Content Analysis or cellomics, this is an advanced technique used in
biological research and drug discovery to analyze the effects of chemical
compounds, genetic materials, or other biologically active molecules on cells. It
aims to modify the phenotypic characteristics of the cells in a desired manner and
investigate the resulting final phenotype of the cells. It also provides a more
detailed and multifaceted analysis of cellular responses (Lin et al.,2020).

This assay included the measurement and monitoring of changes in Viable Cell
Count, Total Nuclear Intensity, Cell Membrane Permeability, Mitochondrial
Membrane Potential and Cytochrome C, as reported by (Vivek,2008), and
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comparing them with untreated cells and the efficacy of the treatment. Thus, it
holds particular value in complex and multifactorial diseases, such as neurological

disorders or cancers in general (Li et al.,2015).

The results of the cytotoxicity evaluation of the studied indicators after treating
them with different concentrations of the Biosurfactant (BS) extracted from B.
bifidum. In addition the FOLFOX chemotherapy was introduced at a
concentration of 200 pug/ml as a positive control, being an effective treatment
against colon and rectal cancer, along with the necessary stains, and compared to
the negative control of untreated cells after incubation at 37C° for 24 hours ,
observed Significant effects on most cellular indicators with increasing
concentrations of (BS) in the [HRT-18] cell line, particularly at concentrations of
(200,100)pug/ml, when compared to the negative control and in comparison to the
FOLFOX at a concentration of 200ug/ml, The Biosurfactant (BS) at a
concentration of 200 ug/ml did not show significant differences at p<0.05. this
clearly indicates that (BS) could be a promising treatment for colorectal cancer
after successful clinical Assays at appropriate doses. this is attributed to

programmed cell death by the effect of cytotoxicity.

The current study found clear effects on cellular markers that induce cells to
enter the apoptosis process. One of the most important features of the early stages
of programmed cell death is the disruption of mitochondrial activity, changes in
the permeability of their membranes, and the redox system within them, which
leads to the opening of membrane pores and allows the passage of ions and small
molecules across the membrane, which leads to an imbalance in the ionic balance,
which in turn leads to the separation of the respiratory chain and the release of
Cytochrome C inside the cell (Elkholi et al.,2014).

The results of the current study were similar to the results of another study

aimed at improving drug options for patients with colorectal cancer because these
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patients are the first to receive targeted therapies that aim to prevent cancer-
causing proteins from growing out of control while preserving as much healthy
tissue as possible. However, some patients are unresponsive to these treatments
because they have cancer-inducing mutations, which are believed to be the main
reason for resistance to these treatments (Thomas et al.,2019), as many colorectal
cancer patients who have used all known treatment options but are still suffering
from the progression of their cancer are in need of new treatments.

Although FOLFOX is an effective chemotherapy that kills harmful cancer cells,
it may damage normal cells and healthy tissues and cause a range of side effects ,
of every 100 people who receive FOLFOX, 3 or more may experience a heart
attack or heart failure, which can cause shortness of breath, ankle swelling,
fatigue, and brain damage, and posterior reversible encephalopathy syndrome,

which can cause headaches, seizures, and blindness (Pucciarelli et al.,2006).

4-7-4- Assay Results Caspase-9 and Caspase-8

The results showed a significant increase in Caspase 9 protein compared to
Control and this increase was dependent on the concentrations, when using
different concentrations of (BS) ranging between (200, 25)ug/ml which reached
between (4.16, 1.1)%, respectively while Caspase 8 showed lower activity of
(1.88, 0.93)% compared to Caspase 9 indicating that the main pathway in the
programmed death process is the intrinsic pathway, which is responsible for
Caspase 9.

The results showed no significant differences between the effect of the
Biosurfactant and FOLFOX at a concentration of 200ug/ml compared to the
negative control (untreated cells) in both pathways, as the increase reached (4.16,
3.55)% in Caspase9 and reached (1.88, 1.67)% in Caspase8, as shown in Table
(4-8)AB .

116



Chapter Four Results and Discussion

Table (4-8)A Results of Caspase-9 and Caspase-8 Assays for [HRT-18] Cells
Treated with (BS) Extracted from B. bifidum at Different

Concentrations

Para | Mean = SD Fluorescent Intensity (RFU)% | S| p | LS
mete | Contr | FOL | BS Concentrationinpg/mL |ig| Val | D
rs ol FOX | 200 100 50 25 .| ue | (F
Va
lue

Casp | 18196 | 64657 | 75664 | 53344 | 43960 | 19589 | * | <0. | 22
ase9 | £782. | £3852 | +2796 | +100 | +184 | +1492 | * | 000 | 1.1
8 8 6 1
Casp | 18142 | 30256 | 33973 | 28010 | 25140 | 16862 | * | 0.0 | 12.
ase 8 | +677. | +728. | £969. | +601 | +226 | +598. | * | 039 | 62
4 3 4 8 6 9

** 1 <0.01

Table (4-8)B Fold of Change

Control | FOLFOX | BS Concentration in g/
mL
200 | 100 50 25
Caspase 9 1.0 3.55 416 | 293 | 242 |1.08
Caspase 8 1.0 1.67 188 | 1.54 | 1.39 |0.93

The results show an increase in Caspase-9 activity at (BS) doses from 25 to
200ug/ml, with a clear dose-dependent variation, a clear indication of effective
concentration-dependent binding, The low Caspase-8 activity indicates that the

extrinsic pathway is secondary, in comparison, Caspase-8 activation was
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relatively lower, which reinforces that (BS) acts primarily through the intrinsic

pathway, rather than through the extrinsic pathway.

It is noteworthy that (BS) at 200 pg/ml stimulated Caspase-9 by 4.16%
compared to 3.55% for FOLFOX, while Caspase-8 was stimulated by 1.88%
compared t01.67% a clear indication of its competitiveness with chemotherapy in
triggering death pathways regardless of the method. In a similar study, it was
shown that lipopeptide biosurfactant activates Caspase-9 and releases
Cytochrome-C through its effect on mitochondrial membrane potential (MMP)
(Li et al.,2022).

The mechanism of apoptosis occurs through two main pathways: the intrinsic
pathway, which is centered around mitochondria and is considered the starting
point for apoptosis. It receives several signals, including DNA damage, oxygen
deficiency, and oxidative stress, which in turn lead to the production of
cytochrome C in the mitochondrial membrane and the activation of proteins that
aid in the process of apoptosis, followed by a series of reactions that lead to the
formation of a protein called apoptosome, it works to break down and activate

several enzymes that are effective in protein degradation (Mustafa et al.,2024).

While the extrinsic pathway relies on tumor necrosis factor receptors to
stimulate cell death, these receptors bind to their counterparts inside the cells, they
will activate Caspase 9 and 10, forming a complex that serves as a signal to initiate

apoptosis. Westaby et al.,2022).

Caspases are enzymes (Cysteine aspartic protease) that belong to a family of
enzymes playing a crucial role in apoptosis, they achieve this by directly
activating caspases or through the stimulation of caspases in response to immune

responses or inflammatory processes (Arcy,2019).

Researcher study (Abraham,2012), indicated that all eukaryotic cells are subject

to the programmed cell death mechanism, which can be stimulated by stimuli from
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inside or outside the cell, with a system subject to balance between cell death on
the one hand and cell multiplication and cell differentiation on the other hand, any
imbalance in this system leads to the activation of many diseases, including cancer
(Arcy, 2019).

4-7-5- Assay Results of Anti-oxidant Activity (DPPH)
This Assay was conducted to determine the extent of oxidation (scavenging of
free radicals) when treating the [HRT-18] cancer cell line with different

concentrations of Biosurfactant (BS),

The results of this test showed no significant difference between the
biosurfactant (BS) and ascorbic acid when treated the [HRT-18], with a slight
difference at a concentration of 50ug/ml, the percentages in the cells treated with
Ascorbic acid were (76.5, 72.5, 64.1, 52)%, while the percentages in the cells
treated with (BS) were (73.6, 63, 51.7, 43.2)% at concentrations of (200, 100, 50,
25)ug/ml respectively as shown in Table (4-9) and Figure (4-10).

Table (4-9) DPPH Analysis of [HRT-18] cells Treated with Different
Concentrations of (BS) that Extract from B. bifidum and Ascorbic Acid
After 24 Hours of Incubation at 37C°

Concen. Mean + SD Scavenging Sig. | p Value
In pg/Mi Activity (%)
Ascorbic Acid BS
200 76.51 +2.43 73.69+0.74 | NS | 0.9378
100 72.53 £0.99 63.08+1.34 | NS | 0.1305
50 64.12 +1.10 51.77 £ 2.49 * | 0.0321
25 52.01 £1.87 4324 +1.22 | NS | 0.1780
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Figure (4-10) Comparison of the Effect of the (BS) Extracted from B.
bifidum and Ascorbic acid on the [HRT-18] Cell Line After 24 Hours of
Incubation at 37C°

DPPH is Assay of great importance in the fields of food, medicine, and
biotechnology, and is used to develop and introduce new antioxidants (Flieger &
Flieger,2020). To evaluate the antioxidant capacity by the DPPH method, the
result of this process is based on the appearance of a color in the environment, the
intensity of which can be measured using a spectrophoto meter , considered DPPH
IS a stable free radical that contains an unpaired electron on one of the nitrogen
bridge atoms (Zeynep et al.,2017; Sharma&Bhat,2009).

The radical scavenging of DPPH is the basis for evaluating the antioxidant
capacity as in the following equation:

DPPH (purple) + H— A — DPPHH (yellow) + A

The results of the DPPH free radical Assay in the current study were similar to
many studies that have focused on probiotics as living microorganisms that have
a beneficial effect on health by showing quantitative and qualitative effects on
inAssayinal bacteria or modifying the functioning of the immune system ,
emphasised that there are several probiotic strains that have shown numerous
clinically proven health benefits in recent years , the number of studies on the
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antioxidant properties of probiotics has also increased significantly (Arkadiusz et
al.,2021).

Antioxidants are substances that prevent the oxidation of molecules and cause
radicals to turn into inactive derivatives , incorrect or ineffective antioxidant
mechanisms lead to oxidative stress, which may occur in the presence of many
diseases ,such as diabetes, atherosclerosis, inflammatory bowel disease, damage
to the heart, brain or transplanted organs, as well as all types of cancer
(Zmijewska-Tomczak et al.,2014)

Proper functioning of antioxidant mechanisms is also crucial for optimal organ
function, so it was important to carefully examine this probiotic extracted from B.

bifidum to determine its potential antioxidant properties (Asard et al.,2004).

4-7-6- Assay Results Reactive Oxygen Species (ROS)

This Assay was conducted using High Content Screening technology to
evaluate reactive oxygen species responsible for a wide range of diseases,
including cancer. The results showed an increase in the production of reactive
oxygen species after 24 hours of exposure to different concentrations of (BS), with
the use of untreated cells as a negative control, and the use of FOLFOX
chemotherapy as a positive control, as in picture (4-10), which shows the changes

that occur in the cells.

The results showed significant differences and an increase in ROS production
at concentrations of (200, 100) pug/ml where the increase reached (1.67, 1.42.)%,
The results also showed no significant differences between the effect of (BS) at a
concentration of 200ug/ml and FOLFOX at a concentration of 200pg/ml, which
increased by (1.72)% compared to the negative control as shown in puctur (4-10)
,Table (4-10)A,B and Figure (4-11).
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Picture (4-10) ROS Assay Using HCS Technique for [HRT-18] Cells
Treated with Different Concentrations of (BS) Compared to FOLOX
Chemotherapy and Untreated Cells After 24 Hours of Incubation at 37C°
(Staining: Dihydroethidium (DHE), Hoechst 33342 Stain)
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Table (4-10) A Results of the (ROS) Assay for [HRT-18] Cells Treated with
Different Concentrations of (BS) Extracted from B. bifidum and the
FOLFOX After 24 Hours of Incubation at 37C°

Para | Mean = SD Fluorescent Intensity (RFU)% |Si| p | LS
Meter "Cont | FOL | BS Concentrationinpg/ |9 | Val | D
. rol | FOX mL ue | (F
200 | 100 | 50 | 25 Val
ue)
ROS | 458.0 | 786.7 | 763.7 | 650.7 | 443.7 | 454. | * | <0.0 | 49.
+17.6 | £14.8 | £10.2 | £10.5 | £125 | 747. | * | 001 | 09

5

Table (4-10) B Fold of Change

Parameters Fold of Change
Control | FOLFOX | BS Concentration in ug/ mL
200 100 50 25
VCC 1.0 1.72 1.67 1.42 0.97
0.99
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Figure (4-11) Effect of Different Concentrations of (BS) Extracted from B.
bifidum and FOLFOX on Reactive Oxygen Species (ROS) in the [HRT-18]
Cell Line After 24 Hours of Incubation at 37C°

The main sources of reactive oxygen species production in cells are electron
transfer reactions catalyzed by mitochondrial systems in adipose tissue, some
electrons leak out during this process and react with oxygen molecules, to deal
with this natural source of reactive oxygen compounds, tissues have high
concentrations of antioxidants such as vitamin C, beta-carotene, and antioxidant
enzymes (Hong et al., 2024). If too much damage occurs to the mitochondria to

be repaired, the cell undergoes apoptosis (Herb & Schramm, 2021).

Much current research is based on the concept that elevated intracellular ROS
levels lead to oxidative stress, which in turn activates programmed apoptosis
pathways, particularly in cancer cells that are vulnerable to this disruptionl -
(Onoue et al.,2008).

The results of the current study showed a clear and dose-dependent effect
and demonstrated a significant increase in ROS at concentrations of 200 and 100

ug/ml, while no changes were recorded at lower concentrations 50 and 25 pg/ml,
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indicating that the effect is dose-related, this result supports the view that higher

doses lead to ROS levels that can initiate cell death.

The study noted that (BS) at a concentration of 200 pg/ml showed similar
efficacy to FOLFOX treatment, with ROS production increasing by 1.72% in both
treatments compared to the control, suggesting that (BS) may work through the
same mechanism of cellular oxidative stress that FOLFOX utilises to kill cancer
cells.

From this, we conclude that when cells are treated with high concentrations of
(BS), ROS is generated in sufficient quantities to disrupt cellular survival
pathways through oxidative stress, leading to loss of mitochondrial function,
decreased membrane potential (MMP), release of Cytochrome C, activation of

Caspase-9/8, and ultimately apoptosis.

A recent study in Frontiers in Endocrinology (2023) confirmed that ‘increased
ROS can induce programmed cell death in colon cancer cells by activating internal
pathways such as HIF-1a (Nelson et al.,2023).

Another study published in Scientific Reports (2021) indicated that
biosurfactant promotes ROS generation in a dose-dependent manner, causing a
significant decrease in cell viability and integrity even at 200 pug/ml (Panchariya
et al.,2021).

The results of the current study's ROS Assay were similar to other studies that
confirmed that reactive oxygen species (ROS) have a dual role in the cell and can
be both destructive and constructive (Nosaka & Nosaka, 2017).

ROS is involved in many activities that regulate the oxidation and reduction
process in cells to maintain cellular balance. However, its excessive production
leads to oxidative stress, which is a harmful process involved in cell damage and
may cause various pathological conditions (Halliwell & Gutteridge, 2015).
Previous research has shown that (ROS) act as potential signaling molecules

controlling many normal physiological functions at the cellular level, in addition,
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there is a growing body of evidence supporting the role of (ROS) in various
disease states. The dual nature of (ROS) with its beneficial and harmful properties
suggests its complex role in intervention procedures to treat ROS-associated
diseases (Sies,2022).

4-8- Investigation of NOX4 Gene Expression in Colorectal Cancer
Cell Line [HRT-18], Quantitative Reverse Transcription Real-
Time PCR (RT- gPCR)

In the current study, Quantitative Reverse Transcription Real-Time PCR (RT-
gPCR) assay was performed to measure the quantitative levels of messenger RNA
(mRNA) as an indicator of gene expression of the NOX4 gene in the colorectal
cancer cell line [HRT-18], and the GADPH gene was used as a standard regulator
to calculate gene expressio, by comparing cancer cells treated with different
concentrations of (BS) with the negative control (untreated cells). The results
showed significant differences (P<0.0001) and the occurrence of (Up regulation
Ct) and an increase in the gene expression of NOX4 in the cell line [HRT-18] after
treatment with concentrations (400, 200)ug/ml , which amounted to an increase
of (26.1, 14.4)% compared to the negative control.

While at concentrations (100 ,5 ,25) pg/ml, no significant differences or
increase in gene expression were shown, as given in Table (4-11), Figure (4-12),

and Figure (4-13). The Ct value was calculated based on the Livak equation.
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Table (4-11) Gene Expression of NOX4 Gene in the [HRT-18] Cell Line
Treated with Different Concentrations of (BS) Extracted from B. bifidum,
Using Quantitative Reverse Transcription Real-Time PCR (RT- gPCR)

Concentration in pg/mbL

Assay
Tre Mean £ SD Fold of Change (RFU) Sig p
atm BS Concentration in ug / mL | Vel
ent e
Contr 25 50 100 200 400
ol
1.0+ | 1.32+0. | 1.74+0. | 3.03£0. | 14.42+2 | 26.17 + | ** | <0.00
0.0a 37 42 81 74 5.51 01
p <0.05
40+ ok
S S -
L o d
o =
S Y 20 b 1
S S
53 NS
=23 197 ns NS
L == a
D_; i';-l-' = ‘l;l- - 1 =
c,u“‘é& LR G S G

Figure (4-12) Effect of the Different Concentrations of (BS) Extracted from
B. bifidum on the Gene Expression of NOX4 Gene in the [HRT-18] Cell Line
Using Quantitative Reverse Transcription Real-Time PCR (RT- gPCR)

Assay
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Amplification curve

Figure (4-13) PCR Amplification Curve of the NOX4 Gene in the [HRT-18]
Cell Line Treated with Different Concentrations of (BS) Extracted from B.
bifidum Using Quantitative Reverse Transcription Real-Time PCR (RT-
gPCR) Assay

The results of the current study indicate that (BS) at high concentrations 400
and 200ug/ml caused a significant increase in the gene expression of NOX4 in
[HRT-18] cells, while low concentrations did not cause significant changes, we
conclude that the effect varies with concentration, this may be due to different
mechanisms operating at high concentrations compared to low concentrations. For
example, high concentrations may lead to cellular stress that activates NOX4 as a
response mechanism, whereas low concentrations may not be sufficient to
stimulate this response.

The current study showed that (BS) has a mechanism of action that causes
increased expression of NOX4, the effect of (BS) may be direct on the gene

transcription of NOX4, or it may act through other cellular signalling pathways,
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we conclude from these results that (BS) could be a potential therapeutic target
(Linetal.,2017).

As for the role of the GADPH gene, it is often used as a suitable reference gene
for normalising gene expression data, However, some studies have shown that
GADPH expression can vary under certain conditions, including drug treatment
(Munir et al.,2024).

A recent study has indicated that certain natural compounds can reduce NOX4
expression and inhibit cancer cell growth. Comparing the results of the current
study could help to better understand the role of NOX4 in colorectal cancer and

how this gene can be targeted therapeutically (Liu et al.,2024).

The current study is similar to other studies that used Quantitative Reverse
Transcription Real-Time PCR (RT- gPCR) to measure the quantitative levels of
MRNA to investigate the amount of gene expression for a specific gene in cancer
cells , which confirmed that the onset, development and spread of cancer are due
to multiple factors that are linked to each other, and one of these factors is the
cellular redox balance supported by the balance between the production and
removal of reactive oxygen species (Saikolappan et al.,2019).

In addition, redox signals modulate the composition of the extracellular
environment, capillary growth, and immune cell responses, and thus contribute to
modulating tumor metastatic capacity and therapy resistance (Weinberg et
al.,2019).

Other research has confirmed that (ROS) has a fundamental role in modifying
and maintaining genetic transformation at different levels, as the (ROS) system
modifies the renewal process of metabolic pathways of cell lines that are important
for the survival and spread of cancer cells (Wang et al.,2019).

The NADPH oxidase (NOX-es) family of enzymes is one of the sources of
cellular reactive oxygen species(ROS)that play a role in controlling carcinogenic
processes (Roy et al.,2015), however, disruption of the production of (ROS)
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derived from nitrogen oxides, which may be associated with changes in cells due
to many disease conditions including cancer (Brandes et al.,2014).

The NOX4 gene is one of the most studied members of the NOX family as it is
expressed in most cells, ensuring a role in maintaining the basic physiological
redox balance, NOX4 activity can be enhanced by hypoxia as well as by
stimulating mRNA transcription and protein translation (Shi et al.,2020).

Other studies have also confirmed the high levels of mRNA in the NOX4 gene,

and its levels have been identified in various cancers (Azouzi et al.,2017).

Based on the results obtained, (BS) may be a potential treatment for colorectal
cancer. However, the results indicate that (BS) may affect the gene expression of

NOX4, an important gene in cancer biology.
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5- Conclusions and Recommendations

5-1- Conclusions:

From the results of the current study the following conclusion can be given :

1) Bifidobacterium bifidum can be isolated from dairy products, cow's milk, and
breast milk, and its identity can be confirmed based on phenotypic tests,
biochemical tests, sugar fermentation tests, Vitec identification cards, and

molecular diagnosis using PCR.

2) Biosurfactant extracted from B. bifidum had cytotoxic effects on the HRT-18
colorectal cancer cell line, causing decreased cell viability and the killing rate

increased with increasing concentration.

3) While the Biosurfactant (BS) did not show acute cytotoxicity on normal HDFn
cells compared to the chemotherapy FOLFOX.

4) The IC50 of the (BS) against HRT-18 cancer cell line was lower than the
IC50 of FOLFOX.

5) When comparing the Biosurfactant (BS) with Ascorbic acid, which is a good
standard antioxidant, the results showed no significant difference between
(BS) and Ascorbic acid when treated with the HRT-18 colorectal cancer cell

line.

6) Biosurfactant (BS) increases the production of reactive oxygen species, which
are important in regulating the oxidation-reduction process in cells to maintain

cellular balance.

7) NOX4 gene expression increased in the [HRT-18] cell line with increasing
concentrations (BS) and decreased with low concentrations compared to
untreated cells.
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5-2- Recommendations :

The most important recommendations based on the results of this study are

given below:

1) More studies can be conducted on beneficial bacteria to recognise their

effectiveness against other types of cancers.

2) Further molecular and genetic studies can be done to identify the effects of

B. bifidum probiotics on the gene expression of other genes.

3) Extraction and purification of substances produced by B. bifidum bacteria and

the utilisation of these substances in the fields of food and medicine.

4) Although the results of the current study showed that B. bifidum Biosurfactant
Is effective against cancer cells and has little or no harmful effect towards
normal cells, it is preferable to conduct complementary studies to reveal the
constituent substances of the Biosurfactant and identify the most effective

substances in the process of programmed cell death of cancer cells.

132



Referencs



References

Reference

[ A ]

1- Abd, I.A.; ElI-Gawad, E.M.; El-Sayed, S.A.; Hafez, H.M. and EI-Zeini F.A.
(2004). Inhibitory effect of yoghurt and soya yoghurt containing

bifidobacteria on the proliferation of Ehrlich ascites tumour cells in vitro
and in vivo in a mouse tumour model. British Journal of Nutrition 92,81—
86,10.

2- Abdelhamid, A.G. and El-Dougdoug, N.K. (2021). Comparative genomics of
the gut commensal Bifidobacterium bifidum reveals adaptation to
carbohydrate utilization. Biochem. Biophys. Res. Commun., 547, 155-161.

3- Abraham, K. (2012). Histology and Cell Biology - An Introduction to Pathology.
Philadelphia: ELSEVIER SAUNDERS.

4- Abt, M.C. and Artis, D. (2009). The inAssayinal microbiota in health and
disease: the influence of microbial products on immune cell homeostasis.
Curr Opin Gastroenterol.,25:496-502.

5- Adu, S.A.; Naughton, P.J. and Marchant, R. (2020). Microbial Biosurfactants
in cosmetic and personal skincare pharmaceutical
formulations. Pharmaceutics. ,12:1099.

6- Aisenberg, A.C. (2000). Historical review of lymphomas. Br J Hae-matol., 109:
466-47.

7- Al Dahhan, S.A. and Al Lami, F.H. (2018). Epidemiology of Colorectal Cancer
in Iraq, 2002-2014. Gulf J Oncolog.,1(26):23-6.

8- Al-Bayati, S.M., and Jasim, F. (2009). Colorectal cancer in a group of Iraqi
patients. MMJ.,8(1): 36-9.

9- Al-Janabi, A.A.S.; Naseer, Z.H. and Hamody, T.A. (2015). Epidemiological
study of cancers in Irag-Karbala 2008- Int J Med Res Health Sci 2017.,
6(1):79-86.

133



References

10- Al-Khalili. (2022). Fighting Cancer in Iraq. Baghdad Books and Documents
House 3702. for the year 2021.

11- Al-Mjalawi, A.Sh.B. (2015). Study of the Effectiveness of Biosurfactant
Extracted from Bacteria Bifidobacterium spp. In the Inhibition of Biofilm of
Pathogens Isolated from Cardiac Catheterization Patients and Its Effect in
Phagocytosis. University of Karbala College of Education for Pure Sciences
Department of Biology.

12- Al-Saigh, T.H.T.; Al-Bayati, S.A.; Abdulmawjood, S.A. and Ahmed, F.A.
(2019). Descriptive study of colorectal cancer in irag, 1999- 2016. Ann Coll
Med Mosul.,41(1):81-5.

13- Altenhofer, S.; Kleikers, P.W. and Radermacher, K.A. (2012). The NOX
toolbox: validating the role of NADPH oxidases in physiology and disease.,
Cell Mol Life Sci., 69:2327-43.

14- Ambechada, J. (2024). Biosurfactant Producing Bacteria from Groundnut Oil
Cake and its Application in Pesticide Removal Environment and Ecology.,
J M Science College & P.G. Center Veraval42(4B):1853-1862.

15- American Cancer Society-ACS. (2023). Cancer Facts and Figures., Atlanta:

American Cancer Society.

16- American College of Rheumatolog (ACR). (2019). Cyclophosphamide
(Cytoxan).

17- American Joint Committee (AJCC). (2017). on Cancer. GastroinAssayinal
Stromal Tumor. In: Cancer Staging Manual. 8th ed. New York, NY:
Springer., 523-529.

18- Amritha, C.A.; Sri, R. and Research, I. (2015). Evaluation of Anti Cancer
Effects of DPP-4 Inhibitors in Colon Cancer- An Invitro Study., 9 (12).

19- Anandaraj, B. and Thivakaran, P. (2010). lIsolation and production of
Biosurfactant producing organism from oil spilled soil. J. Biosci Tech., 1(3)
:120-126.

134



References

20- Anilkumar, N.; San Jose, G. and Sawyer, I. (2013). A 28-kDa splice variant
of NADPH oxidase-4 is nuclear-localized and involved in redox signaling
in vascular cells. Arterioscler Thromb Vasc Biol.,33: e104-12.

21- Anwar, A.; Uddin, N.; Siddiqui, B.S.; Siddiqui, R.A. Begum, S. and
Choudhary, M.I. (2018). A natural flavonoid lawsonaringenin induces cell
cycle arrest and apoptosis in HT-29 colorectal cancer cells by targeting
multiple signalling pathways. Molecul. Biol. Rep., 45(5): 1339-1348.

22- Aparna, A. (2012). Production and characterization of Biosurfactant produced
by a novel Pseudomonas sp. 2B Colloids Surf. B Biointerfaces.

23- Arcy, M. S. D. (2019). Cell death: a review of the major forms of apoptosis,
necrosis and autophagy. Cell Biology International, 43 (6): 582- 592.

24- Arkadiusz, H.; Paulina, K. and Rafal, P. (2021). Antioxidative activity of
probiotics Arch Med Sci ;17(3):792-804.

25- Asadollahi, P.; Ghanavati, R.; Rohani, M.; Razavi, S.; Esghaei, M. and
Talebi, M. (2020). Anti-cancer effects of Bifidobacterium species in colon
cancer cells and a mouse model of carcinogenesis. PloS one.,15(5)
:20232930.

26- Asard, H.; May, J. and Smirnoff, N. (2004). Vitamin C: Function and
Biochemistry in Animalsand Plants. BIOS Scientific Publishers, New York
City, New York, pp. 1-323.

27- Atlas, R. M. (2010). Handbook of microbiological media.CRC;4th ed. United
State of America.

28- Atlas, R. M. and Parks, L.C. (1993). Handbook of microbiological media,
Boca Raton, Fla, CRC press.

29- Atlas, R.M.; Parks, L.C. and brown, A.E. (1995). Laboratory mannal of
experimental microbiology. Mosby. Year book, InC. St. Louis. Baaltimor.

30- Azouzi, N.; Cailloux, J.; Cazarin, J.M.; Knauf, J.A.; Cracchiolo, J.; Al
Ghuzlan, A.; Hartl, D.; Polak, M.; Carre, A.and El Mzibri, M. (2017).
NADPH Oxidase NOX4 Is a Critical Mediator of BRAF(V600E)-Induced

135


https://www.sciencedirect.com/science/article/pii/S0927776512000689
https://www.sciencedirect.com/science/article/pii/S0927776512000689

References

Downregulation of the Sodium/lodide Symporter in Papillary Thyroid
Carcinomas. Antioxid. Redox Signal.,26, 864-877.

[ B ]

31- Badadan, M. (2012). Autophagy Mechanism, Regulation functions and

Disorders. International Scholarly Research Notices. ID 927064.

32- Badmus, S. O.; Amusa, H. K.; Oyehan, T. A. and Saleh, T. A. (2021).
Environmental risks and toxicity of surfactants: overview of analysis,
assessment and remediation techniques. Environ. Sci. Pollut. Res
2844:62085.

33- Banat, 1. (2022). "Biosurfactants: Properties and Applications in Biomedicine."
Cancers, 14(9), 2175.

34- Banat, I. M.; Makkar, R. S.and Cameotra, S. S. (2000). Potential commercial
applications of microbial surfactants. Appl. Microbiol. Biotechnol.,
53,495-508.

35- Beebe-Dimmer, J.L.; Yee, C. and Paskett, E. (2017). Family history of
prostate and colorectal cancer and risk of colorectal cancer in the Women's
health. initiative. BMC Cancer. ,17(1): 848.

36- Bergey, D. H. (2012). Bergey's Manual of Determinative Bacteriology. 9th ed.
Baltimore: Lippincott Williams and Wilkins.

37- Bertazzoni, M.E.; Benini, A.; Marzotto, M.; Hendriks, H.; Sbarbati, A. and
Dellaglio, F. (2001). Preliminary screening of the health promoting
properties of new lactobacilli strains: in-vitro and in-vivo. HEALFO
conference, Santa Maria Imbaro and Lanciano - Italy. 13-15 June.

38- Bezirtzoglou, E. and Stavropoulou, E. (2011). Anaerobe. Immunology and
probiotic impact of the newborn and young children inAssayinal microflora
Dec;17(6):369-74.

136



References

39- Biswas, T. (2024). Optimizing PCR: Proven Tips and Troubleshooting Tricks.,
Cell and Molecular Biology.

40- Block, K.; Gorin, Y. and Abboud. H. E. (2009). Subcellular localization of
NOX4 and regulation in diabetes. Proc Natl Acad Sci USA., 106:14385-90.

41- Blom, T.; Huang, R.; Aveskogh, M. Nilsson, K and Hellman, L. (1992).
Phenotypic characterization of KU812, a cell line identified as an immature
human basophilic leukocyte., 22(8):2025-32.

42- Bolduc, M.P.; Raymond, Y.; Fustier, P.; Champagne, C.P. and Vuillemad,
J.C. (2006). Sensitivity of bifidobacteria to oxygen and redox potential in
non-fermented pasteurized milk Int. Dairy J.,16, pp. 1038-1048.

43- Boonaert, C.J.P and Rouxhet, P.L. (2000). Surface of Lactic Acid Bacteria:
Relationship between Chemical Composition and Physiochemical
Properties. Appl. Environ.Microbiol.,66(6):2548-2554.

44- Borisenko, G. (2016). Mitochondrial phospholipid cardiolipin and its triggering
functions in the cells. Lipid technology., 28(2): 40- 43.

45- Brandes, R.P.; Weissmann, N.; Schroder, K. (2014). Nox family NADPH
oxidases: Molecular mechanisms of activation. Free Radic. Biol. Med., 76,
208-226.

46- Brankovic, S. D. and Baras, J. (2001). Comparative study on biochemical
activity of the inAssayinal isolates Lactobacillus sp. V3 and Bifidobacterium
spp. A.71 in different substrates.J.Serb.Chem.Soc.66 (9):581-5809.

47- Braun, O.H. (1981). Gastroenterology and Nutrition in France. Raven Press,
New York, USA.

48- Bray, F.; Sankila, R.; Ferlay, J. and Parkin, D.M. (2002). Estimates of

cancerincidence and mortality in Europe in 1995. Eur J Cancer., 38:99-166.

49- Brock, T.D. and Madigan, M.T. (1991). Host-Microbe relationships and
disease processes. In Biology of Microorganisms 6 th edition. Prentice-Hall
Inc. pp. 379-380.

137



References

50- Buch, K.; Peters, T.; Nawroth, T.; Sanger, M.; Schmidberger, H. and
Langguth, P. (2012). Determination of cell survival after irradiation via
clohogenic assay versus multiple MTT assay- A comparative study.
Radiation oncology, 7(1):1.

51- Buck, L.M. and Gilliland, S.E. (1995). Comparisons of Freshly Isolated Strain
of Lactobacillus acidophilus of Human Interstind Origin for Ability to
Assimilate Cholostetrol During Growth. J. Dairy Sci.77: 2925-2933.

52- Budzynska, K.; Passerman, D. and White-Perkins, D. (2018). Diabetes
mellitus and hyperglycemia control on the risk of colorectal adenomatous

polyps: a retrospective cohort study. BMC Fam Pract.,19(1):145.

[ c ]

53- Caescu, C.1.; Vidal, O.; Krzewinski, F.; Artenine, V. and Bouquelet, S.
(2004). Bifidobacterium longum requires a FructoKinase (FRK; ATP:

DeFructose 6- phosphotransferase, E c2. 7.1.4) for fructose catabolism. J.
Bacteriology. 186: 6515-6525.

54- Cao, X.H.; Wang, A.H.; Wang, C.L.; Mao, D.Z.; Lu, M.F.; Cui, Y.Q. and
Jiao, R.Z. (2010). Surfactin induces apoptosis in human breast cancer MCF-
7 cells through a ROS/JNK-mediated mitochondrial/caspase pathway.
Chem Biol Interact 2010, 183: 357-362.

55- Caramia, M.D.; Palmieri, M.G. and Desiato, M.T. (2004). Brain excitability
changes in the relapsing and remitting phases of multiple sclerosis: a study
with transcranial magnetic stimulation. Clin Neurophysiol. ,115:956-965.

56- Casali, P.G.; Abecassis, N. and Aro, H.T. (2018). GastroinAssayinal stromal
tumours: ESMO-EURACAN Clinical Practice Guidelines for diagnosis,
treatment and follow-up. Ann Oncol. ,29(Suppl 4): iv68-iv78.

138



References

57- Cassidy, D. P. (2001). “Biological surfactant production in a biologi-cal slurry
reactor treating diesel fuel contaminated soil, Water Environment Research,
vol. 73, no. 1, pp. 87-94.

58- Catone, S.; lannantuono, S.; Genovese, D.; Hunolstein, Ch. and Franciosa,
G. (2024). Viability-PCR for the selective detection of Lactobacillus
acidophilus and Bifidobacterium bifidum in live bacteria-containing
products., Front. Microbiol., Sec. Systems Microbiology: 15 - 2024 |

59- Ceresa, C.; Fracchia, L.; Sansotera, A. C.; De Rienzo, M. A. D. and Banat,
I. M. (2023). Harnessing the potential of Biosurfactants for biomedical and
pharmaceutical applications. Pharm 15:2156.

60- Chen, F.W.; Sundaram, V. and Chew, T.A. (2017). Advanced stage
colorectal cancer in persons younger than 50 years not associated with
longer duration of symptoms or time to diagnosis. Clin Gastroenterol
Hepatol., 15(5): 728-37.

61- Chen, J.; Xinyi, C. and Loong Ho, C. (2021). Recent Development of
Probiotic Bifidobacteria for Treating Human Diseases Department of
Biomedical Engineering, Southern University of Science and Technology
(SUSTech)., Synthetic Biology Volume 9.

62- Chen, T.R.; Dorotinsky. C.S.; McGuire, L.J.; Macy, M.L.and Hay, R.J.
(1995). DLD-1 and HCT-15 cell lines derived separately fromcolorectal
carcinomas have totally different chromosomechanges but the same genetic
origin. Cancer Genet Cytogenet 81:103-108.

63- Chierici, R., S.; Fanaro, D.; Saccomandi, and Vigi, V. (2003). Advances in
the modulation of the microbial ecology of the gut in early infancy. Acta
Paediatr. 91:56-63.

64- Chubak, J. Yu. O. and Ziebell, R.A. (2018). Risk of colon cancer recurrence
in relation to diabetes. Cancer Causes Control. ,29(11): 1093-103.

65- Clifford, R. J.; Milillo, M.; Prestwood, J.; Quintero, R.; Zurawski, D. V.;
Kwak, Y. I.and Mc Gann, P. (2012). Detection of bacterial 16S rRNA and

139



References

identification of four clinically important bacteria by real-time PCR. PloS
one, 7(11), e48558.

66- Colin, H.; Francisco, G.; Gregor, R.; Glen, A.; Daniel, J. (2014).
International Scientific Association for Probiotics and Prebiotics Consensus
Statement on the Scope and Appropriate Use of the Term Probiotics. Nat
Rev Gastroenterol Hepatol 11, 506-514.

67- Collado, M.C.; Donat, E.; Ribes-Koninckx, C.; Calabuig, M. and Sanz, Y.
(2008). Imbalances in faecal and duodenal Bifidobacterium species
composition in active and non-active coeliac disease. BMC
Microbiol.,8:232.

68- Collee, J. G.; Miles, R. S. and Walt, B. (1996). Assays for the identification of
bacteria. In: Mackie and MacCartney practical microbiology. By: Collee, J.
G.; Fraser, A. G.; Marmion, B. P.; and Simmons, A. 4th ed. Churchill,
Livingstone.

69- Collins, C.H.; Lyne, J.M.G. and Falkinhan, J.O. (2004). Microbiological
Methods Eighth Edition. Arnold. London.

70- Cooper, D.G. and Goldenberg, B.G. (1987). Surface-active agents from two
Bacillus species. Appl. Environ. Microbiol. 53(2): 224-229.

71- Cornista, A.M.; Giolito, M.V.; Baker, K.; Hazime, H. Dufait, I.; Datta, J.;
Khumukcham, S.S.; De Ridder, M.; Roper, J.; Abreu, M. T.; Breckpot,
K. and Van der Jeught, K. (2023). Colorectal Cancer Immunotherapy:
State of the Art and Future Directions.

72- Cosme, F.; Inés, A. and Vilela, A. (2022). Consumer's acceptability and health
consciousness of probiotic and prebiotic of non-dairy products. Food Res
Int..,151:110842.

73- Costantini, P.; Bruey, J.; Castedo, M.; Metivier, D.; Loeffler, M.; Susin, S.;
Ravagnan, L.; Zamzami, N.; Garrido, C. and Kroemer, G. J. (2002). Pre
processed caspase-9 contained in mitochondria participates in apoptosis.
Cell Death and Differentiation. 9: 82-88.

140


https://pubmed.ncbi.nlm.nih.gov/38098742/
https://pubmed.ncbi.nlm.nih.gov/38098742/

References

74- Cress, R.D.; Morris, C.; Ellison, G.L. and Goodman, M.T. (2006). Secular
changes in colorectal cancer incidence by subsite, stage at diagnosis, and
race/ethnicity, 1992- 2001. Cancer., 107(5):1142-52.

75- Cruickshank, R.; Duguid, J.P. Marmion, B.P. and Swan, R.H.A. (1975).
"Medical microbiology"”. 12th ed., Longman Group Ltd., New York.

| D

76- Das, P.; Mukherjee, S. and Sen, R. (2008). Antimicrobial potential of a
lipopeptide Biosurfactant derived from a marine Bacillus circulans. J. Appl.
Microbiol.,104, 1675-84.

77- De Santis, M.C.; Porporato, P.E.; Martini, M. and Morandi, A. (2018).
Signaling Pathways Regulating Redox Balance in Cancer Metabolism.
Front. Oncol. .,8:126.

78- Dewa, W.J.; Handharyani, E.; Purawaningsih, S. and Mariya, S. (2024).

Expression of apoptosis marker genes bax and bcl-2 in widr colon cancer

cells treated with red eye sea snail (cerithidea obtusa) extract. Adv. Anim.

79- Diaz, F. J. L.; Gascard, Ph.; Balakrishnan, S. K.; Zhao, J.; Rincon, S. V.;
Sprock, Ch.; Telste, Th. D.; Emerson, B. (2013). Coordination of
transcriptional and translational repression of p53 by TGF-B1 impairs the
stress response., Salk Institute for Biological Studies for Medical Research,
Journal Mol cell., 23;50(4):552-64.

80- Dobre, M.; Dinu, D.E.; Panaitescu, E.; Birla, R.D.; losif, C.L. and Boeriu,
M. (2015). KRAS gene mutations prognostic factor in colorectal cancer?
Rom J Morphol Embryol., 56:671-8.

81- Donlan, R.M. and Costeron, J.W. (2002). Biofilms: survival mechanismsof
clinically relevant microorganisms. Clin Microbiol Rev15:167-193.

82- Doré, J. and Corthier, G. (2010). The human inAssayinal microbiota.
Gastroenterol. Clin. Biol. 34 1: 7-15.

141



References

83- Drakontis, C.E. and Amin, S. (2020). Biosurfactants: formulations, properties,
and applications. Curr Opin Colloid Interface Sci., 48:77-90.

84- Duprez, L.; Wirawan, E.; Vanden, B and Vandenabeele, P. (2009). Major
cell death pathways at a glance. Microbes and Infection., 11: 1051- 1062.

[ E ]

85- Elaine, K. H. (2020). Probiotics for Weight Loss.
86- Elgaml, A.; Hassan, R.; Barwa, R.; Shokralla, S. and EI-Naggar, W. (2013).

Analysis of 16S ribosomal RNA gene segments for the diagnosis of Gram

negative pathogenic bacteria isolated from urinary tract infections. African
Journal of Microbiology Research, 7(23), 2862-2869.

87- Elkholi, R.; Thibaud, R.; Madhavika, S. and Jerry, C. (2014). Putting the
pieces together: How is the mitochondrial pathway of apoptosis regulated in
cancer and chemotherapy? Cancer and Metabolism, 2:16.

88- Elsoud, A. and Ahmed, M.M. (2022). Classification and production of
microbial surfactants. Microbial Biosurfactants: Preparation, Properties
and Applications. Singapore: Springer Nature., 65-89.

89- Ervik, M.; Lam, F.; Laversanne, M.; Ferlay, J.; Bray, F. (2023). Global
Cancer Observatory: Cancer Over Time.

90- European Probiotic Association (EPA). (2012).
Archived from the original on 2013-07-22. Retrieved 2013-07-01.

[ ¥ ]

91- Faghfoori, Z.; Faghfoori, H.; Saber, A.; lzadi, A. and Yari, A.

Khosroushahi, A. (2021). Anticancer effects of bifidobacteria on colon

cancer cell lines., 21: 258.
92- Fechtner, J.; Cameron, S.; Deeni, Y.Y.; Hapca, K Kabir, S.M.; Mohammed
I.U. and Spiers, A.J. (2017). Limitation of Biosurfactant Strength Produced

142


http://asso-epa.com/pioneers-of-probiotics/

References

by Bacteria. In: CR Upton (Ed.). Biosurfactants: Occurrences, Applications
and Research. Nova Science Publishers, Hauppauge, NY., p. 125-48.

93- Fei, D.; Liu, F.F. and Gang, H.Z. (2020). A new member of the surfactin
family  produced by Bacillus subtiliswith  low toxicity on
erythrocyte. Process Biochem. ,94:164-71.

94- Femina, C.; Kumar, P. S.; Joshiba, G. J.; Madhesh, P. and Ramamurthy,
R. (2021). “Sustainable strategy for the enhance-ment of hazardous aromatic
amine degradation using lipo-peptide Biosurfactant isolated from
Brevibacterium casei, Journal of Hazardous Materials, vol. 408, article
124943,

95- Fliege, J. and Flieger, M. (2020). [DPPH/DPPH-H]-HPLC-DAD method for
tracking the antioxidant activity of pure antioxidants and hydroalcoholic
extracts of gout (Aegopodium podagraria L.)., 18;25(24):6005.

96- Food and Agriculture Organization-FAO and World Health Organization-
WHO. (2002). Joint FAO/WHO working group report on drafting
guidelines for the evaluation of probiotics in food. Food and Agricultural
Organization of the United Nations.

97- Forbes, B.A.; Daniel, F.S. and Alice, SW. (2007). Bailey and Scott's
Diagnostic Microbiology. 12th ed., Mosby Elsevier company. USA.
formulations. Lett. Appl. Microbiol., 45: 330-335.

98- Fracchia, L.; Cavallo, M.; Martinotti, M.G. and Banat, .M. (2012).
Biosurfactants and bioemulsifiers biomedical and related applications —
present status and future potentials. In Biomedical science engineering and
technology. Edited by: Ghista DN. InTech, Croatia.,325-370.

99- Freshney, R. I. (2015). Culture of animal cell: a manual of basic technique and

specialized applications, John Wiley and Sons.

[ G ]

143



References

100- Gala, M. and Chung, D.C. (2011). Hereditary colon cancer syndromes.
Seminars in Oncoogy., 38:490-9.

101- Galluzzi, L. and Green, D. R. (2019). Independent function of the Autophagy
Machinery., J.Cell, 177. (7): 1682- 1699.

102- Gautam, K.K. and Tyagi, V.K. (2006). Microbial surfactants: a review.
JOleo Sci 55:155-166.

103- Geiszt, M.; Koppp, J.B. and Va rnai, P. (2000). Identification of renox, an
NAD (P) H oxidase in kidney. Proc Natl Acad Sci USA., 97:8010-14.

104- Genetics Home Reference (G H R). (2018). Glossary Entry — Fibroblast.

105- Gillet, J-P.; Varma, S. and Gottesman, M.M. (2013). The clinical relevance
of cancer cell lines. Journal of the National Cancer Institute., 105(7):452-
458.

106- Giuliano, K.A. and Haskins J.R. (2010). High Content Screening: A
powerful Approach to Systems Cell Biology and Drug Discovery. Totowa,
NJ: Humana Press. ISBN 978-1-61737-746-4.

107- Goettsch, C.; Goettsch, W, and Arsov, A. (2009). Long-term cyclic strain
downregulates endothelial NOX4. Antioxid Redox signal,.11: 2385-97.

108- Goldman, L. (2020). Neoplasms of the small and large inAssayine. In:
Goldman-Cecil Medicine.

109- Goulter, R.M.; Gentle, ILR. and Dykes, G.A. (2009). Issues in
determiningfactors influencing bacterial attachment: a review using
theattachment of Escherichia coli to abiotic surfaces as an example. Lett
Appl Microbiol 49:1-7.

110- Goyal, P.; Weissmann, N. and Rose, F. (2005). Identification of novel NOX4
splice variants with impact on ROS levels in A549 cells. Biochem Biophys
Res Commun., 329:32-9.

111- Grand, VR. (2021). Probiotics market size, share & trends analysisreport by

product (probiotic food & beverages, probiotic dietarysupplements), by

144



References

ingredient (bacteria, yeast), by end use, by dis-tribution channel, and
segment forecasts, 2021-2030.

112- Gronlund, M.M.; Gueimonde, M.; Laitinen, K.; Kociubinski, G.;

Gronroos, T.; Salminen, S. and Isolauri, E. (2007). "Maternal breast-milk
and inAssayinal bifidobacteria guide the compositional development of the
bifidobacterium microbiota in infants at risk of allergic disease"”, Clinical
and Experimental Allergy., 37: 1764-1772.

113- Guandalini, S.; Pensabene, L.; Zikri, M.A.; Casali, L.G.; Hoekstra, H.;

Kolacek, S.; Massar, K.; Micetic-Turk, D.; Papadopoulou, A. and
Sandhu, B. (2000). Lactobacillus GG admin-istered in oral rehydration
solution to children with acute diarrhoea: a multicenter European trial. J.
Pediatr .Gastroenterol. Nutr.; 30: 54-60.

114- Guarner, F. and Clin, J. (2012). World Gastroenterology Organisation

Global Guidelines: probiotics and prebiotics. Gastroenterol., 46, 468-481.

115- Gudin, E. J.; Rocha, V.; Texeira, J. A. and Rodrigues, L. R. (2010).

Antimicrobial and antiadhesive properties of a Biosurfactant isolated from
Lactobacillus paracasei ssp. paracasei A20. Lett. Appl. Microbiol. 50: 419
424,

116- Gudifia, E.J.; Rangarajan, V.; Sen, R. and Rodrigues, L.R. (2013).

Potential therapeutic applications of Biosurfactants. Trends Pharmacol Sci
34:667-675.

H

117- Hadadji, M.; Benamay R.; Saidi, V; Heni, D. and Kihal, M. (2005).

Identification of Cultivable Bifidobacterium SP. Isolated from breast-feeds
infants in west-Algeria. African Journal of Biotechnology., 4(5):422-430.

118- Hall, W.A. (2021). Magnetic resonance linear accelerator technology and

adaptive radiation therapy: An overview for clinicians. CA A Cancer

Journal for Clinicians.

145



References

119- Halliwell, B. & Gutteridge J. M. C. (2015). Free Radicals in Biology and
Medicine 5th edn (Oxford Univ. Press).

120- Hamilton-Miller, J. M. T. (2003). The role of probiotic in the treatment and
prevention of Helicobacter pylori infection. Int. J. Antimicrob. Agents.,
22:360-366.

121- Hanahan, D. and Weinberg, R.A. (2000). The hallmarks of cancer. Cell.,
100(1):57-70. 3.

122- Hanahan, D. and Weinberg, R.A. (2011). Hallmarks of cancer: the next
generation. Cell.,144(5).646-674.

123- Harrigan, W. F. (1998). Labortory Methods In Food and Dairy
Microbiology,3er ed. Academic, Press, London U.K.

124- Harrigans, W.F. and MacCance, M.E. (1976). Laboratory Methods in Food
and Dairy Microbiology. Academic Press. London.

125- Hatakka, K.; Holma, R.; EI-Nezami, H.; Suomalainen, T.; Kuisma, M. and
Saxelin, M. (2008). The influence of Lactobacillus rhamnosus LC705
together with Propionibacterium freudenreichii ssp. shermanii JS on
potentially carcinogenic bacterial activity in human colon. Int J Food
Microbiol.,128:406-10.

126- Helmy, Q.; Kardena, E. and N. Funamizu, N. (2011). Wisjnuprapto.
Strategies toward commercial scale of Biosurfactantproduction as potential
substitute for it’s chemically counterparts, Int. J. Biotechnol. 12 (1-2).,66—
86.

127- Hempel, S.; Newberry, S. and Maher, A. (2021). probiotics for the
prevention and treatment of antibiotic-associated diarrhea. JAMA.,
307:1959-19609.

128- Henry, T. (2023). Recherches sur la flore inAssayinale des nourrissons:(état

normal et pathologique).

146



References

129- Herb, M. and Schramm, M. (2021). "Functions of ROS in Macrophages and
Antimicrobial Immunity". Antioxidants.313:2.,10.

130- Hogan, D. E.; Tian, F. and Malm, S. W. (2019). “Biodegradability
andtoxicity of monorhamnolipid Biosurfactant diastereomers, Journal of
Hazardous Materials, vol. 364, pp. 600-607.

131- Holmstrém and Finkel. (2014) Cellular mechanisms and physiological
consequences of redox-dependent signalling. Nature Reviews, Molecular
Cell Biology (15) 411.

132- Holt, J.C. and Krieg, N.R. (1984). Bergeys' Manual of Systemic Bacteriology
4th (ed.). Williams and Wilkins, Baltimore.London.

133- Hong, Y.; Boiti, A.; Vallone, D.; Foulkes, N. (2024). Reactive Oxygen
Species Signaling and Oxidative Stress Transcriptional Regulation and
Evolution. Antioxidants., 13(3), 312.

134- Hoover, D. G.; Carl A.; Tortorello, Mary, Lou. Batt Carl, A.; Tortorello,
Mary, Lou. (eds.) (2014)."Bifidobacterium™ Encyclopedia of Food
Microbiology (Second Edition), Oxford: Academic Press, pp. 216-222.

135- Hospes, R.; Hospes, B. I.; Reiss, I.; Bostedt, H. and Gortner, L. (2002).
“Molecular biological characterization of equine surfactantprotein a,
Journal of Veterinary Medicine A, Physiology, Pathology, Clinical
Medicine, vol. 49, no. 10, pp. 497-498.

136- Hsu, Ch.; Mahmoud, Z.; Hussein, U. (2025). Biosurfactants: Properties,
Applications and Emerging Trends., 53(4):21-39.

137- Huang, Y.; Chen, L.; Ma, G.; Xu, X.; Jia, X.; Deng, F. (2021). A Review
on Phytochemicals of the Genus Maytenus and Their Bioactive Studies.,
Molecules, 26(15), 4563.

I J

138- Ibrahim, M.; Banat, I.; Thavasi, R. (2019). Microbial Biosurfactants and

their Environmental and Industrial Applications. CRC Press.

147


https://www.sciencedirect.com/science/article/pii/B9780123847300000331

References

139- Ines, M.; Mouna, B.; Marwa, E. and Dhouha, G. (2023). “Biosurfac-tants
as emerging substitutes of their synthetic counterpartin detergent formula:
efficiency and environmental friendly, Journal of Polymers and the
Environment.

140- Iragi Cancer Board. Republic of Irag. Ministry of Health and
Environment. (2022). (Y). Annual Report Iragi Cancer Registry.

141- Islami, F.; Sauer, A.G., and Miller, K.D. (2017). Proportion and number of
cancer cases and deaths attributable to potentially modifiable risk factors in
the United States. CA Cancer J Clin. published online November 21.

142- Isoda, H. and Nakahara, T. (1997). Mannosylerythritol lipid induces
granulocytic differentiation and inhibits the tyrosine phosphorylation of

human myelogenous leukemia cell line K562. Cytotechnology.,25, 191

195.
J ]

143- Janda, J. M. and Abbott, S. L. (2007). 16S rRNA gene sequencing for
bacterial identification in the diagnostic laboratory: pluses, perils, and
pitfalls. Journal of clinical microbiology, 45(9), 2761-2764.

144- Jemal, A.; Center, M.M.; DeSantis, C.; Ward, E.M. (2010). Global patterns
of cancer incidence and mortality rates and trends. Cancer Epidemiol
Biomarkers Prev. ,19(8):1893-907.

145- Jiang, X.; Wang, Y. and Wang, H. (2013). Typical symptoms of colorectal

cancer and its influence in timely diagnosis. Zhonghua Yi Xue Za Zhi. ,
93(4): 275-9.

146- Johnson, P.; Trybala, A.; Starov, V. and Pinfield, V. J. (2021). Effect of
synthetic surfactants on the environment and the potential for substitution

by Biosurfactants. Adv. Colloid Interf.

148



References

147- José, A.; Alcazar, S.; Khodjakov, A.; Schneider, E. (2001). Anticancer
Drugs Induce Increased Mitochondrial Cytochrome C Expression That
Precedes Cell Death.

148- Ju-hoon, L. and Daniel, J. O. (2010). Genomic insights into Bifidobacteria.
Microbiol. Mol. Biol.Rev., 74(3): 378-385.

149- Jumniensuk, C. and Charoenpitakchai, M. (2018). GastroinAssayinal
stromal tumor: Clinicopathological characteristics and pathologic
prognostic analysis. World J Surg Oncol., 16(1): 231.

150- Jung, S.; Jeong, H. and Yu, S. (2020). Autophagy as a decisive process for

cell death. Experimental and molecular medicine 52, 921- 930.

K

151- Karam and Jose A. (2009). Apoptosis in carcinogenesis and chemotherapy.
Springer. Netherlands.

152- Kashif, A.; Rehman, R. and Fuwad, A. (2022). Current advances in the
classification, production, properties and applications of microbial
Biosurfactants—A critical review. Adv Colloid Interface Sci. ,306:102718.

153- Katherine, M. (2013). Cell proliferation and its regulation: molecular biology.
24 (6): 54.

154- Katz, S.C., and DeMatteo, R.P. (2008). GastroinAssayinal stromal tumors
and leiomyosarcomas. J Surg Oncol.,97(4):350-9.

155- Kays, J.K.; Sohn, J.D.; Kim, B.J.; Goze, K. and Koniaris, L.G. (2018).
Approach to wild-type gastroinAssayinal stromal tumors. Transl
Gastroenterol and Hepatol. ,3: 92.

156- Khalil, M.O.; Morton, L.M.; Devesa, S.S.; Check, D.P.; Curtis, R.E.;
Weisenburger, D.D. and Dores, G.M. (2014). Incidence of marginal zone
lymphoma in the United States, 2001-2009 with a focus on primary
anatomic site. Br J Haematol.,165(1):67-77.

149



References

157- Kim, K.M.; Kang, D.W.; Moon, W.S.; Park, J.B.; Park, C.K.; Sohn, J.H.;
Jeong, J.S.; Cho, M.Y.; Jin, S.Y.; Choi, J.S. and Kang, D.Y. (2005).
Gastroin Assayinal Stromal Tumor Committee; The Korean Gastrointestinal
Pathology Study Group. Gastrointestinal Stromal Tumors in Koreans:
Incidence and the Clinical, Pathologic and Immunohisto-chemical Findings.
J Korean Med Sci., 20:977-984.

158- Kim, S.Y.; Kim, J.Y.; Kim, S.H. ; Bae,H.J.; Yi, H. ; Yoon, S.H. ; Koo, B.S.
; Kwon, M. ; Cho, J.Y. ; Lee, C.E. and Hong, S. (2007). Surfactin from
Bacillus subtilis displays anti-proliferative effect via apoptosis induction,
cell cycle arrest and survival signaling suppression. FEBS Lett., 581: 865—
871.

159- Koboziev, I.; Webb, C.R.; Furr, K.L. and Grisham, M.B. (2013). Role of
the enteric microbiota in inAssayinal homeostasis and inflammation. Free
Radic Biol Med.,68:122-33.

160- Koch, P.; del Valle, F.; Berdel, W.E.; Willich, N.A.; Reers, B. and Hid-
demann, W. (2001). Primary gastrointestinal non-Hodgkin’s lymphoma: I.
Anatomic and histologic distribu-tion, clinical features, and survival data of
371 patients reg-istered in the German Multicenter Study GIT NHL 01/92.
J Clin Oncol.,19: 3861- 3873.

161- Koff, J. L.; Ramachandiran, S. and Bernal Mizrachi, L. (2015). A time to
kill: targeting apoptosis in cancer. International Journal of Molecular
sciences, 16(2): 2942- 2955.

162- Koneman, E.W.; Allen, S.D.; Dowell, V.R.; Janda, W.M.; Sommer, H.M.
and Winn, W.C. (1997). Color atlas and textbook of diagnostic
microbiology. 4th ed. Lippincott Company, Philadelphia.

163- Kowalewicz-Kulbat, M.; Krawczyk, K. T.; Szulc-Kielbik, I.; Rykowski,
S.; Denel-Bobrowska, M.; Olejniczak, A. B.; Locht. C. and Klink, M.

150



References

(2023). Cytotoxic effects of halophilic archaea metabolites on ovarian
cancer cell lines. Microbial Cell Factories., volume 22, Article number: 197.

164- Krenbiel, C. R.; Rust, S. R.; Zhang, G. and Gilliland, S. E. (2003). Bacterial
direct feed microbials in ruminant diets: Performance response and mode of
action. J. Anim. Sci.; 81:120-132.

165- Krishnaswamy, M.; Subbuchettiar, G.; Ravi, T.K.and Panchaksharam, S.
(2008). Biosurfactants properties, commercial production and application.
Current Science., 94: 736-747.

166- Kroemer, G.; El- Deiry, W.; Golstein, P.; Peter, E.; Vaux, D.;
Vandenabeele, P.; Zhiviotovsky, B. and Blagoskonny, M. V. (2005).
Nomenclature committee on cell Death. Classification of cell death:
recommendation of the nomenclature committee on cell death. Cell Death
Differ. 12: 1463- 1467,

167- Kuipers, E.J.; Grady, W.M. and Lieberman, D. (2015). Colorectal cancer.
Nat Rev Dis Primers.,1: 15065.

168- Kuipers, E.J.; Rosch, T. and Bretthauer, M. (2013). Colorectal cancer
screening--optimizing current strategies and new directions. Nat Rev Clin
Oncol.,10(3):130-42.

169- Kumar puneeth, C. L.; Saroja sushma, Y.; Kumar mukesh, D. J. &
Kalatchelvan. (2021). Bifidobacteria for betterment. World Applied
sciences Journal. 17 (11): 1454 -1465.

170- Kuugbee, E.D.; Shang, X.; Gamallat, Y.; Bamba, D. Awadasseid, A.;
Suliman, M.A.; Zang, S.; Ma, Y.; Chiwala, G. and Xin, Y. (2016).
Structural change in microbiota by a probiotic cocktail enhances the gut
barrier and reduces cancer via TLR2 signaling in a rat model of colon cancer.
Dig Dis Sci.,61(10):2908-20.

| L

151



References

171- Ladeira, R.; Tap, J. and Derrien, M. (2023). Exploring Bifidobacterium
species community and functional variations with human gut microbiome
structure and health beyond infancy. Microbiome Research Reports.,2(2): 9.

172- Lassegue, B. and Griendling, K. (2010). NADPH oxidases: functions and
pathologies in the vasculature. Arterioscler. Thromb. Vasc. Biol. 30, 653—
661 10.1161/ATVBAHA.108.181610.

173- Lee, J.H.; Nam, S.H.; Seo, W.T.; Yun, H.D.; Hong, S.Y.; Kim, M.K. and
Cho, K.M. (2012). The production of surfactin during the fermentation of
cheonggukjang by potential probiotic Bacillus subtilis CSY191 and the
resultant growth suppression of MCF-7 human breast cancer cells. Food
Chem., 131: 1347-1354.

174- Lee, S.; Cho, S.; Yoon, Y.; Park, C.; Sohn, J.; Jeong, J.; Jeon,
B. (2021). Bifidobacterium bifidum strains synergize with immune
checkpoint inhibitors to reduce tumour burden in mice. Nat Microbiol.,
6(3):277-288.

175- Li, J.; Jin, L.; Wanting, F.; Longbang, C. and Jingdong, H. (2015).
Downregulation of SMC1A inhibits growth and increases apoptosis and
chemosensitivity of colorectal cancer cells. J Intl Med Res 44:67-74.

176- Li, Y.; Wang, Y.; Duan, Hu-Xinyue Duan, H.; Qing, Z.; Guo, X.; Wu, Ch.;
Peng, W. (2022). Regulation of mitochondrial dysfunction induced cell
apoptosis is a potential therapeutic strategy for herbal medicine to treat
neurodegenerative diseases.Sec. Experimental Pharmacology and Drug
Discovery, Volume 13

177- Liboredo, J.C.; Anastacio, L.R.; Peluzio, C.G.; Valente, F.X.; Penido,
C.P.; Nicoli, J.R. and Correia, T.D. (2013). Effect of probiotics on the
development of dimethylhydrazine-induced preneoplastic lesions in the
mice colon. Acta Cir Bras., 28(5):367—72.

152


https://pubmed.ncbi.nlm.nih.gov/?term=Lee+SH&cauthor_id=33432149
https://pubmed.ncbi.nlm.nih.gov/?term=Cho+SY&cauthor_id=33432149
https://pubmed.ncbi.nlm.nih.gov/?term=Yoon+Y&cauthor_id=33432149
https://pubmed.ncbi.nlm.nih.gov/?term=Park+C&cauthor_id=33432149
https://pubmed.ncbi.nlm.nih.gov/?term=Sohn+J&cauthor_id=33432149
https://pubmed.ncbi.nlm.nih.gov/?term=Jeong+JJ&cauthor_id=33432149
https://pubmed.ncbi.nlm.nih.gov/?term=Jeon+BN&cauthor_id=33432149

References

178- Lievin, V.; Peiffer, 1.; Hudault, S.; Rochat, F. and Servin, A.L. (2000).
Bifidobacterium strains from resident infant human gastroin Assayinal
microflora exert antimicrobial activity. GUT.,47 (5): 646-652.

179- Lin, L.; Yang. L.; Fu, W.; Lin, F.; Gao, Y. and, Chen, y. (2017).
Overexpression of NOX4 predicts poor prognosis and promotes tumor
progression in human colorectal cancer., 4;8(20):33586—33600.

180- Lin, S.; Schorpp, K.; Rothenaigner, |. and Hadian, K. J. (2020). Image-
based high-content screening in drug discovery. Methods. 25(8): 1348-1361.

181- Liu, X.; Tao, X.; Zou, A.; Yang, S.; Zhang, L. and Mu, B. (2010). Effect of
the microbial lipopeptide on tumor cell lines: apoptosis induced by
disturbing the fatty acid composition of the cell membrane. Protein Cell., 1:
584-594.

182- Liu, Y.; Huang, H.; Yang, X.; Huang, D. and Wang, X. (2024).
Comprehensive bioinformatics analysis of NOX4 as a biomarker for pan-

cancer prognosis and immune infiltration.,16, 8 pp 7437—7447.

183- Liu, Z.; Qin, H.; Yang, Z.; Xia, Y.; Liu, W. and Yang, J. (2011).
Randomised clinical trial: the effects of perioperative probiotic treatment on
barrier function and post-operative infectious complications in colorectal
cancer surgery: a double-blind study. Aliment Pharmacol Ther.,33:50-63.

184- Livak, K. J. and Schmittgen, T. D. (2001). Analysis of relative gene
expression data using real time quantification PCR and the 2~ AA® method.
Methods. 25 (4):402 — 408.

185- Ljungh, A. and Wadstrom, T. (2006). Lactic acid bacteria as probiotics. Curr.
Issues. In Assay. Microbiol.,7 (2):73-89.

186- Logan, N.A. and Vosa, P.D. (2009). Genus I Bacillus In: Vos, D.P.; Garrity,
G.M.; Jones, D.; Krieg, N.R.; Ludwig, W.; Rainey, F.A.; Schleifer, K.H. and
Whitman, W.B. editors 2009 Bergeys Manual Systematic Bacteriology 2Sd
Ed. 3. Newyork: Springer p. 21-128.

153



References

187- Louis, K. S. and Siagel, A. C. (2011). Cell viability Analysis using trypan
Blue: Manual and Automated Methods. In: Stoddart, M. J. (ed.), Mammalian
cell viability: Methods and protocols. Humana Press, Springer.

188- Lui, B.; Zhu, L. and Zou, J. (2021). Updated methodology for projecting US
and state-level cancer counts for the current calendar year: Part I:
Spatiotemporal small area modeling for cancer incidence. Cancer Epidemiol

Biomarkers Prev.

M

189- MacFaddin, J. F. (2000). Biochemical Assays for Identification of Medical
Bacteria 3rd ed. Lippincott Williams and Wilkins, USA.

190- Mack, D. R. and Lebel, S. (2003). Role of probiotic in the modulation of
inAssayinal infection and inflammation. Curr. Opin. Gastroenterol., 20:22-
26.

191- Madorran, E.; Ambroz, M.; Knez, J.; Sobocan, M. (2024). An Overview of
the Current State of Cell Viability Assessment Methods Using OECD
Classification., Int J Mol Sci. 2024 Dec 30;26(1):220.

192- Marcelino, P.R.F.; Gongalves, F.; Jimenez, 1.M.; Carneiro, B.C.; Santos,
B.B. and da Silva, S.S. (2020). Sustainable production of Biosurfactants
and their applications, Lignocellulosic Bioref. Technol.,159-183.

193- Markey, B; Leonard, F; Archambault, M; Cullinane, A. and Maguire, D.
(2014). Clinical veterinary microbiology, second edition. Mosby Elsevier,
china.

194- Master, N. G. and Markande, A. R. (2023). Importance of microbial
amphiphiles: interaction potential of Biosurfactants, amyloids, and other
exo-polymeric-substances. World J. Microbiol. Biotechnol. 39, 39, 1-26.

195- Matsuyama, T.; Tanikawa, T. and Nakagawa, Y. (2010). Serrawettins and
Other Surfactants Produced by Serratia. In: G Soberén-Chavez (Ed.).
Biosurfactants: From Genes to Applications., p.93-120.

154



References
196- Mayo Expert. (2022). Colorectal cancer (adult). Mayo Clinic.

197- Medical Lab Notes. (2022). Notes Blood Agar: Introduction, Composition,
Principle, Preparation Requirements, Assay Procedure, Result -
Interpretation, Uses, Keynotes, and Blood Agar.

198- Meerloo, J. V.; Kaspers, G. J. and Cloos. J. (2011). Cell sensitivity assays:
the MTT assay. In Cancer cell culture (pp.237-245). Humama press.

199- Mery, B.; Gay, J. and Vallard, A. (2017). In vitro cell death determination of
drug discovery: A Landscape Review of Real Issues, Journal of cell death.

200- Meylheuc, T.; van Oss, C.J.; Bellon-Fontaine, M.N. (2001). Adsorptionof
Biosurfactant on solid surfaces and consequences regarding thebioadhesion
of Listeria monocytogenes LO28. J Appl Microbiol91:822-832.

201- Mitchell, S.C. (2005). From Colonic Polyps to Colon Cancer:
Pathophysiology, Clinical Presentation and Diagnosis. Clin Lab Med.,
25:135-77.

202- Mittal, M.; Roth, M. and Kdénig, P. (2007). Hypoxia-dependent regulation of
nonphagocytic NADPH oxidase subunit NOX4 in the pulmonary
vasculature. Circ Res., 101:258-67.

203- Miyake, P.; Murai, S.; Kakuta, S.; Uchiyama, Y. and Nakano, H. (2020).
Identification of the hallmarks of necroptosis and Ferroptosis by
transmission electron microscopy. Biochemical and Biophysical Research
communication. 527, Issue 3, 839- 844,

204- Mnif, 1. and Ghribi, D. (2016). Glycolipid Biosurfactants: Main properties
and potential applications in agriculture and food industry. J. Sci. Food.
Agric.,96, 4310-20.

205- Mondelli, A.L.; Niero- Melo, L.; Bagagli, E.; Camargo, C.H.; Bruder-
Nascimento, A.; Sugizaki, M.F.; Carniero, M.V. and Villas, B.P. (2012).
Candida spp.: manual identification (reference method) and automated

155



References

identification (vitek system platform). The J. venomous animals and toxins
including tropical diseases. ISSN 1678-9199. 18.335-339.

206- Mukherjee, S.; Das, P. and Sen, R. (2006). Towards commercial production
of microbial surfactants, Trends Biotechnol.24 (11).,509-515.

207- Munir, H.; Alvi, A.; Munir, H.; Zulfigar, M.; Waqas, M. and Qadri, A.
(2024). Analysis Of Gene Expression of GAPDH Across Three Different
Cell Lines Using RT-qPCR.,02;10, 1JPS/240209186.

208- Mustafa, M.; Ahmad, R.; Tantry, I.; Ahmad, W.; Siddiqui, S.; Alam, M.;
Abbas, K.; Md. M.; Hassan, I.; Habib, S. and Islam, S. (2024).
Apoptosis: A Comprehensive Overview of Signaling Pathways,
Morphological Changes, and Physiological Significance and Therapeutic
Implications.,13(22),1838.

[ N ]

209- Narayan, S.; Raza, A.; Mahmud, I.; Koo, N.; Garrett, T.; Law. M.; Law,
B. and Sharma, A. (2022). Sensitization of FOLFOX-resistant colorectal

cancer cells via the modulation of a novel pathway involving protein
phosphatase 2A. iScience.,3;25(7):104518.

210- National Cancer Institute (NCL). (2023). Immunotherapy to treat cancer.

211- National Cancer Institute (NCL). (2023). Radiation therapy and you:
Support for people with cancer.

212- National Comprehensive Cancer Network (NCCN). (2024). Guidelines for
Patients are based on the NCCN Clinical Practice Guidelines in Oncology
(NCCN Guidelines®) for Colon Cancer.

213- Neagoe, A.; Molnar, A.M. and Acalovschi, M. (2004). Registrul de Cancer
Colorectal-baza informativa pentru controlul si supraveghereapacientilor.
Rev Ed Med Cont (lasi)., 3: 115-121.

156



References

214- Nelson, V.; Nuli, M.; Mastanaiah, J.; Saleem, M. and Birudala, G. (2023).
Reactive oxygen species mediated apoptotic death of colon cancer cells:
therapeutic potential of plant derived alkaloids., Sec. Cellular
Endocrinology.,14.

215- Nelson-Rees, W. A. (1978). The identification and monitoring of cell line
specific-ity. Prog Clin Biol Res., 26:25-79.

216- Niederhuber, J.E. (2020). Cancer pharmacology. In: Abeloff's Clinical
Oncology.

217- Niederhuber, J.E. (2020). Therapeutic antibodies and immunologic
conjugates. In: Abeloff's Clinical Oncology. 6th ed.

218- Nitschke, M.; Arau’jo, L.V.; Costa, S.G.V.A.O. (2009). Surfactinreduces the
adhesion of food-borne pathogenic bacteria to solidsurfaces. Lett Appl
Microbiol 49:241-247.

219- Nosaka, Y. and Nosaka, A.Y. (2017). "Generation and Detection of Reactive
Oxygen Species in Photocatalysis™”. Chemical Reviews. 117 (17): 11302
11336.

[ 0 ]

220- Obuch, J.C., and Ahnen, DJ. (2016). Colorectal cancer: genetics is changing
everything. Gastroenterol Clin North Am., 45(3):459-76.

221- Ohara, T.; Yoshino, K. and Kitajima, M. (2010). Possibility of preventing
colorectal carcinogenesis with probiotics.
Hepatogastroenterology.,57:1411-5.

222- Olasanmi, 1.0O. and Thring, R.W. (2018). The role of Biosurfactants in the
continued drive for environmental sustainability. Sustainability .,10:4817.

223- Onoue, S.; Igarashi, N.; Yamada, S. and Tsuda, Y. (2008). High-throughput
reactive oxygen species (ROS) assay: an enabling technology for screening

157



References

the phototoxic potential of pharmaceutical substances. J Pharm Biomed
Anal, 46, 187-93.
P J

224- Palmer, Chana.; Bik, Elisabeth, M.; DiGiulio, Daniel, B.; Relman, David,
A.; Brown, Patrick, O. (2007). "Development of the Human Infant In
Assayinal Microbiota".PLOSBiology. 5 (7): el17.

225- Palmer, R.J. and White, D.C. (1997). Developmental biology of Biofilms:
implications for treatment and control. Trends Microbiol 5:435-440.

226- Panchariya, V.; Bhati, V.; Madhyastha, H.; Madhyastha, R.and Prasad,

J. (2021). Chromatic intervention and biocompatibility assay for

biosurfactant derived from Balanites aegyptiaca (L.) Del., Sci
Rep.18;11(1):4186.
227- Papiez, M.A. (2021). Biological therapies in the treatment of cancer-Update

and new directions. International Journal of Molecular Sciences.

228- Park, S.; Sung, J.; Han, S.; Baek, J.; Oh, J.; Bang, S.; Cho, E.; Shin, D.
and Lee, J. (2005). Oxaliplatin, folinic acid and 5-fluorouracil (FOLFOX-
4) combination chemotherapy as second-line treatment in advanced
colorectal cancer patients with irinotecan failure: a Korean single-center
experience. Clinical Trial; 35(9):531-5.

229- Pei, B.; Peng, S.; Huang, Ch. and Zhou, F. (2024). Bifidobacterium
modulation of tumor immunotherapy and its mechanism. Cancer Immunol
Immunother., 2;73(5):94.

230- Perez- Hernadez, M.; Arias, A.; Martinez- Garcia, D.; Perez- Tomas, R.;
Quesada, R. and Soto- cerrato, V. (2019). Targeting Autophagy for cancer
Treatment and tumor chemo sensitization. Cancers (Basel); 11(10) 1599.

231- Perfumo, A.; Smyth, T.J.P.; Marchant, R. and Banat, I.M. (2009).

Production and roles of Biosurfactants and bioemulsifiers in accessing

158


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1896187
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1896187

References

hydrophobic substrates: Microbiology of hydrocarbons, oils, lipids, and
derived compounds. In Kenneth N. Timmis ed. Springer, UK (in press).

232- Phelan, K., and May, K. M. (2017). Mammalian cell tissue culture. Current
protocols in human genetics, 94(1), A-3G.

233- Phetcharat, T.; Dawkrajai, P.; Chitov, T.; Mhuantong, W.; Champreda,
V. and Bovonsombut, S. (2019). “Biosurfactant-produc-ing capability and
prediction of functional genes potentiallybeneficial to microbial enhanced
oil recovery in indigenousbacterial communities of an onshore oil reservaoir,
Current Microbiology, vol. 76, no. 3, pp. 382-391.

234- Pinzone, M.R.; Celesia, B.M.; Di Rosa, M.; Cacopardo, B. and Nunnari,
G. (2012). "Microbial translocation in chronic liver diseases". International
Journal of Microbiology.,694629. do0i:10.1155/2012/694629. PMC
3405644. PMID 22848224.

235- Pommerville, J.C. (2007). Alcamo's Laboratory Fundamentals of
Microbiology Eighth Edition.Jones and Bartleti.London.

236- Porporato, P.E.; Filigheddu, N.; Pedro, J. M.B.; Kroemer, G. and
Galluzzi, L. (2018). Mitochondrial metabolism and cancer.

237- Pucciarelli, S.; Urso, E. and DeSalvo, GL. (2006). 5-fluorouracil and weekly
oxaliplatin combined with radiotherapy for locally advanced rectal cancer:

surgical complications and long-term results. Arch Med Res.,37: 860—865.

| R

238- Rahman, K. S. M. and Gakpe, E. (2008) 'Production, characterisation and
applications of Biosurfactants - Review', Biotechnology, 7 (2), pp.360-370.

239- Rahman, K. S. M.; Thahira-Rahman, J.; McClean, S.; Marchant, R. and
Banat, I.M. (2002). Rhamnolipid Biosurfactants production by strains of
Pseudomonas aeruginosa using lowcost raw materials. Biotechnol Prog. 18,
1277-128]1.

159



References

240- Rahman, K.S.M.; Pasirayi, G.; Auger, V. and Ali, Z. (2010). Production of
rhamnolipid Biosurfactants by Pseudomonas aeruginosa DS10-129 in a
microfluidic bioreactor. Biotechnol Appl Biochem. 55(1): 45-52.

241- Ramana Venkata, K. and Karanth, N. G. (1989). Production of
Biosurfactants by the resting cells of Pseudomonas aeruginosa CFTR-6. 11
(6): 437-442.

242- Rasic, J. L., and Kurmann, J. A. (1983). Bifidobacteria and their role:
microbiological, nutritional-physiological, medical, and technological
aspects and bibliography. Birkha“user Verlag, Basel, Switzerland.

243- Rasic, J. L.; Trugo, L. and Finglas, P. (2003). Microflora of the inAssayine
probiotics. Caballero., Eds. Encyclopedia of Food Science and Nutrition,
Oxford Academic Press. 421-426.

244- Rems, L.; Viano, M.; Kasimova, M.; Miklav¢ic, D. and Tarek, M. (2019).
The contribution of lipid peroxidation to membrane permeability in
electropermeabilization: A molecular dynamics study
Bioelectrochemistry.,125:46-57

245- Renuka, K.; Lairenjam, P. S. and Pratyoosh, S. (2023). Biotechnological
potential of microbial bio-surfactants, their significance, and diverse
applications.

246- Rimm, D.L. (1995). Alpha 1(E)-catenin is an actin-binding and -bundling
protein mediating the attachment of F-actin to the membrane adhesion
complex. Proc Natl Acad Sci U S A., 92(19):8813-7.

247- Rocio M.; Esther J.; Hans H.; Leonides F.; Maria, L.; Marin, E;
Zoetendal, G. and Juan, M. R. (2009). Isolation of Bifidobacteria from
Breast Milk and Assessment of the Bifidobacterial Population by PCR-
Denaturing Gradient Gel Electrophoresis and Quantitative Real-Time PCR.
Appl. Environ. Microbiol., 75 (4): 965-9609.

248- Rode, H. (2008). Apoptosis, Cytotoxicity and cell proliferation. 4th edition.

160



References

249- Rodrigues, L.; Banat, I.M.; Teixeira, J. and Oliveira, R. (2006).
Biosurfactants: Potential applications in medicine. J Antimicrob Chemother
57:609-618.

250- Rodrigues, L.R. (2011). Inhibition of bacterial adhesion on medical devices.
In Bacterial adhesion: biology, chemistry, and physics, series: Adv Exp Med
Biol. Edited by: Linke D, Goldman A. Springer, Germany.,351-367.

251- Rodrigues, L.R. and Teixeira, J.A. (2010). Biomedical and therapeutic
applications of Biosurfactants. Adv. Exp. Med. Biol. 2010; 75, 672-87.

252- Rodrigues, L.R.; van der Mei, H.C. and Teixeira, J. (2004). Influence of
Biosurfactants from probiotic bacteria on formation of biofilms on
voiceprostheses. Appl Environ Microbiol.,70: 4408-10.

253- Rodriguez-Bigas, M.A. (2023). Overview of the management of primary

colon cancer.

254- Rongvaux, A.; Jackson, R.; Harman, C. C.; Li, T.; West, A. P.; De Zoete,
M. R.; Wu, Y.; Yordy, B.; Lakhani, S. A. and Kuan, C.Y. (2014).
Apoptotic caspases prevent the induction of type | interferons by
mitochondrial DNA. Journal of Cell. 159: 1563-1577.

255- Rothenberg, M.; Oza, A.; Bigelow, R.; Berlin, J.; Marshall, J.
and Hart, L. (2003). Superiority of oxaliplatin and fluorouracil-leucovorin
compared with either therapy alone in patients with progressive colorectal
cancer after irinotecan and fluorouracil-leucovorin: interim results of a
phase Il trial., 1;21(11):2059-69.

256- Roy, K.; Wu, Y.; Meitzler, J.L.; Juhasz, A.; Liu, H.; Jiang, G.; Lu, J,;
Antony, S.; Doroshow, J.H. (2015). NADPH oxidases and cancer. Clin.
Sci., 128, 863-875.

257- Ruben, L.; Julien, T. and Muriel, D. (2023).

"Exploring Bifidobacterium species community and functional variations

161


https://pubmed.ncbi.nlm.nih.gov/?term=Rothenberg+ML&cauthor_id=12775730
https://pubmed.ncbi.nlm.nih.gov/?term=Oza+AM&cauthor_id=12775730
https://pubmed.ncbi.nlm.nih.gov/?term=Bigelow+RH&cauthor_id=12775730
https://pubmed.ncbi.nlm.nih.gov/?term=Berlin+JD&cauthor_id=12775730
https://pubmed.ncbi.nlm.nih.gov/?term=Marshall+JL&cauthor_id=12775730
https://pubmed.ncbi.nlm.nih.gov/?term=Hart+LL&cauthor_id=12775730

References

with  human gut microbiome structure and health beyond

infancy" Microbiome Research Reports. 2, no.2: 9.

[ s ]

258- Saavedra, J. M., & Tschernia, A. (2002). Human studies with probiotics and

prebiotics: clinical implications. Br. J. Nutr. 87:241-246.

259- Saber, A.; Alipour, B.; Faghfoori, Z. and Yari Khosroushahi, A. (2017).
Cellular and molecular effects of yeast probiotics on cancer. Crit Rev
Microbiol.,43(1):96-115.

260- Saikolappan, S.; Kumar, B.; Shishodia, G.; Koul, S.; Koul, H.K. (2019).
Reactive oxygen species and cancer: A complex interaction. Cancer Lett.,
452, 132-143.

261- Sajid, M.; Khan, M.S.A.; Cameotra, S.S. and Al-Thubiani, A.S. (2020).
Biosurfactants: potential applications as im-munomodulator drugs.
Immunol. Lett.

262- Sakanaka, M.; Gotoh, A. and Yoshida, K. (2019). Varied pathways of infant
gut-associated bifidobacterium to assimilate human milk oligosaccharides:
prevalence of the gene set and its correlation with bifidobacteria-rich

microbiota formation. Nutrients.

263- Salleh, S. M.; Md Noh, N. A. and Yahya, A.R.M. (2011). Comparative study:
Different recovery techniques of rhamnolipidbproduced by Pseudomonas
aeruginosa USMAR-2.

264- Samuni, U.; Samuni, A. and Goldstein, S. (2021). Cyclic hydroxylamines as
monitors of peroxynitrite and superoxide—revisited. Antioxidants (Basel) 11,
40.

265- Sankarapandian, V.; Maran, B.; Rajendran, R.; Jogalekar, M.;

Gurunagarajan, S.; Krishnamoorthy, R.; Gangadaran, P.; Ahn, Ch.

162



References

(2022). An Update on the Effectiveness of Probiotics in the Prevention and
Treatment of Cancer.Life (Basel). 2022 Jan 2;12(1):59.

266- Santacruz, A.; Marcos, A.; Wamberg, J..; Marti, A..; Martin Matillas, M.
and Campoy, C. (2009). "Interplay between weight loss and gut microbiota
composition in overweight adolescents”. Obesity.

267- Santos, D.K.F.; Rufino, R.D.; Luna, J.M.; Santos, V.A.; Sarubbo, L.A.
(2016). Biosurfactants: Multifunctional biomolecules of the 21st century.
Int. J. Mol. Sci., 17, 401.

268- Schell, M. A.; Karmirantzou, M.; Snel, B.; Vilanova, D.; Berger, B.; Pessi,
G.; Zwahlen, M.C.; Desiere, F.; Bork, P.; Delley, M.; Pridmore, R.D.
and Arigoni, F. (2002). "The genome sequence of Bifidobacterium longum
reflects its adaptation to the human gastroinAssayinal tract. Proc. Natl.
Acad. ScL., 99 :14422-14427.

269- Sedeek, M.; Callera, G. and Montezano, A. (2010). Critical role of NOX4 -
based NADPH oxidase in glucose-induced oxidative stress in the kidney:
implications in type 2 diabetic nephropathy. Am J Physiol Renal
Physiol.,299: F1348-58.

270- Serrano, C. and George, S. (2013). Leiomyosarcoma. Hematol Oncol Clin
North Am., 27(5):957-74.

271- Servin, A. L. (2004). Antagonistic activities of lactobacilli and Bifidobacteria
against microbial pathogens. FEMS Microbiol. Rev. 28:405- 440.

272- Seydlova, G.; and Svobodovéa, J. (2008). Review of surfactin chemical
properties and the potential biomedical applications. Cent Eur J Med., 3:
123-133.

273- Shamsee, Z. R.; Al- Saffar, A.Z.; Al- Shanon, A. F. and Al-obaidi, J. R.
(2019). Cytotoxic and cell cycle arrest induction of pent acyclic
triterpenoides separated from lantana camara leaves against MCF-7 cell line
in vitro. Molecular biology reports. Feb 1; 46(1):381-90.

163



References

274- Sharma, M.; Wasan, A. and Sharma, R.K. (2021). Recent developments in
probiotics: An emphasis on Bifidobacterium. Food Biosci, 41, 100993.

275- Sharma, N.; Lavania, M. and Lal, B. (2021). “Biosurfactant: a next-
generation tool for sustainable remediation of organic pollut-ants, Frontiers
in Microbiology, vol. 12, article 821531.

276- Sharma, Om P. and Bhat, Tej K. (2009). "DPPH antioxidant assay revisited".
Journal of Food Chemistry. 113 (4): 1202-1205.

277- Shekhar, S.; Sundaramanickam, A. and Balasubramanian, T.
(2015). Biosurfactant producing microbes and their potential applications: a
Review. Crit Rev Environ Sci Technol. ,45:1522-54.

278- Sherman, R.; Firth, R. and Kahl, A. M. (2022). Cancer in North America:
2015-2019. Volume One: Combined Cancer Incidence for the United States,
Canada, and North America. Springfield, IL: North American Association

of Central Cancer Registries, Inc.

279- Shi, Q.; Lee, D.Y.; Feliers, D.; Abboud, H.E.; Bhat, M.A.; Gorin, Y.
(2020). Interplay between RNA-binding protein HUR and NOX4 as a novel
therapeutic target in diabetic kidney disease. Mol. Metab., 36, 100968.

280- Shinji, S.; Ogawa, Y.; Yamada, T.; Matsuda, A.; Uehara, K.; Yokoyama,
Y. (2025). Morphological and functional analysis of colorectal cancer cell
lines in 2D and 3D culture. models. Sci Rep., 15(1):3047

281- Shiose, A.; Kuroda, J. and Tsuruya, K. (2001). A novel superoxide-
producing NAD(P)H oxidase in kidney. J Biol Chem., 276:1417-23.

282- Siegel, R.; DeSantis, C. and Jemal, A. (2014). Colorectal Cancer Statistics,
2014. CA Cancer J Clin., 2(64):104-117.

283- Siegel, R.L.; Miller, K. and Jemal, A. (2015). Cancer Statistics, CA Cancer
J Clin., 65:5-29.

284- Sies, H. (2022). Defining roles of specific reactive oxygen species (ROS) in
cell biology and physiology. Nat. Rev. Mol. Cell Biol.

164



References

285- Simoes, R.; Silva, M.; Souza, R.; Hacha, O.; Merma, A.; Torem, M. and
Silvas, F. (2024). Biosurfactants: An Overview of Their Properties,
Production, and Application in Mineral Flotation., Rio de Janeiro 22453-
900, RJ, Brazil Instituto Tecnoldgico Vale, Ouro Preto 35402-206, MG,
Brazil.,13(6), 81.

286- Singh, P. and Cameotra, S.S. (2004). Potential applications of
microbialsurfactants in biomedical sciences. Trends Biotechnol 22:142—
146.

287- Sivapathasekaran, C.; Das, P.; Mukherjee, S.; Saravanakumar, J.;
Maland, M. and Sen, R. (2010). Marine bacterium derived lipopeptides:
characterization and cytotoxic activity against cancer cell lines. Int. J. Pept.
Res. Ther.,16, 215-22.

288- Smith, R.E.T.; Renaud, R.C. and Hoffman, E. (2004). Colorectal cancer
market. Nat Rev Drug Discov., 3:471-2.2.

289- Smug, L. N.; Salminen, S.; Sanders, M. E. and Ebner, S. (2014). Yoghurt
and probiotic bacteria in dietary guidelines of the member states of the
European Union. Benef. Microbes 5, 61-66.

290- Sonomoto, K.; Yokota, A. eds. (2011). Lactic Acid Bacteria and
Bifidobacteria: Current Progress in Advanced Research.

291- Stanojevié¢, G.; Stojanovi¢, M.; Jovanovi¢, M.; Stojanovi¢, M.; Jeremic,
M.; B ranko, B.; Ign jatov i¢, N. and Kati¢, V. (2009). [Prim ary colorectal
lymphomas]. Vojnosanit Pregl., 66: 295-301.

292- Steele, S.R.; Park, G.E. and Johnson, E.K. (2014). The impact of age on
colorectal cancer incidence, treatment, and outcomes in an equal-access
health care system. Dis Colon Rectum., 57(3): 303-10.

293- Stockert, J.C.; Horobin, R.W.; Colombo, L.L. and Blazquez-Castro, A.
(2018). Tetrazolium salts and formazan products in Cell Biology: Viability

165



References

assessment, fluorescence imaging, and labeling perspectives. Acta
Histochemica 120: 159-167.

294- Sumera, Z.; Agsa, H. and Imtiaz, K. (2024). Probiotics and their Beneficial
Health Effects Affiliations expand.

| T

295- Tang, Y.W.and Stratton, C.W. (2006). Advanced techniques indiagnostic

microbiology. Springer Scie. Business media. Spring street. USA.

296- The Organization for Economic Cooperation and Development (OECD)
(2015). Cancer Care: Assuring Quality to Improve Survival, OECD
Publishing, Paris.

297- Thomas, M.; Jolene K.; Diedrich, M.; Stacy L. Littlechild, V. Paskvan, H.;
James, J.; Moresco, S.; and Edward C. (2019). A systems mechanism for
KRAS mutant allele—specific responses to targeted therapy., Vol 12, Issue
600 DOI: 10.1126/scisignal. aaw8288.

298- Thornberry, N.A., Chapman, K.T. and Nicholson, D.W. (2000).
Determination of caspase specifi cities using a peptide combinatorial library.
Methods Enzymol., 322, 100-10.

299- Tiso, T.; Thies, S. and Maduller, M. (2017). Rhamnolipids: production,
performance, and application. Consequences of microbial interactions with
hydrocarbons, oils, and lipids: production Of fuels and chemicals. , 587—
622.

300- Tompkins, W.A.; Watrach, A.M.; Schmale, J.D.; Schultz, R.M. and
Harris, JA. (1974). Cultural and antigenic properties of newly established
cell strains derived from adenocarcinomas of the human colon and rectum.
J Natl Cancer Inst.

301- Torre, L.A.; Bray, F. and Siegel, R.L. (2012). Global cancer statistics. CA:
A Cancer Journal for Clinicians.,65(2):87-108.

166



References

302- Tsuchida, S.; Takahashi, S.; Mbehang Nguema, P.P.; Fujita, S.; Kitahara,
M.; Yamagiwa, J.; Ngomanda, A.; Ohkuma, M. and Ushida, K. (2014).
Bifidobacterium moukalabense sp. nov. isolated from the faeces of wild west
lowland gorilla (Gorilla gorilla gorilla) in Gabon. Int. J. Syst. Evol.
Microbiol.

303- Turroni, F.; Berry, D. and Ventura, M. (2017). Bifidobacteria and their role
in the human gut microbiota. Front Microbiol. ,6(7):2148.

304- Turroni, F.; Milani, C.; Duranti, S.; Ferrario, C.; Lugli, G.A.; Mancabelli,
L.; van Sinderen, D.; Ventura, M. (2018). "Bifidobacteria and the infant
gut: an example of co-evolution and natural selection™. Cellular and
Molecular Life Sciences. 75 (1): 103-118.

v J

305- Ventura, M.; Turroni, F.; Lugli, G.A. and Van sinderen, D. (2014).
Bifidobacteria and humans: our special friends, from ecological to genomics
perspectives. J.Sci. Food Agric., 94:163-168.

306- Vermeulen, S.J.; Chen, T.R.; Speleman, F.; Nollet, F.; Van Roy, F.M. and
Mareel, M.M. (1998). Did the four human cancer cell lines DLD-1, HCT-
15, HCT-8, and HRT-18 originate from one and the same patient? Cancer
Genet Cytogenet.

307- Vivek, C.; Abrenam, D. L.; Towne, J. F.; Waring U. W. and David, J. B.
(2008). Application of high- content multi parameter cytotoxicity assay to
prioritize compounds based on toxicity potential in humans. J. Biomol.
Screen., 13: 527- 537.

167


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11105234
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11105234

References

308- Walencka, E.; Rozalska, S.; Sadowska, B. and Rézalska, B. (2008). The
Influence of Lactobacillus acidophilus derived surfactants on staphylococcal
adhesion and biofilm formation. Folia Microbiol.,53:61-66.

309- Wang, K.; Jiang, J.; Lei, Y.; Zhou, S.; Wei, Y.; Huang, C. (2019). Targeting
Metabolic-Redox Circuits for Cancer Therapy. Trends Biochem. Sci., 44,
401-414.

310- Warner, K.J. (2019). Allscripts EPSi. Mayo Clinic.

311- Weinberg, F.; Ramnath, N.; Nagrath, D. (2019). Reactive Oxygen Species
in the Tumor Microenvironment: An Overview. Cancers, 11, 1191.

312- Weiskirchen, R. and Tacke, F. (2019). Relevance of Autophagy in
parenchymal and non- parenchymal liver cells for Health and Disease. Cell,
8(1): 16.

313- Westaby, D.; Vacas, J.; Vacas, J.; Padilha, A.; Varkaris, A.; Balk, S.;
Bono, J.; and Sharp, A. (2022). Targeting the Intrinsic Apoptosis Pathway:
A Window of Opportunity for Prostate Cancer., 14(1), 51.

314- Whitman, W.B. ed. (2015). "Taxonomic Outline of Bacteria and Archaea".
Bergey's manual of systematics of archaea and bacteria.

315- William, B. W. (2012). Bergeys manual of systematic bacteriology. E sd 171-
190.

316- World Health Organization (WHO). (2014). global health observatory:

cancer mortality and morbidity.

317- World Health Organization-WHO. (2003). Basic laboratory Procedures in
Clinical Bacteeiology. 2,4 €d. Geneva.

318- Wu, N.; Yang, X.; Zhang, R.; Li, J.; Xiao, X. and Hu, Y. (2013). Dysbiosis
signature of fecal microbiota in colorectal cancer patients. Microb
Ecol.,66:462-70.

| X

168



References

319- Xiao-Lu, L.; Li, Y.; Seng-Wang, F.; Wen-Feng, L.; Yun-Jie, G.; Hao-Yan,
C. and Zhi-Zheng, G. (2017). Overexpression of NOX4 predicts poor
prognosis and promotes tumor progression in human colorectal cancer., 16;
8(20): 33586-33600.

320- Xirouchaki, C. E.; Jia, Y.; McGrath, M. J.; Greatorex, S.; Tran, M;
Merry, T. L. and Hong, D. (2021). Skeletal muscle NOX4 is required for
adaptive responses that prevent insulin resistance. Sci Adv. 2021 Dec
17;7(51): eabl4988.

[ v J
321- Yang, T.; Peng, J.; Shu, Z.; Sekar, P. K., Li, S., and Gao, D. (2019).

Determination of the membrane transport properties of Jurkat cells with a

microfluidic device. Micromachines, 10(12), 832.

322- Yoshioka, H.; Iseki, K. & K. Fujita. (1983). Development and differences of
inAssayinal flora in the neonatal period in breast-fed and bottle-fed infants.
Pediatrics., 72:317-321.

323- Yuan, C.L.; Xu, Z.Z. and Fan, M.X. (2014). Study on characteristics and
harm of surfactants. J Chem Pharma Res. ,6:2233-7.

| z

324- Zeynep, A.; Murat, K. and Hacer, D. (2017). A new colorimetric DPPH
scavenging activity method with no need for a spectrophotometer applied on

synthetic and natural antioxidants and medicinal herbs., 640-647.

325- Zhang, M.; Fan, X.; Fang, B.; Zhu, C.; Zhu, J. and Ren, F. (2015). Effects
of Lactobacillus salivarius Ren on cancer prevention and inAssayinal
microbiota in 1, 2-dimethylhydrazine-induced rat model. J
Microbiol.,53:398-405.

326- Zhao, X.; Wakamatsu, Y.; Shibahara, M.; Nomura, N.; Geltinger, C.;
Nakahara, T.; Murata, T. and Yokoyama, K.K. (1999).

169



References

Mannosylerythritol lipid is a potent inducer of apoptosis and differentiation
of mouse melanoma cells in culture. Cancer Res., 59: 482-486.

327- Zhou, M.; Thompson, T. D.; Lin, H.Y.; Chen, V. W.; Karlitz, J. J. and
Fontham, E. (2022). Impact of Relative Dose Intensity of FOLFOX
Adjuvant Chemotherapy on Risk of Death Among Stage Il Colon Cancer
Patients.,1;21(2): e62—e75.

328- Zinedine, A. and Faid, M. (2007). Isolation and characterization of strains of
Bifidobacteria with Probiotic proprieties In vitro. World Journal of Dairy &
Food Sciences,2(1):28-34.

329- Zmijewska-Tomczak, M.; Milecki, P.and Olek-Hrab, K. (2014). Factors
influencing quality of life in patients during radiotherapy for head and neck
cancer. Arch Med Sci. 10: 1153-9.

330- Zorova, L.; Popkov, V. A.; Plotnikov, E. Y.; Silachev, D. S.; Pevzner, I. B.;
Jankauskas, S. S. (2017). Mitochondrial membrane potential Analytical

Biochemistry.

170



8 s e <ol 5 Bifidobacterium bifidum LS pandii g J e et dallall 4 0l
e Abull g gall Cibal oMt g ¢(BS) Biosurfactan sl (s saal) citdall ~15) 8
& «(Human Rectal Tumor) [HRT-18] asiwall 5 ¢y o1 sal) (U s LA Jad o il e (5 il
ilalas any (5 514l baall ail (NOX4) NADPH Oxidase 4 gene ¢l suall il e (5 il
ol 53l e Sl o il L jlaey paldtudl adaud) (g sal) ciliall (e dalinal) S0 5l

FOLFOX e

852025 (1S Hed Aled (a5 2024 Sl gl A3y (e Bl 3l 8 ddlad) Al jall Cyy gl
bl (5 gpall Coidiall (adaiul o LSl Gandiii g J e JsY))saall ¢ Al slae A3 el
Gl ks / Ala Y il Gilagl S je (A ¢ Aatiall A glall Agial) / SO GaaY) S 5e B Lea
LAl fendl Clagmd G el ¢ olary dldlae (8 dphll il il Gaite S e
Lol daala 8 Laa sl a) &3 (NOX4) cand il i) e (s a3l QMU ) snall 3 Cytotoxicity
Center for Natural Product b sl 8 saaall ladladl e g adll 38 je dasall aud/ulall 4408
Research and Drug Discovery, Department of pharmacology, faculty of Medicine

. University of Malaya , Kuala Lumpur

LSl 8 )M e (g el s Adlida jalas (e B, bifidum LS (e @Y e Al (il S J e o
& cLyophilizer Jles sadaiy oadaull (g pall Cidiall padaiul o ¢ adaull (5 pall Cidall 5]
a/al 2 5 84 (400 <200 <100 <50 25) 25 (BS) (o 3:S) 5 dsed &l

[3-(4,5-dimethylthiazol-2-yl)-2,5- asd ahaiuly 48l dpadl i) o i) 3
a1l L daniig amy Ayl LAY s a5 &5 diphenyltetrazolium bromide] assay (MTT)
A 1 A il il 2 sa g ) o yedal s ¢ ©a37 3 ) Aa jus Aol 24 Badl 8 jiand) duedl)
Jame A (380 ) o il podl LD 2 (3 (alids) s 51 3) [HRT-18] s L e (BS)
iy 8 5 Jo/al 2 550 (400,200) 58I vie Jadi A o) calia g S < 38 il 3l 3o Japil)
Human cxuhll LA e 3l & 64 Zaas (BS) et ol s A A 6l e 9% (68.4,61.3) sl
Glsa 8 (P <0.0001) 4y sixa 18 5 58 il & e lal s Dermal Fibroblasts, neonatal (HDFn)
HRT-] 4k yull LAl dlles 2ie Inhibitory Concentration 50% (IC50) il Jagiall al)



-

DA

(93.2) &b B8 HDFn dpphall LAY La 85 ¢ Jofal 2 5 S (53.4) &b &us (BS)AL [18
RAPISIR

Lall & FOLFOX Sbasll #3Mall 5 (BS) o (P < 0.0001) & sine 15 3 g g il xS i
dgay il & oelal Lain ¢ Jofal g 580 (400, 25) G 3Vl [HRT-18] (ita ) (5 5lal
(400,200)3S) 5l HDFn aakll slall Lall 8 FOLFOXs (BS) o Asies U

Jall e 58 (100, 50 ¢ 25) 3:SI il g sina B 8 (g hedai a1y do/p) s 5 Sika

45180 4l ausll High Content Screening (HCS) oasd ¢l sal a3 MTT gl ¢ sa e
Lall e okl @l il ge Sl JBA e el ¢ Ay la o piise bae (el il Cataa
(BS) A1 e o/l 588 (200 « 100 ¢ 50 ¢ 25) 58Il alasinly [HRT-18] (il ) 5 5130
s sall 3l 5 (Untreated dlbaall e LAY Ll 5 kil g S laall gaes 4 5lie a3
3525 (HCS) andll milis Sl s ¢ o/l 5 5S4k (200) 3 5 (FOLFOX (laasSll z34al)
HRT-] (Al (5 s1all aall e (BS) A1 S i a3 4 slall il pdisall alama e 4 gina <l s
aae il i gl 5 ALl 5 ylasdl g 45l do/alye 5 )Sie (100200) 381l 8 liala s 18

Jofal & 5 Sile (200) 3506 FOLFOX 5 (BS) 3 il (s 5 5% (38 25mn 5

4 jlie 4500 5305 elsl 38 Caspase 9 o) Caspase-9 and Caspase-8 asd gilii < ekl
¢ dofpl 12 508 (200 ¢ 25) O s8N 58I e Baaiee Baly ) e CulS 5 Al B jlally
Llee 8 ¥ bl o ) iy Lea ¢ Caspase 9 g 4ijlie J8l Llis Ll Caspase 8 Laiy
A sine (3558 d5a g are iliill & yelil 5 ¢ Caspase 9 4ie Jssuall s ASlall jlusd) s e jaall sl

Cnobasal) DS 8 AL 5 laandly &5 lie Jo/p) 2 5 S (200) xSk FOLFOX 5 (BS) sl o

ax Anti-Oxidant Activity (DPPH) 2,2-Diphenyl-1-picrylhydrazyl (asé zis < ekl
29y ae [HRT-18] sslall Jadll aa Logilalas 2ic Ascorbic acids (BS) o &sine 3558 3525
Se/p) e 5 80k (50) S 5 (A a5 sima (34

3sa5 o= Reactive Oxygen Species (ROS)Auleliil) faaus Y1 LS jo (and milis & yelal 5 LS
il ¢ ekl 5 «Ja/al e 5 )Se (200,100) S 8 ROS Uil 850l )5 4 sina (358



-

DA

5ohadl 48 Jo/al e 5 Sile (200) S5t FOLFOX s (BS) ili (w4 sine (538 2935 axc
Al

S5 dilales am) [HRT-18] s stall laall 8 (NOX4) cad Sa) il e 5yl il <yl
Quantitative Reverse Transcription Real-Time PCR (RT- uaad alasiuly (BS) (1 4dliaa
el gual) Jaill A P<0.0001 Asine Bs 2 5n s ae dasla dpan il i 41 (BS) o) « gPCR)
45 )le Jo/al e 5585 (400 ¢ 200) 58l Lilebea 32y [HRT-18] sl Lall i ( NOX4)
anill 8 3 gine 5 )8 (ol el ol o/l e 5 5S0e (100650625) 381 g Laiy ¢ ALl 5 jlagully
DS (=8 WIS 5 (NOX4)cmal cund) aanill 21335 (BS) ) (e Aallal) 30 5l 43) 6 ¢ )

(Ot el Scaall (NOXA) ) (i) ) Jy



Sl 4y ) sgen
el Canll g ) el 5513
£ S dxd_a
6 el o fall s 0 1S
sall asle o

Bifidobacterium bifidum LS (alad) (g gaal) cidial) 50

ol padl) e s adll g HRT-18 (Alajed) LOAY ad o
NOX4 (pad
£ S Al / 8 puall o slall Ay ) S ulna ) Fodie 5o

O sl dle ] SLall o sle s 5 Aauds / o) )5S0 Ao Jii il e s 3 b s

A g i€
> SA deaa Gpua Ly (g
2016 3k S Aaals [ 48 pall o lall 4y Jil 44K [ 3Ll o sle g 1S
2019 ¢3S dasls [ 4 puall o slall Ay 5 A0S /[ 3lal) 6 sle piivala

il iy
i) G judad cpandy 2,

(AG )l ‘
3 gad) oy S Ll ae alaa o))

2025 A.D. 1446 A.H.



