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Summary

Plant chemical constituents are crucial in the treatment of various
diseases and disorders due to their impact on cell growth and repair, so the
aims of this study were to identify the cytotoxicity of Anthurium
andraeanum leaf extracts (alcoholic extract) mammalian cell lines; Vero,
LNCap prostate cancer cell line, SW480 colon cancer cell line and A549
lung cancer cell line. The second aim was to study the antioxidant effect of
alcoholic leaf extract of A. andraeanum plant on LNCap and SW480cell
lines. The last aim was to evaluate the effect of A. andraeanum extract on
the anticancer activity of doxorubicin and carboplatin chemotherapeutic
drugs.

Vero, LNCaP, SW480, A549 lung cancer cell line was seeded in a
tissue culture 96-well plate and treated with alcoholic leaf extracts in
different concentrations (1000, 500, 250, 125, 62, 31) ug/ml for each of the
extracts and incubated for 24 hours. Then, the (3-(4,5 Dimethylthiazole-2-
yD)-2,5-diphenyl-2Htetrazolium bromide) MTT assay was performed.

The cytotoxicity results revealed that leaves extract of A. andraeanum
caused a significant decrease in the viability for Vero, SW480, and A549
cell lines at higher concentrations (more than 125 pg/ml) and more than
(250 pg/ml) for LNCap cell line in comparison to the control groups.

The antioxidant activity was evaluated using Reducing Antioxidant
Capacity (CUPRAC) method. Prostate cancer (LNCap) and colon cancer
(SW480) cell lines seeded in tissue culture plates were treated with plant
extract at concentrations of (1000 ,250 ,31) pg/ml. After incubation for 24
hr, supernatants were examined to determine the antioxidant activity. The
results of this experiment show that there was a significant increase in the

antioxidants level for both cell lines at concentrations of (1000, 250) pg/mi



for colon cancer (SW480) cell lines and (1000) pg/ml for Prostate cancer
(LNCap) in comparison with the control groups.

The third part of this study involved measuring the effect of plant
extract on the anticancer activity of doxorubicin and carboplatin using
SW480 and LNCap cancer cell lines as models. The effect of plant extract
on each drug was evaluated in separated 96 wells plate divided into 8
groups; one negative control group, one positive control group treated with
15 pg/ml doxorubicin, and six serial dilutions (started from 1000 to 31
png/ml) of plant extract with a constant concentration of doxorubicin (15
pug/ml). All plates were incubated for 24 hours at 37C, and then the
MTT(3-(4,5-Dimethylthiazole-2-yl)- 2,5-diphenyl-2Htetrazolium bromide)
cytotoxicity assay was performed.

The result for this experiment showed a decrease in the cytotoxic effect
of doxorubicin on colon cancer cell at all concentrations used in
comparison to positive and negative control groups. The viability of
LNCap was drop when treated with plant extract concentration of (1000)
pg/mil.

The same experiment was repeated for carboplatin using constant
concentration (100 pg/ml) for positive control and for combination groups.
The result for this experiment showed an increase in the cytotoxic effect of
carboplatin on colon cancer cell and prostate cancer cell at all

concentrations used in comparison to positive and negative control groups.
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Chapter one introduction and literature review

1. Introduction and literature review

1.1 Introduction

Medicinal plants are useful for healing and curing human diseases
because of the presence of hundreds of phytochemical constituents.
Phytochemicals are naturally occurring in medicinal plants leaves, stems and
roots that have defense mechanism and protect from various diseases.
Phytochemicals are primary and secondary compounds. Chlorophyll,
proteins and common sugars are included in primary constituents while
secondary compounds include terpenoid, alkaloids and phenolic
compounds(Wadood, 2013).

Phytochemicals and derivatives present in plants are promising options
to improve treatment efficiency in cancer patients and decrease adverse
reactions. A number of these phytochemicals are naturally occurring
biologically active compounds with significant antitumor potential
(Choudhari et al., 2020).

Recent research has shown that the use of herbal remedies for cancer
treatment resulted in fewer or diminished side effects compared with
conventional chemotherapy or radiotherapy, resulting in a longer survival
period for many patients(Yu et al., 2015).The drugs used for the treatment of
different disorders is either expensive or not freely available in the market.
So, for better therapeutic approach it is necessary to innovate and access
low-cost materials with reasonable safety. Bio-based materials with
combination of modern chemistry could be used for the better approach in
the pharmaceutical industries(Patel et al, 2016). Herbal medicine has also
been reported to be able to prevent the progression of colon carcinoma,

gastric cancer, and breast cancer, as well as their metastasis to the liver,
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lung, and bone. Moreover, hepatocellular carcinoma has been shown to
become smaller without severe side effects after treatment with herbal
medicine. Reports strongly suggest that herbal medicine remedies would be

good candidates for the treatment of several types of cancer(Yu et al., 2015).

1.2 Literature review
1.2.1. Cancer:

Cancer is a major public health problem that has a significant global
impact on both developed and developing countries. One of characterizing
features of cancer is the quick production of abnormal cells that developed
out of their origin, and would then be able to attack bordering portions of the
organ and spread to other parts of the body, the last process is called
metastasizing, metastases are a significant reason of death from the disease
(Nelson et al., 2019).
1.2.1.1 Cancer epidemiology:

According to the International Agency for Research on Cancer, an
estimated 19.3 million new cancer cases occurred worldwide which are
likely to increase to 23.6 million new cases each year by 2030. About 18.1
million excluding nonmelanoma skin cancer and almost 10 million cancer
deaths (9.9 million excluding nonmelanoma skin cancer) occurred
worldwide in 2020. Female breast cancer has surpassed lung cancer as the
most commonly diagnosed cancer, with an estimated 2.3 million new cases
(11.7%), followed by lung (11.4%), colorectal (10.0 %), prostate (7.3%),
and stomach (5.6%) cancers. Lung cancer remained the leading cause of
cancer death, with an estimated 1.8 million deaths (18%), followed by
colorectal (9.4%), liver (8.3%), stomach (7.7%), and female breast (6.9%)
cancers (Sung et al., 2021)
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1.2.1.2 Cancer pathogenesis:

Cancer is a complex genetic disease that is caused by specific changes to
the genes in one cell or group of cells. These changes disrupt normal cell
function — specifically affecting how a cell grows and divides. In contrast to
normal cells, cancer cells don't stop growing and dividing, this uncontrolled
cell growth results in the formation of a tumor. Cancer cells have more
genetic changes compared to normal cells, however not all changes cause
cancer, they may be a result of it (Laura, 2018).

Many factors can cause cancer including external factors such as tobacco
smoking, radiation, chemicals, and infections), while internal factors include
inherited mutations, hormones, immune conditions, and random
mutations(Tyagi et al., 2017).The genetic changes that contribute to cancer
usually affect three specific types of gene; proto-oncogenes, tumor
suppressor genes and DNA repair genes(Laura, 2018).

Considering the high-profile nature of the disease, its treatment has been
a constant struggle with relatively less success. Currently available options
for cancer treatment involve surgical removal and radiation treatment of the
large accumulated biomass of cancer, typically followed by systemic
chemotherapy treatment for maintenance. The primarily available
chemotherapeutic agents include antimetabolites (e.g., methotrexate), DNA-
interactive agents (e.g., cisplatin, doxorubicin), anti-tubulin agents (taxanes),
hormones, and molecular targeting agents. The major disadvantages of
chemotherapy are recurrence of cancer, drug resistance, and toxic effects on
non-targeted tissues that can restrain the use of anticancer drugs and thus

impair patient’s quality of life. To overcome the problems of present
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therapy, search for new promising anticancer agents with better efficacy and
lesser side effects continues (Choudhari et al, 2020).
1.2.1.3 Difference between normal and cancer cell

There are certain characteristics of healthy, normal cells that
distinguish them from cancer cells as in figure (1.2). These include:
a-Cell shape: Normal human cells come in many shapes and sizes — as they
differentiate and adopt specialized functions their shape changes accordingly
for instance, a red blood cell looks very different to a nerve cell. Different
types of cells do not look alike, but, if you analyze cells of the same cell
type, they will look extremely similar, maintaining a uniform shape (Laura,
2018).
Under a microscope, normal cells and cancer cells may look quite different.
In contrast to normal cells, cancer cells often exhibit much more variability
in cell size—some are larger than normal and some are smaller than normal.
In addition, cancer cells often have an abnormal shape, both of the cell, and
of the nucleus (the “brain” of the cell.) The nucleus appears both larger and
darker than normal cells.(Eldridge, 2014).For years researchers have been
peering down microscopes, looking for distinct features that can help them
determine the difference between a cancer cell and normal cell. Cancer cells
are misshapen, and appear as a chaotic collection of cells, in an array of
shapes and sizes. Researchers have been investigating the relationship
between cancer cell shape and a patients’ outlook, and whether cell shape
may also help to distinguish between the different types of cancer (Laura,
2018).
b-Nucleus: The rates of ribosome production by a nucleolus and of protein

biosynthesis by ribosomes are tightly correlated with the rate of cell growth



Chapter one introduction and literature review

and proliferation (Stepinski, 2018). In normal cells, the nucleus has a smooth
appearance and maintains a uniform, spheroid shape. Several structural
components are involved in the regulation of nuclear morphology. One of
these structural components is the nuclear lamina. Cancer cell nuclei are
frequently misshapen and bulges known as “blebs” can often be observed in
cells’ nucleus (Laura Elizabeth Mason, 2018).

c-Chromatin: The fine, evenly distributed chromatin found in normal cells
transforms into coarse, chromatin in cancer cells — aggregating into irregular
clumps that vary in both size and shape.

d-Nucleolus: Tumor aggressiveness and clinical outcome can both be
measured by observing the morphology of a cancer cell’s nucleolus.
e-nucleoli: The nucleolus becomes increasingly enlarged and more irregular
in cancer cells — cells can have multiple nucleoli within the nucleus.

f-Blood supply: Normal cells undergo a process called angiogenesis only as
part of normal growth and development and when new tissue is needed to
repair damaged tissue. Cancer cells undergo angiogenesis even when growth
IS not necessary. One type of cancer treatment involves the use of
angiogenesis inhibitors—medications that block angiogenesis in the body in

an effort to keep tumors from growing(Eldridge, 2014).
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Figure (1.1): Normal cell versus cancer cell — the key differences(December et al, 2020)

1.2.1.4 Colorectal cancer CRC:

Colorectal cancer Is the third common cases of cancers in the world with
near 5-year survival of 50% Colorectal cancers could be graded due to the
size of the tumor and the amount of invasion as well as the rate of tumor
node metastasis (TNM) stages (Rostami-Nejad et al, 2019).

Colorectal cancer consists of four stages depending on the location of the
tumor (figure 1.3). In stage 0, the cancer found only in the inner lining of the
colon or rectum. In stage I, the tumor has grown into the inner wall of the
colon or rectum. In stage 11, the tumor extends more deeply through the wall
of the colon or rectum. It may have invaded nearby tissue but does not
extend to the lymph nodes. In stage Ill, the cancer has spread to nearby
lymph nodes, but not to other parts of the body. In stage 1V, the cancer has
spread to other parts of the body, such as the liver (Koch et al, 2015).
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The stages of
colon cancer

Figure (1.2) Stages of Colorectal Cancer (Fong, 2018)

1.2.1.4.1 Symptoms of colorectal cancer:
Many cases of carcinoma without clear symptoms. The symptoms
Will indicate colon cancer subsequence, the symptom may be:
* Pain and tenderness in the lower abdomen
* Bloody stool
* Change in bowel habits may be Diarrhea, constipation, or other
» Weight loss with no known reason (Al-Humadi, 2009)
1.2.1.5 Prostate cancer

The prostate has various functions. These include producing the fluid that
nourishes and transports sperm, secreting prostate-specific antigen (PSA), a
protein that helps semen retain its liquid state, and helping aid urine
control(Leslie et al., 2022).0Other than skin cancer, prostate cancer is the
most common trusted source cancer affecting males in the United States.
Around 1 in 8 males receive a diagnosis of prostate cancer at some point in
their life. However, only 1 in 41 of these will die as a result. This is because

treatment is effective, especially in the early stages. Routine screening
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enables doctors to detect many cases of prostate cancer before they spread
(Seunggu, 2019).

The growth of prostatic carcinoma cells IS
androgen-dependent and can be effectively treated by hormone depletion
either using surgical or pharmacological methods. However, the hormone
depletion therapy only causes a temporary regression of prostate tumors;
with  some tumor cells become androgen-independent in 6-
18months.Several factors have been demonstrated to be involved in the
development of androgen-independent growth in prostate cancer. For
instance mutation amplification, and over expression of the androgen
receptor (AR) gene have been observed in androgen-independent prostate
cancer (Lu et al, 1999).
1.2.1.5.1 Symptoms of prostate cancer

The widespread use of PSA as a screening test for prostate cancer in
some countries has led to increasing diagnoses being made in asymptomatic
men. Men may present to their doctor complaining of lower urinary tract
symptoms (LUTS) or other Genito-urinary symptoms, and are thus
investigated for prostate cancer. It also is suspected that there are a
significant number of men who go through life and die with undiagnosed
prostate cancer; this suspicion is based on the findings of autopsy studies
showing that up to three quarters of men over the age of 85 had neoplastic
changes in the prostate, not all of whom had been diagnosed prior to their
death (Merriel et al, 2018).
1.2.1.6 Lung cancer:

Lung cancer is the leading cause of cancer deaths worldwide, with an

estimated 2 million new cases and over 1.8 million deaths in 2018 Tobacco
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smoking is responsible for most cases of lung cancer (approximately 90
percent for men and 70 to 85 percent for women) (Cohen et al., 2006) .Lung
cancer is divided into two main categories: non-small cell lung cancer
(NSCLC) and small cell lung cancer (SCLC). NSCLC is further classified
into squamous cell carcinoma, adenocarcinoma, NSCLC represents 80% of
all lung cancers, with adenocarcinoma accounting for 40% of all cases of
lung cancer. Squamous cell carcinoma occurs most frequently in the central
zone of the lung whereas adenocarcinoma tumors are peripheral in origin,
arising from the alveolar surface epithelium or bronchial mucosal glands.
The second major type of lung cancer is SCLC, in which there are also
several histologic groupings: pure small cell, mixed small cell, and large cell
carcinoma, as well as combined small cell. SCLC is usually more aggressive
than NSCLC and presents as a central lesion with hilar and mediastinal
invasion along with regional adenopathy (Yoder, 2006) .
1.2.1.6.1 Diagnosis of lung cancer

Guidelines for the diagnostic workup of people with known or suspected
lung cancer include obtaining a thorough history, physical examination, and
appropriate laboratory tests to screen for metastatic disease. Confirmation of
the type of lung cancer by cytology is of utmost importance before treatment
can be determined(Cohen & Khuri, 2006) .
1.2.7 Treatment of cancer

If the cancer is small and localized (Early-stage prostate cancer), a doctor
may recommend:
a-Surgery :A primary treatment for resectable and operable early stage
disease (Stage I and Il) is surgery which provides the best option for long-

term survival (Boni et al., 2020)
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b-Radiation therapy

This uses radiation to kill cancer cells or prevent them from growing.
Options for early stage of cancer may include the use of external radiation
therapy, this method uses a machine outside the body to send radiation
toward the cancer cells. Conformal radiation therapy is a type of external
radiation that uses a computer to help guide and target a specific area,
minimizing the risk to healthy tissue and allowing a high dose of radiation to
reach the prostate tumor (Seunggu , 2019).Nowadays a few complete
treatment modalities, including, brachy therapy (BT), BT joined with
external-beam radiation therapy (Fuerst, 2019).
c-Chemotherapy: This option uses drugs to help stop the growth of cancer
cells. While it can kill cancer cells around the body, it may cause adverse
effects.(Komura et al., 2018) The primarily available chemotherapeutic
agents include antimetabolites (e.g., methotrexate), DNA-interactive agents
(e.g., cisplatin, doxorubicin), anti-tubulin agents (taxanes) (Choudhari et al,
2020).
d-Hormonal therapy: are male. The main androgens are testosterone and
dihydrotestosterone. Blocking or reducing hormones such as Androgens and
estrogen appears to stop or delay the growth of cancer cells. (Seunggu,
2019).
e- Immunotherapy: Immunotherapy is a type of cancer treatment that helps
immune system fight cancer. It is made up of white blood cells and organs
and tissues of the lymph system , Several types of immunotherapy are used
to treat cancer, these include immune checkpoint inhibitors, which are drugs
that block immune checkpoint(nivolumab) and Monoclonal antibodies

(bevacizumab) (Fay et al, 2020). Only trials with a combination of

10
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chemotherapeutic agents and a biological targeted treatment consistently
reported a median survival exceeding 24 months. The antibody
Bevacizumab binds to the circulating VEGF-A, increases the activity of any

chemotherapeutic regimen (Tebbutt et al, 2010).
1.2.2 Oxidation and antioxidant system
1.2.2.1 Oxidative Stress:

Oxidative stress is an important risk factor in the pathogenesis of
numerous chronic diseases. Free radicals and other reactive oxygen species
are recognized as agent involved in pathogenesis of sickness such as
inflammatory arthropathy, asthma, diabetes, Parkinson and Alzheimer
disease, cancer as well as atherosclerosis. Reactive oxygen species are also
said to be responsible for the human aging(Mahdi-Pour et al, 2012).

In the normal healthy situation, the scavenging system of cells control
reactive oxygen species levels by the balance between the reactive oxygen
generation and elimination .in oxidative stress conditions, the increase of
reactive oxygen species can destroy the cellular component like proteins,
lipids and DNA, which will lead to lethal injury and damage in cells that
participate to carcinogenesis (Nimse et al., 2015).Under the physiological
conditions, the balance between division and necrobiosis support the
homeostasis of tissue . The Mechanisms correlating with this equilibrium
include checkpoints of the cell cycle, repairing and recombination of
DNA, and the necrobiosis. The term cellular redox state is classical won't
designate the balance of GSH/GSSG,NAD+/NADH,NADP+/NADPH,
and its cognition to a different combination of metabolites and therefore
its control the cell metabolism (Kidd, 1997) .The (Redox balance) term

refer to the balance between oxidants and antioxidants, which is
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important in keeping a healthy cellular environment. Any alteration in
this balance leads to ROS production and creation of oxidative stress So
the qualification of the cell antioxidant as a defense system (Phaniendra
et al., 2015) .Cells have several mechanisms to rework and eliminate
ROS to avoid their harmful effects. The synergistic action of both
antioxidant proteins and enzymes and exogenous antioxidants neutralize

free radicals and modulate cell(Watson et al, 2011).
1.2.2.2 Free radical

Free radicals Is an unstable, short lived and highly reactive molecules
containing one or more unpaired electrons naturally formed in stress,
exercise and when the body convert food into energy, also may be acquired
from an environmental source, when the body exposed to free radicals like
cigarette smoke, pollution, and sunlight forming highly unstable molecules
(Magammana, 2018).

There are many types of free radicals:
*Superoxide Ion Radical (O 2-).
*Hydroxyl Radical (OH-)

*Peroxyl Radical (ROO")

*Hydrogen Peroxide (H20,)

*Singlet Oxygen (102)

*Ozone (0O3)

*Hypochlorous Acid (HOCI)

Nitric Oxide or Nitrogen Monoxide
1.2.2.3 Antioxidants

Antioxidant are biologically active compounds that protect the body from

damage caused by active oxygen species, active nitrogen, and active
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chlorine, which cause disease (Zargoosh et al, 2019). Antioxidant is any
substance that, when present at low concentrations, compared with those
of the oxidizable substrate, considerably delays or inhibits oxidation of
the substrate. Antioxidants are manufactured or natural substances that
block or alter the cell damage caused by ROS. Vegetables and fruits,
consider as good source of antioxidants, are found to be healthful;
however, research has shown that antioxidant supplements does not have
advantageous effect in preventing diseases(Brar et al., 2014)Antioxidant
play an important role in food preservation by inhibiting oxidation processes
and contributing to health promotion rendered by Many dietary supplements,
nutraceuticals and functional food ingredients. Its activity can be monitored
by a variety of assays with different mechanisms, including hydrogen atom
transfer (HAT), single electron transfer (ET), reducing power, and metal
chelation, among others.(Shahidi & Zhong, 2015),

Biological reactive oxygen and nitrogen species such as hydrogen peroxide,
superoxide and nitric oxide, as well as endogenous antioxidant systems, are
important modulators of cell survival and death in diverse organisms and ell
types. Thiol redox modifications are a major mechanism by which oxidants
and antioxidants influence specific regulated cell death pathways in
mammalian cells. Growing evidence indicates that redox modifications of
cysteine residues in proteins are involved in the regulation of multiple cell
death modalities, including apoptosis, necroptosis and pyroptosis (Benhar,
2020).

There are many types of antioxidants; natural antioxidant which also divided
into two class, i.e., enzymatic antioxidants and non-enzymatic antioxidants.

This classification depend on either are synthesized in the body through
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normal metabolism process or are external supplement from other natural
sources, and the activity of these antioxidant extremely depends on their
physical and chemical properties and their mechanism of action (Brar et al.,
2014).

Enzymatic antioxidants work by breaking down and removing free
radicals. The antioxidant enzymes convert dangerous oxidative products to
peroxide (H,O,) then to water, during a multi-step process in presence of
cofactors like copper, zinc, manganese, and iron (Nimse et al, 2015)
Non-enzymatic antioxidants are a classification of the antioxidants that
required to be supplemented for the right metabolism because they aren't
found within the body naturally act interrupting radical chain reactions. Few
examples of the non-enzymatic antioxidants are, vitamin E, vitamin C,
carotenoids, glutathione and plant polyphenol (Vaisi et al, 2007).

1.2.3 Description of A. andraeanum

A. andraeanum is a genus of popular ornamental plants that produce
highly-colored modified leaf structures known as spathes. Studies have
shown that anthocyanins are the primary pigments responsible for the
striking red colors of A. species (Clark et al., 2012).

A. andraeanum is a flowering plant belongs to the family Araceae. It is a
perennial herbaceous plant cultivated for its continuing and attractive heart
shaped inflorescence. A. andraeanum a leaf, bearing numerous small
botanical flowers on a pencil like protrusion and has a vase life of 14-28
days(Abima Shazhni et al., 2016). Cut A. andraeanum quality is defined as
postharvest longevity or vase life, as well by physical attributes such as
color, spathe diameter/length and stem length, all of which vary by species

and cultivars (Favero et al., 2020).
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Figure (1.3): A. andraesanum from Al-Ataba Al- Hussainiya plant nursery
1.2.3.1 Phytochemical components
The phytochemical components of A. andraeanum (root, stem, leaf,
flower and seed) include carbohydrates, proteins, tannins, alkaloids,
flavonoids, phlobatannins, steroids, phenols and saponins. These
phytochemicals have antioxidant, analgesic, anti-inflammatory and anti-

cancer properties (Gilble et al, 2017).
1.2.3.1.1 Phenols

Epidemiological studies indicate that populations consuming high levels
of plant derived foods have low incidence rates of various cancers. Recent
findings implicate a variety of phytochemicals, including phenolics, that
have these anticancer properties (Wahle et al., 2010). Both monophenolic
and polyphenolic compounds from a large variety of plant foods, spices and
beverages have been shown to inhibit or attenuate the initiation, progression
and spread of cancers in cells both in vitro and in vivo .The inhibitory effect

of natural phenolic in carcinogenesis and tumor growth may be through two
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main mechanisms: 1) modifying the redox status and, 2) interfering with
basic cellular functions (cell cycle, apoptosis, inflammation, angiogenesis,
invasion and metastasis(Dai et al, 2010) , the cellular mechanisms that
phenolic modulate to elicit these anticancer effects are multifaceted and
include regulation of growth factor-receptor interactions, and cell signaling
cascades including kinases and transcription factors, that determine the
expression of genes involved in cell cycle arrest, cell survival and apoptosis
or programmed cell death (Wahle et al., 2010).

Several phenolic acids caffeic and gallic acid derivatives were

synthesized and screened for their potential antiproliferative and cytotoxic
properties, on different human cancer cell lines: mammary gland and cervix
adenocarcinomas and lymphoblastic leukemia (Gomes et al., 2003).
Plant species are one of the important sources of antioxidants which protect
the body from cancers. Plants that are rich in antioxidant compounds can
protect cells from oxidative damage. Natural antioxidants increase the
strength of the antioxidants in the plasma and decrease the incidence of
some diseases, such as cancer, heart disease, and stroke (Zargoosh et al.,
2019).

It is generally appreciated that the toxicity associated with some phenolic
compounds is mediated by their oxidative activity, which can accelerate
oxidative damage in vitro, either to DNA or to proteins and carbohydrates.
Another possible, although insufficiently investigated, mechanism of phenol
cytotoxicity may be associated with their pro-oxidant properties. Phenolic
acid derivatives structurally varying in the number of OH ring substituents

and in the length and/or degree of saturation of the carbon chain between the
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phenyl and the terminal carboxylate groups, which are known to exhibit
antioxidant activity (Gomes et al., 2003).

1.2.3.1.2 Alkaloids

Alkaloids that possess an isoquinoline moiety are one of the largest
groups of natural substances. Isoquinoline is a heterocyclic compound
consisting of a benzene and pyridine ring fused at C3/C4 of the pyridine
ring. The anti-cancer activity of isoquinoline alkaloids is noteworthy(Yun et
al., 2021). However, adverse reactions to conventional treatment and drug
resistance have led some to use complementary and alternative medicine
(CAM) in conjunction with conventional medical treatments. As interest in
complementary therapies increases, so has the value of natural remedies.
Isoquinoline alkaloids, a group of plant-derived bioactive compounds, have
traditionally been used as alternative treatments for their anti-inflammatory,
antimicrobial, and analgesic effect. Recently, biomedical and

pharmacological developments have begun to uncover the anticancer effects
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Figure (1. 4) Mechanism of Alkaloid apoptosis (Caiyan Liu et al, 2019)
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Apoptosis-Mediated Cell Death is a promising target for anticancer
therapy as show in figure (1.4). Apoptosis is triggered by the extrinsic and
intrinsic pathways. The extrinsic pathway is triggered by external stimuli.
Ligand and death receptor
(DR) binding interacts with the Fas- associated death domain (FADD) and
tumor necrosis factor receptor 1 (TNFR1)-associated death domain
(TRADD). A death-inducing signaling complex (DISC) is then formed
andcaspase-8 is recruited to DISC. This leads to the activation of caspase-8,
which cleaves and activates caspase-3/6/7, initiating apoptosis. The intrinsic
pathway is triggered by exogenous and endogenous stimuli, including DNA
damage and oxidative stress. The Bcl family members, Bax and Bcl-2, act as
pro- or anti-apoptotic regulatory proteins through binding to the
mitochondrial membrane. The release of cytochrome C in the cytoplasm
recruits Apaf-1 and procaspase-9 to form the apoptosome, which triggers

downstream caspase-9/3 cascades (Yun et al., 2021).
1.2.3.1.3 Tannins

Potent anticancer activities have been observed in tannins (especially
Epigallocatechin Gallate EGCG). Epidemiological studies have shown that
tannin could benefit human health, owing to their antioxidant property. It
can fight cancer via multiple mechanisms, such as apoptosis, cell cycle
arrest, and inhibition of invasion and metastases. However, the applications
of tannins have been hindered due to their poor liposolubility, low
bioavailability, off-taste, and shorter half-life time in human body, such as
Epigallocatechin Gallate EGCG, gallic acid, and ellagic acid(Cai et al.,
2017)
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1.2.3.1.4 Steroids

Steroids, a widespread class of natural organic compounds occurring in
animals, plants and fungi, have shown great therapeutic value for a broad
array of pathologies. Plant hormone brassinosteroids (BRs) has been found
that they also affect cell growth inhibition, cell cycle arrest and induction of
apoptosis in human tumor cell lines , breast and prostate cancer cell lines
with no effect on normal cells(Huskova et al., 2020)

Plant steroids are renowned to be necessary for their cardiotonic,
insecticidal and anti-microbial properties. They are conjointly utilized in
nutrition, herbal medicines, cosmetics and they are habitually utilized in
drugs due to their profound biological activities. Steroids present in plants
are cardiotonic in nature and are reported to have antidiabetic and anti-
fungal properties. They are stocked in plant cells as inactive precursors but
are readily converted into biological active antibiotics by enzymes in
response to microorganism attack(Beltagi et al., 2019)

The effect of BRs on the nuclear steroid receptors was manifested by
changes in their expression and localization, in DU- 145 prostate cancer a
significant block in GO/G1 phase after the BR treatment was observed. BRs
demonstrated their significant effect on prostate cancer cells and the
compounds have potential used in anticancer drug research and cancer
treatment (Fran¢k et al., 2003)

1.2.3.2 Pharmacological activity of A. andraeanum
1.2.3.2.1 Antimicrobial activity

The phytochemical constituents of A. andraeanum such as alkaloids,
flavonoids, phenolic compounds, steroids, tannins, saponins and various

other aromatic compounds are secondary metabolites of plants that serve a
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defense mechanism against prediction by many microorganisms, worms and
other herbivores(Abima Shazhni et al., 2016).

Flavonoids are hydroxylated phenolic substance synthesized by plants in
response to microbial infection. Phenols are largest group of plant
metabolites, which have many biological properties such as antiapoptosis,
antiaging, anticarcinogen, anti-inflammation and cell proliferating activities
Tannins bind to proline rich proteins and interfere with the protein synthesis
(Sultana et al., 2012).

The antimicrobial activities of this plant documented against different
types of bacteria and fungi like B. cereus, E. coli, K. pneumoniae, A.
fumigatus and P. chrysogenu. Among the plant parts used, flower, stem and
root extracts were significantly affecting the pathogenic organisms than leaf
extracts. The flower extracts showed superior zone of inhibition against the
fungal pathogen A. fumigatus, also the bacterial pathogen E. coli. The zone
of inhibition was varied with different solvents used, ethanol extracts were
showed fine activity against the pathogens followed by chloroform and
acetone extracts.(Abima et al., 2016).
1.2.3.2.2 Anticancer activity

Studies regarding anticancer activity of A. andraeanum showed that
different plant part have different anticancer capacity. These differences
between plant parts are mainly due to the fact that the chemical composition
of these extracts are not the same quantitively and qualitatively.(Gilble et al,
2017)

Cytotoxicity effect is one of the important properties of anticancer
molecules .A. andraeanum was effective against the cell line, Hep G2

human liver cancer cell line,A549 lung cancer cell line and MCF-7
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respectively , the purified compound was very effective against the cell line
MCF-7 .this result in accordance the observations made previously
(Solowey et al., 2014).

1.3 Carboplatin

Carboplatin is an analog of cisplatin. Like cisplatin, it contains a platinum
atom surrounded in a plane by two ammonia groups and two other ligands in
the cis position and classified as alkylating agent. The exact mechanism of
action of carboplatin is not known. Carboplatin undergoes intracellular
activation to form reactive platinum complexes which are believed to inhibit
DNA synthesis by forming interstream and intrastrain cross-linking of DNA
molecules. Carboplatin is a radiation-sensitizing agent. It is cell cycle-phase
nonspecific.(Beckwith et al, 2002).

Primary use of carboplatin is in the Brain tumors, Endometrial cancer,
Breast cancer, Germ cell tumors, Cervical cancer, Head and neck cancer and
prostate cancer. It is mutagenic in both in vitro and in vivo studies, it also
may cause gonadal suppression (amenorrhea, azoospermia) which is
generally related to dose and length of therapy and may be irreversible. FDA
classified it as Category D for pregnancy. There is positive evidence of
human fetal risk, but the benefits from use in pregnant women may be
acceptable despite the risk (Go et al, 1999)

1.4 Doxorubicin

Doxorubicin (Adriamycin) is one of the primary chemotherapeutic agents
classified as anthracycline antineoplastic antibiotic, utilized for the treatment
of breast cancer, prostate cancer bladder carcinoma, and gastric cancer.
(Gewirtz et al,1994). DOX has shown great efficacy in killing rapidly

dividing cells and delaying the progression of solid and liquid tumors, drug
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resistance and several side effects end up developing throughout the DOX
treatment, making it a major limitation as an effective cancer
treatment(Micallef et al, 2020).

The exact mechanism of action of DOX is complex and still unclear. In
addition to its capacity to intercalate into DNA and to inhibit
macromolecular biosynthesis, doxorubicin has been reported to interact
directly with the cell membrane and to inhibit the enzyme helicase, which
unwinds DNA for replication. (Gewirtz et al, 1994) .

The electrocardiographic abnormalities and arrhythmias, which are
normally reversible, as well as dose-related and slowly progressive
irreversible cardiomyopathy culminating in congestive heart failure, BM
suppression are the major side effect of it. Doxorubicin is clastogenic in
mammalian in vitro and in vivo chromosome. Treatment with doxorubicin
may produce gonadal suppression, resulting in amenorrhea or azoospermia.

It is also classed as FDA Pregnancy Category D(Yadav et al, 2007) .
1.5 Cell culture

Cell culture is the process by which human, animal, or insect cells are
grown in a favorable artificial environment. Because many animal cells may
be made to grow outside of their organs or tissue of origin under specific
conditions when supplemented with a nutrient-containing and growing
media, animal cell culture is currently one of the primary techniques utilized
in the biological sciences in areas of inquiry. The culture settings must
replicate in vivo parameters with regard to temperature, pH, carbon dioxide
(CO2), oxygen (02), osmolality, and nutrition for cells to grow in vitro
(Capes et al, 2010).
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1.5.1 Primary culture

Primary cell culture is the term that used to describe the cells that are
obtained directly from tissues and organs of the patient by mechanical or
chemical disintegration, or by enzymatic digestion then by using a complex
media, these cells are induced to grow in a suitablei glass or plastic
containers with a complex medium. The preparation of primary cultures is
intensive labor and they can be maintained in vitro only for a limited period.
During their relatively limited lifespan, primary cells usually retain many of
the differentiated characteristics of the cell in vivo. Primary cultures by
definition have not been passaged; as soon as they are passaged, they
become a cell line and are no longer primary. The primary cell culture, when
sub-cultured, it becomes a cell line or cell strain that can be finite or

continuous, depending on its life span in culture (Philippeos et al, 2012).
1.5.2 Cell line

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

Cell lines also provide a pure population of cells, which is valuable since
it provides a consistent sample and reproducible results. However, despite

being a powerful tool, one must be careful when using cell lines in place of
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primary cells. Cell lines should display and maintain functional features as
close to primary cells as possible (Ulrich et al, 2013).

There are two kind of cell lines; finite and continuous. In Finite Cell Lines,
the cells in culture divide only a limited number of times, before their
growth rate declines and they eventually die. The cell lines with limited
culture life spans are referred to as finite cell. While in Continuous Cell
Lines, cells are capable of growing faster and has unlimited life. They are
designated as continuous cell lines(Chaudhary et al, 2019).

Serial passage of cell lines can further cause genotypic and phenotypic
Variation over an extended period of time and genetic drift can also cause
heterogeneity in cultures at a single point in time. Therefore, cell lines may
not adequately represent primary cells and may provide different results. The
other major problems associated with cell lines are contamination with other

cell lines and mycoplasma(Ulrich et al, 2013)
1.6 Cell models:

1.6.1 Vero cell:

Derived from the kidney of an African green monkey (Cercopithecus
aethiops) in the 1960s, Vero cells are a common mammalian continuous cell
line used in research. Vero cells have been licensed in the United States for
production of both live (rotavirus, smallpox) and inactivated (poliovirus)
viral vaccines, and throughout the world Vero cells have been used for the
production of a number of other viruses, including Rabies virus, Reo virus,
and Japanese encephalitis virus. For long-term storage, Vero cells are kept
either in liquid nitrogen or at —80°C. This protocol describes how to start
growing vero cells obtained from frozen stock. After recovery from frozen

stock, Vero cells usually take 2 to 3 passages to reach their regular growth
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rate, and this should be taken into account if planning to use the cells for
experiments, infections, etc.(Ammerman et al, 2008).
1.6.2 SW 480 colon cancer cell line

Colorectal cancer (CRC) is one of the most lethal and prevalent cancers
throughout the world (Shanehbandi et al., 2021). The colonic cancer SW480
cell line originates from primary tumor of an adenocarcinoma of the colon in
a 50 year old male (Siekmann et al, 2019).

1.6.3 LNCap cell line

LNCap cell line is a type of cancerous cell line that originated from a
metastatic lymph node lesion of human prostate cancer which is androgen
receptor (AR) positive, exhibits androgen sensitive growth (Castanares et
al., 2016).

Androgens are essential for growth of LNCaP cells, unless they have
become transformed to androgen-independent clones. Androgen-dependent
and androgen-independent LNCaP cell lines have previously been used for
studying differentially expressed genes in the respective stages of prostate
carcinoma (Vaarala et al., 2000).

1.6.4 A549 cell line

A549 Lung cancer cell line was originated from primary lung cancer
cells. cell lines have previously been used for studying differentially
expressed genes in the respective stages of lung cancer (Torky et al, 2005).
1.7 Aim of the study

This study aimed to study:

1. The cytotoxicity of ethanoic leaves extract of this plant
2. The antioxidant activities of A. andraeanum ethanolic leaves extract
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3. The possible anticancer activity of the A. andraeanum ethanoic leaves

extract
4. The effect of A. andraeanum ethanolic leaves extract on carboplatin and
doxorubicin activity
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2. Study design

Preparation of A.
andraesanum extract

- ™~
A. andraeanum leaves cleaned with

DDW and dried for 14 days at RT. )

v

. )
Dried leaves macerated with ethanol
for 48 HR.
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Filtered by medical gauze and

Whatman's filter paper
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Collection and preparation of stock
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Figure (2.1) preparation of A. andraeanum extracts

Experiment No. 1
Cytotoxicity assay

Alcoholic leaf extract of A.
andraeanum at serial dilution of
(1000, 500, 250, 125, 62, 31 ug/mL)

96 well plates 96 well plates 96 well plates 96 well plates
seeded with Vero seeded with seeded with seeded with A549
Cell Line LNCap Cell Line SW480 Cell Line Cell Line

Figure (2.2) Cytotoxicity assay
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Experiment No. 2 Total
Antioxidant Assay

Alcoholic leaf extract of A.
andraeanum at serial dilution of
(1000, 250, 31 pg/mL)

. N,

96 well plates 96 well plates
seeded with seeded with
LNCap Cell Line SW480 Cell Line
CUPRAC
Method

Figure (2.3) Antioxidant assay

Experiment No. 3

Cytotoxicity assay

with Doxorubicine
and Carboplatin

Alcoholic leaf extract of A. andraeanum
at serial dilution of (1000, 500, 250, 125,
62, 31 pg/mL)

96 well plates 96 well plates 96 well plates 96 well plates
seeded with LNCap| |[seeded with SW480 seeded with SW480| |seeded with LNCap
Cell Line Cell Line Cell Line Cell Line
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Figure (2.4) Cytotoxicity assay after addition of carboplatin and doxorubicin
2. Method and materials
2.1 Introduction
The experimental work was performed in the Tissue Culture laboratory/
Pharmacology Department /Collage of Medicine / University of Babylon
during the period from October 2021 to April 2022.

2.2Materials
2.2.1 Chemicals

The chemicals used in this study are listed in table (2.1) with their suppliers.
Table (2.1): Chemicals used in the study

Chemical Company Country
Alcohol spray (ethanol 70%) Aljoud Iraq
Dimethyl sulfoxide Sigma Aldrich | Germany
Ethanol 99.9% France Alcohols | France
Fetal bovine serum (FBS) Capricorn German

MTT(3-(4,5-Dimethylthiazole-2-yl)- 2,5-

diphenyl-2Htetrazolium bromide) dye Roth German
powder
_ BioPLUS
Phosphate buffer saline Packets _ USA
chemicals
Penicillin- streptomycin Solution 1% Capricorn Germany
RPMI 1640 medium w/L-glutamine, US Biological USA
25mMHEPES (powder) life Science
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Sodium bicarbonate powder Ludeco Belgium

Trypsin Ethylene diamino-tetra-acetic acid

US biological USA
(EDTA) powder

2.2.2 The drug used in the study were listed in (Table 2.2) with
their suppliers.

Table 2.2 list of drugs used in the study
Drug Company Country
Doxorubicin 50

_ Pfizer USA
mg/25 mL vial
Carboplatin 450 _

_ Vianex Greece
mg/45 mL vial

2.2.3 Instruments and Tools:

The instruments, glassware, and tools used in the study are listed in table

(2.3) with their suppliers.

Table 2.3 List of Instruments and Tools Used in the Study

Instrument or tool Company Country
Autoclave Jeiotech Korea
Cell culture flask (25ml) SPL Korea
Cell culture plate (96-wells) SPL Korea
Centrifuge Rotanta Germany
Distiller ROWA Germany
Double distillation GFL Germany
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water stills
Electric oven Memmert Germany
Eppendorf centrifuge 5702 RH Eppendorf Germany
Incubator Memmert Germany
Inverted microscope T.C Meij Japan
techno
Laminar air flow
Cabinet Labtech Korea
Magnetic stirrer Scotech Germany
Micropipettes (different sizes) Dragon-Med India
Millipore filter (0.45,0.22um) Biofil Australia
pH Meter WTW Germany
Refrigerator Arcelik Turkey
Sensitive Balance Labtech Korea
Syringe 5 ml MED China
Water bath Memmert Germany
Whatman filter paper Merck Germany

2.2.4 Cell lines

Frozen vials of human prostate cancer LNCaP, Colon cancer SW480,
lung cancer A549, and Vero cell lines were obtained from the Tissue Culture

laboratory/ Pharmacology Department /Collage of Medicine.
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2.3 Methods
2.3.1 Preparation of Reagents and Solution
2.3.1.1 Phosphate Buffer Saline (PBS):

According to the BioWorld manufacturer manual, the PBS was prepared
through dissolving only one packet in 500 ml of deionized distilled water
(DDW) with continuous stirring by a magnetic stirrer at room temperature
resulting in PH value of (7.45). Autoclaving is required for complete
sterilization and stored in a closed bottle until use to keep sterile.
2.3.1.2 Trypsin-(EDTA) Solution:

As indicated by US Biological headings, a weight of a 10.1 gm of
trypsin-EDTA powder and dissolving in 0.9 Liter of double distilled water
(DDW) with continuous mixing at room temperature. 7.2 of PH value should
be reached and complete the volume to 1 Liter by DDW, the solution was
sterilized through using Millipore filters of 0.45 and 0.22 pum respectively,
after that, the solution was kept at (- 20C*) of temperature.
2.3.1.3 Preparing MTT assay solution

A weight of 0.5 g of MTT powder was dissolved in 100 ml PBS to
achieve a concentration of 5 mg/ml. Then the MTT solution was sterilized
by filtration through a 0.2 pm Millipore filter into a sterile and light
protected container and stored at 4°C for frequent use or at (-20)°C for long
term storage (Kaspers, 2011) .

« Procedure(Kaspers, 2011)
1- At the end of the drug exposure period, the medium was removed from
the wells and then the cells were washed with PBS. A blank control was

carried to assess unspecific formazan conversion.
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2- A volume of 1.2 ml of MTT solution (5 mg/ ml) was added to 10.8 ml
medium to obtain final concentration of 0.5 mg/ml. Then, 200 ul of the
resulting solution was added in each well.
3- The plate was incubated for 3 hours at 37°C until intracellular purple
formazan crystals were visible under the inverted microscope.
4- The supernatant was removed and 100 ul DMSO was added in each well
to dissolve the resultant formazan crystals.
5- The plate was incubated at room temperature for 30 minutes until the cells
have lysed and purple crystals have dissolved.
6- Absorbance was measured by a microplate reader at 570 nm.
The absorbance reading of the blank must be subtracted from all samples.
Absorbance readings from test samples must then be divided by those of the
control and multiplied by 100 to give percentage cell viability or
proliferation. Absorbance values greater than the control indicate cell
proliferation, while lower values suggest cell death or inhibition of
proliferation. Percent of cell viability or percent of inhibition was calculated
by the following formula:
% viability = (AT — AB) / (AC — AB) x 100%
Where, AT = Absorbance of treated cells (drug).
AB = Absorbance of blank (only medium).
AC = Absorbance of control (untreated).
% Inhibition = 100 — % viability
2.3.2 Preparation of Tissue Culture Medium

Liguid RPMI-1640 medium was prepared according to US Biologics
from RPMI-1640 medium powder as the following: Weighing RPMI-1640

powder to obtain 10.4 grams and dissolved in 900ml of deionized H,O
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without heating, 2 g of sodium bicarbonate can be added if required with
gentle stirring to adjust pH additional water was added to obtain 1 liter then
filtered using 0.22-micron membrane. Penicillin-Streptomycin at 1% was
added and 10% fetal bovine serum also added, then filter-sterilized using
0.22-micron membrane filter. The mixture contains heat labile compounds
that can be damaged with autoclaving. The prepared media should be kept at

4°C and used within a short period of time.

2.3.3 Preparation of cell line
2.3.3.1 Thawing of Vero, LNCaP, SW480, and A549 cell lines

The frozen cell line vial was removed from liquid nitrogen container with
caution and directly placed into a beaker containing pre-warmed (37°C)
sterile DDW. The vial was removed from the water before the ice floccule
dissolved completely, then it was wiped with 70% ethanol. Without delay,
the cell suspension content of the vial was pipetted under laminar flow
cabinet into a 15 ml sterile plastic centrifuge tube containing 10 ml of pre-
warmed serum-free medium. Centrifugation was done at 1000 rpm for 5
minutes and the supernatant was aspirated and decanted. The cells pellet was
re-suspended into Sml warm (37C°) serum-medium and transferred into 25
ml size cell culture flask, incubated at 37C° and the serum medium replaced
on the next day (Phelan et al, 2017).
2.3.3.2 Sub-culturing of cell culture

The cells are checked and examined using the inverted microscope with
phase contrast capabilities to ensure that the cells are healthy and sub
confluent and free of contamination.

- The laminar flow is sanitized by wiping off the surface of working area
with 70% ethanol.
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- The growth medium is removed from the flask using a pipette and wash the
monolayer with a sufficient volume of PBS to ensure the removal of all
media from the flask.
- an appropriate volume of the trypsin /EDTA solution is added to the flask
and incubate at 37 c° to allow the cells to detach from the inside surface of
the flask (within 2-10 min).
- The cells were examined using an inverted microscope to ensure that all
the cells are detached and in suspension. Gently tap the flask with the palm
of the hand a couple of times to release any remaining detached cells.
- the trypsin is inactivated by adding an equal volume of serum-containing
media to the flask.
- then the cell suspension is divided into two flask and label each flask with
cell line name, passage number, and date.- The cell line was incubated at
37C°for 24 hr.(Meleady et al 2006).
2.3.3.3 Maintenance of cell culture

Cells were routinely checked under an inverted microscope for any
contamination and the cells were given new medium (RPMI) every 2 to 3
days based on color changes. The cells were maintained in supplemented
medium with 10 % serum and kept at 37 °C in an incubator. After the cells

have achieved more than 80 % confluence, they were subculture (Freshney,
2002).
2.3.3.4 Harvesting of cell culture

Harvesting is a technique that uses proteolytic enzymes to detach
adherent cells from the surface of a cell culture flask. First, the growth
medium in the vessel was aspirated and discarded. PBS was used to wash

the cells twice. Afterward, the enzymatic harvesting solution was added to
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the vessel. After 15 minutes, the proteolytic reaction was neutralized by
adding the serum-containing culture medium. The cells in the tissue culture
flasks were harvested by using different enzymatic solutions composed of
different concentrations of trypsin and Ethylene diaminetetraacetic acid
(EDTA) (Viazzi et al., 2015).
2.3.4 Preparation of A. andraeanum leaf extracts

Fresh leaves of A. andraeanum were collected from the third District of
al-ataba alhusainya -karbala- Irag. The plant leaves were washed with
deionized water thoroughly and left to dry for 14 days in dark place at room
temperature, then grinded to fine powder and stored in tight dry container for
further use. Then100 gm of leaf powder were soaked and macerated in 1
liter of alcohol (ethanol 99.9%) at room temperature for 48 hours.
Alcoholic mixture was filtered using Whitman filter paper no.1 and the final
alcoholic liquid extract is then placed in oven at 40 c until drying then
collected and stored at 4 C°as show in figure (2.1) (Abima Shazhni et al.,
2016).
Preparation of stock solution of the ethanoic extracts of A.andraeanum was
made by weighing 10 mg of extract powder and dissolved in 5 ml of serum
free RPMI 1640 to obtain final concentration of 2,000 pg/ml then the
solution was filtered using Millipore filter syringe (0.22 um)for sterilization
and to discard any impurities (Ojha, 2017).
2.3.5 Preparation of doxorubicin stock solution

The concentration of doxorubicin in the vial was 50 mg/ 25 ml (2
mg/ml), a serial dilution was made in complete medium.
2.3.6 Preparation of carboplatin stock solution

The concentration of carboplatin in the vial was 450 mg/ 45 ml (2

36



Chapter Two Materials and Methods

mg/ml), a serial dilution was made in complete medium.

2.3.7 Study the cytotoxic effect of alcoholic extracts of A.
andraeanum leaves on (Vero, LNCaP, SW480 and A549) cell

lines.

Figure (2.2) show Cell lines; Vero, (LNCaP), (SW480), and (A549) cell
lines were seeded and labeled in 96 tissue culture plates. All cells were
treated with serial dilutions of plant extracts ranged from 1000 to 31 .25
ug\ml (four replicates were used for each concentration of the extract for
each type of cells) along with four replicates as a control group for each cell
type. Then the plate was covered with a self-plastic lid and incubated for 24
hours, at the end of the exposure period, the cell lines growth was assessed
by MTT cytotoxicity assay.

The concentration required for a 50% inhibition of viability (IC50) was
determined by using an excel sheet and fitted by blotting graphically of
relative cell inhibition percentage in the Y ax is versus the concentration of
each compound used in the X axis. Calculation of cell viability percentage is
done by dividing absorbance measured for each group by the absorbance of

the control group multiplied by100 according to (Chiang et al., 2003) .

2.3.8 Effect of (Doxorubicin-A. andraeanum alcoholic extract)

combination on the viability of prostate cancer cells

In 96 tissue culture plate, sixty wells were seeded with prostate cancer
(LNCaP) cell line. Cells were treated with serial dilutions (1000, 500, 250,
125, 62, and 31 pg/ml) of ethanolic extract of A. andraeanum in the
presence of a constant concentration (15 pg/ml) of doxorubicin in each well.

Positive control contains (15 pg/ml) of doxorubicin. The plate was then
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covered with a self-plastic lid and incubated for 24 hours, after which the
cell line's growth was measured using the MTT cytotoxicity assay as show
in figure (2.4).

2.3.9 Effect of (Carboplatin-A. andraeanum alcoholic extract)

combination on the viability of prostate cancer cells

In 96 tissue culture plate, sixty wells were seeded with prostate cancer
(LNCaP) cell line. Cells were treated with serial dilutions (1000, 500,
250, 125, 62, and 31 pg/ml) of ethanolic extract of A. andraeanum in the
presence of a constant concentration (100 pg/ml) of carboplatin in each
well. Positive control contains (100 pug/ml) of carboplatin. The plate was
then covered with a self-plastic lid and incubated for 24 hours, after
which the cell line's growth was measured using the MTT cytotoxicity

assay as show in figure(2.4).

2.3.10 Total Antioxidants Capacity Assay: The CUPRAC
Method

A- Principle:

The CUPRAC method is comprised of mixing the antioxidant solution
(directly or after acid hydrolysis) with a copper (Il) chloride solution, a
neocuproine (2,9-dimethyl-1,10-phenanthroline) alcoholic solution, and an
ammonium acetate aqueous buffer at pH 7, and subsequently measuring the
developed absorbance at 450 nm after 30 min (normal measurement). Since
the color development is fast for compounds like ascorbic acid, gallic acid
and quercetin but slow for naringin and naringenin, the latter compounds
were assayed after incubation at 50 C on a water bath for 20 min after Cu

(I1)- Nc reagent addition) so as to enable complete oxidation (incubated
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measurement). The flavonoid glycosides were hydrolyzed to their
corresponding aglycones by refluxing in 1.2 M HClI-containing 50% MeOH
so as to exert maximal reducing power towards Cu (Il)-Nc (hydrolyzed
measurement). Thus, the total CUPRAC antioxidant capacity of a mixture
containing various antioxidants should be finally measured after a suitable
combination of hydrolysis and incubation procedures as show in figure(2.3),

S0 as to obtain maximum absorbance at 450 nm (Apak et al., 2007).

Total antioxidants + Cu*™?Cu’* >
Cu® + 2,9-dimethyl-1,10-phenanthroline —— >  complex (A max
at 450 nm)

B- Reagents preparation

1. Copper (1) chloride solution at a concentration of 10-2M was prepared from
CuCl;,-2. H,0 weighing 0.4262 g, dissolving in H,O and diluting to 250 ml
with water.

2. Ammonium acetate (NH4Ac) buffer pH = 7.0 was prepared by dissolving
19.27 g of NH,Ac in water and completed the volume to 250 ml.

3. Neocuproine (Nc){2,9-dimethyl-1,10-phenanthroline} solution at a
concentration of 7.5 * 10-*M was prepared by dissolving 0.039 g Nc in 96%
EtOH, the volume was completed to 25 ml with ethanol.

4. The standard solutions of sample antioxidants were prepared at 1.0 * 10°M
Torolox.
2.3.10.1 Reagents mixtures

Table (2.4) reagents used in this study

Reagents Test STD Blank
Copper (I1) chloride solution 1mi 1ml 1ml
Sample 50l |- | e
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Working standard solution | ------- 50l |-

DwW [ e 50 pl
Neocuproine (Nc) solution 1mi Imi Imi
Ammonium acetate (NHiAc) | 1ml il Imi

buffer

Test tubes was mixed by vortex and incubated for 30 minutes at 37°C, after
that the absorbance was read on a spectrophotometer at 450 nm.

2.3.10.2 calculation

A'tesé xConc.of STD (mmol/l)

Total antioxidan ts levels =

(Apak et al., 2007).
2.3.11 Statistical analysis
Results were expressed as means + standard deviations. Between-group
Comparisons were performed using an analysis of variance (one way
ANOVA). For all tests, P < 0.05, P< 0.001 was considered as statistically
significant. For the statistical analysis, Microsoft excels 2016 and sigma plot

software (version12.0) were used.
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3. Results
3.1 Cytotoxicity evaluation of A. andraeanum ethanolic leaf

extracts on Vero cell line:

As shown in figure (3.1), there was a significant (P< 0.001) decrease in
the viability of Vero cell line at all concentrations above 125 pg/ml in

comparison to the control group after an incubation period of 24 hours.
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Figure 3.1: Effects of ethanolic leaf extracts of A. andraeanum on the viability of
Vero cell line measured by MTT assay.

The IC50 value for this extract on the Vero cell line was equal to 520.34

pg/ml as estimated using excel software and illustrated in figure (3.2).

1C50=520.34 pg/ml
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Figure (3.2): Estimated 1C50 value of ethanolic leaf extracts of A. andraeanum on
the Vero cell line.
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3.2 Cytotoxicity evaluation of A. andraeanum ethanolic leaf
extracts on SW480 cell line

It is apparent from figure (3.3) that the ethanolic extract of A.
andraeanum caused a significant decrease in the viability of SW480cell line

at all concentrations used (31-1000 pg/ml) in comparison to the control
group after an incubation period of 24 hours.

120
100 * %
X 380 *
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Control 31 62 125 250 500 1000

Concentrations (pg/ml)

Figure 3.3 Effects of ethanolic of extracts of A. andraeanum on the viability of SW480cell

line measured by MTT assay.

The value of 1C50 was estimated to be about 295.8 pg/ml, as illustrated in
figure (3.4).

IC50=295.8 pg/ml
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Figure (3.4): The 1C50 value of the ethanolic leaf extracts of A. andraeanum on SW480 cell

line.
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3.3 Cytotoxicity evaluation of A. andraeanum ethanolic leaf

extracts on LNCaP cell line
A. andraeanum ethanolic leaf extracts showed a significant decrease on
viability of LNCap cell line at concentrations of (250-1000ug/ml) in

comparison the control group after an incubation period of 24 hours as

120

100 I I I I * *
I I *
62 125 250 500

Control 31 1000

o]
o

Viability %
NN
o O

N
o O

Concentrations (pg/ml)

(Fig 3.5).Figure 3.5: Effects of ethanolic of extracts of A. andraeanum on the
viability of LNCaP cell line measured by MTT assay.
The estimated 1C50 value was (1049 pg/ml), as illustrated in figure (3.6)

IC50= 1049 pg/ml
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Figure (3.6): Estimated 1C50 value of ethanolic leaf extracts of A. andraeanum on the
LNCap cell line.
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3.4 Cytotoxicity evaluation of A. andraeanum ethanolic leaf

extracts on A549 lung cancer cell line

Figure (3.7) showed the effect of A. andraeanum on the viability of the
A549 cell line. A significant (P< 0.001) decrease in the viability of the cells
was observed at concentrations above 125 pg/ml in comparison to the
control group after an incubation period of 24 hours. The estimated 1C50

value was equal to 349.8ug/ml, as show in figure (3.7).
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Figure (3.7): Effects of A. andraeanum ethanolic leaf extracts of on the viability of
A549 cell line measured by MTT assay.

IC50=349.8 ug/ml
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Figure (3.8): estimated I1C50 value of ethanolic leaf extracts of A. andraeanum on
the A549 cell line
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3.5 Antioxidant activity of A. andraeanum leaf extract
On SW 480 colon cancer cell line, there was a significant increase in the
antioxidant level of total antioxidants at concentrations of (1000,250ug/ml)

in comparison to the control group after an incubation period of 24 hours

(Fig 3.9).
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Figure (3.9): Antioxidant effect of A. andraeanum ethanolic leaf extracts on SW480

cell line.

While on LNCap cell line, there was a significant increase in the
antioxidant level at the concentration of (1000ug/ml) in comparison to the
control group. Total antioxidant activity in the culture supernatant was

measured after 24 hours of treatment (Fig. 3.10).
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Figure 3.10: Antioxidant effect of A. andraeanum ethanolic leaf extracts of on
LNCap cell line.

45



Chapter Three Results

3.6 Effects of A. andraeanum leaf extracts on the anticancer
activity of Doxorubicin and Carboplatin against SW480 cell
line

The result show that the addition of A. andraeanum extract decreased
cytotoxicity of Doxorubicin on colon cancer cell line in all concentration of

plant in comparison to control group and Doxorubicin alone as seen in figure
(3.11).
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o

Figure (3.11): Effects of A. andraeanum leaf extracts on the anticancer activity of
doxorubicin against SW 480 colon cancer cell line. Dox (15); Doxorubicin (15 pg/ml).

The addition of A. andraeanum extract with carboplatin increased
cytotoxicity of carboplatin on colon cancer cell line in all concentration in

comparison to control group and carboplatin alone as shown in figure (3.12).
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Figure (3.12): Effects of A. andraeanum leaf extracts on the anticancer activity of

carboplatin against SW 480 colon cancer cell line. Carb (100); carboplatin (100
pg/m).

3.7 Effects of A. andraeanum leaf extracts on the anticancer
activity of Doxorubicin and Carboplatin against LNCaP cell
line

The viability of LNCap was drop when we add A. andraeanum extract in
concentration (1000) to doxorubicin in comparison to other concentration and
control groups as show in figure (3.13).
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Figure (3.13): Effects of A. andraeanum leaf extracts on the anticancer activity of
doxorubicin against LNCap cell line. Dox (15); Doxorubicin (15 pg/ml).
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While when we added A. andraeanum extract with carboplatin the

viability of prostate cancer cell was decrease in all concentration of plant as
shown in figure (3.14) .
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Figure (3.14): Effects of A. andraeanum leaf extracts on the anticancer activity of
carboplatin against LNCap cell line. Carb (100); carboplatin (100 pg/m).

48



Chapter four

DIScussIon



Chapter Four Discussion

4. Discussion

4.1 Introduction

Recent studies showed that the biological effects of A. andraeanum leaf
extract might be variable according to the type of cell line or cancer cell. The
purified compound shows anticancer activity against various cell lines
(Abima Shazhni et al., 2016).

A. species were shown to contain antioxidants and phenolic constituents
such as flavone glucosides, which could be responsible for the anti-
inflammatory potential. Since antioxidants, like other radical scavengers,
protect cells from oxidative DNA damage, possess anti-inflammatory
properties and are cancer preventive (T. et al., 2009). The phytochemical
components of the plant A. andraeanum such as carbohydrates, proteins,
tannins, alkaloids, flavonoids, phlobatannins, steroids, phenols and saponins
were observed in this plant (Bai et al., 2020).

In this study, the observed effects are thought to be a result of the

presence of one or more of these components.

4.2 Cytotoxicity evaluation of A. andraeanum alcoholic leaf

extracts on the viability Vero cell line:

The 1C50 of A. andraeanum ethanolic leaf extract on vero cell was
(520.34 pg/ml), as shown in figure (3.1). There was a significant (P< 0.001)
decrease in the viability of Vero cell line at all concentrations above 125
Hg/ml in comparison to the control group after an incubation period of 24
hours.

This is due to the antiproliferative activity of the extracted
phytochemicals which contain phenolic compounds and tannin. Some

flavonoids are cytotoxic at higher concentrations to human normal cells.
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Further, it is suggested that they are incorporated into cells, increase

intracellular ROS levels, and then exert cytotoxicity (Matsuo et al., 2005).

4.3 Cytotoxicity of A. andraeanum alcoholic leaf extract on

colon cancer cell line

The 1C50 of A. andraeanum ethanolic leaf extract on SW colon cancer
cells was (295.8 pg/ml). It is apparent from figure (3.3) that the ethanolic
extract of A. andraeanum caused a significant decrease in the viability of the
SW480cell line at all concentrations used (31-1000 pg/ml) in comparison to
the control group.

The anticancer potential of the alcoholic extract is possibly caused by the
presence of tannin, flavonoid, and saponin. Tannins inhibit pyruvate kinase
PKM2 activity and subsequently suppress cell proliferation (Baer et al,
2020).

Alkaloids inhibit different pathways such aspg-p, P13k, Fas, and TNRfs,
which are, in turn, linked with different mechanistic pathways exhibiting
anticancer effects. Inhibition of Bax and Bcl2 leads to activation of caspase-
3,8, and 9 pathways, thus leading to apoptosis (Khan et al., 2022).

This study agreed with Mengome study which showed that some Araceae
plants' ethanolic extracts that contain flavonoids have strongly inhibited the
growth of the human colonic cancer cell line CaCo-2 in vitro (Line-Edwige
et al., 2009).

flavonoids can be subdivided into six major subclasses: Flavones,
flavanols, flavanones, catechins or flavanols, isoflavones, and
anthocyanidins. Intake of flavones was shown to be inversely associated

with the risk of colorectal cancer in the Italian population with a 22-23%
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reduction in the incidence rate of both colon and rectal neoplasms (Sak,
2017).

Luteolin is one of the very important flavonoids with a lot of health
benefits and it strongly prevents cancers via the induction of cell cycle arrest
and apoptosis in various human cancer cells. Studies have shown that
apigenin, a trihydroxy flavonoid with potential health benefits exhibited
strong growth inhibitory activity in various human colon carcinoma cells. It
resulted in cell growth inhibition and G2/M cell cycle arrest. It can
significantly reduce cell number and induce apoptosis in PWR-1E, LNCaP,
PC-3, and DU145 cells (Perveen et al, 2017).

Besides the studies that documented the anticancer effects of the
phytochemicals found in A. andraeanum ethanolic extracts, there is a study
that opposed these results and suggested that the intake of stigmasta-5 22-
dien-3-ol (phytosterol) increase colorectal cancer in certain cases (Huang et
al., 2017).

4.4 Cytotoxicity of A. andraeanum alcoholic leaf extracts on

prostate cancer cell line:

A. andraeanum ethanolic extracts showed a significant cytotoxic effect
on LNCap cell line at concentrations of (250-1000ug/ml) as shown in (Fig
3.5). The IC50 of A. andraeanum ethanolic leaf extract on LNCaP was
(1049 pg/ml).

The mechanism by which A. andraeanum ethanolic extracts inhibits the
growth of prostate cancer cells has been explained in other studies by
arresting cell cycle in G1 phase leading to apoptosis by tannic acid. The
down regulation of pro-survival proteins (Bcl-2 and Bcl-xL), and up

regulation of pro-apoptotic markers (Bak, Bim, cleaved caspases 3) and
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cleaved poly (ADP-ribose) polymerase were revealed. Additionally, the
study results deciphered the anti-metastic activity of tannic acid and its
intriguing role in inhibiting EMT progression in prostate cancer cells.
Overall, this study provides strong evidence that tannic acid induces ER
stress-mediated apoptosis and cell cycle arrest (Nagesh et al, 2018).

Paeonol is a phenolic compound and has been reported to effectively
inhibit several types of cancer lines. It inhibits prostate cancer by growth
inhibition and apoptosis induction. The apoptotic alterations can be
explained by the activation of extrinsic and intrinsic apoptotic pathways,
which are modulated by balanced Bax/Bcl-2 and blockade of the
PI3K/Akt/mTOR cascade (Xu et al, 2017).

4.5 Cytotoxicity of A. andraesanum ethanolic leaf extracts on

lung cancer cell line

Figure (3.7) showed the effect of A. andraeanum on the viability of the
A549 lung cancer cell line. A significant (P< 0.001) decrease in the viability
of the cells was observed at concentrations above 125 pg/ml in comparison
to the control group after an incubation period of 24 hours. The estimated
IC50 value was equal to 349.8ug/ml. Yuan Dong study reported that
stigmasterol (a phytosterol compound found in A. andraeanum) was shown
to inhibit the proliferation and promoted the apoptosis of lung cancer cells.
Yuan Dong study revealed that retinoic acid-related orphan receptor C
(RORC) is directly targeted by stigmasterol in lung cancer (Dong et al,
2021).
Plants from the same Araceae family contain compounds with both
antioxidant activity and cytotoxicity to cancer cells, and had a high level of

cytotoxicity against both drug sensitive and resistant small cell lung
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carcinoma cells without serious toxicity to normal Peripheral blood
mononuclear cells (PBMC)(Okonogi et al, 2013).

Compelling findings generated from mouse studies suggest that
antioxidants can facilitate the progression of lung cancer and promote the
metastasis of melanoma in mice models Therefore, antioxidants, including
flavonoids, should not be considered tumor-preventing agents in absolute
terms and across all contexts. Rather, they should be utilized only in the
context in which they have undergone rigorous in vitro and in vivo testing
and proven to be of tangible benefit (Slika et al, 2022).

4.6 Antioxidant effect of A. andraeanum alcoholic leaf extracts

on prostate and colon cancer cell lines

On SW 480 colon cancer cell line, there was a significant increase in the
total antioxidant level at higher concentrations in comparison to the control
group (Fig 3.9, 3.10). It is thought that the phenolic structure of
anthocyanins is responsible for their antioxidant activity i.e., the ability to
scavenge reactive species (ROS) such as superoxide, singlet oxygen,
hydrogen peroxide, and hydroxyl radical. The antioxidant effects of
anthocyanins in vitro have been demonstrated in several colon and prostate
cell lines. In these culture systems, anthocyanins exhibited antitoxic and
anti-carcinogenic effects such as: directly scavenging reactive oxygen
species (ROS), increasing the oxygen-radical absorbing capacity of cells,
stimulating the expression of enzymes, reducing the formation of oxidative
adducts in DNA, decreasing lipid peroxidation, inhibiting mutagenesis by
environmental toxins and carcinogens, and reducing cellular proliferation by
modulating signal transduction pathways (Maldonado-Celis et al., 2014).

Since reactive oxygen species (ROS) are known to be triggers of various
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human cancers, and antioxidants or scavengers are used to counteract these
dangerous species (Sammar et al, 2019).

The antioxidant compounds of flavonoids are contributed to transfer an
electron or to donate a hydrogen atom to the free radical stability and to
chelated metal. Saponin compounds are radical scavengers by forming
hydrogen peroxide as a transitional that donates hydrogen to a proton DPPH
free radical that finishes radical chain reactions (Nurjanah et al., 2015).
There are over 9000 flavonoids that have been described. The core structure
of flavonoids is a diphenylpropane skeleton (C6-C3-C6), which contains two
phenyl rings and one heterocyclic ring. Their antioxidant capacity has
largely been attributed to the presence of multiple 3- and 5-hydroxyl groups
as well as 3’- and 4'-catechol groups (Li et al., 2018) .

Luteolin possesses multiple biological effects such as anticancer, anti-
allergy, and anti-inflammation. Thus, luteolin behaves as either antioxidant
or prooxidant biochemically. These biological effects can be related to each
other, for example, the anti-inflammatory properties are associated with its
anticancer activity. Its anticancer properties are related to the induction of
apoptosis, including DNA damage, redox regulation and protein kinases,
inhibition of cell metastasis, proliferation, and angiogenesis. Furthermore,
luteolin may be sensitive diversity of cancer cells to therapeutically induced
cytotoxicity through damping cell survival pathways and stimulating
apoptosis pathways (Perveen et al, 2017).

Tannins have abilities to catch free radicals. These compounds are easier
to release electron and hydrogen atom and metal chelation activities because
there were hydroxyl groups and conjugated double bonds that admit to

removing electrons (Sariwati et al., 2019). Gallotannins inhibited the growth
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of HCT116 p53+/+ and HT-29p53-/— colon cancer cells in a p53-
independent manner but exerted potent apoptosis induction in HCT116 p53—
cells associated with an increase of Bax/Bcl-2 protein levels, and also
induced S-phase cell cycle arrest in both cell lines(Cai et al., 2017). Tannins
do not function solely as primary antioxidants (i.e., they donate hydrogen
atoms or electrons), they also function as secondary antioxidants. Tannins
can chelate metal ions such as Fe (Il) and interfere with one of the reaction
steps in the Fenton reaction and thereby retard oxidation. The inhibition of
lipid peroxidation by tannin constituents can act via the inhibition of
cyclooxygenase (Amarowicz, 2007).

The serum levels of total oxidant status (TOS) and oxidative stress index
(OSI) were higher in patients with benign and malignant tumors than in
healthy controls; however, TAS levels were significantly lower in patients
with benign and malignant tumors than in healthy controls. (Wu et al, 2017)

One major contributor of malfunctioning mitochondria to cancer
development is ROS overproduction, which is most frequently caused by
impaired OXPHOS. The oncogenic mitochondrial ROS complete the vicious
cycle between mitochondria, genomic instability, and cancer development.
These central roles of mitochondria in cancer make them a promising target
in anticancer therapy. Several strategies have been developed for selective
drug delivery to mitochondria. Among them, mitochondria-targeted
antioxidants are capable of specifically accumulating in mitochondria and
efficiently reducing mitochondrial oxidative damage. In consistent with the
oncogenic role of ROS, mitochondria-targeted antioxidants, for example
SkQ1, are found to be effective in cancer prevention and anticancer therapy.

A better understanding of the role of mitochondria in cancer development
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and the difference between mitochondria in cancer cells and normal cells are
of great value for developing novel therapeutic targets, and for improving
the activity and selectivity of mitochondria targeted anticancer agents (Yang
et al, 2016).

4.7 Effects of A. andraeanum leaf extracts on the anticancer
activity of Doxorubicin and Carboplatin against SW480 cell
line

The result shows that the plant extract in combination with doxorubicin
caused a decrease in the cytotoxicity of doxorubicin when compare with the
effect of doxorubicin alone as seen in figure (3.11). In contrast, the
combination of the plant extract with carboplatin had increased the activity
of carboplatin on colon cancer cell line in all concentrations of plant in
comparison to the control group and carboplatin alone, as illustrated
previously in figure (3.12).

The higher risk of colorectal cancer associated with higher intakes of
campesterol and stigmasterol observed among men in this study do not
necessarily mean that these sterols alone have an unfavorable effect on large
bowel cancer, but that the effect may also depend on intakes of other plant
sterols or bioactive substances in the diet that co-exist with the ones being
studied. An alternative explanation is that plant sterols inhibit cholesterol
absorption. A high intake of cholesterol has been suggested to be associated
with an increased risk of colorectal cancer. Changes in membrane fluidity
induced by DOX are associated with drug penetration into the cell
membrane. This could have important implications for cancer therapy where
passive diffusion of cytotoxic agents into cancer cells can be hampered by

rigid and tightly packed plasma membranes and the incorporation of specific
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plant sterols, which one would predict to have saturated side-chains, could
improve drug uptake. Improved understanding of how plant sterols alter
bilayer fluidity is key to linking therapeutic potential with a solid robust
understanding of their molecular mechanisms. It is plausible that if
phytosterols are specifically able to increased membrane fluidity they may
be therapeutically applicable during systemic chemotherapy treatment,
where they could antagonize the rigid membrane barrier that prevents
passive drug diffusion. However, the same process may exacerbate cell
motility by increasing fluidity and the potential for cells to traverse basement
membranes and junctions so different sterols may be applicable at different
stages of treatment. (Fakih et al, 2018).

Phytochemicals with chemo preventive and chemotherapeutic potential
are possible chemo sensitizing properties when combined with established
cancer treatments in which some modes of action could already be identified
Phytochemicals apparently enhances antitumor therapies by modulating cell
signaling pathways and cell cycle regulators and by inducing apoptotic
pathways. They seem to further counteract mechanisms of multidrug
resistance by regulating the expression levels of membrane efflux pumps
and members of the cytochrome E450 superfamily of enzymes thereby
directly modulating intracellular drug metabolism and bioavailability. We
could observe a significant increase of Platin antitumor efficacy even at low
concentrations when cells were pretreated with phytochemicals (Kaminski et
al, 2014).

Synergistic interactions are essential in phytomedicine and explain the
effectiveness of extremely low doses of active constituents in herbal

formulations. Traditional medicine works on the idea that a whole or partly
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purified plant extract offers improvements over a single isolated ingredient.
Synergism also leads to toxicity reduction and minimization of resistance
(Mohan, 2021).

4.8 Effects of A. andraeanum leaf extracts on the anticancer
activity of Doxorubicin and Carboplatin against LNCap cell
line

A. andraeanum extract at the concentration of (1000ug/ml) in
combination with doxorubicin (15ug/ml) significantly decreased the
viability of LNCap in comparison to other concentration and control groups
as shown in figure (3.13), while the combination of the plant extract with
carboplatin significantly decreased cell viability at all concentrations used as
shown in figure (3.14).

Doxorubicin is an anthracycline, which intercalates into DNA thereby
activating DNA repair pathways and elevating levels of p53. PC3 cells are
p53-/-, which may explain why doxorubicin as a single agent was relatively
ineffective against tumor growth inhibition (El-Zawahry et al, 2005).

To delay the occurrence of doxorubicin resistance, combination
treatments are routinely used to offset the aforementioned drug-resistance
mechanisms, and resensitize tumor cells to doxorubicin. (Shu et al, 2018).

Carboplatin is a ‘second generation’ platinum compound, with a different
and usually improved toxicity profile over that of cisplatin, and similar
efficacy (Kover, 2012).

Studies have shown that prostate cancer is relatively resistant to
carboplatin and suggest two causes of resistance: bypassing the cell cycle
checkpoints which serve as points of entry into apoptosis, and incomplete

execution of the effector mechanisms of apoptosis (Yee et al, 1998).
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In prostate cancer, oxidative stress and the subsequent Nrf2 activation
promote the survival of cancer cells and acquired chemoresistance. The Nrf2
links prostate cancer to endoplasmic reticulum stress, an event that triggers
the unfolded protein response, aiming to restore cellular homeostasis as well
as an adaptive survival mechanism (Bellezza et al., 2017). Another study
showed that in a dose-dependent manner stigmasta-5-22-dien-3-ol isolated
from A. andraeanum suppresses Nrf2. It was shown that the suppression of
Nrf2 sensitizes ovarian cancer cells to doxorubicin and cisplatin (Liao et al,
2020).

Studies also reported that blocking Nrf2 transcriptional activity enhanced
the efficacy of carboplatin and other chemotherapeutic drugs in resistant
cancer cells (Singh et al., 2016). Since Nrf2 involves in chemoresistance,
targeting this molecule maybe enhance the response to chemotherapy. Thus,
down regulating Nrf2 protein level or repressing its transcription activation
Is a possible way to inhibit Nrf2 and Nrf2-dirven chemoresistance (Liao et
al., 2020). Stigmasterol inhibited Nrf2 protein expression in human
endometrial cancer with a dose manner, stigmasterol inhibited Tetl
expression and Tetl-induced hydroxymethylation, following in turn inhibit
Nrf2 protein expression. So, the decline of Nrf2 protein by stigmasterol also
attributes to decrease activity of transcription. Additionally, stigmasterol
inhibits prostate cancer by inducing the expression of p53 protein and
simultaneously inhibiting the expression of p21 and P27 proteins (Dong et
al, 2021).

Phytochemicals are currently gaining great importance in both cancer

prevention and treatment due to their antioxidant, antiproliferative,
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antiangiogenic, proapoptotic, and anticancer properties (Abotaleb et al.,
2020).
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Conclusions & Recommendations

Conclusions:

1. Alcoholic leaves extract of A. andraeanum showed significant
cytotoxic effects on normal, lung, prostate, and colon cancer cell lines
at higher concentrations above(125 pg/ml).

2. According to our results, plant extract appears to have no cytotoxic
effects at lower concentrations below (125 pg/ml), thus, it may be safe
for medical uses.

3. Alcoholic leaves extract showed significant increase in antioxidant
level on prostate cancer cell line (LNCaP), and colon cancer cell line
(SW480) at higher doses, above (125 pg/ml).

4. Alcoholic leaves extract of the plant increased the anticancer activity

of carboplatin and doxorubicin.
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Recommendations

1- Study the toxicity of the plant extract on the rates models.

2- Study the immunological effects of the plant extract in vitro and in vivo.

3- Study the cytotoxic and anticancer activity of different plant parts on another
cell lines.

4- Study the interaction of plant extract with other anticancer drugs.

62



REFRENCES



References

References

Abima Shazhni, J. R., Renu, A., & Murugan, M. (2016). Phytochemical screening

and in vitro antimicrobial activity of Ornamental plant A. andraeanum. Journal of

Pharmaceutical Sciences and Research, 8(7), 668-670.

Abotaleb, M., Liskova, A., Kubatka, P., & Bisselberg, D. (2020). Therapeutic
potential of plant phenolic acids in the treatment of cancer. Biomolecules, 10(2),
1-22.

Al-Humadi, A. H. (2009). Epidemiology of Colon & Rectal Cancer In Irag. World
Journal of Colorectal Surgery, 1(1), 15.

Amarowicz, R. (2007). Tannins: The new natural antioxidants? European Journal
of Lipid Science and Technology, 109(6), 549-551.

Ammerman, N. C., Beier-Sexton, M., & Azad, A. F. (2008). Growth and
maintenance of vero cell lines. Current Protocols in Microbiology, SUPPL. 11,
1-7.

Apak, R., Giiclii, K., Demirata, B., Ozyiirek, M., Celik, S. E., Bektasoglu, B.
(2007). Comparative evaluation of various total antioxidant capacity assays
applied to phenolic compounds with the CUPRAC assay. Molecules, 12(7),
1496-1547.

Baer-Dubowska,W,Szaefer, H., Majchrzak-Celinska, A., & Krajka-Kuzniak,V.
(2020). Tannic Acid:Specific Form of Tannins in Cancer Chemoprevention and
Therapy-Old and New Applications. Current Pharmacology Reports, 6(2),28—
37.

Bai, C., Sun, Y., Pan, X, Yang, J., Li, X., Wu, A. (2020). Antitumor effects of
trimethylellagic acid isolated from Sanguisorba officinalis L. On colorectal
cancer via angiogenesis inhibition and apoptosis induction. Frontiers in

Pharmacology, 10(January), 1-13.

63



References

Beckwith, M. C., Fox, E. R., & Chandramouli, J. (2002). Removing meperidine
from the health-system formulary - Frequently asked questions. Journal of Pain
and Palliative Care Pharmacotherapy, 16(3), 45-59.

Bellezza, 1., Scarpelli, P., Pizzo, S. V., Grottelli, S., Costanzi, E., & Minelli, A.
(2017). ROS-independent Nrf2 activation in prostate cancer. Oncotarget, 8(40),
67506-67518.

Benhar, M. (2020). Oxidants, antioxidants and thiol Redox switches in the control

of regulated cell death pathways. Antioxidants, 9(4).

Boni, A., Cochetti, G., Turco, M., De Vermandois, J. A. R., Gaudio, G., &
Mearini, E. (2020). Robotic Radical Prostatectomy for Prostate Cancer: Natural
Evolution of Surgery for Prostate Cancer? In Handbook of Robotic and Image-
Guided Surgery. Elsevier Inc.

Brandley, B. K., & Schnaar, R. L. (1986). Cell-surface carbohydrates in cell
recognition and response. Journal of Leukocyte Biology, 40(1), 97-111.

Brar, S. K., Dhillon, G. S., & Soccol, C. R. (2014). Biotransformation of waste
biomass into high value biochemicals. In Biotransformation of Waste Biomass
into High Value Biochemicals (\Vol. 9781461480).

Capes-Davis, A., Theodosopoulos, G., Atkin, I., Drexler, H. G., Kohara, A.,
MacLeod, R. A. F. (2010). Check your cultures! A list of cross-contaminated or
misidentified cell lines. International Journal of Cancer, 127(1), 1-8.

Cai, Y., Zhang, J., Chen, N. G., Shi, Z., Qiu, J., He, C. (2017). Recent Advances in
Anticancer Activities and Drug Delivery Systems of Tannins. Medicinal
Research Reviews, 37(4), 665-701.

Caiyan, L., Shenshen, Y., Kailong W. October (2019). Alkaloids from Traditional
Chinese Medicine against hepatocellular carcinoma.Biomedicine &

pharmacotherapy = Biomedecine & pharmacotherapie 120(2):109543

64



References

Castanares, M. A., Copeland, B. T., Chowdhury, W. H., Liu, M. M., Rodriguez,
R., Pomper, M. G. (2016). Characterization of a novel metastatic prostate cancer
cell line of LNCaP origin. Prostate, 76(2), 215-225.

Chaudhary, M. V., & Singh, P. (2019). Cell Line : a Review. International Journal
of Advance Research in Science and Engineering, 6(4), 11.

Chiang, L. C., Chiang, W., Chang, M. Y., & Lin, C. C. (2003). In vitro cytotoxic,
antiviral and immunomodulatory effects of Plantago major and Plantago
asiatica. American Journal of Chinese Medicine, 31(2), 225-234.

Choudhari, A. S., Mandave, P. C., Deshpande, M., Ranjekar, P., & Prakash, O.
(2020). Phytochemicals in cancer treatment: From preclinical studies to clinical
practice. In Frontiers in Pharmacology (Vol. 10).

Clark, B. R., Suzuki, J. Y., Bliss, B. J.,, & Borris, R. P. (2012). Flavone C-
glycosides from A. andraeanum. Natural Product Communications, 7(6), 747—
748.

Cohen, V., & Khuri, F. R. (2006). Chemoprevention of lung cancer. Tumors of the
Chest: Biology, Diagnosis and Management, 609-626.

Dai, J., & Mumper, R. J. (2010). Plant phenolics: Extraction, analysis and their
antioxidant and anticancer properties. Molecules, 15(10), 7313-7352.

December, P., & Lansdowne, L. E. (2020). Cancer Cells vs Normal Cells.

Delfi, M., Sartorius, R., Ashrafizadeh, M., Sharifi, E., Zhang, Y., De Berardinis, P.
(2021). Self-assembled peptide and protein nanostructures for anti-cancer
therapy: Targeted delivery, stimuli-responsive devices and immunotherapy.
Nano Today, 38, 101119.

Desai, A., Qazi, G., Ganju, R., EI-Tamer, M., Singh, J., Saxena.(2008). Medicinal
Plants and Cancer Chemoprevention. Current Drug Metabolism, 9(7), 581-591.

Dong, Y., Chen, C., Chen, C., Zhang, C., Zhang, L., Zhang,Y.(2021). Stigmasterol

65



References

inhibits the progression of lung cancer by regulating retinoic acid-related orphan
receptor C. Histology and Histopathology, 36(12), 1285-1299. 26.

Duan, J., Li, Y., Gao, H., Yang, D., He, X., Fang, Y. (2020). Phenolic compound
ellagic acid inhibits mitochondrial respiration and tumor growth in lung cancer.
Food and Function, 11(7), 6332-6339.

El-Beltagi, H. S., Mohamed, H. I., Abdelazeem, A. S., Youssef, R., & Safwat, G.
(2019). GC-MS analysis, antioxidant, antimicrobial and anticancer activities of
extracts from Ficus sycomorus fruits and leaves. Notulae Botanicae Horti
Agrobotanici Cluj-Napoca, 47(2), 493-505.

El-Zawahry, A., McKillop, J., & Voelkel-Johnson, C. (2005). Doxorubicin
increases the effectiveness of Apo2L/TRAIL for tumor growth inhibition of
prostate cancer xenografts. BMC Cancer, 5, 1-9.

Eldridge, L. (2014). Cancer Cells vs Normal Cells. In About Health (pp. 1-9).

Fakih, O., Sanver, D., Kane, D., & Thorne, J. L. (2018). Exploring the biophysical
properties of phytosterols in the plasma membrane for novel cancer prevention
strategies. Biochimie, 153, 150-161.

Favero, B. T., Lltken, H., Dole, J. M., & Lima, G. P. P. (2020). A. andraeanum
senescence in response to 6-benzylaminopurine: Vase life and biochemical
aspects. Postharvest Biology and Technology, 161(October 2019), 111084.

Fay & Graff, J. N. (2020). Immunotherapy in prostate cancer. In Cancers (Vol. 12,
Issue 7, pp. 1-17).

Fong, C. (2018). Free radical anticancer drugs and oxidative stress : ORAC and
CellROX-colorectal cancer cells by quantum chemical determinations To cite
this version : HAL Id : hal-01859315.

Folprecht, G., Martinelli, E., Mazard, T., Modest, D. P., Tsuji, A., Esser, R.
(2022). Triplet chemotherapy in combination with anti-EGFR agents for the

66



References

treatment of metastatic colorectal cancer: Current evidence, advances, and future
perspectives. In Cancer Treatment Reviews (Vol. 102).

Fran¢k, F., Eckschlager, T., & Kohout, L. (2003). 24-Epibrassinolide at
subnanomolar concentrations modulates growth and production characteristics
of a mouse hybridoma. Collection of Czechoslovak Chemical Communications,
68(11), 2190-2200.

Freshney, R. I. (2002). Cell line provenance. In Cytotechnology (Vol. 39, Issue 2,
pp. 55-67).

Fuerst, B. M. L. (2019). Responses in Prostate Cancer. 2019.

Gewirtz, A., & Virginia, F. A. F. (1994). by Doxorubicin with DNA Unwinding in
MCF-7 Breast Tumor Cells. 546-656.

Gilble Rohidas, B. R., & Ritu, V. (2017). Ournal of. Asian Journal of Chemistry,

29(7), 1477-1481.

Go, R. S., & Adjei, A. A. (1999). Review of the comparative pharmacology and
clinical activity of cisplatin and carboplatin. Journal of Clinical Oncology,
17(1), 409-422.

Gomes ,Girao Da cruz, Andrade .(2003) . Journal of medicinal chemistry, 46(25),
5395 -5401 .

Hartinger, C., Nazarov, A., Ashraf, S., Dyson, P., & Keppler, B. (2008).
Carbohydrate-Metal Complexes and their Potential as Anticancer Agents.
Current Medicinal Chemistry, 15(25), 2574-2591.

Hossain, F., & Andreana, P. R. (2019). Developments in carbohydrate-based
cancer therapeutics. Pharmaceuticals, 12(2).

Huang, J., Xu, M., Fang, Y. J., Lu, M. S, Pan, Z. Z., Huang. (2017). Association
between phytosterol intake and colorectal cancer risk: A case-control study.
British Journal of Nutrition, 117(6), 839-850.

67



References

Huskova, Z., Steigerova, J., Oklestkova, J., Rarova, L., Kolar, Z., & Strnad, M.
(2020). Molecular mechanisms of plant steroids and study of their interaction
with nuclear receptors in prostate cancer cells. Food and Chemical Toxicology,
137(October 2019), 111164.

Kaminski, B. M., Weigert, A., Scherzberg, M. C., Ley, S., Gilbert, B., Brecht, K.
(2014). Resveratrol-induced potentiation of the antitumor effects of oxaliplatin is
accompanied by an altered cytokine profile of human monocyte-derived
macrophages. Apoptosis, 19(7), 1136-1147.

Kaspers, J. van M. J. L. (2011). Cell Sensitivity Assays: The MTT Assay |
SpringerLink (p. pp 237--245).

Khan, H., Alam, W., Alsharif, K. F., Aschner, M., Pervez, S., & Saso, L. (2022).
Alkaloids and Colon Cancer: Molecular Mechanisms and Therapeutic
Implications for Cell Cycle Arrest. Molecules, 27(3).

Kidd, P. M. (1997). Glutathione: Systemic protectant against oxidative and free
radical damage. Alternative Medicine Review, 2(3), 155-176.

Koch, A., Gandesiri, M., & Schneider-Stock, R. (2015). Defective autophagosome
formation in p53-null colorectal cancer reinforces crocin-induced apoptosis.
International Journal of Molecular Sciences, 16(1), 1544-1561.

Komura, K., Sweeney, C. J., Inamoto, T., lIbuki, N., Azuma, H., & Kantoff, P. W.
(2018). Current treatment strategies for advanced prostate cancer. International
Journal of Urology, 25(3), 220-231.

Kover, A. J. (2012). Chemotherapeutic agents. 5-Minute Anesthesia Consult, 2001,
332-338.

55.Laura Elizabeth Mason. (2018). Cancer Cells vs Normal Cells | Technology
Networks. In Technology Networks.cancer-research/articles/cancer-cells-vs-
normal-cells-307366

68



References

Lemjabbar-Alaoui, H., Hassan, O. U. I, Yang, Y. W., & Buchanan, P. (2015).
Lung cancer: Biology and treatment options. Biochimica et Biophysica Acta -
Reviews on Cancer, 1856(2), 189-210.

Leslie, S. W., Soon-Sutton, T. L., Sajjad, H., & Siref, L. E. (2022). Prostate
Cancer. In StatPearls (\Vol. 8, Issue 2).

Li, Y., Zhang, T., & Chen, G. Y. (2018). Flavonoids and colorectal cancer
prevention. Antioxidants, 7(12), 1-27.

Liao, H., Zhu, D., Bai, M., Chen, H., Yan, S., Yu, J. (2020). Stigmasterol sensitizes
endometrial cancer cells to chemotherapy by repressing Nrf2 signal pathway.
Cancer Cell International, 20(1), 1-10.

Line-Edwige, M., Raymond, F. T. G., Francois, E., & Edouard, N. E. (2009).
Antiproliferative effect of alcoholic extracts of some Gabonese medicinal plants
on human colonic cancer cells. African Journal of Traditional, Complementary
and Alternative Medicines, 6(2), 112-117.

Lu, S., Tsai, S. Y., & Tsai, M. J. (1999). Molecular mechanisms of androgen-
independent growth of human prostate cancer LNCaP-Al cells. Endocrinology,
140(11), 5054-5059.

Magammana .(2018). Camellia sinensis, Theaceae by ProQuest Dissertations and
Theses .12 (1) 68 .

Mahdi-Pour, B., Jothy, S. L., Latha, L. Y., Chen, Y., & Sasidharan, S. (2012).
Antioxidant activity of methanol extracts of different parts of Lantana camara.
Asian Pacific Journal of Tropical Biomedicine, 2(12), 960-965.

Maldonado-Celis, M. E., Arango-Varela, S. S., & Rojano, B. A. (2014). Free
radical scavenging capacity and cytotoxic and antiproliferative effects of
Vaccinium meridionale Sw. agains colon cancer cell lines. Revista Cubana de
Plantas Medicinales, 19(2), 172-184.

69



References

Matsuo, M., Sasaki, N., Saga, K., & Kaneko, T. (2005). Cytotoxicity of flavonoids
toward cultured normal human cells. Biological and Pharmaceutical Bulletin,
28(2), 253-259.

Meleady, P., & O’Connor, R. (2006). General procedures for cell culture. Cell
Biology, Four-Volume Set, 1, 13-20.

Melville, A., Sheldon, T. A., Gray, R., & Sowden, A. (1998). Management of
colorectal cancer. In Quality and Safety in Health Care (\Vol. 7, Issue 2, pp. 103—
108).

Merriel, S. W. D., Funston, G., & Hamilton, W. (2018). Prostate Cancer in Primary
Care. Advances in Therapy, 35(9), 1285-1294.

Micallef, 1., & Baron, B. (2020). Doxorubicin: An Overview of the Anti-Cancer
and Chemoresistance Mechanisms. In Annals of Clinical Toxicology (Vol. 3,
Issue 2, p. 1031).

Mikolajczak, P. L., Kédzia, B., Marcin, O., Kujawski, R., Bogacz, A., Bartkowiak-
Wieczorek, J. (2015). Evaluation of anti-inflammatory and analgesic activities of
extracts from herb of Chelidonium majus L. Central European Journal of
Immunology, 40(4), 400-410.

Mohan, L. (2021). Plant-Based Drugs as an Adjuvant to Cancer Chemotherapy.
Alternative Medicine - Update, November.

Nagesh, P. K. B., Hatami, E., Chowdhury, P., Kashyap, V. K., Khan, S., Hafeez,
B. B. (2018). Tannic acid induces endoplasmic reticulum stress-mediated
apoptosis in prostate cancer. Cancers, 10(3).

Nangia-Makker, P., Conklin, J., Hogan, V., & Raz, A. (2002). Carbohydrate-
binding proteins in cancer, and their ligands as therapeutic agents. Trends in
Molecular Medicine, 8(4), 187-192.

Nelson, B., & Karen, E. (n.d.). En cycl op edi a of Metagen om i cs. 6

70



References

Nimse, S. B., & Pal, D. (2015). Free radicals, natural antioxidants, and their
reaction mechanisms. RSC Advances. RSC Advances, 5(March), 27986-28006.
Normén, A. L., Brants, H. A. M., Voorrips, L. E., Andersson, H. A., Van Den
Brandt, P. A., & Goldbohm, R. A. (2001). Plant sterol intakes and colorectal
cancer risk in the Netherlands: Cohort study on diet and cancer. American

Journal of Clinical Nutrition, 74(1), 141-148.

Nurjanah, N., Jacoeb, A. M., Hidayat, T., & Shylina, A. (2015). Bioactive
Compounds and Antioxidant Activity of Lindur Stem Bark (Bruguiera
Gymnorrhiza). International Journal of Plant Research, 1(5), 182-189.

Okonogi, S., Khonkarn, R., Mankhetkorn, S., Unger, F. M., & Viernstein, H.
(2013). Antioxidant activity and cytotoxicity of Cyrtosperma johnstonii extracts
on drug sensitive and resistant leukemia and small cell lung carcinoma cells. In
Pharmaceutical Biology (Vol. 51, Issue 3, pp. 329—

Ojha. (2017). Green synthesis of silver nanoparticles by bloom Marine microalg.

Otsubo, K., Okamoto, I., Hamada, N., & Nakanishi, Y. (2018). Anticancer drug
treatment for advanced lung cancer with interstitial lung disease. Respiratory
Investigation, 56(4), 307-311.

Patel, K., & Patel, D. K. (2016). Medicinal significance, pharmacological
activities, and analytical aspects of ricinine: A concise report. Journal of Coastal
Life Medicine, 4(8), 663-667.

Perveen, S., & Al-Taweel, A. M. (2017). Phenolic Compounds from the Natural
Sources and Their Cytotoxicity. Phenolic Compounds - Natural Sources,
Importance and Applications.

Phaniendra, A., Jestadi, D. B., & Periyasamy, L. (2015). Free Radicals: Properties,

Sources, Targets, and Their Implication in Various Diseases. Indian Journal of

Clinical Biochemistry, 30(1), 11-26.

71



References

Phelan, K., & May, K. M. (2017). Mammalian cell tissue culture techniques.
Current Protocols in Molecular Biology, 2017(January), 1-23.

Philippeos, C., Hughes, R. D., Anil Dhawan, A., & Mitry, R. R. (2012). Human
Cell Culture Protocols. 806, 301-336.

Rashidijahanabad, Z., & Huang, X. (2020). Recent advances in tumor associated
carbohydrate antigen based chimeric antigen receptor T cells and bispecific
antibodies for anti-cancer immunotherapy. Seminars in Immunology,
47(November 2019), 101390.

Rezvani, V., Pourianfar, H. R., Mohammadnejad, S., Madjid Ansari, A., &
Farahmand, L. (2020). Anticancer potentiality and mode of action of low-
carbohydrate proteins and peptides from mushrooms. Applied Microbiology and
Biotechnology, 104(16), 6855-6871.

Rostami-Nejad, M., Tavirani, S. R., Mansouri, V., Jahani-Sherafat, S., & Farshi, H.
M. (2019). Gene expression profile analysis of colon cancer grade Il into grade
[l transition by using system biology. In Gastroenterology and Hepatology
from Bed to Bench (Vol. 12, Issue 1, pp. 60-66).

Sak, K. (2017). Dietary Flavonoids and Colorectal Cancer: Evidence from
Epidemiological Studies. International Archives of Clinical Pharmacology, 3(1),
1-7.

Sammar, M., Abu-Farich, B., Rayan, l., Falah, M., & Rayan, A. (2019).
Correlation between cytotoxicity in cancer cells and free radical-scavenging
activity: In vitro evaluation of 57 medicinal and edible plant extracts. In
Oncology Letters (Vol. 18, Issue 6, pp. 6563-6571).

Sariwati, A., Fitri, 1., Purnomo, A. S., & Fatmawati, S. (2019). Phytochemical,
antibacterial and antioxidant activities of A. hookerii leaves extracts. HAYATI
Journal of Biosciences, 26(3), 101-109.

72



References

Seunggu Han, M. D. (2019). Prostate cancer: Symptoms, treatment, and causes. In
MedicalNewsToday.

Shahidi, F., & Zhong, Y. (2015). Measurement of antioxidant activity. In Journal
of Functional Foods (Vol. 18, pp. 757-781).

Shanehbandi, D., Zarredar, H., Asadi, M., Zafari, V., Esmaeili, S,
Seyedrezazadeh, E. (2021). Anticancer Impacts of Terminalia catappa Extract on
SW480 Colorectal Neoplasm Cell Line. In Journal of Gastrointestinal Cancer
(Vol. 52, Issue 1, pp. 99-105).

Shu, Y., Xie, B., Liang, Z., & Chen, J. (2018). Quercetin reverses the doxorubicin
resistance of prostate cancer cells by downregulating the expression of c-met.
Oncology Letters, 15(2), 2252—-2258.

Siekmann, W., Tina, E., VON SYDOW, A. K., & Gupta, A. (2019). Effect of
lidocaine and ropivacaine on primary (SW480) and metastatic (SW620) colon
cancer cell lines. Oncology Letters, 18(1), 395-401.

Singh, A., Venkannagari, S., Oh, K. H., Zhang, Y. Q., Rohde, J. M., Liu, L.
(2016). Small molecule inhibitor of NRF2 selectively intervenes therapeutic
resistance in KEAP1-deficient NSCLC tumors. ACS Chemical Biology, 11(11),
3214-3225.

Slika, H., Mansour, H., Wehbe, N., Nasser, S. A., Iratni, R., Nasrallah, G. (2022).
Therapeutic potential of flavonoids in cancer: ROS-mediated mechanisms.
Biomedicine and Pharmacotherapy, 146, 112442,

Solowey, E., Lichtenstein, M., Sallon, S., Paavilainen, H., Solowey, E., &
Lorberboum-Galski, H. (2014). Evaluating medicinal plants for anticancer
activity. Scientific World Journal, 2014.

Stepinski, D. (2018). The nucleolus, an ally, and an enemy of cancer cells. In

Histochemistry and Cell Biology (Vol. 150, Issue 6, pp. 607-629).

73



References

Sultana, M., Verma, P. K., Raina, R., Prawez, S., & Dar, M. A. (2012).
Quantitative analysis of total phenolic, flavonoids and tannin contents in acetone
and n-hexane extracts of Ageratum conyzoides. International Journal of
ChemTech Research, 4(3), 996-999.

Sung, H., Ferlay, J., Siegel, R. L., Laversanne, M., Soerjomataram, I., Jemal, A.
(2021). Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence and
Mortality Worldwide for 36 Cancers in 185 Countries. CA: A Cancer Journal for
Clinicians, 71(3), 209-249.

Tahara, T., Shibata, T., Nakamura, M., Arisawa, T. (2009). Effect of MDR1 gene
promoter methylation in patients with ulcerative colitis. International Journal of
Molecular Medicine, 23(4), 521-527.

Tebbutt, N. C., Wilson, K., Gebski, V. J., Cummins, M. M., Zannino, D., Van

Hazel, G. A. (2010). Capecitabine, bevacizumab, and mitomycin in first-line

treatment of metastatic colorectal cancer: Results of the Australasian

Gastrointestinal Trials Group randomized phase 11l MAX study. Journal of

Clinical Oncology, 28(19), 3191-3198.

Torky, A. R. W., Stehfest, E., Viehweger, K., Taege, C., & Foth, H. (2005).
Immuno-histochemical detection of MRPs in human lung cells in culture.
Toxicology, 207(3), 437-450.

Ullah, F., Mani, H., Wazir, M., Hussain, S., Ali, S., & Ahmad, S. (2022). Updates
on Clinical Trials in Diagnosis and Therapy of Colorectal Cancer. In Colon

Cancer Diagnosis and Therapy Vol. 3 (pp. 1-19).

Ulrich, A. B., & Pour, P. M. (2013). Cell Lines. In Brenner’s Encyclopedia of
Genetics: Second Edition (pp. 481-482).



References

Vaarala, M. H., Porvari, K., Kyllénen, A., & Vihko, P. (2000). Differentially
expressed genes in two LNCap cell lines reflecting changes during prostate
cancer progression. In Laboratory Investigation (Vol. 80, Issue 8, pp. 1259
1268).

Vaisi-Raygani, A., Rahimi, Z., Nomani, H., Tavilani, H., & Pourmotabbed, T.
(2007). The presence of apolipoprotein €4 and €2 alleles augments the risk of
coronary artery disease in type 2 diabetic patients. Clinical Biochemistry, 40(15),
1150-1156.

Viazzi, S., Lambrechts, T., Schrooten, J., Papantoniou, I., & Aerts, J. M. (2015).
Real-time characterisation of the harvesting process for adherent mesenchymal
stem cell cultures based on on-line imaging and model-based monitoring. In
Biosystems Engineering (Vol. 138, pp. 104-113).

Vinod, S. K., & Hau, E. (2020). Radiotherapy treatment for lung cancer: Current
status and future directions. Respirology, 25(S2), 61-71.

Wadood, A. (2013). Phytochemical Analysis of Medicinal Plants Occurring in
Local Area of Mardan. Biochemistry & Analytical Biochemistry, 02(04), 2-5.
Wahle, K. W. J., Brown, I., Rotondo, D., & Heys, S. D. (2010). Plant phenolics in
the prevention and treatment of cancer. Advances in Experimental Medicine and

Biology, 698, 36-51.

Watson, A. S., Mortensen, M., & Simon, A. K. (2011). Autophagy in the
pathogenesis of myelodysplastic syndrome and acute myeloid leukemia. Cell
Cycle, 10(11), 1719-1725.

Wu, R., Feng, J.,, Yang, Y., Dai, C., Lu, A., Li, J. (2017). Significance of serum
total oxidant/antioxidant status in patients with colorectal cancer. PLoS ONE,
12(1), 1-13.

Xu, X. H., Li, T., Fong, C. M. V., Chen, X., Chen, X. J., Wang, Y. T. (2016).

75



References

Saponins from chinese medicines as anticancer agents. Molecules, 21(10), 1-27.

Xu, Y., Zhu, J. yong, Lei, Z. ming, Wan, L. jun, Zhu, X. wen, Ye, F., & Tong, Y.
yue. (2017). Anti-proliferative effects of paeonol on human prostate cancer cell
lines DU145 and PC-3. Journal of Physiology and Biochemistry, 73(2), 157—
165.

Yadav, A. K., Mishra, P., Mishra, A. K., Mishra, P., Jain, S., & Agrawal, G. P.
(2007). Development and characterization of hyaluronic acid-anchored PLGA
nanoparticulate carriers of doxorubicin. In Nanomedicine: Nanotechnology,
Biology, and Medicine (Vol. 3, Issue 4, pp. 246-257).

Yang, Y., Karakhanova, S., Hartwig, W., D’Haese, J. G., Philippov, P. P., Werner,
J. (2016). Mitochondria and Mitochondrial ROS in Cancer: Novel Targets for
Anticancer Therapy. Journal of Cellular Physiology, 231(12), 2570-2581.

Yee, C. S., Kamradt, J. M., Nielsen, L. C., Panvinchian, R., & Pienta, K. J. (1998).
Carboplatin-induced cell death in model prostate cancer systems. In Anticancer
Research (Vol. 18, Issue 6 A, pp. 4475-4482).

Yoder, L. H. (2006). An overview of lung cancer symptoms, pathophysiology, and
treatment. Medsurg Nursing : Official Journal of the Academy of Medical-
Surgical Nurses., 15(4), 231-234.

Yu, Z., Zhang, T., Zhou, F., Xiao, X., Ding, X., He, H. (2015). Anticancer Activity
of Saponins from Allium chinense against the B16 Melanoma and 4T1 Breast
Carcinoma Cell. Evidence-Based Complementary and Alternative Medicine,
2015.

Yun, D., Yoon, S. Y., Park, S. J., & Park, Y. J. (2021). The anticancer effect of
natural plant alkaloid isoquinolines. International Journal of Molecular
Sciences, 22(4), 1-15.

Yun, B. Da, Son, S. W., Choi, S. Y., Kuh, H. J., Oh, T. J. (2021). Anti-cancer

76



References

activity of phytochemicals targeting hypoxia-inducible factor-1 alpha.
International Journal of Molecular Sciences, 22(18), 1-30.

125.Zargoosh, Z., Ghavam, M., Bacchetta, G., & Tavili, A. (2019). Effects of
ecological factors on the antioxidant potential and total phenol content of

Scrophularia striata Boiss. Scientific Reports, 9(1), 1-15.

77



DAl

S /a sl 5 4 50Y) ansd / Llad) il Hall Al Gl ey Adladl 2fiacl) A pall el ¢ jad) 2uds o3
2022 Jil A 2021 58T (e 5l IS Jil dals all

Bedy Adall sai (8 il 50 (o Led W Gl o) 2 3le (8 Lagaa | 50 i Ll Al O oSl
sJain A Hall oda Calaaf

LA e sl sae o (Samdlall) a g Y @l 3155Y (Jeasll Galiiua) daw (20 48 20 V)
Gl g pall dilla juall LAY da ghas 5 (5l sll dilda puadl LAY Lo ghad 5 dpmlall LA Lo slas Jal
o 31 5Y (NSl Galiiudl L6 500 48 e s U Caagl) 4l At yud) A b ghas SIS
LAl Jax s Al yud) UIAD (e cpe i e LAY 13 o als 5auSOU (Suadlall) g V)
S A8 jma 5ed Y] Caagll Lol LNCap <tiv s jall dulda judl LA Jad ;SWAB0 (551 58l il sl
.OHa_all sladll carboplatin s Doxorubicin &) 53 (s JS ddllad e sl Galiidl il

Oshsill e LA T cciliv gl la e WA s dgadal) LA ad de) ) dady JY) & all
caliiudl pe Lgildlae Cudy o) OSe 96 (e 058 o)) b A AN Glasw LA b
24 33 giaa &35 o/ ol e 5 8 (1000,500,250,125,62,31) deiiéds 30 5 Aldin g A sa<l)
MTT dpall ddledll 51 Judail) aladinly pasdll &5 @l a2y 5 4ol

Ll S0 0 Jleatid e D0 e WA dgdal) LAY e S Loy gl < jeual
LAl da /al e 580k (31,62) dakal sl 58 il Ll Je/al e 5580k (125, 1000,500,250)
DS o 288 il 5 pll dilla ) LA dilly Ll (Adiall 3 pdarill) Galiiuall Lgimy a5 oy Al
Lis da /ol 2 584k (1000,500,250) S1 ) s Al ol LAY 4lady Ja gale (aalisil 40al)
3_hdl) aliiuall gy ot oy &l Al WA de /ol se s S (31,62,125) dslal il 580 5L
OS5 IS Jlarial die LAY axe (alias) Laa gl ad ol gall (e e L3AD dpailly Wl (Al
oaliioall Lgimy i o Al Al LOAIL 4 jlie bl 31 6Y (Jsasll alaiil

a5 s i e A sl (31 V) Galiiie e 3auSY) slae 5ils Al yn Jaidl i A ¢ jal) L)
IR o i gl Gl s WA Jad g ¢y shdl) (s WA bad e (CUPRAC) 48k alaaiuly



(31 250 «1000) S5 A il 3),5Y (Jsasl Galiivd) aa lgildaas o) G e
o/l 2 5 Saa

LAY (e Guaddl DS 30V Cliliae (5 sie 8 B Balyy @llia o Apal) sda il il
Ja fal g 5 S (1000) 5 0shsill WAL dailly Jo/ a5 Sae (1000,250) nSIl die dgita yudl
Lo yad o Al Al WAl e /al e 5 Sl (1) (halsll S 5l Luld el s ) LAY dpally
Go IS Allad e il gakl) Galiiiaall (o 38 55 IS Ll (uld e il 4 il (e A ¢ 3al)
(i g yall At ) LA 5 ) 6l 8l dilda ) LA ayds 8 carboplatin sDoxorubicin )2
e OsSh o) Gib (A LAl del ) o dlaie YL o)l e paliiuall (e 38 5 JS 5wl
Liny s sDOXOIUDICIN (3o (5T 5 (Basl 5 aSa de gane tCle gana 8 () andia oo ) (1Se 96
e i 385 ae da / alas S (31 ) 1000) o Sl paliiud) (o dluduie ciligas
a5 A gie da 50 37 vie Aol 24 saa) GLLY) paas Guiasd &3 (e / ol a5 S 15)Doxorubicin
alad) Ll 3ol 3 Aleal) o8 Aty CilS (MTT Ay sead) Aglladll 5l (sl aladinly Gandll a3 @l
s3> 3 Doxorubicin alasiuly 45 5lae 38 Sl s (3 (oSl paliiia) ddla) die G5l @l Ads e
a5 58l (aliiue dlz) xie L NCap i syl (s yud LAY L6 Cucadl) Laiy caSail) de ganay
aSaill de sena g saa sl DoXoOrubicin alxiiul 4 s Doxorubicin Y (1000) S5 a sl il
LAY Al

Al Aoy il Ja / ol 2 5 S0e 100 <ald 3 50 carboplatin dalled el 4 el (uds e
LA 5 LNCap <l sl da yu WA 22 (:=lidd) carboplatin ge lall Jgasl) alatiig)
a5 carboplatin sl aSaill de saaay Luld cilall 3:S) 35 JS 6 o ) gal ol



Gl 4 ggan

sl i)y il agdel) 5 )5
i asla

bl 4,18

p s AN il 3 gas) paliioiall 5ausU sliaal) g ¢l puadl sliaall il yidialdf B A )

p o)

Al
A 5oV A5V e L psinealall Aa 5 i lillite e ¢ 328 Gy dnela / oall A4S ulae ) dodie
p sl 5

JB (e
S Jouy 2aaa g
(2015-2014 Aya (a5 510)

il )
polbia dari pad o Jana Pla e 3]
22022 2 1443



