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Prevalent among women, breast cancer is the most common form of
cancer affecting women in Malaysia; about one in nineteen women in
this country are at risk. Bioactive compounds extracted from plants
(phytotherapy) have long been recognized as one of the sources of
anticancer drugs, several of which have been validated to have potent
anticancer properties such as Taxol (paclitaxel). Eleutherine americana
(E. americana) possesses a number of phytochemical compounds with
the potential to be developed as an anticancer drug. The objectives of
this study were to evaluate the phytochemical properties of E. americana
ethanol extract, to assess its cytotoxicity on breast cancer cells and to
determine its anti-cancer properties on the spheroids and its cancer-
associated fibroblasts. In the phytochemical qualitative analysis, E.
americana’s bulb extract demonstrated the presence of terpenoids,
flavonoids, glycosides and steroids known as beneficial pharmacology
bioactive compounds. In the quantitative analysis, the bulb extract
displayed significant results on the total phenolics at 151.13 + 0.027 mg
GAE/g, total flavonoids at 22.02 + 0.005 QE/g and total alkaloids at
2.26 mg + 0.381/50 g. The extract also showed antioxidant properties
with the DPPH assay results measured at 47.60 ug/mL. These results
provide validation that the plant extract used in this study contains
beneficial pharmacological properties. The invasion assay showed a
significant reduction in the invasion area in both monoculture and co-
culture treated with E. americana extract, indicating the anti-
proliferative activity of the plant extract. In addition, the H&E staining
of MDA-MB-231 spheroids treated with E. americana ethanol extract
showed extensive damage to the nucleus, indicating cell death. This
study applies the use of cell spheroids which are aggregated adherent



cells known to mimic the complex intercellular interaction within the
tumour microenvironment. The cytotoxicity of the bulb extract was
determined using the MTT assay for monolayer culture and the Alamar
Blue® assay for the spheroids of breast cancer cells, respectively. MTT
assay results determined the ICso values for monolayer culture at 25.17
pg/mL for MCF7 cells and 25.23 ug/mL for MDA-MB-231 cells. The
Alamar Blue® ICso results on MCF7 spheroids were recorded at 37.90
ug/mL and MDA-MB-231 spheroids at 48.72 pug/mL at 72 hours post-
treatment. Thus, these findings further substantiate the cytotoxicity of
E. americana ethanol extract towards the spheroids of MDA-MB-231. In
conclusion, E. americana bulb extract has the potential to be developed
as a phytotherapy for breast cancer.

Keywords: phytotherapy, cancer-associated fibroblasts, breast cancer,
Eleutherine americana.
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Lazim di kalangan wanita, kanser payudara adalah bentuk kanser yang
biasanya menyerang wanita di Malaysia, kira-kira satu daripada
sembilan belas wanita di negara ini berisiko menghidap kanser
payudara. Sebatian bioaktif yang diekstrak daripada tumbuhan
(fitoterapi) telah diiktiraf sebagai salah satu sumber ubat antikanser,
sebilangan daripadanya telah disahkan mempunyai sifat antikanser
yang mujarab seperti Taxol (paclitaxel). Eleutherine americana (E.
americana) mempunyai sebatian fitokimia yang berpotensi untuk
dibangunkan sebagai ubat antikanser. Objektif kajian ini adalah untuk
menilai sifat fitokimia ekstrak etanol E. americana, untuk menilai ujian
kesitotoksiannya terhadap sel-sel kanser payudara dan untuk
menentukan sifat anti-kansernya pada sferoid dan fibroblas yang
bersekutu dengan kanser. Kajian ini menggunakan penggunaan sferoid
sel yang mimik interaksi antara sel yang kompleks dalam persekitaran
mikro tumor. Kesitotoksikan ekstrak bebawang ditentukan
menggunakan ujian MTT untuk kultur sel monolapisan dan ujian
Alamar Blue® untuk sferoid sel kanser payudara, masing-masing.
Keputusan wujian MTT menentukan nilai ICso untuk kultur sel
monolapisan pada 25.17 ug/mL untuk sel MCF7 dan 25.23 ug/mL
untuk sel MDA-MB-231. Keputusan ICso Alamar Blue® terhadap sferoid
MCF7 direkodkan pada 37.90 pg/mL dan sferoid MDA-MB-231 pada
48.72 ug/mL pada 72 jam selepas rawatan. Dalam analisis kualitatif
fitokimia, ekstrak bebawang E. americana menunjukkan kehadiran
terpenoid, flavonoid, glikosida dan steroid yang diketahui mengandungi
bahan bioaktif farmakologi yang bermanfaat kepada kesihatan
manusia. Keputusan analisis kuantitatif ekstrak bebawang juga
menunjukkan amaun bererti dengan jumlah kandungan fenolik pada
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151.13 + 0.027 mg GAE/g, jumlah kandungan flavonoid pada 22.02 +
0.005 QE/g dan jumlah kandungan alkaloid pada 2.26 mg + 0.381/50
g. Ekstrak juga menunjukkan sifat antioksidan dengan keputusan ujian
DPPH pada sukatan 47.60 ug/mL. Keputusan ujian fitokimia ini
mengesahkan bahawa ekstrak tumbuhan yang dihasilkan dalam kajian
ini mengandungi sifat farmakologi yang bermanfaat. Keputusan ukuran
kawasan invasif menunjukkan pengurangan ketara dalam kawasan
invasif yang dipamerkan oleh sel monokultur dan sel kultur bersama
yang dirawat dengan ekstrak E. americana menunjukkan aktiviti anti-
proliferatif ekstrak tumbuhan. Di samping itu, pewarnaan H&E bagi
sferoid MDA-MB-231 yang dirawat dengan ekstrak etanol E. americana
menunjukkan kerosakan yang meluas pada nukleus, menunjukkan
bukti kematian sel. Oleh itu, penemuan ini membuktikan keupayaan
kesitotosikan ekstrak etanol E. americana terhadap sferoid MDA-MB-
231. Kesimpulannya, ekstrak bebawang E. americana berpotensi untuk
dibangunkan sebagai fitoterapi untuk kanser payudara.

Kata kunci: fitoterapi, fibroblas bersekutu kanser, kanser payudara,
Eleutherine americana.
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CHAPTER 1

INTRODUCTION

Globally, breast cancer is recorded as among the highest cancer-related
death. Evidence shows that metastasis is the dominant cause of death
from the most common forms of cancer, including breast cancer.
Approximately 90% of breast cancer deaths are associated with
metastasis of cancer cells. Studies have shown that the tumour
microenvironment (TME), especially cancer-associated fibroblasts
(CAFs), influences these significant events (Hu et al., 2022). Fibroblasts
associated with cancer cells (CAFs) are activated during inflammation
and fibrosis in the tumours (Liu, Song, & Huang, 2019), it was also
shown that cancer cells are able to reprogram fibroblasts to become
CAFs through the actions of miRNAs (miR-31, miR-214, and miR-155)
(Liu et al., 2019). Fibroblasts respond to mechanical changes such as
various tissue damage signals and reacted by transforming into
myofibrils mediated by the tumour ECM and their crosstalk with innate
immune cells consequently resulted in the association of the fibroblast
with the tumour (LeBleu and Kalluri 2018).

The favourable association between cancer cells and CAFs was proven
in a study in which CAFs were isolated from human breast carcinoma
and subcutaneously injected into immunocompromised (nude) mice.
The growth rate of breast carcinomas treated with CAFs was significantly
higher than that of breast carcinomas treated with normal fibroblasts
(Chen & Song, 2019). Kojima et al. demonstrated that resident human
mammary fibroblasts could convert to CAFs during tumour progression
using a co-implantation tumour xenograft model (Kojima et al, 2010).
Based on all the evidence and supporting data, conclusively makes
breast cancer with its CAFs a suitable candidate for anticancer
assessment in this study.

The search for alternative cancer treatments has been a central focus of
scientific research. One such field in alternative cancer therapy is
phytotherapy, which utilizes herbal plants. Generally, the original
compositions and integrity of the herbal plants of interest are preserved
(Falzon & Balabanova, 2017). Herbal plant extract can be used
synergistically or as an adjuvant with existing chemotherapeutic drugs
available in the market (Liu et al, 2019). Based on preclinical evidence,
natural compounds such as curcumin, eupatorin and resveratrol have
been proven to enhance the cytotoxicity of chemotherapeutic drugs
towards cancer cells when utilized as an adjuvant in cancer therapy (Lin
et al, 2020).



Eleutherine americana (E. americana) is a tropical American species that
is widely cultivated in Asia. The plant is abundant in altitudes between
600 and 2000 metres above sea level and thrives in sulfuric soil (Insanu,
Kusmardiyani, & Hartati, 2014). The plant is classified as belonging to
the Iridaceae family, in which the common features include fan-like
leaves blade and colourful flowers with 6 petals. In East Asia, the
blossom is white. E. americana, locally known as bawang hutan, is
frequently used in traditional medicine in Southeast Asia to treat cardiac
arrest, diabetes, stroke, hypertension, and wound healing (Ieyama et al
al., 2011). The plant bulb comes with a signature deep red colour and is
known to be used by the Kalimantan people to treat heart disease. This
is reflected in the plant's pharmacological activities, which have been
revealed to contain immunostimulant, anti-inflammatory, anti-bleeding,
and anti-cancer properties (Kuntorini & Nugroho, 2009). The plant's
primary bioactive component, found in its red bulb, contributes to the
plant’s functional pharmacological capabilities.

Previous literature has shown that the known major functional bioactive
compounds of E. americana or bawang hutan are divided into 3 main
groups, naphthoquinones, naphthalene, and anthraquinones
(Mahabusarakam et al. 2010). To optimize the elucidation of the
bioactive compound, ethanol was chosen as the solvent for its high
polarity and low toxicity (Gandhidas, 2017). Several studies have been
done on the bioactive compounds of E. americana’s pharmacological
properties. These include antimicrobial, antiviral, anti-hypertension,
anti-fungal, anti-HIV, wound healing, and anti-cancer (Qiu et al, 2005).
To date, there is no clear evidence of the molecular mechanisms involved
in these properties, and only a few detailed kinds of research have been
carried out on its anti-cancer property, specifically on the extract of E.
americana.

Phytochemical analyses were performed in this study to determine
which part of the E. americana (root or bulb) contains the active
component that has the potential properties as an anti-cancer. In vitro
testing was performed on breast cancer cells (MDA-MB-231 and MCF?7)
and normal transformed breast cells (MCF-10A). After the ICso values
were obtained, it was further examined using MDA-MB-231
monoculture and co-culture of spheroids (with MRCS). Viability and
invasion assays, immunocytochemistry, and immunohistochemistry
were performed to corroborate the findings.

The spheroids culture technique was used to recapitulate an in vivo
analysis involving cell culture models. Compared to the conventional 2D
cell culture model, the 3D spheroid model is an improved representation
of the structure and functions of in vivo tissues and organs (Ivanov &
Grabowska, 2018). Moreover, cells in living tissues reside in 3D
microenvironments with complicated nutrition and cell transport



dynamics and cell-cell and cell-matrix interactions (Shikov et al., 2014).
These matrices allow the cells to migrate within the spheroid in a manner
similar to how cells migrate in a live tissue (Smyrek & Stelzer, 2017). As
a result, spheroids are better models for cell migration, differentiation,
survival, and growth. Hence in this study, the 3D spheroid model was
used to better assess the efficacy of E. americana extract’s anti-cancer
pharmacological property. On the other hand, standard 2D cell cultures,
also known as monolayer cell cultures, are insufficient representations
of a tumour in these environments; making them inaccurate predictions
of the in vivo therapeutic efficacy and toxicity (Yakavets et al., 2020).

Previous cancer studies have focused mainly on how to delay metastasis,
slow down progression, impede invasion and inhibit angiogenesis of
cancer cells. It is believed that cancer cells are malignant and the stroma
surrounding the cancer masses is not (Shiga et al., 2015). However, the
tumour comprises cancer cells and their stromal associate (e.g.,
fibroblasts, vascular endothelial cells, and immune cells) and the
extracellular matrix. The cancer cells’ interactions with the normal cells
form an environment that favours the progression and proliferation of
cancer cells. In the “Hallmarks of Cancer” (Hanahan & Weinberg, 2011),
it is stated that cancer cells recruit the surrounding normal cells to act
as cancer associates. These cancer associates become actively involved
in cancer metastasis and display some hallmark capabilities (Hanahan
& Weinberg, 2011).

1.1 Problem Statement

Breast cancer persists as the most frequent malignancy in women
worldwide (Basu et al. 2019). Breast cancer is an uncontrollable growth
of epithelial cells originating in the ducts or breast lobules (Reilly, 2007).
To combat breast cancer, current treatments such as chemotherapy are
often accompanied by a list of unfavourable side effects due to systemic
toxicity (Lin et al., 2017).

Hence, alternative therapies derived from natural-based resources with
less toxicity, effective and economically sustainable are necessary to
ensure cancer treatment is accessible to everyone. Eleutherine
americana (E. americana) has been claimed to possess an array of
phytochemicals that have the potential as an anticancer towards breast
cancer. It was demonstrated that E. americana exhibits potent
antioxidant and anticancer properties towards mouse lymphocytic
leukaemia cell line (L1210) with ICso of 9.95 ppm (Lestari et al., 2019).

An evaluation of the anticancer properties of E. americana bioactive
compounds towards breast cancer cells in inhibiting the proliferation of
breast cancer would provide a better understanding of its mechanism of
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action. Studying the relationship between breast cancer cells and
fibroblasts and their responses towards E. americana bioactive
compounds and the positive control Cisplatin, would provide insights
into the regulation of tumour progression and control of cancer.

To date, since limited data is available on the main bioactive compounds
of this plant (naphthoquinones, naphthalene, and anthraquinones)
towards breast cancer cells and its cancer-associated fibroblasts,
detailed investigations would further add to the current knowledge and
validate the phytochemical properties and the anti-cancer effects of E.
americana. A customized approach will involve among others, the use of
3D spheroids and agarose array casts.

1.2 Hypotheses

In this study, it is hypothesized that E. americana ethanolic extract
possesses bioactive compounds that may have potential anticancer
properties. The extract can also suppress the proliferation of breast
cancer cell lines MDA-MB-231 and MCF7 and does not impose adverse
effects on normal cell lines, MRC5 and MCF-10A. It is also hypothesized
that the E. americana ethanolic extract can restrict the proliferation of
MDA-MB-231 invasive spheroids and their in vitro transformed
fibroblasts (CAF).

1.3 Study Objectives

1.3.1 Main Objective

To determine the phytochemical properties of E. americana
ethanol extract and assess its anticancer properties towards breast
cancer cells, breast cancer spheroids and its cancer-associated
fibroblasts (CAFs).

1.3.2 Specific Objectives

The objectives of this study were:

1. To determine both the quantitative and qualitative in-vitro
phytochemical properties of the bulb and root parts of E.
americana ethanol extract.

2. To evaluate the cytotoxicity of E. americana bulb ethanol extract
on breast cancer cells (MCF7 and MDA-MB-231, normal



fibroblast (MRCS5), normal transformed breast cells (MCF-10A),
and breast cancer spheroids.

To determine the anti-cancer properties of E. americana ethanol
extract towards breast cancer spheroids and it’'s cancer-
associated fibroblasts.



CHAPTER 2

LITERATURE REVIEW

2.1 History of Breast Cancer

Cancer is a Greek term that refers to malignant tumours and ulcerated
malignant tumours (Hajdu, 2004). It is defined as a condition
characterised by an excess or deficiency of blood, bile, mucus, and other
body fluid secretions. Between 25 BC and AD 50, Hippocrates'
successor, Aulus Celsus, demonstrated that advanced breast tumours
had a proclivity for recurrence in the armpit, produce arm swelling
known as lymphedema, and can cause mortality by metastasis to distant
organs.

In 1632, based on a book entitled De Recondita, which illustrated benign
and malignant tumours of different organs, an army surgeon Marco
Aurelio Serverino depicted that cancers that were fixed to the chest wall
were malignant breast tumours whereas the freely movable ones were
benign glandular (fibroadenoma) (Lowe, 1597). Additionally, a physician
from France (1684-1766) believed that inflammation contributed
significantly to carcinogenesis by obstructing the excretory ducts of
glands, with breast cancer serving as a representative example (Hajdu
et al.,, 2015). A physician from France (1684-1766) believed that
inflammation contributed significantly to carcinogenesis by obstructing
the excretory ducts of glands, with breast cancer serving as a
representative example (Hajdu et al., 2015). All the findings from the
historical studies have shaped cancer research in the current timeframe.
Earlier descriptions of cancer have shed light on understanding the
disease and paved the direction for finding cancer treatment.

2.2 Current Overview of Breast Cancer

In modern times, cancer is generally interpreted as genetic mutations
that transform normal cells into malignant cells (Recillas-Targa, 2022).
This transformation causes the cells to grow out of control, become
invasive, metastasize and thus result in mortality. The latest global
cancer data (Figure 2.1) revealed that the number of estimated cancer
incidences has risen to 19.3 million new cases, and there were 10.0
million cancer-related deaths in 2020 (World Health Organisation,
2020). From the estimated number, breast cancer in females was
recorded as the highest occurrence at 11.7% and documented as the
highest mortality rate in women worldwide.
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Figure 2.1 : Top Cancer per Country. Estimated age-standardized
mortality rates (World) in 2020, both sexes, all ages. The incidence of
breast cancer (in pink) was in second place after lung cancer worldwide.
In the Asian continent, the high incidence of breast cancer (in pink) is in
Southeast Asia. Adapted from the World Health Organization (2020)

Breast cancer was listed as one of the most prominent cancer incidences
after lung cancer in terms of new cases worldwide and caused the
highest death rate globally. Based on the figure, half of the breast cancer
incidence was reported in Asia. This was owing to a lack of awareness
among Asian people, and as a result, they sought medical assistance
only after cancer had metastasized (Wang et al., 2022).

According to a study conducted, knowledge regarding breast cancer and
awareness that the disease could also affect younger women were
recorded to be lower among the younger women in Malaysia than the
older women. This was because of the belief that only older women were
affected by cancer, and due to a lack of awareness, younger women tend
to present with a higher cancer stage, hence suffering more aggressive
breast cancer compared to older women (Hadi et al., 2010). Figure 2.2
demonstrates the incidence of new cancer cases in Malaysia versus the
Asia continent.

From the chart, breast cancer was recorded as the highest occurrence
in both the Asian continent and Malaysia indicated by the blue bar. The
mortality rate for breast cancer was also recorded as the first rank in the
bar chart.
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Figure 2.2 : Global Cancer (Asia vs. Malaysia) Estimated age-
standardized incidence and mortality rates of both sexes and of all ages.
The highest cancer incidence in Malaysia is breast cancer, indicated by
the blue bar chart followed by the red bar chart beneath it, which
signifies the mortality rate for breast cancer cases in 2020.Adapted from
the World Health Organization (2020)

Breast cancer incidence in Malaysia was recorded as the highest cancer
occurrence in 2020 (Figure 2.3) for both sexes and of all ages. Breast
cancer exhibited the highest number of new cancer cases at 17.3%,
followed by the highest number of mortalities. It was also documented
as the most prevalent cancer among females in Malaysia by Globocan,
in the year 2020.This could be due to cancer's late presentation at stages
3 and 4, which accounts for an astounding 50% to 60% of all breast
cancer cases in Malaysia. Apart from a lack of awareness, ignorance
towards the early manifestation of breast cancer is the main concern
among Malaysian women. The shortage of treatment centres, limitations
on access to competent medical treatments, unclear information about
alternative treatments for breast cancer due to a lack of or inadequate
information exchange, and geographical seclusion worsened the
situation (Hisham & Yip, 2003; Lee et al., 2019).
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Figure 2.3 : Number of New Cancer Cases in Malaysia. Of 48,639
documented new cancer cases, 17.3% (8,418) were reported as breast
cancer occurrences. It was also reported as the second highest mortality
case after lung cancer in Malaysia. Adapted from the World Health
Organization (2020)

Even though early detection could promote the survival rate of breast
cancer patients, most breast cancer patients only seek medical attention
once the cancer has metastasized and spread to distant organs. Breast
cancer can be staged from O to 4. The staging system is based on the
TNM system (tumour, nodule, metastases) (Reilly, 2016). Stage zero (0)
refers to an in-situ carcinoma, in which the tumour only subsists at the
area where it was first formed. At stage one (1), the primary breast cancer
has no metastases occurring and no nodal involvement. At stage two (2),
the primary tumour shows a significant increase in size, approximately
1 - 5 cm. However, there is no nodal involvement; if the tumour size
measures more than 5 cm but with no nodal infiltration, it will still be
categorized as stage two (2). Primary breast cancer that comes with
infiltrated nodes and which already adheres to other structure(s) or
organ(s) will be categorized as stage three (3). Once the cancer cells have
already metastasized to a distant organ(s), they will be in late-stage four
(4).

In Malaysia, approximately 50% to 60% of breast cancer cases were
presented at advanced stages 3 and 4 where any therapy given could
only provide little or no benefit to the patients’ (Akhtari-Zavare et al.,
2015). This might be due to poor awareness among Malaysian women
regarding breast cancer in terms of early detection through breast self-
examination (BSE). Although BSE may not be adequate as a tool for early
detection, it can still be one of the important tools in the early detection
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of breast cancer that does not cost anything and does not require any
advanced machinery and medical knowledge. It is practical for
developing countries (Girihadra et al., 2013).

The mutation of BRCA genes increases the risk of breast cancer and
ovarian cancer in the human (Feng et al., 2018). Germline mutations of
BRCA1 and BRCA2 are the common cause of breast cancer by genetic
inheritance, accounts between 5 — 10% of all breast cancer cases
(Barzaman et al., 2020). Conversely, the majority of breast cancer cases
are sporadic, resulting from mutations in somatic genes without any
occurance of germline mutation occurrence (Jayasekera et al., 2023;
Kenemans et al., 2008). Treatment responses were different among
patients due to the diverse mutational makeup of breast cancer. A
condition is known as chemo-resistance and radio-resistance results in
therapeutic resistance and the failure of targeted therapy for individual
patients. This condition is contributed by cancer stem cells or tumour-
resistance cells within the tumour (Cianciosi et al., 2018). Due to the
mutational diversity of breast cancer, treatment regimens and treatment
outcomes should be based on its major subtypes

Invasive breast cancer is classified into two major subtypes: invasive
ductal carcinoma (IDC) and invasive lobular carcinoma (ILC) (Barroso-
Sousa & Metzger-Filho, 2016). Accounting for approximately 75% of all
breast cancers, the IDC is described as a group of malignant epithelial
tumours which invade adjacent tissues and are prone to metastasize to
lymph nodes and distal organs (Miki et al., 2009). On the other hand,
invasive lobular carcinoma (ILC), represents a minor number of breast
cancer incidence at as low as 5% to 10% (Barroso-Sousa & Metzger-
Filho, 2016). Although ILC represents generally only 5% -10% of cases,
it has been proven more destructive than IDC. The ILC produce worse
outcomes than the same stage diagnosed IDC. This is due to the
morphology of the ILC in which the lack of E-cadherin expression that
controls cell to cell adhesion properties become small, non-cohesive cells
that can penetrate the stromal in a single-file pattern (Reed et al., 2015).

2.3 Breast Cancer Progression Mechanism

Cancer cells cannot exist in isolation within a tumour. Similarly, in
breast cancer, an extracellular matrix and a variety of neighbouring cell
types, in addition to the cancer cells, constitute a tumour
microenvironment (TME) that promotes tumour survival, growth, and
resistance to treatment. Hanahan and Weinberg (2011) stated that
tumours are not simply masses of proliferating cancer cells, but rather
complex tissues made of multiple unique cell types that interact
heterotypically with one another (Hanahan & Weinberg, 2011). This
heterogeneous population that makes up the TME mainly includes
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endothelial cells, fibroblasts, as well as various inflammatory and
immune cells. The TME components strongly influence the behaviour of
tumour cells such as invasiveness as well as survival capability via cell-
cell or cell-matrix interaction (Heylen et al., 1998; Noél et al., 1993).

Fibroblast cells that enhance tumour cell motility are also known as
cancer-associated fibroblasts (CAFs). Based on previous research and
histological studies, fibroblast cells that were identified surrounding the
cancer cells could enhance the survival of the cancer cells in their host.
It has been reported that the fibroblasts associated with cancer promote
the tumorigenicity and metastatic behaviour of malignant cells (Chung,
1991) by encouraging an oxygen-rich environment, enhancing the
immune-suppressive, and proinflammatory microenvironment (Jena et
al., 2020). The theory was further established by a study on an in vivo
assay of RMS 9-4/8, rat rhab-domyosarcomal cells, a type of weak
invasive lung tumour cells, that were co-inoculated with fibroblasts in
nude mice, in which the co-inoculation successfully increased cell
colonization of lung tumour in the nude mice (Heylen et al., 1998). In
particular, several studies that focused on the role of fibroblasts in
metastasis showed their vital role in promoting tumour cell motility such
as in B16 melanoma cells and MCF7 breast cancer cells (Saiki et al.,
1994), (Rossi et al., 1994). As mentioned earlier, Figure 2.4 illustrates
the composition of tumour masses including the cancer associated-
fibroblast as described by Hanahan & Weinberg., 2011.

2.4 3D Spheroids

Cell culture is a process of cultivating cells in a controlled environment
for the observation and investigation of the response of the cells towards
their surroundings (Edmondson et al., 2014). Nowadays, various forms
of cell culturing techniques can be utilised, each with its own set of
characteristics and applicability for specific applications. As a result,
certain techniques of cultivation are chosen over others. Due to its
innovative and practical qualities in comparison to prior cell culture
methods, the 3D spheroid is becoming increasingly popular. 3D
spheroids are a process of growing living cells in micro-assembled
devices and are supported by three-dimensional geometries that mimic
the microarchitecture of tissues and organs (Edmondson et al., 2014). It
is practical to use 3D spheroids in research because it allows biological
cells to grow and interact in an artificially constructed environment
which allows researchers to explore and measure diverse parameters
that can’t be achieved by using 2D cell culture. Unlike 2D monolayer
culture, a 3D spheroid environment enables cells to proliferate in all
directions in vitro (Chen & Song, 2019).
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Figure 2.4 : Tumour Microenvironment (TME) of Cancer Cells. The
illustration above portrays the interactions of cancer masses with
surrounding normal cells. Fibroblast cells that were found surrounding
the cancer cells were fibroblast associated with the cancer cells and,
consequently, enhanced the survival of the cancer cells in its host

Thus, scientists worldwide have been researching the expansion of the
3D culture technique for application on different cell types including
stem cells, autologous cells, allogenic cells, xenogenic cells, progenitor
cells, and multipotent cells. In contrast to 2D monolayer cell culture, 3D
spheroids may almost fully mimic in vivo cell behaviour and organization
(morphology and physiology) (Huang et al., 2020). Using scaffolds or
non-scaffolding technologies, multi-layer 3D spheroids can be
assembled. Whether or not scaffolds were used, the resultant cells that
make up spheroids could still interact directly and indirectly with the
matrix or support due to cell junctions and soluble factors (Fang &
Eglen, 2017). Many applications nowadays, such as tissue engineering,
are based on 3D spheroids, which also helps to improve drug testing
such as in the application of microfluidic organ-on-chips (Ivanov &
Grabowska, 2018). Nonetheless, scientists are still striving to figure out
the vast uses of 3D spheroids.

2.5 Cancer-Associated Fibroblasts (CAF's)

Cancer-associated fibroblasts can be identified nearly in all carcinoma
including breast cancer, and encompass 80% of the tumour stroma
(Smith et al., 2013). In the tumour microenvironment of breast cancer,
CAFs acts as the predominant stromal cell type, and its crosstalk with
tumour cells promotes tumour progression and metastasis through
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immune response regulation, extracellular matrix remodelling, and
various secretory proteins release (Hoshino, 201 1)(Alguacil-Nufiez et al.,
2018). It has been documented that CAFs also play a major role in
tumour resistance towards chemotherapy treatment (Seben & Schafer,
2012). Kojima et al. demonstrated that resident human mammary
fibroblasts are able to convert to CAFs during tumour progression using
a co-implantation tumour xenograft model (Kojima et al, 2010). Studies
have shown that cancer cells reprogram fibroblasts to become CAF
through the actions of miRNAs (miR-31, miR-214, and miR-155) (Pang
et al., 2015). miR-31 and miR-214 were downregulated, whereas miR-
155 was upregulated when compared with normal or tumour-adjacent
fibroblasts. Mimicking this deregulation by transfecting miRNAs and
miRNA inhibitors induced a functional conversion of normal fibroblasts
into CAFs (Mitra et al., 2012).

Other studies conducted have shown that cancer cells can benefit from
the association with fibroblasts. For example, when CAFs were extracted
from human breast cancer and subcutaneously implanted into
immunodeficient (nude) mice, the breast carcinoma grew rapidly in
comparison to normal fibroblast-containing breast carcinomas, owing to
increased release of stromal cell-derived factor 1 (SDF-1) (Orimo et al.,
2005). CAFs also play a role in ECM remodelling by expressing members
of the matrix metalloproteinase family (MMPs). MMP-2 and MMP-9
selectively degrade type IV collagen and laminin, which constitutes the
basement membrane, and contribute to tumour proliferation. MMP-9
was activated by MMP-3 and MMP-13 (Knaduper, Smith, Léopez-Otin, &
Murphy, 1997). Through overexpression of the anti-apoptotic protein
BCL-XL (Kharaziha et al., 2012), CAFs also protected prostate cancer
cells from the cytotoxic effect of sorafenib (multi-tyrosine kinase
inhibitor).Therefore, based on cited scientific evidence of CAFs
promoting cancer survival, CAFs or fibroblast associates may have the
potential to become a target for tumour therapy.

2.6 Early Middle Ages Breast Cancer Treatments

Before the 19th century, the ‘Egyptians utilized arsenic paste to treat
tumours and cancer together with cautery, knives, and salts (Hajdu,
2011). In addition, herbal remedies such as tea, fruit juices, figs, and
boiled cabbage were practised by the Sumerians, Chinese, Indians,
Persians, and Hebrew in an attempt to treat cancer, and they even
resorted to chemical pastes of iron, copper, sulfur, and mercury in
advanced cases of cancer (Petrovska, 2012). Interestingly, in Materia
Medica, a compilation of remedies for cancer by Pliny the Roman (AD 23-
79), it was recommended that herbal compounds be used internally in
advanced cancers before and after surgery (Hajdu, 2005). Similarly,
breast cancer treatments suggested by Ambroise Pare (1510-1590)
included the use of a sheet of lead covered with quicksilver (mercury)
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placed on the tumour, palliative treatment, purgatives, and diets rich in
fruits and broths (Hajdu, 2004b).

Later on, Oribasius of Baghdad (325-403) reported that cancer could
only be treated by amputating the cancerous and surrounding healthy
tissues, but he was unsuccessful in treating ulcerated cancer. Similarly,
Aetius (527-565), who served as a physician under Emperor Justinian
in Constantinople, offered mastectomy as a treatment for breast cancer,
but only for non-ulcerated lesions of the cervix, labia, and anus with
cautery, but not for ulcerated breast cancer (Hajdu, 2004). Johannes
Scultetus (1595-1645), a German surgeon, also proposed removing
infected breasts via excision and amputation, which he depicted and
documented in 1655 in his book Armamentarium Chirurgicum (Figure
2.5)(Hajdu, 2011). He recommended that following the removal of the
diseased breast, cauterization be used to control bleeding and prevent
recurrence (Hajdu et al., 2015).

Other breast cancer treatments include polypectomy designed by
Avicenna of Persia (980-1037) in which a wire loop was made tighter
each day until the tumour fell off and also the practice of bloodletting
prior to surgery for tumour removal by the first Muslim physician in
Europe, Albucases (1013-1106) (Gruner OC., 1930; Hajdu, 2004a). It
was not only until the 16t century that the systematic therapeutic use
of chemicals was instigated, as described in De Grandibus, a book
published in 1567 by Paracelsus, a pioneer in chemistry and
chemotherapy. The chemicals used as internal medications for cancer
include mercury, lead, sulphur, iron zinc, copper, arsenic, iodine and
potassium (Hajdu et al., 2015).
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Figure 2.5 : Mastectomy in the Year 1655. Diagram illustrates the
procedure of mastectomy and post-operative care in the year 1655
Adapted from Hajdu et al., 2015

It was not only until the 16th century that the systematic therapeutic use
of chemicals was instigated, as described in De Grandibus, a book
published in 1567 by Paracelsus, a pioneer in chemistry and
chemotherapy. The chemicals used as internal medications for cancer
include mercury, lead, sulphur, iron zinc, copper, arsenic, iodine and
potassium (Hajdu et al., 2015).
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2.7 Modern Breast Cancer Treatment

Current treatment for breast cancer varies based on the pathological
stage at the time of detection and diagnosis of the disease and includes
surgery, radiotherapy, and chemotherapy (Maughan et al., 2010). For
instance, patients with early stages of breast cancer are commonly
treated with surgery (mastectomy) and radiotherapy. Meanwhile, for
patients with advanced stages (stage 3 and stage 4) of the disease,
chemotherapy is the main treatment option.

2.7.1 Surgery

Almost all women diagnosed with breast cancer are suitable candidates
for masectomy, or breast cancer removal surgery (Bloom & Manasseh,
2009). Additionally, it was the most frequently used treatment for early-
stage breast cancer. As previously stated, surgery for breast cancer has
been practiced since the dawn of human history (Hajdu, 2011). Since
the nineteenth century, mastectomy has been refined and enhanced to
assure the treatment's efficacy. The development of the mastectomy
procedure is shown in Table 2.1.

Table 2.1 : Mastectomy Approaches

Mastectomy Surgical Procedure References

approaches

Modified radical Removal of entire breast, nipple- | (Auchincloss, 1963)
mastectomy areolar complex and axillary

(MRM) I | lymph nodes

Skin-sparing | Removal of breast parenchyma, | (Toth BA, 1991)
mastectomy the NAC, removal of the skin

(SSM) surrounding the lesion and

preserved breast envelope.

MRM II Preservation of axillary nodes if | (Manasseh D, 2006)
sentinel lymph node biopsy
‘ negative.

However, there has been an increased number of incidents of breast
cancer recurrence in recent years. The effectiveness of surgery as the
treatment for breast cancer has been debated among medical
practitioners since the 19t century (Nielsen, Overgaard, Grau, Jensen,
& Overgaard, 2006). Failure of the surgery treatment outcomes is
significantly linked to an increased risk of metastases to the distal
organs (Miki, Suzuki, & Sasano, 2009). Recurrence from surgical
treatment at the local site of the surgery area after radical mastectomy
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was at 5% and 8%, and for regional recurrence, 4% and 8% in node-
negative and node-positive cancers, respectively. Skin and chest wall
recurrences were the most common, representing 49% to 83% of the
recurrence (Wapnir et al., 2018). By comparison, nodal recurrences were
less frequent, constituting 15% to 52% of incidents. Conversely,
mastectomy combined with systemic adjuvant treatment has improved
overall outcomes and reduced the frequency of recurrence (Gibbs &
Kent, 1998). Thus, finding effective adjuvant treatments such as
phytotherapy could potentially reduce or eliminate breast cancer
recurrence after mastectomy surgery.

2.7.2 Radiotherapy

Radiotherapy treatment has become one of the most important
approaches to combat cancer (Braunstein & Bellon, 2020). It utilizes
ionizing radiation that forms electrically charged particles that bombard
the targeted cells with high energy. The radiation produces high-
intensity energy that causes genetic changes in the targeted cells
resulting in cancer cell death and shrinkage in tumour size (Baskar et
al., 2012). Radiation therapy (radiotherapy) can be given to cancer
patients to treat the tumour or to alleviate the symptoms caused by
cancer. Radiation can also be used as neoadjuvant treatment (before the
surgical procedure) to reduce the tumour size or adjuvant treatment
after the surgical procedure to fully eliminate any remaining cancer cells
(Majewski et al., 2005).

Two delivery modes of radiation are available for targeting the tumour's
exact location on-site (Baskar et al., 2012). Aiming the high ionizing
radiation rays (radiation particles or photons) at the tumour's exact
location outside of the patient’s body is known as external beam
radiation. Medical practitioners commonly utilize external beam
radiation to treat cancer. Another delivery mode of radiotherapy practice
is internal radiation, also called brachytherapy; the radiation’s energy is
sealed in catheters or seeded directly into the tumour site (Nielsen et al.,
2006).

As effective as radiotherapy in combating cancer, it also has side effects.
Among the adverse effects of the treatment is painful skin at the
application site, fatigue, hair loss, changes in breathing rhythm, and
swallowing difficulties. Gastrointestinal morbidity, cardiac morbidity,
and fertility problems are also frequently reported (Majewski et al.,
2005).
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2.7.3 Chemotherapy

Chemotherapy is a method of treating cancer that uses strong chemicals
at the highest doses tolerated to control, decrease, or kill cancer cells
(Takei et al., 2017). In contrast to radiotherapy and surgery,
chemotherapy affects the entire body. Chemotherapy is effective because
it targets fast-growing cells; however, chemotherapy also harms normal
cells, including hair follicles, stomach lining, bone marrow, and skin
(Breen et al., 2017). As a result, hair loss, changes in appetite, anaemia,
and easy bleeding and bruising have been reported. Chemotherapy
treatment regimens differ according to the type of cancer. Depending on
the type and stage of cancer, a single chemo-drug treatment or a
combination of chemo-drug treatments may be applied (Leal & Garcia-
Perdomo, 2019). To further enhance the chemo-treatment,
chemotherapy can also combine with radiotherapy. Several commercial
synthetic drugs available for chemotherapy are cisplatin, tamoxifen,
paclitaxel, and doxorubicin which have distinct mechanisms of action
(Padua et al., 2015).

However, the failure of chemotherapy for cancer treatment has been
reported due to genetic and epigenetic changes resulting in drug
resistance, despite attempts to develop more specific and effective drugs.
For example, the regulation of epithelial-mesenchymal transition
triggered by cancer metastasis contributes to tolerance towards chemo-
drugs (Ponnusamy et al., 2019). Thus, the race to discover the novel
chemical and natural compounds as potential breast cancer treatment
commences.

2.8 Phytotherapy

Phytotherapy is a niche in medicine that uses plants to treat ailments or
as health-promoting agents (Falzon & Balabanova, 2017). Mankind's
search for the cure of illnesses through plant medicine is dated as old
as mankind's history itself. The first written proof of the use of the plant
as medicine dated as far back as 5000 years ago, was identified on a
Sumerian clay slab, comprising 12 recipes of drug preparation referring
to over 250 types of plants (Asghar et al., 2015). In addition, the Emperor
of China, Emperor Shen Nung wrote a book on roots and grasses circa
2500 BC (Shikov et al., 2014). There were 365 types of dried parts of
medicinal plants still used today, such as ginseng, cinnamon bark,
jimson weed, and ephedra (Christophe, 2007).

In Indian holy books, the Vedas mentioned treatments using medicinal
spice plants, including nutmeg, pepper, clove, and many more (Falzon
& Balabanova, 2017). Circa 1550 BC, The Ebers Papyrus scripted
collections of 800 prescriptions using 700 types of medicinal plant
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species such as pomegranate, castor oil, garlic, onion, coriander,
juniper, common centaury, and countless more (Hajdu, 2004). The
renowned physician of Greek, Hippocrates (459-370 BC), also worked on
300 medicinal plants and perfected the art of using plants as
medicament by categorizing the plants based on their physiological
actions. For example, wormwood and common centaury were used
against fever, oak, and pomegranate as astringent, sea onion, celery,
parsley, asparagus, and garlic as diuretic agents, and deadly nightshade
and mandrake were used as narcotics (Petrovska, 2012).

Numerous scientific pieces of evidence have shown the potency of herbal
plants in treating various illnesses. In recent years, the combination of
anticancer drug treatment with the natural product has
beensuccessfully reported to offer less invasive treatment and reduce the
doses of administered drugs, which will decrease the drug toxicity and
medical side effects (Lin et al., 2019). The natural products which
include those extracted from plants, fruits, and vegetables, were
reported to possess chemo-preventive and/or chemotherapeutic
properties (Kalimuthu et al., 2013). Moreover, several studies have
revealed that high consumption of plant-based sources with anticancer
drug treatment leads to a decrease in cancer incidence (Giampieri et al.,
2017). This finding may suggest that plant-based sources might contain
bioactive compounds capable of hindering carcinogenesis and/or
increasing the potency of chemotherapy and radiotherapy as a treatment
against tumour (Giampieri et al., 2017). Therefore, researchers have
focused their studies on using herbal plants to replace or to be used
concurrently with commercial cancer drugs for cancer therapy.

Herbal plants have also been traditionally used as medicine in Malaysia
too. Several medicinal plants in Malaysia have been studied and proven
to display antiproliferative properties towards the breast cancer
(Mainasara et al., 2018). Belalai Gajah with the scientific name
Clinacanthus nutans is one of the local herbal plants that had been
proven to possess anticancer properties (Alam et al., 2016). In fact, a
long list of herbal plants in Malaysia has been extensively studied for
their medicinal values, including Tongkat Ali proven to have an
antimalarial, aphrodisiac, anti-diabetic, antimicrobial and antipyretic
activity (Bhat & Karim, 2010), Pegaga with an injury recovering effect,
anticancer properties, antimicrobial properties, memory enhancing,
asthma preventive and is capable to treat ulcers and leprosy (Abu Bakar
et al., 2022) and, Hempedu Bumi possesses antibacterial, antifungal,
antiviral anti-neoplasm, hepatoprotective, hypoglycemic,
hypocholesterolemic and energetic effects (Alipanah-Moghadam et al.,
2021).
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2.8.1 Iridaceae Family

Translated as the rainbow in Irish verbal, Iridaceae plants are known to
have an extensive array of colours flowers. Categorized under the
Asparagales order, it is known to have 66 accepted genera from a total
of 2244 species worldwide (Christenhusz & Byng, 2016). The plants are
mainly identified in tropical and temperate climate, and they could be
identified as perennial plant that grows erected from the ground and
with grass-like leaves. The leaves are the unique features of the
Iridaceae family, stated as “isobilateral equitant and overlapping
transversely with each other to form fan-like arrangement” (Singab et
al., 2016). Other features identifiable with the plant are the underground
storage, generally in the form of rhizomes, bulbs, or tuber (Singab et al.,
2016; Glimn-Lacy and Kaufman, 2006).

Iridaceae plants are known for their phytochemical properties that cover
a wide range of usage and medicinal benefits. Its broad category of
secondary metabolites comprises flavones, flavanones, triterpenes,
quinones, stilbenes, peltogynoids, and isoflavones (Ayouba et al., 2015).
Different taxa of the Iridaceae family produce distinctive secondary
metabolites with beneficial pharmacology properties. The significant
pharmacological benefits include antimicrobial, anti-inflammatory,
antioxidant, anti-diabetic, phytoestrogens, hepatoprotective, and
hypolipidemic activities (Chen et al., 2019). There is also evidence of
anticancer activities, antifungals, HIV inhibitors, and wound healing.
Topoisomerase II inhibitors and prothrombin have also been
documented (Ayouba et al., 2015; Chen et al., 2019). A few members of
the Iridaceae family have been the focus of the research community
based on their significant pharmacological benefits including Moraea,
Cipura, Belamcanda, Gladiolus, and Eleutherine

2.8.2 Eleutherine americana (E. americana)

Eleutherine americana or Bawang Dayak in Malay belongs to the
Iridaceae family and can be identified scattered broadly across
Southeast Asia, South Africa, South America, and Hainan Island South
China (Insanu et al., 2014). In the Dayak tribe, E. americana is used as
a breast-milk booster. It has also been used as a traditional remedy to
treat hypertension, diabetes, stroke, sexual disorders, cardiac diseases,
particularly coronary disorders and breast cancer (leyama et al., 2011).
There are also records stating the pharmacological properties of E.
americana, such as purgative, antifertility, antihypertension and wound
healing (Villegas et al., 1997). Mature plants bloom with white flowers
with six petals and yellow stamen as depicted in Fig 2.6
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Fan-like leaves

Figure 2.6 : Mature E. americana Plant (Flower and Leaf Segment.
The unique characteristic of the Iridaceae family is the fan-like structure
of the leaf. E. americana comprises white flowers with six (6) petals and

yellow stamen
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2.9 Major Bioactive Compounds of E. americana

Based on a study by leyama et al. (2011), three (3) major bioactive
compounds were discovered in E. americana, which are naphthalene,
naphthoquinones, and anthraquinones (Table 2.2) (Ieyama et al., 2011).
Each bioactive compound group (Naphthalene, Naphthaquinone, and
Anthraquinone) consists of a sub-group bioactive mixture and each sub-
group has specific pharmacology properties.

Table 2.2 : Chemical Structures of Three Major Bioactive
Compounds of E. americana Ethanol Extract

0 )
0 0
Naphthalene Naphthaquinone Anthraquinone

(Adapted from Ieyama et al., 2011)

2.9.1 Naphthalene

One of the key groups of bioactive compounds for E. americana is
Naphthalene, and it could be divided into a list of subgroups. Eleuthero,
Hongconin, Eluthoside A, Eleutherinoside A were identified as
derivatives(Xu et al., 2006). Naphthalene derivatives were reported to
possess anti-inflammatory effects based on in-vitro evaluation, by
inhibiting inducible nitric oxide synthase (iNOS) production and nitric
oxide overproduction (Song et al., 2009). Table 2.3 summarizes the
naphthalene derivatives and their pharmacological activities based on
reported studies.
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Table 2.3 : Naphthalene Derivatives and Their Pharmacological
Properties

Compound Pharmacological activities Reference
Eleutherol Increase of coronary flow in (Song et al.,
guinea pig 2009)
Hongconin MMDC = 130 pg/mL on (An et al., 2008)

Pyricularia oryzae

Inhibition of proliferation of |
K562, ICs0 = 174 ug/mL ‘
Inhibition of RAW 264.7

lipopolysaccharide-activated

mouse macrophage cells with ‘

ICs0 = 19.8 uM b |
Isoeleutherol Inhibition of HIV replication ICso = | (Insanu et al.,
100 pug/mL y 2014a)
Eleutherinoside A B-glucosidase inhibitor with ICso (Song et al.,
=0.5 mM 2009)

Inhibition of iNOS expression at |
30 pM with 98% inhibition. |1
*MMDC - minimum morphological deformation concentration

2.9.2 Naphthaquinones

The sub-group Napthaquinones; namely eleutherine and isoeleutherine,
have been proven to contain anti-inflammatory and
antihypernociceptive activities based on in-vivo analysis, which
displayed positive results in the inhibition of carrageenan-induced paw
oedema (Mahabusarakam et al., 2010), (Song et al., 2009), (Paramapojn
et al.,, 2008). Extensive studies have been performed on
naphthoquinones. The compound displays chromatic pigmentation
when extracted, due to the production of a secondary metabolite in the
plants. Interestingly, this only occurs in 17 families of plants;
Plumbaginaceae, Juglandaceae, Ebenaceae, Boraginaceae,
Dioncophyllaceae, Ancistrocladaceae, Iridaceae, Verbenaceae,
Scrophulariaceae,  Avicenniaceae, Balsaminaceae,  Bignoniaceae,
Gentianaceae, Droseraceae, Nepenthaceae, Lythraceae, Euphorbiaceae
(Republic, 2005). Table 2.4 summarizes the derivatives of
naphthoquinones and their pharmacological activities.
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Table 2.4 : Naphthaquinones Derivatives and Their Pharmacological

Properties
Compound Pharmacological activities Reference
Eleutherin Inhibition of proliferation of K562, (Mahabusarakam et
ICs0 =49 pg/mL al., 2010)
MMDC = 30 ug/L
Inhibition of RAW 264.7
lipopolysaccharide-activated mouse
macrophage cell with ICso=11.4
ug/mL &
Isoeleutherine Inhibition of HIV replication in Hg | (Paramapojn et al.,
lymphocytes, ICso = 8.5 pg/mL 2008) ‘
Inhibition of RAW 264.7
lipopolysaccharide-activated mouse
macrophage cell with ICso= 7.7 uM
MMDC = 30 ug/mL on Pyricularia
oryzae I 1.
Elecanacin Inhibition of HIV replication ICso= | (Mahabusarakam et
100 ug/mL al., 2010), (Song et
. al, 2009)
Eleithinone A | Inhibition of RAW 264.7 ' (Paramapojn et al.,

lipopolysaccharide-activated mouse
macrophage cell with ICso = 21.7

ug/mL

| 2008)

*MMDC - minimum morphological deformation concentration

2.9.3 Anthraquinones

Due to the fact that the majority of the derivatives in this group were
recently synthesised, the only data available is from an antibacterial test
that claimed weak activity against the target microorganisms. The
compounds and pharmacological characteristics of these compounds
are summarised in Table 2.5.
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Table 2.5 : Anthraquinones Derivatives and Their Pharmacological

Properties
Compound Pharmacological Reference
activities
4,8-dihydroxy-3- MMDC = 55 ug/mL | (Mahabusarakam

methoxy-1-methyl
antraquinone-2-
carboxylic acid methyl
ester

8-hydroxy-3,4-
dimethoxy-1-
methylantra quinone-2-
carboxylic acid methyl
ester
3,4,8-trimethoxy-1-
methylantra quinone-2-
carboxylic acid methyl
ester

2-acetyl-3,6,8-
trihydroxy-1-methyl
anthraquinone

on Pyricularia

oryzae
MMDC = 170
ug/mL on

Pyricularia oryzae

MMDC = 170
ug/mL on
Pyricularia oryzae

Weak activity
against the growth
of Pyricularia
oryzae, MMDC =
124.8 pg/mL

etal.,2010),(Jinzhong,
Feng, Wenjuan, & Gexia,
2006) \

(Paramapojn et al.,
2008), Song et al., 2009) |

(Mahabusarakam et al.,
2010), (Song et al., 2009)

(Jinzhong et al., 2006)

*MMDC - minimum morphological deformation concentration

Limited information and research have been carried out on the
anticancer property of E. americana setting the groundwork for this
study. Documented to possess various phytochemical compounds that
were suggested to have the ability to impede the progression of cancer,
E. americana is a promising candidate for an anticancer study on breast

cancer cell lines.
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CHAPTER 3

MATERIALS AND METHODS

3.1 General Experiment Procedures

The laboratory work for this research is divided into three stages, which
are:

1) phytochemical analysis and evaluation, 2) preliminary screening in
2D cell cultures, and 3) the effects of EA extract on cell culture spheroids
(3D spheroid model) and its cancer-associated fibroblasts. In the
phytochemical evaluation stage, two parts of the plant (the root and
bulb) were used to prepare the ethanolic extract.

Preliminary studies on the phytochemicals from both ethanolic plant
extract were conducted for both qualitative and quantitative evaluations.
The preliminary screening stage involved determining the cytotoxicity
and minimal inhibitory concentration (ICso) of the extract against two (2)
distinct breast cancer cell lines ( MDA-MB-231 and MCF7) and two (2)
normal cell lines ( MCF-10A and MRCS5) using two (2) main sections of
the plant's ethanolic extract (root and bulb).

The results from this stage set the groundwork for the subsequent study
phase. Assays such as viability assay, invasion assay and H&E staining
was performed on 3D cell culture model to acquire sufficient data to
support the analysis and other critical tests. Multiple t-tests and ANOVA
were then used to demonstrate statistical significance.

3.2 Materials

3.2.1 Cell Culture Procedures

The four types of cell lines utilised in this research were obtained from
the UPM-MAKNA Cancer Research Laboratory, Institute of Bioscience
UPM collections. The cell lines were MDA-MB-231, MCF7, MCF-10A and
MRCS5. The cells were maintained in various culture media and
incubated at 37°C in a 5% CO; atmosphere.
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3.2.2 Cell Culture Media Preparation Procedures

Each cell culture was maintained in different specific culture media. The
concoction of media and the supplement(s) used for each cell culture can
be referred to in Appendix A.

3.2.3 Chemicals

All chemicals utilised in this study were of laboratory grade. Distilled
water was collected from a Millipore Merck ultra-pure water and distilled
water was collected from MILI-Q Rios8 (Merck). The media and
supplements were of a quality suitable for research and cell culture
grade.

3.2.4 Plant Sample (E. americana)

Plant samples E. americana was provided by Dr Nurmawati Syakroni
from Cyberjaya University College of Medical Science. Plant samples that
were provided included dried plant parts and seedlings of E. americana.
The specimen number of the plant is MFI 0055/19. The plant
identification was conducted by a Research Officer at the Biodiversity
Unit (UBD), Institute of Bioscience, UPM. The seedlings were replanted
and cultivated for morphological observations. From the plant sample
provided, 500 grams of the dried plant parts were macerated in 1 L of
99% ethanol for 72 hours. The maceration technique with ethanol was
chosen since ethanol is identified as a high-polarity solvent that allows
it to dissolve both polar and non-polar substances of the bioactive
compounds. Thus, ethanol maceration can produce the maximum
concentration and number of bioactive compounds that could be
extracted from the plant sample. The ethanolic extraction of E.
americana was then concentrated using a rotary evaporator (Buchi). It
was then stored at 4°C and resuspended with dimethyl sulfoxide (DMSO)
with a concentration of less than 5% for further use.

3.3 Methods

3.3.1 Phytochemical Quantitative Analysis

3.3.1.1 In-vitro Antioxidant Assays (DPPH Assay)

DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging activity was
used in assessing the antioxidant content of bulb and root ethanol
extracts of E. americana. A 0.2 mmol/L of DPPH (2,2-diphenyl-1-
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picrylhydrazyl) was diluted in ethanol. The serial dilution of extract of E.
americana (bulb and root separately) starting from 50 ul, 100 ul, 150 ul,
200 ul, and 250 ul were then dispensed into 500 ul of DPPH 0.2 mmol/L
solution. The mixture was then mixed briskly and incubated in the dark
and at room temperature for 30 minutes. Blank DPPH 0.2 mmol/L
solution was used as a positive control and Quercetin as a negative
control. Absorbance readings were taken at 540 nm using a microplate
reader (Tecan Infinite M200Pro). The radical scavenging activity of both
bulb and root sections of E. americana was calculated using the following
formula:

Percentage radical scavenging activity (RSA)

= Absorbance control — Absorbance sgample  x 100%

Absorbance control

The concentration of the sample that scavenged 50% of DPPH was
determined based on a linear regression graph and recorded as ICso. The
linear regression graph can be referred to in Appendix B.

3.3.1.2 Total Phenolic Content Estimation

In this procedure of total phenolic estimation, a Folin-Ciocalteau reagent
method was applied. About 20 ug of the bulb and root extract were
weighed separately and diluted in 1 mL of distilled water. The Folin-
phenol reagent was then prepared fresh prior to the procedure by
diluting it with distilled water at the ratio of 1:1. Then mix 500 uL of
diluted Folin-phenol reagent with the plant extract (root and bulb
separately) and 2.5 mL of sodium carbonate Na,COs (at 20%
concentration). Subsequently, the mixture was incubated in dark
conditions, estimated around 30 minutes to 40 minutes for the
development of colour. The absorbance value was measured at 725 nm,
taken after the incubation time ended. The total phenolic content was
expressed as equivalent to gallic acid (mg/GAE/ g) of the extract by using
the standard curve of gallic acid. The standard curve of gallic acid can
be referred to in Appendix B.
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3.3.1.3 Total Flavonoid Content Estimation

For estimating the total flavonoid, in a separate container, 1 mL extract
of E. americana bulb and root segments were diluted separately in 200
uL of distilled water, then 150 pL of sodium nitrate, NaNO3 (at 5%
concentration) was added and incubate for 5 minutes before adding 150
mL of aluminium chloride, AICl; (at 10% concentration). The mixture
was incubated for another 6 minutes. Finally, 2 mL of sodium hydroxide,
NaOH (at 4% concentration) and distilled water were added to form a
total volume of 5 mL. The mixture was then allowed to settle for 15
minutes at room temperature before taking the absorbance reading at
510 nm. The data was represented as Quercetin (mg QE/g) extract using
the standard curve on a dry weight basis. The standard curve of
Quercetin can be referred to in Appendix B.

3.3.1.4 Total Alkaloid Content Estimation

To perform an estimation of the total alkaloid content, in a separate
container, 5 g of plant sample in powder form (bulb and root) was added
to 200 mL of acetic acid, and the mixture was left steeped for 4 hours.
Following that, both mixtures were filtered and immersed in the water
bath until the mixtures were reduced to one-quarter of their original
volume. A few drops of concentrated ammonium hydroxide were added
resulting in precipitation. The ammonium hydroxide was continuously
added onto the mixture until precipitation was completed. The mixture
was filtered, and the precipitate was collected and allowed to dry. Once
dried, the weight and total alkaloid content were calculated using the
following formula:

Percentage (%) of alkaloid content

= Weight of residue /precipitate x 100%

Weight of sample taken

3.3.2 Phytochemical Qualitative Analysis

3.3.2.1 Analysis of Flavonoids

For flavonoids analysis, then 2 mL of 2.0% Sodium Hydroxide (>98%
pellet, Sigma Aldrich reagent grade) were added to the diluted plant
extract. Sodium hydroxide solution produced an intense yellow
colouration when it was mixed together with the plant extract. After the
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mixture has completely incorporated, 2 drops of diluted acid were added
to the mixture. Flavonoids are present in the plant extract, when the
bright yellow mixture turns colourless.

3.3.2.2 Analysis of Terpenoids

In the estimation of terpenoids, 1 mL of plant extract was prepared and
then 0.5 mL chloroform was added (>99% solution, Sigma Aldrich
analytical grade). Concentrated sulphuric acid (95.0-98.0%, Merck ACS
reagent) was titrated to the mixture one drop at a time. The mixture was
monitored for the formation of a reddish-brown precipitate indicating the
presence of terpenoids.

3.3.2.3 Analysis of Glycosides

The phytochemical analysis for glycosides required the preparation of
S mL of plant extract of root and bulb separately, then 2 mL of acetic
acid (»99%, Sigma Aldrich ACS reagent) and 2 mL of chloroform (>99%
solution, Sigma Aldrich analytical grade) was added into the plant
extract. The mixture was swirled gently. The combination of this solution
produced heat, therefore letting the mixture rest at room temperature to
cool down. Once the mixture has cooled down, a concentrated sulphuric
acid (95.0-98.0%, Merck ACS reagent) was added dropwise. When the
mixture developed a green-coloured solution, it suggests the presence of
glycosides in the plant extract.

3.3.2.4 Analysis of Steroids

In order to analyse the presence of steroids, 5 mL of plant extract from
each bulb and root plant segment was prepared by dissolving it with
distilled water. Once the mixture was completely diluted, 2 mL of
chloroform (>99% solution, Sigma Aldrich analytical grade) and 2 mL of
concentrated sulphuric acid (95.0-98.0%, Merck ACS reagent) were
added to the mixture and left to sit for 10 minutes. The observation was
then made for the formation of a red-coloured layer indicating the
presence of steroids.

3.4 Cell Culture Preparation

3.4.1 2D Cell Culture Model

Normal transformed breast cell lines MCF-10A were grown in DMEM F-
12 media supplemented with 5% (v/v) Horse Serum, Insulin 10 mg/mL,
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EGF 20 ng/mL, Hydrocortisone 0.5 mg/mL, cholera toxin 1 mg/mL and
100 pg/mL Streptomycin/Penicillin. MRC-5, a normal lung fibroblast
cell, and MCF-7 breast cancer cells were cultured in RPMI supplemented
with 10% FBS, 1% Penicillin/Streptomycin, and 0.5% Amphotericin B.
For invasive breast cancer cells, the MDA-MB-231 culture medium used
was DMEM (High Glucose) supplemented with 10% FBS, 1%
Penicillin /Streptomycin, and 0.5% Amphotericin B.

The media was replaced every 3-4 days and the cells were passaged upon
reaching a confluency of 70% to 80%. The passaging procedure started
with old media being aspirated and the cells rinsed with phosphate
buffer saline (PBS). After the PBS was discarded, trypsin (0.05%
(w/v)/EDTA) solution was added and the trypsinized cells were
incubated for 5 min in incubator at 37 °C. Trypsin was then inactivated
by adding an equal amount of the appropriate fresh cell culture media.
Cells were collected by centrifugation (Kubota) at 1000 rpm for 5
minutes and seeding was done in a T25 flasks. The flasks were then
incubated at 37 °C and 5% CO; (CelCulture CO, ESCO)

3.4.2 Cell Counting

After the trypsinization protocol for cell culture was completed, the cell
suspension obtained was placed in a 15 mL Falcon tube for
centrifugation at 1000 rpm for 5 minutes. The pellet was then
resuspended in fresh cell culture media at a ratio of 1:5. Ten microliters
of the cell suspension were then loaded on both counting chambers of a
hematocytometer (Neubauer, 0.0025mm?). The viable cells (bright
coloured) were then counted under the microscope (Olympus CKXS53) at
40x magnification. The total viable cell number can be calculated using
the formula below:

Total of viable cells

= # viable cells calculated x 104

Dilution volume

3.4.3 Preliminary Cytotoxicity Screening on 2D Cell Culture
Model

Preliminary screening for cytotoxicity of the plant extract of the bulb and
root segment was performed on a monolayer (2D cell culture model)
separately. Cells were seeded at 3 x 10%in a 96-well plate, incubated for
24 hours prior to treatment with plant extract at six (6) initial
concentrations starting from 1.56 pg/mlL, 3.13 ug/mL, 16.25 ug/mlL,
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12.5 pg/mL, 25 pg/mL, 50 pg/mL and 100 pug/mL. Three (3) time
intervals were applied for the procedure at t 24, 48, and 72 hr. MTT
assay was used to determine the percentage of cell viability after
treatment with the plant extract. Untreated cells and DMSO-treated cells
were used as the negative controls, and cells treated with Cisplatin were
used as the positive control. Cisplatin is a well-known chemotherapeutic
drug that has been used to treat a number of human cancers including
breast cancer. The ability of Cisplatin to form a crosslink with the purine
bases of DNA causes interference in the DNA repair mechanism and
ultimately induces apoptosis in cancer cells. Cisplatin was chosen as a
positive control in this study due to its versatility and easy access as it
is commonly used in the laboratory research setting. The ICso values for
cell viability after the plant extracts treatment was determined using
Graph Pad Prism 9®.

3.5 3D Spheroids Formation

After the determination of the ICso, further assays were performed using
a 3D spheroids model which includes the alamarBlue™, double staining,
invasion assay and H&E staining. The procedure used to form spheroids
was the hanging drop technique and followed by the use of agarose-
coated 96 well plates (promoting low attachment of cells). The agarose
coating should allow spheroids to form as it generates low cell
attachment and promotes cells to clump and form spheroids, producing
a single spheroid in each individual well of 96 well plate. The procedure
requires seven (7) days to form spheroids of at least 300 uM in size in
order to mimic an in-vivo environment via micrometastases; thus, they
can recapitulate certain characteristics of an in-vivo tumour tissue, such
as oxygen gradients and tumour proliferation (Huang, Yu, & Tang, 2020;
Vinci et al., 2013)

3.5.1 Single Cell Suspension Preparation

Once the cultured cells reach 90% confluency, the cells were washed
with PBS, trypsinized, and incubated at 37 °C and 5% CO;until all cells
were detached. Trypsin was neutralized with fresh media, and cells were
centrifuged at 1000 rpm for five (5) minutes. The supernatant resulting
from the centrifugation was discarded, fresh media was added, and the
pellet was resuspended gently until no cell clumping was observed.
Using the haematocytometer, the number of viable cells was calculated.
From the calculated number of viable cells, single-cell suspension was
prepared at a concentration of 1.0 x 104. The same method was used to
prepare both MRCS5 and MDA-MB-231 single-cell suspensions. For co-
culture (MRCS + MDA-MB-231), the ratio of 3:1 (3 parts cancer cells: 1-
part fibroblasts) was used to produce spheroids.
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3.5.2 One Per Cent (1%) Agarose Preparation and 96-Well Plate
Coating Procedure

For the preparation of 1% agarose, 0.01 g agarose powder (>98% powder,
Sigma-Aldrich) was weighed and diluted with distilled water. The
mixture was then gently stirred to prevent clumping and subsequently
autoclaved to sterilise the mixture. A total of SO uL of warm agarose was
pipetted into each individual well of 96-well plates after the temperature
of the sterilised agarose has cool down to 60°C or 50°C . The agarose
was allowed to solidify at room temperature. Each agarose-coated well-
plate can be stored at 4 °C for up to two (2) weeks. To prevent
precipitation in well plates, the agarose-coated 96 well plates were left to
sit until the agarose was completely solidified and cooled down to room
temperature before refrigeration.

3.5.3 Hanging Drop Technique

This technique applied the use of a Tissue-Culture-Treated Dish
(Corning). Prior to cell seeding, 10 mL of PBS was added to the bottom
of the Tissue-Culture-Treated Dish to act as a hydration chamber. The
upper lid of the culture dish was placed in an inverted position and 20
ul drops of the previously prepared single-cell culture suspension were
pipetted, ensuring that every single drop was sufficiently apart from each
other; a maximum of 20 to 30 drops were recommended in one Tissue-
Culture-Treated dish. After completing the procedure, the lid was
carefully inverted onto the bottom chamber and incubated for 72 hr at
37 °C and 5% COx. After 72 hr, the cells will start to aggregate and form
a plate-like structure. The aggregated cells were then transferred to a
96-well microplate ULA (ultra-low attachment) or 1% agarose coated and
incubated for an additional 4 days to allow the spheroids to reach the
desired size of 300 um.

3.5.3.1 Spheroids Formation (Monoculture)

Using the hanging drop technique, MDA-MB-231 cells were seeded at an
initial concentration of 1 x 105 in total cells per drop. The initial
incubation period was at 72 hours. The mono-culture spheroids were
then harvested at 72 hours as the cells start to aggregate or form cell
sheets and transferred into a 96 well-plate coated with 1% agarose and
cultured for another 4 days. On day 7, the spheroids were harvested for
further treatment with the plant extract or fixed with 4% PFA for
histology staining and immunohistostaining.
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3.5.3.2 Spheroid Formation (Co-Culture)

For co-culture spheroids formation, the cells were seeded at a ratio of
3:1 of cancer cells (MDA-MB-231) to normal fibroblast cells (MRCS) to a
final concentration of 1 x 105 in total cells per drop. The initial
incubation period was at 72 hours. The spheroids were then harvested
and transferred into a 96 well-plate coated with 1% agarose and cultured
for another 4 days. On day 7, the spheroids were harvested for further
treatment with plant extract or fixed with 4% PFA for histology staining
and immunohistostaining.

3.6 Cytotoxicity of Plant Extract towards 3D Spheroids

Four (4) different concentrations were used to assess the toxicity of the
plant extract toward the 3D spheroids. As mentioned earlier, the cell
spheroids used were MDA-MB-231, MRCS (monoculture), and. co-
culture spheroids of MRCS and MDA-MB-231. The ICso values obtained
from the preliminary cytotoxicity screening for the 2D cell culture were
used as the lowest concentration at 25 ug/mL, followed by 50 pg/mlL,
100 ug/mL, and 200 pg/mL. Based on the cytotoxicity screening results
on the 2D cell culture model, the time taken to obtain the ICso was at 72
hours after treatment, hence the same time frame was also applied for
the 3D spheroids study. The cytotoxicity of the plant extract on the
spheroids was analysed using the alamarBlue™ assay.

3.6.1 Alamar Blue® Assay Analysis

After 72 hours of incubation with the plant extract (in a 96-well plate),

About 100 ul of old media was decanted from each well. Then, add 20 ul
of Alamar Blue® solution at 0.15 mg/mL concentration was added to
each well and incubated for 4 hours at 37 °C. Absorbance was taken
using Synergy H1Multi-Mode Reader (Biotek) at 570 nm, and 600 nm
was used as a reference. Reference wavelength data collection was
necessary for the calculation of the reduction of the Alamar Blue® assay.
The percentage of cell viability of the spheroids was determined using
the formula given below:
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Percentage of reduction of Alamar Blue

[ ALW - (AHW X Ro)] x 100%
where

Arw = absorbance at lower wavelength minus the blank media
Auw = absorbance at higher wavelength minus the blank
media

R, = correction factor

Correction factor calculation: Ro = AOvw / AOuw
where
AOLW = absorbance of AB in media - absorbance of media only
AOHW-= absorbance of AB in media - absorbance of media only

Data is presented in bar charts and analysed using Graph Pad Prism
9® software.

3.7 Transformation In-vitro Normal Fibroblast as Cancer
Associate

Based on previous research and histological studies, fibroblast cells that
are found surrounding the cancer cells are fibroblasts that are
associated with the cancer cells, consequently enhancing the survival of
cancer cells in the host (Chandra Jena et al., 2021). The lung is an organ
which is known to have an abundant number of fibroblasts (Ding et al.,
2019). One of the resident fibroblasts is MRCS5, which is also commonly
used in the laboratory setting to study the interaction of normal
fibroblasts with cancer cells. Breast cancer is also known to commonly
spread to the lung (Lin et al., 2023). With the abundance of fibroblasts
in the lung- the breast cancer cells are able to progress invasively
through the secretion of growth factors, depositing ECM and recruiting
cancer-associated macrophages (Ding et al., 2015). This interaction goes
bidirectional, cancer cell interaction with normal fibroblasts facilitates
the activation of the transformation of fibroblasts into CAFs (Awaji et al.,
2019). Previous literature study identifies lung-specific
immunosuppressive fibroblasts commandeer by breast cancer cells to
facilitate metastasis (Gong et al., 2022). Cancer cells via paracrine
signalling transform normal surrounding fibroblasts into affiliates
known as Cancer-Associated Fibroblasts (CAFs). This research attempts
to mimic the association of normal fibroblast (MRCS5) with breast cancer
cells in-vitro by three (3) methods, indirect co-culture, direct co-culture,
and culture with conditioned media from an invasive breast cancer cell
line (MDA-MB-231).
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3.7.1 Conditioned Media Preparation

To prepare conditioned media, MDA-MB-231 cells were cultured in a T75
flask and incubated at 37°C with 5% CO; until it reaches 80%
confluency. Once confluent, the old media was discarded, and the cells
were washed with PBS and changed the culture media to 50% RPMI +
50% DMEM (with serum) for 24 hours. After 24 hours, the cells were
rinsed again with PBS, and fresh media of 100% RPMI (blank/ without
serum) was added and incubated for another 24 hours. The RPMI media
(blank/ without serum) was collected after 24 hours and the media was
syringe filtered for sterilization and stored at -80°C until further use. The
conditioned media can be kept for up to 2 weeks.

3.7.1.1 Cultured with Conditioned Media (CM)

For this procedure, 1x10* of MRCS5 were seeded and cultured in a 6-well
culture plate, then incubated for 24 hours to stabilize the growth. After
24 hours, the cells were then rinsed with PBS and fresh complete growth
media RPMI with serum was added together with the conditioned media
as a supplement at the ratio of 1:1 (v/v). The cells were incubated at 37
°C with 5% CO.. The incubation was timed and observed at time frames
of 24 hr, 48 hr, 72 hr, and seven (7) days. The morphological changes
were observed on a daily basis. After 7 days, Immunocytochemistry (ICC)
was carried out to examine the transformation of MRCS into cancer-
associated fibroblasts.

3.7.1.2 Indirect Co-Culture

Trans-well with a pore size of 3 um was used in this method. The MRC5
cells were seeded at the bottom part of the well at a concentration of 1 x
104 total cells per well. Meanwhile, the MDA-MB-231 spheroids were
deposited in the trans-well insert at (3:1 ratio) which was at 3 x 104 total
cells per well. The trans-well was then incubated at 37 °C with 5% COx
for seven (7) days. The regular media was changed every three (3) days
to ensure optimal cell proliferation. On day 7t, Immunocytochemistry
(ICC) was carried out to investigate the transformation of MRCS into
cancer-associated fibroblasts.

3.7.1.3 Direct Co-Culture

For the direct co-culture method, MDA-MB-231 and MRCS5 cells were
seeded together in the same well (at a 3:1 ratio) on a 6 well-plate. The
total cells per well for the MDA-MB-231 was 3 x 10% and at 1 x 10* for
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the MRCS. The plate was then incubated at 37 °C with 5% CO. for seven
(7) days. The media was changed every three (3) days. Similar to the
other co-culture methods, on day 7t, Immunocytochemistry (ICC) was
carried out to investigate the transformation of MRCS5 into cancer-
associated fibroblasts

3.7.1.4 3Immunocytochemistry (ICC)

This procedure was performed to validate the transformation of normal
fibroblasts to cancer-associated fibroblasts (CAFs). Transformed
fibroblasts could be detected through specific markers; one of which is
a-Smooth Muscle Actin (a-SMA)(Awaji et al., 2019). On day 7, the cells
were fixed with cold 4% PFA prior to incubation for 20 minutes at room
temperature. After 20 minutes of incubation, the cells were then rinsed
twice with PBS, followed by rinsing the cells with wash buffer twice (wash
buffer; 0.1% BSA in 1x PBS). To block non-specific staining, a blocking
buffer (10% FBS + 0.3% TRITON® X-100) was subsequently added and
followed by incubation for another 45 minutes at room temperature. The
blocking buffer was aspirated after 45 minutes, and immediately add the
diluted Human alpha-Smooth Muscle Actin Alexa Fluor® 488-conjugated
Antibody (R&D System, catalogue # IC1420G) was added. To complete
the procedure, the cells was incubated for an hour at room temperature.
For optimization, an overnight incubation time at temperatures 2 °C to
4 °C was also applied.

Prior to visualization under a fluorescence microscope (Zeiss AxioVert
A1l FL-LED), the diluted DAPI was incorporated for counterstaining. Data
was collected in the form of fluorescence images. The fluorescence
wavelength was set at Excitation wavelength = 488 nm & Emission
wavelength= 545 nm in accordance with the Human alpha-Smooth
Muscle Actin Alexa Fluor® 488-conjugated Antibody (R&D System,
catalogue # IC1420G) protocol sheets.

3.8 Invasion Assay on 0.1% Gelatine

Cancer cell invasion contributes to its progression from the primary site
to the distal organs. In this invasion assay, an analysis of the effect of E.
americana towards the cancer cell spheroids invasion on gelatine, an
extracellular matrix (ECM) protein was performed to further analyse the
E. americana ethanol extract anti-cancer properties. The assay utilizes
gelatine (Nacalai Tesque, EP grade cat#16605-55) as an extracellular
matrix (ECM) protein coating to initiate an invasion of MDA-B-231
monoculture and co-culture.
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3.8.1 Gelatine (0.1%) Coating in 96 Well-Plate

For the ECM coating procedure, 0.1% (w/v) of gelatine powder was
prepared by diluting it with double deionized water (ddH20) and the
mixture was then autoclaved to ensure all the powder was dissolved
entirely and sterilized the mixture. The mixture was then cooled down
to 40 °C before dispensing 50 pL of gelatine mixture into each well in 96
well-plate. The side of the well plate was then gently tapped for an even
distribution of the gelatine. Then the plate was incubated at room
temperature until the gelatine solidifies. The wells were then washed
twice with cooled PBS and blocked with 1% BSA in PBS, and further
incubated for another 1 hour at room temperature. Finally, proceed with
the invasion assay or the well plates can be stored in a 4 °C chiller for
up to 2 weeks.

3.8.2 Invasion Assay

For this procedure, a total of 200 uL of complete growth media was added
into each well of gelatine pre-coated 96 well plates. Then, 100 uL volume
of 4-days spheroid was transferred in into each of the ECM pre-coated
well. The plates were then incubated for 30 to 40 minutes to allow the
spheroids to adhere to the gelatine coating. The observation of invasion
started at O, 24, 48 and 72 hours. Untreated spheroids were used as
negative control and the spheroids treated with Cisplatin were used as
a positive control. The treatment was applied on day O. The data was
collected in image format and was viewed using a bright-field microscope
(Zeiss AxioVert A1l FL-LED). The surface area of invasion was later
calculated using the given formula.

Surface area of invasion

= X x 100

Invasion area at t=0

X = surface area of invasion at t (24, 48 and 72 hr)

3.9 Histology Staining Hematoxylin and Eosin (H&E) Staining

This protocol was carried out to examine the structure of spheroids of
MDA-MB-231 cancer cells that were treated with the extract of E.
americana compared to untreated MDA-MB-231. The H&E staining was
applied to detect any morphological changes in monoculture spheroids
before and after treatment with E. americana ethanol extract. However,
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the spheroids formation method used in this study produced fragile
spheroids that needed a special preparation procedure before histology
staining (H&E). An agarose array method was developed to optimize
sample collection and overcome the fragility of the spheroids.

3.9.1 Cast for Agarose Array

The cast was designed to construct an agarose array that overcame the
problem posed by the fragility of spheroids produced in this study. The
blueprint of the cast was constructed using OpenSCAD software and the
cast was printed with a 3-D SLA printer model Creality Id002h. ePLA+
was used for the material. The size of each spike was customized to 2
mm in diameter, and the peak of the spike (cone shape) diameter was
set to 1 mm in dimension. The spike’s dimension created a well in an
agarose gel that allows the loading of a spheroid with a size up to 2 mm
in diameter in each well. Cast customization is shown in 4 (four) different
angles (Figures 3.1, 3.2, 3.3 aand 3.3 b)

—Iuir‘.

Figure 3.1 : Agarose Array Cast Side View. The side view of the cast.
The cast is suitable for histology stainless steel tray at 30 x 24 x 7 mm
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Figure 3.2 : Agarose Array Cast Z-Plane. The z-plane view of the cast.
The overall dimension of the cast (a) 24 mm, (b) 35 mm, (c) 2 mm

Figure 3.3a : Agarose Array Cast Top View. The top view displays the
9 spikes used to form well(s) on the agarose array
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1 mm

B ,‘ 3 mm

Figure 3.3b : Agarose Cast Spike(s) View showing the close-up
structure of the spikes. The spikes’ dimensions are 2 mm in diameter at
the bottom of the spike(s) and 1 mm on the top of the spike(s) and the
height of the spike(s) was set at 3 mm each

3.9.2 Agarose Array and Spheroids Sample Preparations for H&E
Procedure

Using a microwave oven, a 2% agarose mixture was prepared. Once the
agarose is completely dissolved, 3 mL of warm agarose was then poured
onto a histology slide of size 35 x 24 x 7 mm. The agarose cast was then
immediately placed on the warm agarose and gently pressed to prevent
bubble formation and allowed it to solidify at room temperature. The cast
was removed gently once the agarose had solidified completely. The fixed
spheroids were carefully pipetted into each well. To secure a proper
collection of spheroids, the top section of 100 uL tips was cut prior to
usage.

The bottom of the histology tray was tapped gently to ensure the
spheroids sank to the bottom of the well. Before the ‘seal’ were added to
the agarose array, 10-minute intervals were applied for the spheroids to
completely sink to the bottom of the well. In order to seal the spheroids
inside the agarose array, a 1% agarose mixture was prepared using the
microwave oven. The warm agarose mixture was added gradually from
the side of the histology slide to avoid the spheroids dispersing from the
bottom of the well. Once solidified, the agarose array was removed from
the histology slide and transferred to the histology cassette. The agarose
array was then placed in the tissue processor overnight (Leica ASP300s).
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3.9.3 Agarose Array Sectioning

After the agarose array completed the treatment cycle in a tissue
processor for overnight, the agarose arrays were then sectioned in 4 uym
thickness using a fully motorized microtome (Leica RM2255). The
sectioned film was then placed onto a poly-lysine-coated slide and
allowed to dry before conducting the H&E staining procedure.

3.9.4 H&E Staining Protocol

The H&E staining was applied with a few routine modifications. The
modifications involved the dipping step at 3 minutes during the
Hematoxyline and eosin dye step. In a normal routine of H&E, the
dipping step takes 5 minutes. The slides which have completed the H&E
staining were then visualized using a light microscope (Olympus BX53)
at 20 x, and 40 x magnification. Data was collected are in image format.

3.10 Methods of Computation and Data Representation

The calculations of raw data for the MTT assay and calibration graphs
for this study were performed using Microsoft® Excel® 2019. Statistical
calculations were performed using Prism 8®, which automatically
constructed a graph and provided statistical analysis calculation
options. The ANOVA and independent t-test was applied in determining
the significance of treatment of Elutherine americana towards
monoculture and co-culture of MDA-MB-231 (+MRCS5). Analysis was
performed in triplicates and mean * SD of three parallel measurements.
Data for invasion assay was collected in image format and analysed
using ImagedJ software. All data collected were then used to evaluate the
effects of E. americana extract on cancer cell lines (MDA-MB-231 and
MCF7) and its spheroids.
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CHAPTER 4

RESULTS AND DISCUSSION

4.1 Estimation of Phytochemical Compounds

Phytochemicals are the by-product of photosynthesis; they can be
categorised into 3 main components: primary metabolites, secondary
metabolites, and biopolymer (Thiagarajah et al., 2019). Since E.
americana is categorised in the Iris spp., both bulb and root segments of
the plant species have been documented to contain valuable sources of
phytochemicals compounds (Singab et al., 2016). The properties of the
phytochemicals compound that were measured include terpenoid,
flavonoid, glycoside, and steroid, which are catalogued as polyphenol
compounds. The phytochemicals display important roles as antioxidant,
antibacterial, anti-inflammatory, anti-allergic, antispasmodic, chemo-
preventive, hepato-protective, hypolipidemic, neuroprotective,
hypotensive, immuno-modulator and carminative agents; prevent
ageing, diabetes, osteoporosis, cancer, and heart diseases; induce
apoptosis; act as diuretic, CNS stimulant, analgesic; and protect from
UVB-induced carcinogenesis, and many more (Thakur et al., 2020).

A qualitative and quantitative phytochemical assay aims to reveal the
presence or absence of a phytochemical with pharmacological benefits
in the plant of interest (Egbuna et al., 2019). The qualitative
phytochemical results that established the presence of a beneficial
pharmacological benefit compound propose the anti-cancer potential of
the plant. Further quantification of the presence of pharmacological
compounds was performed through quantitative analysis to provide
more comprehensive and more useful results to establish the anti-
cancer potential of the plant of interest, the E. americana. The
application of the qualitative phytochemical in this study facilitates
determining the reactive segment of E. americana. To further support
the finding from the qualitative analysis, quantification of the
pharmacological compound of E.americana were performed and the
results were compared to existing literature. Both qualitative and
quantitative preliminary phytochemical analyses contribute significantly
to this study.

Eight (8) parameters were measured for the phytochemical assessment
assay. It comprises four (4) quantitative and four (4) qualitative
procedures. The antioxidant property of the plant extracts was evaluated
in terms of their total phenols (TP), total flavonoids (TFA), total flavanols
(TFO), phenolic acids, catechins, lignans, and tannins (Cai et al., 2004;
Djeridane et al., 2006). Tabulated below are the data obtained from the
qualitative evaluation of both the root and bulb of E. americana.
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Table 4.1 : Preliminary Qualitative Phytochemical Evaluations of
the Bulb and Root Segments of E. americana

Phytochemical Ethanolic extract

assay Bulb Root
Terpenoids ++ -
Flavonoids ++ +
Glycosides + -
Steroids + -

(++) highly present, (+) moderately present, (-) absent

The qualitative evaluations revealed that the bulb segment of E.
americana exhibited the presence of secondary metabolites; terpenoids,
flavonoids, glycosides, and steroids, which are denoted by the (+) symbol.
These qualitative tests were performed using the standard analytical
technique. Observation of colour changes and the formation of
precipitation denote a positive response to the presence of the targeted
chemical compounds. The (++) symbol indicates a higher amount of
precipitation or colour changes exhibited by the plant segment tested.
As shown in Table 4.1, the root segment of the plant displayed the
presence of flavonoids out of four of the phytochemical compounds
tested. Whereas the bulb segment of the plant displayed the presence of
all phytochemical compounds of interest. The results can be further
supported by a previous study by Kuntorini & Nugroho in 2009, which
presented data that established the bulb segment of E. americana
extract to contain an array of secondary metabolites. Based on the
qualitative results, it can be determined that the plant’s bulb segment is
the reactive part of the plant compared to the root segment. Hence, the
bulb segments of E. americana are expected to have potential
pharmaceutical benefits.

To further support the finding of the bulb segment reactivity,
quantitative phytochemicals assays were also performed in this study to
compare the bulb and the root segments. The data was presented in
Table 4.2 below:

Table 4.2 : Quantitative Phytochemical Assays of E. americana

Phytochemical Ethanolic extract

assay Bulb Root

Total Phenolics 151.13 +0.027! 73.31 £0.0021

Total Flavonoids 22.02 + 0.0052 18.48 £ 0.002 2

Total Alkaloids 2.26mg+0.381/50g 1.52mg+0.419/50¢g

Values are performed in triplicate and represented as mean+SD.lmg
GAE/g extract, 2QE/g of flavonoids in dry sample.
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4.1.1 Total Phenolics (TP) Content

Referring to Table 4.2, the evaluation of the total phenolic (TP) content
is expressed using the standard calibration curve of Gallic Acid (GAE) a
standard phenolic acid (Chandra et al., 2014). All data were collected in
triplicate and represented as mean * SD. The presence of phenolics
compound in the plant extract suggests the ability of the E. americana
plant extract to act as a potent antioxidant and free radical scavenger.
This allows the plant to have the ability to stabilize lipids against
peroxidation and inhibit numerous types of oxidizing enzymes
(Laughton, 1991). In this assay, the bulb segment of the plant exhibits
higher content of total phenolic (TP) compared to the root part. As shown
in the table, the total phenolic content in bulb segments was recorded
at 151.13 £0.027 mg GAE/g plant extract and the total phenolic content
in the root segment was recorded at only 73.31 £ 0.002 mg GAE/g plant
extract.

Very limited research was found on the total phenolic compound of E.
americana plant extract. In a recent study by Kamarudin et al., (2020),
the total phenolic recorded for the bulb segment was 80.52 + 1.30 mg
GAE/g plant extract. The possibility of the differences in the total
phenolic data could be attributed to the medium/soil composition where
the plant was cultivated (Chandra et al., 2014), the age at which the
plant was harvested (Kuntorini et al., 2016), and the method used for
plant extraction (Zhang et al., 2011).

4.1.2 Total Flavonoids Content

The total flavonoid content (TF), is expressed using Quecertin’s (QE)
standard calibration curve graph (Bag et al., 2015). The result of TF
comparing the bulb and root segments is shown in Table 4.2, at 22.02 £
0.005 QE/g, the amount of (TF) in bulb segments is significantly higher
compared to the root part of E. americana which is recorded at 18.48 +
0.002 QE/g. All data were collected in triplicate and represented as
mean * SD. Based on the result of the total flavonoids assay, the bulb
segment of the plant possesses higher bioactive compound properties
compared to the root segment of E. americana. In previous literature, it
was shown that flavonoids and phenolics are the major compounds that
determine the potency of antioxidant properties of an herbal plant
extract (Chandra et al., 2014).

Flavonoids have been recorded to possess important physiological
properties towards human (Shi et al., 2019). High flavonoid content in a
herbal plant extract is known to prevent oxidative damage to DNA,
inhibit tumour cell growth and possess both anti-inflammatory and anti-
microbial properties (Fernandez et al., 2021). They are also
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neuroprotective and possess a cardio-protective effect. Flavonoids can
be classified into various types based on their chemical structure.
Quercetin is a naturally occurring flavonoid found in common fruits
such as oranges, berries, grains and green tea. Induce cell cycle arrest,
increasing the apoptosis of cancer cells, regulation of signalling pathway,
and inhibition of metastasis and angiogenesis were among the
mechanism underlying the chemo-preventive properties of quercetin. In
2019, a study conducted by Shi recorded the TF of bulb of E. bulbosa
was at 448.24 + 5.89 mg CE/100 g dry weight, another study showed
the total TF in E. bulbosa bulb was at 64.02 mg GAE/g dry weight
(Kamarudin et al., 2020). The extraction method in the two previous
studies was the main factor in the differences in TF content (Zhang et
al., 2011). The application of different solvent polarity, solvent
concentration, temperature assist extraction and solid-liquid ratio
attributed to the difference in data recorded. Hence, the results from
previous literature are not comparative as it was reported with different
units and using different standard calibration curves.

4.1.3 Total Alkaloids Content

In the evaluation of total alkaloids (TA) the TA content of the bulb,
segment is at 2.26 mg = 0.381/50 g of the dry sample and the root
segment at 1.52 mg + 0.419/50 g of the dry sample. Data collected were
performed in triplicate and represented as mean * SD. Alkaloids are
defined as nitrogen-containing low molecular weight compounds which
suggests it has major bioactive metabolites that have been reported to
possess effective pharmacology activities. In the literature, alkaloids in
plants have been recorded to have the ability to inhibit the
topoisomerase activity (Baikar & Malpathak, 2010). To date, no specific
study has been done on the evaluation of the alkaloid content of E.
americana extract.

Secondary metabolites convey beneficial pharmacological activities that
can be significant in the development of cancer chemo-preventive or
adjunct cancer treatments (Mehta et al., 2010). A combination of chemo-
drugs with natural products has been postulated to display similar
effects as conventional chemotherapy drugs but with fewer adverse
effects (Lin et al., 2017). Platinum-based chemotherapy drugs such as
Cisplatin, Gemcibatine and Docetaxel cause severe unfavourable side
effects during therapy such as renal dysfunction, myelosuppression and
hearing loss.
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4.1.4 In-vitro Antioxidant Activity (DPPH Scavenging Activity)

This assay evaluates the ability of the plant’s antioxidant property to
reduce the radical of DPPH at its ICso (Senguttuvan et al., 2014). The
antioxidant ability of plant extract to reduce the DPPH radicals by the
ICsois the parameter commonly used to measure the antioxidant activity
of the plant (Yusri et al., 2012). The ICso value in DPPH assay is the
ability of the plant extract to reduce the concentration of the DPPH initial
concentration to 50% reduction. A lower value of the ICso indicates the
effectiveness of the plant sample in scavenging the radical activity of
DPPH, hence depicting the plant sample as a potent antioxidant. A
synthetic antioxidant standard (Quercetin) was used in this evaluation
as a comparison of the scavenging ability of the plant sample. The bar
chart in Figure 4.1 summarizes the data obtained.

DPPH Assay
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t-tests, p<0.05, data presented in mean + SD: standard deviation

Figure 4.1 : In-vitro Antioxidant Activity (DPPH) of E. americana
Extract. The bar graph shows the comparison between the percentage
of DPPH radical scavenging activity in the bulb and root extracts as well
as the synthetic standard antioxidant, Quercetin. At 47.60+0.06 pug/mL
the bulb shows lower value of radical scavenging activity indicate it’s as
an effective antioxidant compared to the root segment which at
78.67+0.12 pg/mL. The synthetic standard antioxidant radical
scavenging activity value is at 20.72+0.05 ug/mL
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The results displayed the mean ICso value of the bulb segment extract
was lower compared to the root segment, indicating that the ability of
the bulb segment extract of E. americana to scavenge the radicals of
DPPH (2,2-diphenyl-1-picrylhydrazyl) is more effective compared to the
root segment extract. The ICso value was measured at 47.60+£0.06 ug/mL
compared to the root part at 78.67+0.12 ug/mL of the same plant.

Based on the preliminary qualitative and quantitative phytochemical
evaluations performed on the root and bulb segments, it can be
established that the bulb segment of E. americana recorded the presence
of all the secondary metabolites measured; phenolic (TP), flavonoids (TF),
alkaloids (TA), terpenoids, glycosides, steroids and the ability to
scavenging the radical activity of DPPH. The (TP), (TF), and (TA) values
of the bulb segments are significantly higher than the root segment as t-
tests were used to determine the difference between means at (p<0.05)
significant level. As discussed earlier, secondary metabolites have been
recorded to have various therapeutic activities and also serve as an
indicator of many pharmacological and biological activities. The
molecular structure of these compounds enhances their
pharmacological benefits such as anticancer activity through their
metabolism, absorption, distribution and excretion capacities while
minimizing the severe side effects and toxicity (Muhammad Zeeshan et
al., 2022). The phytochemical assay results demonstrate the plant
extract is potentially beneficial or not to be developed as a health remedy
(Gul et al., 2017). Hence, from the data collected, the bulb segment of
E. americana can be concluded to be the reactive part of the plant and
was used for further analysis.

4.2 Cytotoxicity of Ethanol Extract of E. americana towards
Cell Viability in 2D Cell Culture

Cytotoxicity assays were performed to evaluate the anti-cancer property
of E. americana ethanolic extract towards both cancer and normal breast
cells. In order to optimise the evaluation of the toxicity of E. americana
extract 3 (three) treatment time frames were used: 24, 48 and 72 hours
and 6 (six) different concentrations were applied: 3 ug/mL, 6 ug/mkL, 12
ug/mL, 25 pug/mL, 50 pg/mL and 100 ug/mL. Using the Graph Pad
Prism 9® software, the ICso value for E. americana extract treatment on
all cells was calculated. The cytotoxicity assay for this study was
constructed based on the finding of the phytochemical evaluation of E.
americana, since the preliminary phytochemical assay results earlier
indicated that the bulb segments of E. americana extract yield beneficial
phytochemical compounds. Hence, the bulb segment extract was chosen
to assess the cytotoxicity of the plant extract. MTT assay was performed
on normal cell lines (MRCS5 and MCF-10) and on breast cancer cell lines
(MCF7 and MDA-MB-231).
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At 72 hours of treatment, the ethanol extract of E. americana exhibited
significant cytotoxic activity on both breast cancer cell lines. The ICso
value obtained for the MCF7 cell line was at 25.17 £ 0.392 ug/mL, while
the MDA-MB-231 cell line was at 25.23 * 0.818 ug/mL. The National
Cancer Institute (NCI) guideline has set the limit for the cytotoxic activity
of the extract to be at ICso < 30 ug/mL at the exposure time of 72 hours
(Vijayarathna & Sasidharan, 2012). With this finding, the ethanolic
extract of E. americana has proven to show cytotoxicity effects towards
breast cancer cell lines. Figure 4.2 represents the percentage of cell
viability obtained for the breast cancer cell lines.

To further investigate the anti-cancer properties of E. americana ethanol
extract, a cell viability assay was also applied to normal cell lines; MRCS
and MCF-10A. Treatment of the E. americana extracton MRC5 and MCF-
10A showed contrasting results compared to the cytotoxicity assay on
MCF7 and MDA-MB-231. Remarkably, MRCS and MCF-10A viability
were not affected when treated with all 6 (six) concentrations of E.
americana extract. For the plant ethanol extract to be classified as non-
reactive the ICso value must exceed 70 pug/mL according to NCI standard
guidelines (Vijayarathna & Sasidharan, 2012). The ICso values upon
treatment on MRC5 and MCF-10A were 84.88 £ 0.411ug/mL and 81.18
*+ 0.140 ug/mL, respectively. Hence, E. americana is naturally inactive
towards healthy normal cell lines as it is generally used as an ingredient
in daily food preparation, explained by the common name, “Bawang
Hutan”. Thus, with the initial findings, E. americana is an ideal natural
source to be developed as an anti-cancer agent. Figure 4.3 shows the
data on the percentage of inhibition in normal cell lines MRCS5 and MCF-
10A.
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Figure 4.3 : MTT Assay. Toxicity effects of E. americana ethanol extract
against normal cell lines MRCS5 and MCF-10A after 72 hours of

incubation. Data are re

ported as mean = SD
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Previous research publications have shown E. americana to have
antimicrobial, antiviral, antihypertension, antidiabetic properties and
that its antioxidant property is among the potent pharmacological
activities of the plant (Insanu et al., 2014). However, there is limited data
on its anti-tumour activity on breast cancer and hence, the groundwork
of this study was based on the phytochemical/polyphenolic compound
of E. americana established in the literature which suggests the anti-
proliferative potential of E. americana. In this preliminary cytotoxic
screening of the ethanol extract of E. americana, it can be established
that the plant exhibits notable pharmacological activity; inhibiting the
proliferation of breast cancer cells. Results of the cytotoxicity evaluation
against MRCS5 and MCF-10A show no significant effects on the
proliferation of each cell line based on the ICso values obtained. To
further emphasize the difference in the cytotoxicity level of E. americana
towards normal cell lines and breast cancer cell lines, Figure 4.4
represents merged ICso data of all cell lines treated with the ethanol
extract of E. americana.
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Figure 4.4 : Viability of the Different Cell Lines upon Treatment
with E. americana Ethanol Extract. The graph shows that the
viability of normal cell lines MRCS5 and MCF-10A are not affected upon
treatment with E. americana ethanol extract with ICso values at 84.88
+0.411 pg/mL for MRCS5 and at 81.18 £ 0.140 ug/mL for MCF-10A. The
viability of cancer cell lines however was inhibited upon treatment with
the plant extract with ICso values at 25.17 £ 0.392 ug/mL for MCF7 and
25.23 £0.818 ug/mL for MDA-MB-231. Data is expressed as triplicates;
bar £ SD
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4.3 Cytotoxicity of Ethanol Extract of E. americana towards
the Viability of Cell Spheroids/ 3D Spheroids

The ICsp results from 2D cell culture model viability led to the testing of
spheroids in vitro cell viability study. In 2D cell culture, it was
determined that the concentration of ICso at 25.5ug/mL produced
significant effects on the breast cancer cells. To substantiate the results,
the ethanol extract of E. americana was tested on 3D cell
culture /spheroids. MDA-MB-231 was the breast cancer cell line used for
the 3D cell culture viability evaluation. Known as an aggressive
phenotype, possessing a high ability to metastasise through interaction
with the microenvironment are the factors that led to the application of
MDA-MB-231 in the 3D model cell culture (Huang et al., 2020). The
viability assays were determined using a double staining assay (PI and
Hoechst) for qualitative and Alamar Blue® for quantitative data. The
commercially available Alamar Blue® is a redox indicator dye that
measures metabolic activity and cellular viability, suitable for measuring
spheroids cell culture (Eilenberger et al., 2018).

Two different assays were used in this study, the MTT assay for 2D cell
culture viability assay and the Alamar Blue® assay to 3D cell culture
cell proliferation assay. Both assays measured different aspects of the
cancer cells' condition. The MTT assay was used to measure the number
of living cells after treatment with the plant extract (Ozkaya & Geyik,
2022). Viable cells catalyse the MTT salt reduction by mitochondrial
succinate dehydrogenase, thus it is dependent on the mitochondrial
respiration (Chacon et al., 1997). The I1Csg calculated indicate 50% of cell
death due to treatment being applied. The MTT assay was applied as a
preliminary evaluation of the cytotoxicity of the plant of interest, E.
americana towards breast cancer cells. The result of the MTT assay in
this study was 25.5 pg/mlL, ascertaining the cytotoxicity activity of E.
americana towards breast cancer cells. The Alamar Blue® assay
quantifies the proliferation of breast cancer cells in spheroids form. It is
less toxic compared to MTT salt, Alamar Blue® measure multiple
metabolic reactions which signifies the adaptability of the assay and it
is more suitable to be used on spheroids. The ICsg calculated using the
Alamar Blue® assay indicates a 50% reduction in cell proliferation due
to cell death or inhibition in the proliferation rate of the spheroids
(Bonnier et al., 2015).

4.3.1 Cytotoxicity of E. americana towards the Viability of Cell
Spheroids/ 3D Cell Culture (Monoculture)

The preparation of 3D cell culture is described in Chapter 3; treatment
started on the 5th day of culture to generate a uniform size of the suitable
spheroids at 300 um, an optimal size of a healthy ratio between
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proliferating cells and necrotic cells due to lack of nutrient and oxygen
supply to the centre of the spheroids. As this assay is a continuation of
preliminary cytotoxic screening, it was found that the time frame for
notable results obtained was at 72 hours of treatment. Hence, the
monoculture of MCF7 3D spheroids and MDA-MB-231 3D spheroids
treated separately used the same time frame, and the effects of treatment
data effects were collected and represented in a bar chart. The
percentage of reduction of resazurin in the Alamar Blue® assay was
calculated and the ICso for each monoculture spheroid was determined
using Graph Pad Prism 9®. Based on previous literature, (Kheirandish-
Rostami et al., 2020; Najafzadeh et al., 2022), the negative control also
used in these assays was Cisplatin at 20 ug/mL. Figure 4.5 represents
the inhibition of spheroid monoculture of breast cancer cells after being
treated with four (4) concentrations of E. americana extract.

The viability of the spheroids was determined using the Alamar Blue®
assay, and the viability was compared to the commercially available
cancer drug Cisplatin at 20 ug/mL based on previous literature
(Najafzadeh et al., 2022). A lower value of the percentage of resazurin
reduction indicates higher cell death or a lower rate of cell proliferation
for each treated spheroid (MCF7 and MDA-MB-231). The ICso for each
treatment of MCF7 spheroids and MDA-MB-231 spheroids with both E.
americana and Cisplatin were calculated, and the value obtained was
37.90 £4.691 pg/mL for MCF7’s spheroids and 48.72 + 1.848 ug/mL on
MDA-MB-231 spheroids. The results showed that the inhibitory
concentration values were greater than the 2D culture, indicating the
3D cell culture of each breast cancer cell is more resilient towards the
plant extract.
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Figure 4.5 : Alamar Blue® Assay on Monoculture Spheroids. The bar
graph shows the results of the comparison in ICso values of cancer cell
spheroids upon treatment with different concentrations of E. americana
ethanol extract (25 — 150 ug/mL) and a commercial anti-cancer drug,
Cisplatin. The ICso value for MCF7 treated with E. americana is 37.90 *
4.691 pg/mL and 48.72 + 1.848 ug/mL for MDA-MB-231 treated with E.
americana. The ICsp value for Cisplatin treatment at 20 ug/mL on MCF7
is 7.38 £ 7.309 ug/mL and MDA-MB-231 is 16.77 £ 1.391 ug/mL. Data
were expressed as triplicates; bar + SD

As mentioned earlier, according to the NCI guidelines (Vijayarathna &
Sasidharan, 2012), for a compound to be inactive, the minimal inhibitory
concentration must exceed 70 ug/mL; therefore, E. americana extract
can still be categorized as reactive and possess the ability to inhibit the
proliferation of breast cancer spheroids.

The 3D cell culture application in this study was employed to further
validate the anticancer activity of E. americana. As an improved model
for the tumour microenvironment, the spheroids developed enhanced
cell-to-cell interactions and cell-to-matrix interactions, exhibiting
differences in functional behaviour as such differentiation, proliferation,
and gene expression (Cui et al., 2017; Huang et al., 2020). As discussed
by the authors in the previous study, compared to 2D cell culture, colon
cancer HCT-116 cells in spheroids form were discovered to be more
resistant to anticancer drugs such as melphalan, fluorouracil,
oxaliplatin, and irinotecan3; such chemoresistance has been observed
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in vivo as well (Fang & Eglen, 2017). Therefore, 3D cell cultures enable
better toxicity and efficacy prediction of plant samples' anticancer
capability. In addition, spheroids can easily be cultured with different
types of cells to produce co-cultured spheroids.

4.3.2 Cytotoxicity of E. americana towards the Viability of Cell
Spheroids/ 3D Cell Culture (Co-Culture)

Co-cultured spheroids mimic cell-to-cell interactions between cancer
and associated stromal cells; also known as multicellular spheroids.
This study has also applied co-cultured spheroids to validate further the
anticancer ability and potency of the E. americana extract. Fibroblast
cells which are abundantly found in the stroma, are commonly used in
producing multicellular spheroids. These cells have been documented to
assist breast cancer cell progression, invasion, survival and its
therapeutic responses (Majety, Pradel, Gies, & Ries, 2015; Sadlonova et
al., 2005; Yakavets et al., 2020). Apart from that, fibroblasts associated
with breast cancer cells are also involved in the microenvironmental
cellular processes including angiogenesis or lymph angiogenesis (Luo,
Tu, Liu, & Liu, 2015). The term cancer-associated fibroblasts have been
used for the interaction of cancer cells and stroma fibroblasts. Earlier in
this study, MRCS5 (normal lung fibroblasts) were used to evaluate the
cytotoxicity of E. americana, no cytotoxic effects were recorded on MRCS5.
For the production of co-cultured spheroids, luminal breast cancer cell
MCF7 and invasive ductal-carcinoma breast cancer cells MDA-MB-231
were co-cultured with MRCS normal lung fibroblast. Further interaction
analysis of the co-culture was also performed to validate the use of co-
culture spheroids in this study.

The formation of co-cultured spheroids was explained earlier in Chapter
3. The ratio 1:3 (MCF7; MDA-MB-231:MRC5) is based on the work by
Yakavets et al., 2020. Treatment of E. americana was applied on day 5
of culture, and results were collected after 72 hours of treatment. Data
collected are presented in a bar chart to differentiate the reduction
percentage by co-cultured MDA-MB-231 cells and co-cultured MCF7
cells treated with E. americana and Cisplatin. Figure 4.6 illustrates the
data collected from the assay.

As anticipated, the concentration to inhibit 50% of the co-culture of 3D
spheroids were significantly higher compared to the monoculture of 3D
spheroids. ICs for co-culture of MCF7 + MRC5 were quantified at 39.22
t 2.134 ug/mL followed by MDA-MB-231 + MRCS at 50.01 + 3.944
pg/mL. The higher value of 50% inhibition of spheroids, depicted by the
value of ICsp was due to the interaction of cancer cells with their
associated fibroblast cells. In an earlier discussion, the association of
cancer cells and fibroblast cells exhibit a significant increase in the
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survival rate of the spheroids and their ability to resist cytotoxic
compounds; in this context, the treatment of E. americana extract.
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Figure 4.6 : Alamar Blue® Assay on Co-Culture Spheroids. The bar
graph shows the results of the comparison in ICso values of mixed
culture of cancer cell and normal fibroblast (MRCS) spheroids upon
treatment with different concentrations of E. americana ethanol extract
(25-150ug/mL) and a commercial anti-cancer drug, Cisplatin. The ICs
value for co-culture of MCF7 treated with E. americana is 39.22 + 2.139
pg/mL and 50.01 + 3.944 ug/mlL for co-culture of MDA-MB-231 treated
with E. americana. The ICs value for Cisplatin treatment on MCF7 +
MRCS5 is 10.08 = 7.309 pg/ml and MDA-MB-231 + MRCS is 18.35 &
2.881 ug/ml. Data are expressed as triplicates; bar + SD

Treatment with Cisplatin also showed significant differences between the
single-cell spheroids and spheroids with fibroblast associates. Data were
calculated using two-way ANOVA with a P-value calculated at p<0.001,
p<0.05 is considered to be significant. Table 4.3 summarizes the data
collected
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Table 4.3 : Alamar Blue® Assay ICso Values Summary

Treatment with E. Treatment with

Culture type Cell Line americana (ug/mL) Cisplatin (ug/mL)
Monoculture MCF7 37.90 £ 4.691 7.38 + 7.309
MDA-MB-231 48.72 £ 1.848 16.77 £ 1.391
Co-culture MCF7 39.22 £2.139 10.08 + 1.362
(with MRCS) MDA-MB-231 50.01 £ 3.944 18.35 £ 2.881

Two-way ANOVA. All values represented with significant value p<0.05.
Data are presented as mean + SD; standard deviation.

4.4 Double Staining

Double staining was performed to evaluate the cytotoxicity of E.
americana in a qualitative approach. This method enables visualization
of the shapes and changes in the morphology of spheroids before and
after being treated with E. americana plant extract. The staining
procedure involves the use of Propidium iodide (PI) which stains dead
cells red-fluorescent and Hoechst, a blue coloured dye that stains viable
cells. Images of the untreated spheroids of both monoculture and co-
culture after being treated with plant extract were captured.
Interestingly, the images exhibit remarkable changes in shapes and sizes
of all spheroids once treated with E. americana plant extract. The images
were captured using ZEIZZ AxioVert A1 FL-LED inverted fluorescent
microscope taken at 20 x magnification and scale bar: 100 um. Figures
4.7(a & b), 4.8(a & b), 4.9(a & b), and 4.10(a & b) demonstrate the
findings.
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Figure 4.7a : Double Staining of MCF7 Monoculture. (a) The diameter
of the untreated spheroid was measured at> 300 ym and the Propidium
iodide (PI) fluorescence signal was only localized in the centre of the
spheroid (white arrows)

Figure 4.7(b) : MCF7 Spheroid Treated with E. americana;
Reduction in Size Diameter Observed Compared to Figure 4.7a. The
PI signal intensity increased and dispersed throughout the spheroid.
Scale bar: 100 um



Figure 4.8(a) : Double Staining of MCF7 Co-Culture. (a)Untreated
MCF7 co-culture spheroids diameter measured at > 300 um, low
intensity of Propidium iodide (PI) fluorescence signal and localized (white
arrows)

Figure 4.8(b) : Upon Treatment with E. americana plant Extract,
the PI Fluorescence Signal Intensifies and Dispersed throughout the
Spheroid. No Significant Changes in the Diameter of the Spheroids
were Observed When Compared to the Figure in 4.8a. Scale bar:
100um

59



Figure 4.9(a) : Double Staining of MDA-MB-231 Monoculture.
Untreated MDA-MB-231 spheroid (a) low intensity of PI fluorescence
signal and localized in the centre of the spheroids (white arrows). Scale
bar: 100 um

Figure 4.9(b) : Upon Treatment with E. americana; Resulted in High
Intensity of PI Fluorescence Signal Dispersed throughout the
Spheroid. Scale bars: 100 uym
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Figure 4.10a : Double Staining of MDA-MB-231 Co-Culture.
Untreated MDA-MB-231+MRCS5 spheroid (a) PI fluorescence signals were
observed localized in the centre of the spheroid (white arrows) Scale bar:
100 um

Figure 4.10b : High Intensity of PI Fluorescence Signals Dispersed
throughout the Spheroid. No Significant Reduction in Spheroid Size
Recorded. Scale bar: 100um
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Double staining assay utilizes 2 DNA intercalators fluorescent dye, the
Propidium lodide (PI) and Hoechst 33342. As Hoechst is known to stain
both viable and dead cells in the spheroids, yielding a bright blue signal
under the microscope, a counterstain dye is needed to label the dead
cells. PI, a red stain, is not permeable to viable cells; therefore, it is used
to counterstain the dead cells in the spheroids. All the untreated
spheroids (monoculture and co-culture) exude bright blue fluorescence
signal, which generally characterises healthy proliferative spheroid.
From the image data, after being treated with the plant extract, the
staining of dead cells resulted in a co-localized PI red-fluorescent signal
and displays a magenta colour. The changes in PI fluorescence intensity
indicate cell death possibly induced by treatment with E. americana
plant extract. Apart from the PI fluorescence intensity signal strength, a
reduction in size was also observed on the spheroids treated with E.
americana plant extract. Table 4.4 summarise the findings of the double
staining assay.

Table 4.4 : Double Staining Assay of 3D Spheroids upon Treatment
with E. americana

Culture type PI fluorescence signal | Decreased in Size
MDA-MB-231 T +++
MDA-MB-231 + MRCS ++ +

MCF7 +++ +++

MCF7 + MRCS ++ +

+; low intensity/changes, ++; moderate intensity/changes, +++; high
intensity/changes

Remarkably, the qualitative analysis by double staining methods
validates the function of fibroblasts in assisting the response of breast
cancer spheroids towards the cytotoxicity treatment. The substantial
reduction of diameter in size was only observed in the monoculture of
the breast cancer spheroids of MCF7 and MDA-MB-231 as the
concentration of E. americana plant extract increased. In co-culture
spheroids for MCF7 and MDA-MB-231, although the PI fluorescence’s
signal intensity increased, which signifies necrosis/ apoptosis within the
spheroid, the diameter in size of the co-culture spheroids did not reduce
upon treatment with E. americana plant extract.

4.5 Invasion Assay on 1% Gelatine Coating

In the invasion assay, monoculture and co-culture of MDA-MB-231 were
applied based on previous literature on the ability of MDA-MB-231 to
display a representation of epithelial to mesenchymal transition (EMT).
Breast cancer invasion that leads to metastasis is the main
characteristic that increases its mortality rate (Sung et al., 2011). The
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aggressiveness of breast cancer invasion can be recognised through
certain criteria such as poorly differentiated triple-negative; lack of
oestrogen receptors (ER), progesterone receptors (PR) expression and
lack amplification of HER2 (human epidermal growth factor receptor 2).
The ability to transform from epithelial cells to migratory known (EMT)
is associated with the aggressive cancer progression (Huang et al., 2020).
MDA-MB-231 cells exhibit all the listed criteria. Cisplatin was used as
the negative control at a concentration of 20 ug/mL based on previous
literature (Najafzadeh et al., 2022). The invasion area measurement was
taken using Zeiss AxioVert A1 FL-LED and analysed using FIJI Image J
version 2.1.0. Figures 4.11, 4.12 and 4.13 represent the collected data
in image format. The invasion area of each time frame for monoculture
spheroids was recorded and represented in the bar chart in Figure 4.14.

4.5.1 MDA-MB-231 Invasion Assay on 1% Gelatine
(Monoculture)

Spheroids of MBA-MB-231 monoculture were seeded onto 24 well plates
coated with 1% gelatine. Invasion assay utilizes day S of spheroids
culture. As anticipated, data recorded indicates the significant ability of
E. americana extract to disrupt the invasion of MDA-MB-231
monoculture spheroids. A larger area of invasion (p = 0.003; ANOVA) was
recorded by untreated monoculture spheroids, conversely, when a
comparison was made with untreated spheroids, a notable reduction in
the area of invasion is recorded for spheroids treated with E. americana
extract at 72 hr of treatment (p<0.005; two sample t-test).
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Figure 4.11 : MDA-MB-231 Monoculture Invasion Assay at 24 Hours.
The area of the invasion is outlined in yellow line, (a) in untreated
monoculture spheroid, area of the invasion can be observed (b)
monoculture spheroid treated with 50 ug/mL of E. americana plant
extract area of invasion (c) No visible area of invasion detected in
spheroid treated with Cisplatin. Scale bar: 200 pm
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Figure 4.12 : MDA-MB-231 Monoculture Invasion Assay at 48 Hours.
The area of the invasion is outlined in the yellow line can be observed in
(a) Untreated monoculture spheroid (b) monoculture spheroid treated
with S0 ug/mL of E. americana plant extract. (c) Spheroid treated with
Cisplatin. Scale bar: 200 um
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Figure 4.13 : MDA-MB-231 Monoculture Invasion Assay at 72 Hours.
The area of the invasion is outlined in the yellow line can be observed in
(@) Untreated monoculture spheroid and (b) monoculture spheroid
treated with S0 pg/mlL of E. americana plant extract. (c) Spheroid treated
with Cisplatin. Scale bar: 200 um
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Figure 4.14 : Surface Area of Invasion of Monoculture Spheroids.
The bar chart shows the comparison of invasion area between untreated
monoculture spheroids, treated monoculture spheroids with E.
americana and treated monoculture spheroids with Cisplatin,
respectively

No significant difference was recorded in the area of reduction between
Cisplatin and E. americana extract-treated spheroids. Table 4.5 shows
the area of invasions at 72 hours of treatment;

Table 4.5 : Surface Area of Invasion (Monoculture)

Surface area of invasion um
Treatment

Untreated E. americana Cisplatin
24 hours 331.6 £ 19.493 292.6 + 13.398 252.9 + 14.30
48 hours 666.5 +42.174 559.3 +71.566 588.1 £ 72.529
72 hours 1206.8 + 15.083 1025.5 £ 45.355 936.3 +21.509

Two-sample t-test. All values are represented with significant p< 0.005.
Data were presented in mean + SD; standard deviations.
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4.5.2 MDA-MB-231 Invasion Assay on 1% Gelatine (Co-Culture)

The co-cultured spheroids of MDA-MB-231+MRCS were transferred into
24 well plates on day S of the sub-culture. The area of invasion data was
taken after 24 hours of transfer. The results are documented as follows
in Figures 4.15, 4.16, 4.17, and Figure 4.18 summarise the findings in
a bar chart.

Figure 4.15 : MDA-MB-231 Co-Culture Invasion Assay 24 Hours. The
area of the invasion marked is outlined in the yellow line can be observed
in (a) Untreated co-culture spheroid (b) co-culture spheroid treated with
50 ug/mL of E. americana plant extract. (c). Co-culture spheroid treated
with Cisplatin. Scale bar: 200 um
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Figure 4.16 : MDA-MB-231 Co-Culture Invasion Assay 48 Hours. The
area of the invasion outlined in the yellow line can be observed in (a)
Untreated co-culture spheroid (b) co-culture spheroid treated with 50
ug/mL of E. americana plant extract. (c) co-culture spheroid treated with
Cisplatin. Scale bar: 200 um
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Figure 4.17 : MDA-MB-231 Co-Culture Invasion Assay 72 Hours. The
area of the invasion marked is outlined in the yellow line can be observed
in (a) Untreated co-culture spheroid (b) co-culture spheroid treated with
S50 pug/mL of E. americana plant extract. (c) co-culture spheroid treated
with Cisplatin. Scale bar: 200 um

The ability of cancer cells to invade is significantly increased by
associating with its stromal cells. Fibroblast cells which can be found
abundantly in the stroma environment are the perfect candidate for that
motive. Increased evidence validates the association of fibroblast with
cancer cells particularly cancer-associated fibroblast or also known as
CAFs (Luo et al., 2015). The evidence of the association between
fibroblast and cancer cells was validated in this invasion assay. The
ability of co-culture spheroids to proliferate/ invade the gelatine coating
increased significantly compared to monoculture spheroids. At p<0.005,
t:24; p<0.000081, at 48; p<0.000123 and at 72; p<0.00059 co-culture
spheroids exhibit a greater ability to invade/migrate on the gelatine
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medium. Analysing the findings from this assay, treatment with E.
americana extract and Cisplatin exhibit a significant inhibition at 24, 48
and 72 hours. A significant difference between E. americana and
Cisplatin was recorded at 48 hours and 72 hours. The surface area of
invasion for 24 hours, 48 hours and 72 hours are presented in Table
4.6.
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Figure 4.18 : Area of Invasion of Co-Culture Spheroids. Differences
in the area of invasion are shown by the bar representative of each
untreated monoculture spheroid and treated monoculture spheroid with
E. americana ethanol extract and treated monoculture spheroid with
Cisplatin. Data are expressed as triplicates; bar + SD

Table 4.6 : Surface Area of Invasion (Co-Culture)

Surface area of invasion um

Thatment Untreated E. americana Cisplatin

24 hours 664.6 + 29.319 460.3 + 33.704 464.3 + 66.055
48 hours 1029.2 £ 6.730 922.0 £ 30.723 1032 £21.670
72 hours 1490.7 £ 47.361 1249.2 £29.114 1399.7 + 16.390

Two-sample t-test. All values are represented with significant p< 0.005.
Data were presented in mean * SD; standard deviation
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Through the invasion assay, the cell-to-cell interaction of spheroids
generated through co-culture can be validated for this research to
recapitulate mini tumours in vitro. The significant difference in the
invasion area between the untreated monoculture and co-culture
demonstrates that the interaction between cancer cells and fibroblast
results in a successful aggressive cancer invasion/progression. Figure
4.19 demonstrates the interaction between cancer cells and fibroblasts
and the difference in the progression ability between the untreated
monoculture versus the untreated co-culture.

According to NCI (Vijayarathna & Sasidharan, 2012), the plant extract
concentration used in the invasion assay at 50 ug/mL is considered mild
cytotoxic, however, E. americana ethanol extract demonstrate the
anticancer ability by efficaciously reducing the surface area of invasion
of aggressively invasive MDA-MB-231 spheroids. Nonetheless, the fact
that it is a crude extract that comprises a synergistic bioactive
compound with diverse pharmacological properties, the anticancer
effects of the E. americana possess the potential as an ideal candidate to
be developed as an alternative treatment for breast cancer.
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Figure 4.19 : Summary of the Surface Area of Invasion (Monoculture
Vs Co-Culture). The difference in bar height signifies the difference in
the area of invasion between the untreated monoculture and untreated
co-culture spheroids. The invasion area was compared using ANOVA,
p<0.05 was considered significant, p-value obtained was p<0.0001. Data
is expressed as triplicates; bar + SD; P<0.05; t-test)

4.6 Immunocytochemistry (ICC)

In the invasion assay, it was found that there is a significant difference
(p<0.001) in the area of invasion between monoculture and co-culture
spheroids. It has been suggested that the co-culture of cancer cells with
fibroblasts plays a major role in successful spheroids
invasion/progression. In the literature, cancer associated-fibroblast
(CAFs) tend to proliferate and transform into myofibrils and start
producing dysfunctional and excessive ECM to support the cancer
progression (Luo et al., 2015; Yakavets et al., 2020). To further
investigate the transformation of fibroblasts into  CAFs,
immunocytochemistry was performed with the application of co-culture
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spheroids of MDA-MB-231. Fibroblast transformed to CAFs can be
characterised by the expression of alpha-smooth muscle actin (aSMA)
(Majety et al., 2015). Figure 4.20 illustrates the findings.

MDA-MB-231 cell lines effectively transformed MRCS to CAFs.
Conditioned media prepared from a 90% MDA-MB-231 confluence flask
successfully transformed MRCS into cancer-associated fibroblast
(CAFs). Hence, CAFs can be reproduced in vitro in a laboratory setting
for further research or evaluation. Henceforth, the spheroids of co-
culture used in this study can be confirmed to be associated with CAFs,
which explains the aggressive invasion/progression recorded in the
invasion assay.
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(b)

Figure 4.20 : Fibroblast Transformation to CAFs. (a) CAFs exhibit
intense green fluorescence. On day 7 (b) a successful transformation of
CAFs can be observed, indicated by the green fluorescence signal stained
the myofibrils of CAFs. Hoechst was used to stain nuclei with blue
fluorescence signal as counterstain

4.7 Histological Staining on Monoculture Spheroids

This procedure aims to examine the cellular structure of untreated MDA -
MB-231 spheroids after being treated with E. americana extract. The
sample preparation for this procedure was devised specifically to
accommodate the fragile spheroids generated in this study. The scaffold-
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less methods used for spheroids production causes it to disintegrate
easily during routine specimen preparation for H&E staining. The
agarose cast was then constructed to overcome the setback on the fragile
spheroids. Utilising a 3D printer, an agarose cast was made. Figures
4.21 and 4.22 display the agarose cast preparation. The methods
developed effectively overcome the setbacks for the H&E histology
staining assay. H&E staining was performed, and the data collected is
presented in Figures 4.23 and Figures 4.24.

Figure 4.21 : Agarose Cast. The aerial view of the agarose cast. The
cast was designed using OpenSCAD software, and the printed material
used was ePLA+ in grey

Figure 4.22 : Agarose Array. (a) Solidified Agarose Array (b)
Successfully Loaded Spheroids (Arrow) into the Agarose Array
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Figure 4.23 : The H&E Staining on the Untreated Spheroid.
Haematoxylin stains the nuclei in the spheroids (a & b). The cells in the
spheroids (a & b) had organized nuclei and cytoplasm (red arrows). Scale
bar: 100 um
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Figure 4.24 : The H&E Staining on Spheroid Treated with E.
americana Extract. The cells in the spheroids (a & b) disintegrated
post-treatment with the ethanol extract of E. americana (red arrow).
Scale bar: 100 um

In this final analysis, deformation in the cellular morphology were
observed as the result of cytotoxicity from the plant extract. From the
image data, the untreated spheroids of MDA-MB-231 were seen to
maintain the membrane integrity and the haematoxylin stain on the
nucleus of the intact cell’s images can be seen as noticeably as shown
in Figure 4.23. Clustered cells can also be seen on the untreated
spheroids images, as depicted in Figure 4.23 (a; i). The data images
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obtained from this analysis are comparable to the results described
previously by Huang et al., 2020, which focused on characterizing MDA-
MB-231 spheroids. The authors demonstrate the structure of MDA-MB-
231 spheroids stained with H&E.

In spheroids treated with E. americana, the membrane of the cells was
completely disintegrated. The debris of the nucleus can be observed
within the spheroids. None of the clustered cells can be observed on the
treated spheroids, suggesting the treatment of E. americana extract on
MDA-MB-231 spheroids possess an anti-proliferative action.

These conclusive findings further support the hypothesis that E.
americana extract anticancer/ antiproliferative activity effectively
impedes the proliferation of breast cancer cell lines, breast cancer
spheroids, and fibroblast associates.
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CHAPTER 5

CONCLUSION

In this study, E. americana ethanol extract underwent a series of
parameters to validate the pharmacological benefits of the plant. The
series started with a review of the phytochemical compounds. From the
assays performed, E. americana ethanol extract exhibit all the
polyphenolic combinations, suggesting that the plant has the potential
to be developed as a therapeutic treatment for cancer. The presence of
potent phenolics content, flavonoids, and alkaloids in the plant extract
substantiates the hypothesis of the anti-cancer property of E. americana.

The hypothesis is further proven in 2D cell culture and 3D cell
culture /spheroids utilization to assess the in vitro anti-cancer properties
of the plant. Preliminary screening on 2D cell culture indicates notable
cytotoxicity activity as the ICso recorded are at 25.17+ 0.140 pug/mL for
MCF7 and 25.23 +#0.818 ug/mL for MDA-MB-231. Remarkably, the
plant extract does not impose any significant cytotoxicity activity
towards MRCS (lung fibroblast cell line) and MCF-10A (non-
tumourigenic epithelial cell line). The study design also included cell
culture models that can recapitulate mini tumours in vitro which are the
cell spheroids, to further investigate the cytotoxicity potential. Treatment
of the E. americana extract on 3D cell culture also resulted in significant
cytotoxic activity. Two types of spheroids were utilized; monoculture and
co-culture spheroids. In monoculture spheroids, the ICso value obtained
was 37.90+4.691 ug/mL for MCF7’s spheroid and 48.72+1.848 ug/mL
on MDA-MB-231 spheroid. The ICso for co-culture spheroids was at
39.22 + 2.134 ug/mlL followed by MDA-MB-231+MRCS at 50.01 £ 3.944
ug/mL. A higher value of ICso obtained in monoculture and co-culture
spheroids compared to 2D cell culture proposed that the 3D spheroid
culture successfully mimics the in vivo cell-to-cell interaction, resulting
in a more resilient cell culture and reliable cytotoxic assessment. These
methods can be suggested as the standard methods to be used in future
drug discovery screening. The cytotoxicity assay was then followed by a
double staining assay, an invasion assay, and a histological staining
assay. The conclusion of each assay further supports the findings that
E. americana ethanol extract is shown to possess phytochemical
compounds validated as beneficial and potentially as an anticancer
agent.

Conclusively, E. americana ethanol extract exhibits anticancer property
that can be further investigated. Future studies can focus on the
mechanism of toxicity of E. americana ethanol extract that efficiently
inhibits the proliferation of breast cancer cell lines, its spheroids, and
spheroids associated with fibroblast in vitro.
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Future Work

This study has highlighted 2 findings that can be further investigated.
1) The potential of E. americana as an anticancer agent. Future works
can be done on elucidating and separating the bioactive compound of
the plant to obtain a pure bioactive compound. The pure compound can
be used for further cytotoxicity study and on the mechanism of action
on the proliferation of cancer cells at a molecular level.

2) The transformation of fibroblasts to cancer-associated fibroblasts has
been proven possible in a laboratory setting. An in-depth study on how
cancer cells can assign normal fibroblasts as their associate might result
in finding the mechanism that can reverse the process, and hence
impede or even inhibit the progression/metastasis of cancer cells to
distal organs.

81



REFERENCES

Abu Bakar, I. N., Ibrahim, M. F., Hakiman, M., Abd-Aziz, S., Prasongsuk,
S., Yen Tin, L. C., & Jenol, M. A. (2022). Characterization of
asiaticoside concentration, total phenolic compounds, and
antioxidant activity of different varieties of Centella asiatica (L.)
and essential oil extraction using hydro-distillation with enzyme
assisted. Biocatalysis and Agricultural Biotechnology, 44,
102474.
https://doi.org/https://doi.org/10.1016/j.bcab.2022.102474

Akhtari-Zavare, M., Latiff, L. A., Juni, M. H., Said, S. M., & Ismail, I. Z.
(2015). Knowledge of female undergraduate students on breast
cancer and breast self-examination in Klang Valley, Malaysia.
Asian Pacific Journal of Cancer Prevention, 16(15), 6231-6235.
https://doi.org/10.7314 /APJCP.2015.16.15.6231

Akhtari-Zavare, M., Latiff, L. A., Juni, M. H., Said, S. M., Ismail, 1. Z.,
Alessandro, M., Yotnda, P. (2015). Target Identification and
Validation in Drug Discovery. Cancer, 4(1), 85-109.
https://doi.org/10.1016/B978-0-12-814774-0.00005-0

Awaji, M., Futakuchi, M., Heavican, T., Igbal, J., & Singh, R. K. (2019).
Cancer-Associated  Fibroblasts = Enhance  Survival and
Progression of the Aggressive Pancreatic Tumor Via FGF-2 and
CXCLS. Cancer Microenvironment, 12(1), 37-46.
https://doi.org/10.1007 /s12307-019-00223-3

Alam, A., Ferdosh, S., Ghafoor, K., Hakim, A., Juraimi, A. S., Khatib, A.,
& Sarker, Z. I. (2016). Clinacanthus nutans: A review of the
medicinal uses, pharmacology and phytochemistry. Asian Pacific
Journal of Tropical Medicine, 9(4), 402-409.
https://doi.org/https://doi.org/10.1016/j.apjtm.2016.03.011

Alipanah-Moghadam, R., Mehri, A., Manafi, F., Malekzadeh, V., Nemati,
A., Aghamohammadi, V., Mazani, M., Cain, C. T. C.,, &
Mohammadzadeh-Vardin, M. (2021). Andrographolide, a novel
inducer of apelin gene expression. Journal of
Ethnopharmacology, 280, 114487.
https://doi.org/https://doi.org/10.1016/j.jep.2021.114487

Awaji, M., Futakuchi, M., Heavican, T., Igbal, J., & Singh, R. K. (2019).
Cancer-Associated  Fibroblasts = Enhance  Survival and
Progression of the Aggressive Pancreatic Tumor Via FGF-2 and
CXCLS. Cancer Microenvironment, 12(1), 37-46.
https://doi.org/10.1007/s12307-019-00223-3

Alguacil-Nunez, C., Ferrer-Ortiz, ., Garcia-Verdu, E., Lopez-Pirez, P.,
Llorente-Cortijo, I. M., & Sainz, B. (2018). Current perspectives

82


https://doi.org/https:/doi.org/10.1016/j.bcab.2022.102474
https://doi.org/10.1007/s12307-019-00223-3
https://doi.org/https:/doi.org/10.1016/j.apjtm.2016.03.011
https://doi.org/https:/doi.org/10.1016/j.jep.2021.114487
https://doi.org/10.1007/s12307-019-00223-3

on the crosstalk between lung cancer stem cells and cancer-
associated fibroblasts. Critical Reviews in Oncology/Hematology,
125(October 2017), 102-110.
https://doi.org/10.1016/j.critrevonc.2018.02.015

An, A. H., In, H. M., Am, J. N., Ee, N. L., Iryawan, A. W., Uprapto, W. S,
Eo, E. S. (2008). Identification of a New Naphthalene and Its
Derivatives from the Bulb of Eleutherine americana with
Inhibitory Activity on Lipopolysaccharide- Induced Nitric Oxide
Production, 56(9), 1314-1316.

Ayouba, I. M., Youssef, F. S., El-Shazly, M., Ashour, M. L., Singab, A. N.
B., & Wink, M. (2015). Volatile constituents of Dietes bicolor
(Iridaceae) and their antimicrobial activity. Zeitschrift Fur
Naturforschung - Section C Journal of Biosciences, 70(7-8), 217-
225. https:/ /doi.org/10.1515/znc-2015-0164

Bag, G. C., Grihanjali Devi, P., & Bhaigyaba, T. (2015). Assessment of
total flavonoid content and antioxidant activity of methanolic
rhizome extract of three Hedychium species of Manipur valley.
International Journal of Pharmaceutical Sciences Review and
Research, 30(1), 154-159.

Baikar, S., & Malpathak, N. (2010, January). Secondary metabolites as
DNA topoisomerase inhibitors: A new era towards designing of
anticancer drugs. Pharmacognosy Reviews.
https://doi.org/10.4103/0973-7847.65320

Barroso-Sousa, R., & Metzger-Filho, O. (2016). Differences between
invasive lobular and invasive ductal carcinoma of the breast:
Results and therapeutic implications. Therapeutic Advances in
Medical Oncology, 8(4), 261-266.
https://doi.org/10.1177/1758834016644156

Basu, A., Ramamoorthi, G., Jia, Y., Faughn, J., Wiener, D., Awshah, S.,
Kodumudi, K., & Czerniecki, B. J. (2019). Immunotherapy in
breast cancer: Current status and future directions. In Advances
in Cancer Research (Vol. 143, pp. 295-349). Academic Press Inc.
https://doi.org/10.1016/bs.acr.2019.03.006

Baskar, R., Lee, K. A., Yeo, R.,, & Yeoh, K. W. (2012). Cancer and
radiation therapy: Current advances and future directions.
International Journal of Medical Sciences, 9(3), 193-199.
https://doi.org/10.7150/ijms.3635

Barzaman, K., Karami, J., Zarei, Z., Hosseinzadeh, A., Kazemi, M. H.,
Moradi-Kalbolandi, S., Safari, E., & Farahmand, L. (2020).
Breast cancer: Biology, biomarkers, and treatments. Int
Immunopharmacol, 84, 106535.
https://doi.org/10.1016/j.intimp.2020.106535

83


https://doi.org/10.1016/bs.acr.2019.03.006
https://doi.org/10.1016/j.intimp.2020.106535

Bhat, R., & Karim, A. A. (2010). Tongkat Ali (Eurycoma longifolia Jack):
A review on its ethnobotany and pharmacological importance.
Fitoterapia, 81(7), 669-679.
https:/ /doi.org/https://doi.org/10.1016/]j.fitote.2010.04.006

Bonnier, F., Keating, M. E., Wrébel, T. P., Majzner, K., Baranska, M.,
Garcia-Munoz, A., Blanco, A., & Byrne, H. J. (2015). Cell viability
assessment using the Alamar blue assay: A comparison of 2D
and 3D cell culture models. Toxicology in Vitro, 29(1), 124-131.
https://doi.org/10.1016/j.tiv.2014.09.014

Breen, S., Kofoed, S., Ritchie, D., Dryden, T., Maguire, R., Kearney, N.,
& Aranda, S. (2017). Remote real-time monitoring for
chemotherapy side-effects in patients with blood cancers.
Collegian, 24(6), 541-549.
https://doi.org/10.1016/j.colegn.2016.10.009

Bloom, S. A., & Manasseh, D.-M. (2009). Axillary Surgery. In SURGICAL
PITFALLS: PREVENTION AND MANAGEMENT (pp. 475-487).
https://doi.org/10.1016/B978-1-4160-2951-9.50057-8

Braunstein, L. Z., & Bellon, J. R. (2020). Contemporary Issues in Breast
Cancer Radiotherapy. Hematology/Oncology Clinics of North
America, 34(1), 1-12.
https://doi.org/10.1016/j.hoc.2019.08.014

Bhat, R., & Karim, A. A. (2010). Tongkat Ali (Eurycoma longifolia Jack):
A review on its ethnobotany and pharmacological importance.
Fitoterapia, 81(7), 669-679.
https://doi.org/https://doi.org/10.1016/j.fitote.2010.04.006

Chacon, E., Acosta, D., & Lemasters, J. J. (1997). 9 - Primary Cultures
of Cardiac Myocytes as In Vitro Models for Pharmacological and
Toxicological Assessments. In J. V. Castell & M. J. Gémez-
Lechén (Eds.), In Vitro Methods in Pharmaceutical Research (pp.

209-223). Academic Press.
https://doi.org/https://doi.org/10.1016/B978-012163390-
5.50010-7

Chen, D., Qiao, J., Sun, Z., Liu, Y., Sun, Z., Zhu, N., Xu, X., Yang, J., &
Ma, G. (2019). New naphtoquinones derivatives from the edible
bulbs of Eleutherine americana and their protective effect on the
injury of human umbilical vein endothelial cells. Fitoterapia,
132, 46-52. https://doi.org/10.1016/j.fitote.2018.11.009

Chandra, S., Khan, S., Avula, B., Lata, H., Yang, M. H., Elsohly, M. A.,
& Khan, I. A. (2014). Assessment of total phenolic and flavonoid
content, antioxidant properties, and yield of aeroponically and
conventionally grown leafy vegetables and fruit crops: A
comparative study. Evidence-Based Complementary and

84


https://doi.org/https:/doi.org/10.1016/j.fitote.2010.04.006
https://doi.org/10.1016/j.tiv.2014.09.014
https://doi.org/10.1016/j.colegn.2016.10.009
https://doi.org/https:/doi.org/10.1016/j.fitote.2010.04.006
https://doi.org/https:/doi.org/10.1016/B978-012163390-5.50010-7
https://doi.org/https:/doi.org/10.1016/B978-012163390-5.50010-7
https://doi.org/10.1016/j.fitote.2018.11.009

Alternative Medicine, 2014.
https://doi.org/10.1155/2014 /25387

Chen, X., & Song, E. (2019, February 1). Turning foes to friends:
targeting cancer-associated fibroblasts. Nature Reviews Drug
Discovery. Nature Publishing Group.
https://doi.org/10.1038/s41573-018-0004-1

Christenhusz, M. J. M., & Byng, J. W. (2016). Phytotaxa. Phytotaxa,
261(3), 201-217. https://doi.org/10.11646/phytotaxa.261.3.1

Christophe Wiart. (2007). Ethnopharmacology of Medicinal Plants: Asia
and the Pasific (illustrate). Springer Science & Business Media.

Chacon, E., Acosta, D., & Lemasters, J. J. (1997). 9 - Primary Cultures
of Cardiac Myocytes as In Vitro Models for Pharmacological and
Toxicological Assessments. In J. V. Castell & M. J. Gémez-
Lechén (Eds.), In Vitro Methods in Pharmaceutical Research (pp.

209-223). Academic Press.
https://doi.org/https://doi.org/10.1016/B978-012163390-
5.50010-7

Chen, D., Qiao, J., Sun, Z., Liu, Y., Sun, Z., Zhu, N., Xu, X., Yang, J., &
Ma, G. (2019). New naphtoquinones derivatives from the edible
bulbs of Eleutherine americana and their protective effect on the
injury of human umbilical vein endothelial cells. Fitoterapia,
132, 46-52. https://doi.org/10.1016/j.fitote.2018.11.009

Chung, L. W. K. (1991). Fibroblasts are critical determinants in prostatic
cancer growth and dissemination. Cancer and Metastasis
Review, 10(3), 263-274. https://doi.org/10.1007/BF00050797

Cui, X., Hartanto, Y., & Zhang, H. (2017). Advances in multicellular
spheroids formation. Journal of the Royal Society Interface,
14(127). https://doi.org/10.1098 /rsif.2016.0877

Ding, S., Chen, G., Zhang, W., Xing, C., Xu, X., Xie, H., Lu, A., Chen, K.,
Guo, H., Ren, Z., Zheng, S., & Zhou, L. (2015). MRC-5 fibroblast-
conditioned medium influences multiple pathways regulating
invasion, migration, proliferation, and apoptosis in
hepatocellular carcinoma. Journal of Translational Medicine,
13(1). https://doi.org/10.1186/s12967-015-0588-8

Ding, S. M., Lu, J. F., Edoo, M. 1. A., Zhou, L., Xie, H. Y., Zheng, S. S,
& Li, Q. Y. (2019). MRC-5 Cancer-associated Fibroblasts
Influence Production of Cancer Stem Cell Markers and
Inflammation-associated Cell Surface Molecules, in Liver Cancer
Cell Lines. Int J Med Sci, 16(8), 1157-1170.
https://doi.org/10.7150/ijms.34758

85


https://doi.org/https:/doi.org/10.1016/B978-012163390-5.50010-7
https://doi.org/https:/doi.org/10.1016/B978-012163390-5.50010-7
https://doi.org/10.1016/j.fitote.2018.11.009
https://doi.org/10.1186/s12967-015-0588-8
https://doi.org/10.7150/ijms.34758

Edmondson, R., Broglie, J. J., Adcock, A. F., & Yang, L. (2014). Three-
dimensional cell culture systems and their applications in drug
discovery and cell-based biosensors. Assay and Drug
Development Technologies, 12(4), 207-218.
https://doi.org/10.1089/adt.2014.573

Eilenberger, C., Kratz, S. R. A., Rothbauer, M., Ehmoser, E. K., Ertl, P.,
& Kupcu, S. (2018). Optimized alamarBlue assay protocol for
drug dose-response determination of 3D tumor spheroids.
MethodsX, 5, 781-787.
https://doi.org/10.1016/j.mex.2018.07.011

Falzon, C. C., & Balabanova, A. (2017). Phytotherapy: An Introduction
to Herbal Medicine. Primary Care - Clinics in Office Practice,
44(2), 217-227. https:/ /doi.org/10.1016/j.pop.2017.02.001

Fang, Y., & Eglen, R. M. (2017). Three-Dimensional Cell Cultures in
Drug Discovery and Development. SLAS Discovery, 22(5), 456—
472. https://doi.org/10.1177/1087057117696795

Fernandez, J., Silvan, B., Entrialgo-Cadierno, R., Villar, C. J., Capasso,
R., Uranga, J. A. Abalo, R. (2021). Antiproliferative and palliative
activity of flavonoids in colorectal cancer. Biomedicine and
Pharmacotherapy, 143.
https://doi.org/10.1016/j.biopha.2021.112241

Feng, Y., Spezia, M., Huang, S., Yuan, C., Zeng, Z., Zhang, L., Ji, X., Liu,
W., Huang, B., Luo, W., Liu, B., Lei, Y., Du, S., Vuppalapati, A.,
Luu, H. H., Haydon, R. C., He, T. C., & Ren, G. (2018). Breast
cancer development and progression: Risk factors, cancer stem
cells, signaling pathways, genomics, and molecular
pathogenesis. Genes Dis, 5(2), 77-106.
https://doi.org/10.1016/j.gendis.2018.05.001

Giampieri, F., Forbes-Hernandez, T. Y., Gasparrini, M., Afrin, S.,
Cianciosi, D., Reboredo-Rodriguez, P., ... Battino, M. (2017). The
healthy effects of strawberry bioactive compounds on molecular
pathways related to chronic diseases. Annals of the New York
Academy of Sciences, 1398(1), 62-71.
https://doi.org/10.1111/nyas.13373

Gibbs, E. R., & Kent, R. B. (1998). Modified V-Y advancement technique
for mastectomy closure. Journal of the American College of
Surgeons, 187(6), 632-633. https://doi.org/10.1016/S1072-
7515(98)00245-2

Gong, Z., Li, Q., Shi, J., Wei, J., Li, P., Chang, C. H., Shultz, L. D., &
Ren, G. (2022). Lung fibroblasts facilitate pre-metastatic niche
formation by remodeling the local immune microenvironment.
Immunity, 55(8), 1483-1500.€1489.

86


https://doi.org/10.1016/j.gendis.2018.05.001

https://doi.org/10.1016/j.immuni.2022.07.001

Hadi, M. A., Hassali, M. A., Shafie, A. A., & Awaisu, A. (2010). Evaluation
of breast cancer awareness among female university students in
Malaysia. Pharmacy Practice, 8(1), 29-34.
https://doi.org/10.4321/S1886-36552010000100003

Hajdu, S. I. (2004a). Greco-Roman Thought about Cancer. Cancer,
100(10), 2048-2051. https://doi.org/10.1002/cncr.20198

Hajdu, S. I. (2004b, May 15). Greco-Roman Thought about Cancer.
Cancer. https://doi.org/10.1002/cncr.20198

Hajdu, S. I. (2005, March 15). 2000 Years of chemotherapy of tumors.
Cancer. https://doi.org/10.1002/cncr.20908

Hajdu, S. 1. (2011, March 1). A note from history: Landmarks in history
of cancer, part 1. Cancer. https://doi.org/10.1002/cncr.25553

Hajdu, S. 1., Vadmal, M., & Tang, P. (2015). A note from history:
Landmarks in history of cancer, part 7. Cancer, 121(15), 2480-
2513. https://doi.org/10.1002/cncr.29365

Hanahan, D., & Weinberg, R. A. (2011). Hallmarks of cancer: the next
generation. Cell, 144(5), 646-674.
https://doi.org/10.1016/j.cell.2011.02.013

Heylen, N., Baurain, R., Remacle, C., & Trouet, A. (1998). Effect of MRC-
S fibroblast conditioned medium on breast cancer cell motility
and invasion in vitro, 16(2), 193-203.

Hisham, A. N., & Yip, C. H. (2003). Spectrum of breast cancer in
Malaysian women: Overview. World Journal of Surgery, 27(8),
921-923. https://doi.org/10.1007/s00268-003-6976-x

Hu, D, Li, Z., Zheng, B., Lin, X., Pan, Y., Gong, P., ... Wang, L. (2022).
Cancer-associated fibroblasts in breast cancer: Challenges and
opportunities. Cancer Communications, 42(5), 401-434.
https://doi.org/10.1002/cac2.12291

Huang, Z., Yu, P., & Tang, J. (2020). Characterization of triple-negative
breast cancer MDA-MB-231 cell spheroid model. OncoTargets
and Therapy, 13, 5395-5405.
https://doi.org/10.2147 /OTT.S249756

leyama, T., Gunawan-Puteri, M. D. P. T., & Kawabata, J. (2011). a-
Glucosidase inhibitors from the bulb of Eleutherine americana.
Food Chemistry, 128(2), 308-311.
https://doi.org/10.1016/j.foodchem.2011.03.021

87


https://doi.org/10.1016/j.immuni.2022.07.001

Insanu, M., Kusmardiyani, S., & Hartati, R. (2014a). Recent Studies on
Phytochemicals and Pharmacological Effects of Eleutherine
Americana Merr. Procedia  Chemistry, 13, 221-228.
https://doi.org/10.1016/j.proche.2014.12.032

Insanu, M., Kusmardiyani, S., & Hartati, R. (2014b). Recent Studies on
Phytochemicals and Pharmacological Effects of Eleutherine
Americana Merr. Procedia Chemistry, 13, 221-228.
https://doi.org/10.1016/j.proche.2014.12.032

Ivanov, D. P., & Grabowska, A. M. (2018). In Vitro Tissue Microarrays
for Quick and Efficient Spheroid Characterization. SLAS
Discovery, 23(2), 211-217.
https://doi.org/10.1177/2472555217740576

Jinzhong, X., Feng, Q., Wenjuan, D., & Gexia, Q. (2006). New bioactive
constituents from eleutherine americana, 4251, 320-323.
https://doi.org/10.1007/s11458-006-003

Jayasekera, L. P., Ranasinghe, R., Senathilake, K. S., Kotelawala, J. T.,
de Silva, K., Abeygunasekara, P. H., Goonesinghe, R., &
Tennekoon, K. H. (2023). Mitochondrial genome in sporadic
breast cancer: A case control study and a proteomic analysis in
a Sinhalese cohort from Sri Lanka. PLoS ONE, 18(2), e0281620.
https://doi.org/10.1371/journal.pone.0281620

Jena, B. C., Das, C. K., Bharadwaj, D., & Mandal, M. (2020). Cancer
associated fibroblast mediated chemoresistance: A paradigm
shift in understanding the mechanism of tumor progression.
Biochimica et Biophysica Acta (BBA) - Reviews on Cancer,
1874(2), 188416.
https://doi.org/https://doi.org/10.1016/j.bbcan.2020.188416

Kamarudin, A. A., Mohd. Esa, N., Saad, N., Sayuti, N. H., & Nor, N. A.
(2020). Heat assisted extraction of phenolic compounds from
Eleutherine bulbosa (Mill.) bulb and its bioactive profiles using
response surface methodology. Industrial Crops and Products,
144(August 2019), 112064.
https://doi.org/10.1016/j.indcrop.2019.112064

Kenemans, P., Verstraeten, R. A., & Verheijen, R. H. (2008). Oncogenic
pathways in hereditary and sporadic breast cancer. Maturitas,
61(1-2), 141-150.
https://doi.org/10.1016/j.maturitas.2008.11.010

Kharaziha, P., Rodriguez, P., Li, Q., Rundqvist, H., Bjoérklund, A. C,,
Augsten, M., ... Panaretakis, T. (2012). Targeting of distinct
signaling cascades and cancer-associated fibroblasts define the
efficacy of Sorafenib against prostate cancer cells. Cell Death and
Disease, 3(1), 1-10. https://doi.org/10.1038/cddis.2012.1

88


https://doi.org/10.1371/journal.pone.0281620
https://doi.org/https:/doi.org/10.1016/j.bbcan.2020.188416
https://doi.org/10.1016/j.maturitas.2008.11.010

Kheirandish-Rostami, M., Roudkenar, M. H., Jahanian-Najafabadi, A.,
Tomita, K., Kuwahara, Y., Sato, T., & Roushandeh, A. M. (2020).
Mitochondrial characteristics contribute to proliferation and
migration potency of MDA-MB-231 cancer cells and their
response to cisplatin treatment. Life Sciences, 244(January),
117339. https://doi.org/10.1016/j.1fs.2020.117339

Kn&uper, V., Smith, B., Lopez-Otin, C., & Murphy, G. (1997). Activation
of progelatinase B (proMMP-9) by active collagenase-3 (MMP-13).
European Journal of Biochemistry, 248(2), 369-373.
https://doi.org/10.1111/j.1432-1033.1997.00369.x

Kuntorini, E. M., Dewi, M., & Misrina. (2016). Anatomical structure and
antioxidant activity of red bulb plant (Eleutherine Americana) on
different  plant age. Biodiversitas, 17(1), 229-233.
https://doi.org/10.13057 /biodiv/d170133

Kuntorini, E. M., & Nugroho, L. H. (2009). Structural development and
bioactive content of red bulb plant (Eleutherine americana); a
traditional medicines for local Kalimantan people. Biodiversitas
Journal of Biological Diversity, 11(2), 102-106.
https://doi.org/10.13057 /biodiv/d110210

Lavekar, Gandhidas. (2017). Re: Which is the best solvent (ethanol OR
methanol) for phytochemical study?. Retrieved from:
https:/ /www.researchgate.net/post/Which-is-the-best-solvent-
ethanol-OR-methanol-for-phytochemical-
study/5951fbOeeeae391ce87ab8c8/citation /download.

Lee, M. S., Azmiyaty Amar Ma’Ruf, C., Izhar, D. P. N., Ishak, S. N,
Jamaluddin, W. S. W., Ya’Acob, S. N. M., & Kamaluddin, M. N.
(2019). Awareness on breast cancer screening in Malaysia: A
cross sectional study. BioMedicine (France), 9(3), 19-25.
https://doi.org/10.1051 /bmdcn /2019090318

Lestari, D., Kartika, R., & Marliana, E. (2019). Antioxidant and
anticancer activity of Eleutherine bulbosa (Mill.) Urb on leukemia
cells L1210. Journal of Physics: Conference Series, 1277(1),
012022. https://doi.org/10.1088/1742-6596/1277/1/012022

Lin, S.-R., Chang, C.-H., Hsu, C.-F., Tsai, M.-J., Cheng, H., Leong, M.
K., Sung, P.-J., Chen, J.-C., & Weng, C.-F. (2019). Natural
compounds as potential adjuvants to cancer therapy: Preclinical
evidence. https://doi.org/10.1111/bph.v177.6/issuetoc

Lin, X., Li, Z., Du, S., Wang, Q., Guan, Y., Cheng, G., Hong, H., Li, J.,
Chen, X., & Chen, T. (2023). Occam’s Razor-Inspired Nb2C
delivery platform potentiates breast cancer therapy and inhibits
lung metastasis. Chemical Engineering Journal, 464, 142732.
https://doi.org/https://doi.org/10.1016/j.cej.2023.142732

89


https://doi.org/10.1088/1742-6596/1277/1/012022
https://doi.org/10.1111/bph.v177.6/issuetoc
https://doi.org/https:/doi.org/10.1016/j.cej.2023.142732

Lin, S. R., Chang, C. H., Hsu, C. F., Tsai, M. J., Cheng, H., Leong, M. K.,
Sung, P. J., Chen, J. C., & Weng, C. F. (2020). Natural
compounds as potential adjuvants to cancer therapy: Preclinical
evidence. British journal of pharmacology, 177(6), 1409-1423.
https://doi.org/10.1111/bph.14816

Liu, M., Song, W., & Huang, L. (2019, April 28). Drug delivery systems
targeting tumor-associated fibroblasts for cancer
immunotherapy. Cancer Letters. Elsevier Ireland Ltd.
https://doi.org/10.1016/j.canlet.2019.01.032

Luo, H., Tu, G., Liu, Z., & Liu, M. (2015). Cancer-associated fibroblasts:
A multifaceted driver of breast cancer progression. Cancer
Letters, 361(2), 155-163.
https://doi.org/10.1016/j.canlet.2015.02.018

Mahabusarakam, W., Hemtasin, C., Chakthong, S., Voravuthikunchai,
S. P, & Olawumi, [. B. (2010). Naphthoquinones,
anthraquinones and naphthalene derivatives from the bulbs of
eleutherine Americana. Planta Medica, 76(4), 345-349.
https://doi.org/10.1055/s-0029-1186143

Mainasara, M. M., Abu Bakar, M. F., & Linatoc, A. C. (2018). Malaysian
medicinal plants’ potential for breast cancer therapy. Asian
Journal of Pharmaceutical and Clinical Research, 11(6), 101-
117. https://doi.org/10.22159/ajpcr.2018.v11i6.24322

Majety, M., Pradel, L. P., Gies, M., & Ries, C. H. (2015). Fibroblasts
influence survival and therapeutic response in a 3D co-culture
model. PLoS ONE, 10(6), 1-18.
https://doi.org/10.1371 /journal.pone.0127948

Majewski, W., Majewski, S., Maciejewski, A., Kolosza, Z., & Tarnawski,
R. (2005). Adverse effects after radiotherapy for early stage
(I,IIa,Ilb) seminoma. Radiotherapy and Oncology, 76(3), 257-263.
https://doi.org/10.1016/j.radonc.2005.04.003

Majewski, W., Majewski, S., Maciejewski, A., Kolosza, Z., & Tarnawski,
R. (2005). Adverse effects after radiotherapy for early stage
(I,IIa,IIb) seminoma. Radiotherapy and Oncology, 76(3), 257-263.
https://doi.org/10.1016/j.radonc.2005.04.003

Miki, Y., Suzuki, T., & Sasano, H. (2009). Intracrinology of sex steroids
in ductal carcinoma in situ (DCIS) of human breast: Comparison
to invasive ductal carcinoma (IDC) and non-neoplastic breast.
Journal of Steroid Biochemistry and Molecular Biology, 114(1-2),
68-71. https://doi.org/10.1016/j.jsbmb.2008.12.021

Muhammad Zeeshan, B., Hammad, I., & Waqgas Khan, K. (2022). Plant
Secondary Metabolites: Therapeutic Potential and

90


https://doi.org/10.1016/j.radonc.2005.04.003
https://doi.org/10.1016/j.jsbmb.2008.12.021

Pharmacological Properties. In V. Ramasamy & R. Suresh
Selvapuram Sudalaimuthu (Eds.), Secondary Metabolites (pp.
Ch. 11). IntechOpen.
https://doi.org/10.5772 /intechopen.103698

Mehta, R. G., Murillo, G., Naithani, R., & Peng, X. (2010). Cancer
chemoprevention by natural products: How far have we come?
Pharmaceutical Research, 27(6), 950-961.
https://doi.org/10.1007/s11095-010-0085-y

Miki, Y., Suzuki, T., & Sasano, H. (2009a). Intracrinology of sex steroids
in ductal carcinoma in situ (DCIS) of human breast: Comparison
to invasive ductal carcinoma (IDC) and non-neoplastic breast.
Journal of Steroid Biochemistry and Molecular Biology, 114(1-
2), 68-71. https://doi.org/10.1016/j.jsbmb.2008.12.021

Miki, Y., Suzuki, T., & Sasano, H. (2009b). Intracrinology of sex steroids
in ductal carcinoma in situ (DCIS) of human breast: Comparison
to invasive ductal carcinoma (IDC) and non-neoplastic breast.
Journal of Steroid Biochemistry and Molecular Biology, 114(1-
2), 68-71. https://doi.org/10.1016/j.jsbmb.2008.12.021

Najafzadeh, B., Motafakkerazad, R., Najafi, S., Amini, M,
Alemohammad, H., Vasefifar, P., & Baradaran, B. (2022). Nanog
suppression enhanced the chemosensitivity of human non-
small-cell lung cancer cells to Cisplatin and inhibited cell
migration. Pathology Research and Practice, 233(September
2021), 153869. https://doi.org/10.1016/j.prp.2022.153869

Nielsen, H. M., Overgaard, M., Grau, C., Jensen, A. R., & Overgaard, J.
(2006). Loco-regional recurrence after mastectomy in high-risk
breast cancer-risk and prognosis. An analysis of patients from
the DBCG 82 b&c randomization trials. Radiotherapy and
Oncology. https://doi.org/10.1016/j.radonc.2006.04.006

Noél, A., De Pauw-Gillet, M. C., Purnell, G., Nusgens, B., Lapiere, C. M.,
& Foidart, J. M. (1993). Enhancement of tumorigenicity of
human breast adenocarcinoma cells in nude mice by matrigel
and fibroblasts. British Journal of Cancer, 68(5), 909-915.
https://doi.org/10.1038/bjc.1993.453

Orimo, A., Gupta, P. B., Sgroi, D. C., Arenzana-Seisdedos, F., Delaunay,
T., Naeem, R., Weinberg, R. A. (2005). Stromal fibroblasts present
in invasive human breast carcinomas promote tumor growth and
angiogenesis through elevated SDF-1/CXCL12 secretion. Cell,
121(3), 335-348. https://doi.org/10.1016/j.cell.2005.02.034

Ozkaya, A. B., & Geyik, C. (2022). From viability to cell death: Claims
with insufficient evidence in high-impact cell culture studies.
PLoS ONE, 17. https://doi.org/10.1371 /journal.pone.0250754

91


https://doi.org/10.5772/intechopen.103698
https://doi.org/10.1371/journal.pone.0250754

Padua, D., Rocha, E., Gargiulo, D., & Ramos, A. A. (2015). Bioactive
compounds from brown seaweeds: Phloroglucinol, fucoxanthin
and fucoidan as promising therapeutic agents against breast
cancer. Phytochemistry Letters, 14, 91-98.
https://doi.org/10.1016/j.phytol.2015.09.007

Pang, W., Su, J., Wang, Y., Feng, H., Dai, X., Yuan, Y., ... Yao, W. (2015).
Pancreatic cancer-secreted miR-155 implicates in the conversion
from normal fibroblasts to cancer-associated fibroblasts. Cancer
Science, 106(10), 1362-1369.
https://doi.org/10.1111/cas.12747

Paramapojn, S., Ganzera, M., Gritsanapan, W., & Stuppner, H. (2008).
Analysis of naphthoquinone derivatives in the Asian medicinal
plant Eleutherine americana by RP-HPLC and LC-MS. Journal of
Pharmaceutical and Biomedical Analysis, 47(4-5), 990-993.
https://doi.org/10.1016/j.jpba.2008.04.005

Petrovska, B. B. (2012, January). Historical review of medicinal plants’
usage. Pharmacognosy Reviews. https://doi.org/10.4103/0973-
7847.95849

Ponnusamy, L., Mahalingaiah, P. K. S., Chang, Y. W., & Singh, K. P.
(2019). Role of cellular reprogramming and epigenetic
dysregulation in acquired chemoresistance in breast cancer.
Cancer Drug Resist, 2(2), 297-312.
https://doi.org/10.20517 /cdr.2018.11

Recillas-Targa, F. (2022). Cancer Epigenetics: An Overview. Archives of
Medical Research, 53(8), 732-740.
https:/ /doi.org/https://doi.org/10.1016/j.arcmed.2022.11.00
3

Reed, M. E. M. C., Kutasovic, J. R., Lakhani, S. R., & Simpson, P. T.
(2015). Invasive lobular carcinoma of the breast: Morphology,
biomarkers and 'omics. Breast Cancer Research, 17(1), 1-11.
https://doi.org/10.1186/s13058-015-0519-x

Reilly, R. (2016). Breast Cancer Breast Cancer. Journal of the Royal
Society of Medicine, 70(8), 515-517.

Republic, C. (2005). , Radka Mikelova. Plant Cell, Tissue and Organ
Culture, 149(Supplement 1).

Sadlonova, A., Novak, Z., Johnson, M. R., Bowe, D. B., Gault, S. R., Page,

G. P, ... Frost, A. R. (2005). Breast fibroblasts modulate
epithelial cell proliferation in three-dimensional in vitro co-
culture. Breast Cancer Research : BCR, 7(1).

https://doi.org/10.1186/bcr949

92


https://doi.org/10.20517/cdr.2018.11
https://doi.org/https:/doi.org/10.1016/j.arcmed.2022.11.003
https://doi.org/https:/doi.org/10.1016/j.arcmed.2022.11.003

Senguttuvan, J., Paulsamy, S., & Karthika, K. (2014). Phytochemical
analysis and evaluation of leaf and root parts of the medicinal
herb, Hypochaeris radicata L. for in vitro antioxidant activities.
Asian Pacific Journal of Tropical Biomedicine, 4, S359-S367.
https://doi.org/10.12980/APJTB.4.2014C1030

Shi, P., Du, W., Wang, Y., Teng, X., Chen, X., & Ye, L. (2019). Total
phenolic, flavonoid content, and antioxidant activity of bulbs,
leaves, and flowers made from Eleutherine bulbosa (Mill.) Urb.
Food Science and Nutrition, 7(1), 148-154.
https://doi.org/10.1002/fsn3.834

Shiga, K., Hara, M., Nagasaki, T., Sato, T., Takahashi, H., & Takeyama,
H. (2015, December 11). Cancer-associated fibroblasts: Their
characteristics and their roles in tumor growth. Cancers. MDPI
AG. https://doi.org/10.3390/cancers7040902

Shikov, A. N., Pozharitskaya, O. N., Makarov, V. G., Wagner, H.,
Verpoorte, R., & Heinrich, M. (2014, July 3). Medicinal Plants of
the Russian Pharmacopoeia; Their history and applications.
Journal of Ethnopharmacology. Elsevier Ireland Ltd.
https://doi.org/10.1016/j.jep.2014.04.007

Singab, A. N. B., Ayoub, I. M., El-Shazly, M., Korinek, M., Wu, T. Y.,
Cheng, Y. Bin, Wu, Y. C. (2016, December 15). Shedding the light
on Iridaceae: Ethnobotany, phytochemistry and biological
activity. Industrial Crops and Products. Elsevier B.V.
https://doi.org/10.1016/j.indcrop.2016.07.040

Smith, N. R., Baker, D., Farren, M., Pommier, A., Swann, R., Wang, X.,
Barry, S. T. (2013). Tumor stromal architecture can define the
intrinsic tumor response to VEGF-targeted therapy. Clinical
Cancer Research, 19(24), 6943-6956.
https://doi.org/10.1158/1078-0432.CCR-13-1637

Smyrek, 1., & Stelzer, E. H. K. (2017). Quantitative three-dimensional
evaluation of immunofluorescence staining for large whole
mount spheroids with light sheet microscopy. Biomedical Optics
Express, 8(2), 484. https://doi.org/10.1364/boe.8.000484

Song, S. H., Min, H. Y., Han, A. R.,, Nam, J. W., Seo, E. K., Seoung Woo
Park, Sang Kook Lee. (2009). Suppression of inducible nitric
oxide synthase by (-)-isoeleutherin from the bulbs of Eleutherine
americana through the regulation of NF-kB activity.
International Immunopharmacology, 9(3), 298-302.
https://doi.org/10.1016/j.intimp.2008.12.003

Sung, K. E., Yang, N., Pehlke, C., Keely, P. J., Eliceiri, K. W., Friedl, A.,
& Beebe, D. J. (2011). Transition to invasion in breast cancer: A
microfluidic in vitro model enables examination of spatial and

93



temporal effects. Integrative Biology, 3(4), 439-450.
https://doi.org/10.1039/c0ib00063a

Takei, Y., Takahashi, Y., Machida, S., Taneichi, A., Takahashi, S.,
Nagashima, T., Morisawa, H., Saga, Y., Matsubara, S., &
Fujiwara, H. (2017). Response to and toxicity of gemcitabine for
recurrent ovarian cancer according to number of previous
chemotherapy regimens. Journal of Obstetrics and Gynaecology
Research, 43(2), 358-364. https://doi.org/10.1111/jog.13203

Thiagarajah, K., Ong, M. K., Teh, L. K., & Lye, H. S. (2019). Plants
Infused Water as Preferred Healthy Drinks. In Bottled and
Packaged Water (pp- 367-402). Elsevier.
https://doi.org/10.1016/b978-0-12-815272-0.00013-1

Thakur, M., Singh, K., & Khedkar, R. (2020). Phytochemicals: Extraction
process, safety assessment, toxicological evaluations, and
regulatory issues. In Functional and Preservative Properties of
Phytochemicals (pp- 341-361). Elsevier.
https://doi.org/10.1016/B978-0-12-818593-3.00011-7

Vijayarathna, S., & Sasidharan, S. (2012). Cytotoxicity of methanol
extracts of Elaeis guineensis on MCF-7 and Vero cell lines. Asian
Pacific Journal of Tropical Biomedicine, 2(10), 826-829.
https://doi.org/10.1016/S2221-1691(12)60237-8

Vinci, M., Box, C., Zimmermann, M., & Eccles, S. A. (2013). Tumor
spheroid-based migration assays for evaluation of therapeutic
agents. Methods in Molecular Biology, 986, 253-266.
https://doi.org/10.1007/978-1-62703-311-4_16

Wang, Y. J., Wang, F., Yu, L. X., Xiang, Y. J., Zhou, F., Huang, S. Y.,
Liu, L. Y. (2022). Worldwide review with meta-analysis of
women’s awareness about breast cancer. Patient Education and
Counseling, 105(7), 1818-1827.
https://doi.org/10.1016/j.pec.2021.12.012

Wapnir, I. L., Tsai, J., & Aebi, S. (2018). Locoregional recurrence after
mastectomy. In The Breast: Comprehensive Management of
Benign and Malignant Diseases (pp. 808-813.e3). Elsevier Inc.
https://doi.org/10.1016/B978-0-323-35955-9.00061-1

World Health Organisation. (2018). Latest global cancer data. Retrieved
from http://gco.iarc.fr/,

World Health Organisation. (2020). Latest global cancer data: Cancer
burden rises to 19.3 million new cases and 10.0 million cancer
deaths in 2020. International Agency for Research on Cancer,
(december), 13-15.

94


https://doi.org/10.1111/jog.13203
https://doi.org/10.1016/B978-0-12-818593-3.00011-7

Xu, J., Qiu, F., Duan, W., Qu, G., Wang, N., & Yao, X. (2000). New
bioactive constituents from eleutherine americana. Frontiers of
Chemistry in China, 1(3), 320-323.
https://doi.org/10.1007/s11458-006-0032-7

Yakavets, 1., Francois, A., Benoit, A., Merlin, J. L., Bezdetnaya, L., &
Vogin, G. (2020). Advanced co-culture 3D breast cancer model
for investigation of fibrosis induced by external stimuli:
optimization  study. Scientific = Reports, 10(1), 1-11
https://doi.org/10.1038/s41598-020-78087-7

Yusri, N. M., Chan, K. W., Igbal, S., & Ismail, M. (2012). Phenolic content
and antioxidant activity of hibiscus cannabinus L. Seed Extracts
after Sequential Solvent Extraction. Molecules, 17(11), 12612-
12621. https://doi.org/10.3390/molecules171112612

Zhang, Q., Zhou, M. M., Chen, P. L., Cao, Y. Y., & Tan, X. L. (2011).
Optimization of Ultrasonic-Assisted Enzymatic Hydrolysis for the
Extraction of Luteolin and Apigenin from Celery. Journal of Food
Science, 76(5), 680-685. https://doi.org/10.1111/j.1750-
3841.2011.02174.x

95


https://doi.org/10.1007/s11458-006-0032-7

APPENDICES

Appendix A

Table 3.1 : List of Cell Culture Types Used in this Research

Cell Type

Description

MCF-10A

MRC-5

MCF-7

MDA-MB-231

Non-tumourigenic epithelial cell line. Display
characteristic of a luminal ductal cell but not of
myoepithelial. Adherent cells with spindle shape
morphology. Homo sapiens o
Normal lung fibroblast cell. A Diploid cell line and

‘ adherent cells with spindle shape morphology. Homo

| sapiens

‘ An adenocarcinoma epithelial cell. Human breast
cancer cell line with estrogen, progesterone, and
glucocorticoid receptors. Adherent cell with round,
oblong, or irregular shape. Homo sapiens

A metastatic mammary adenocarcinoma epithelial cell.
Human breast cancer cell line with triple-negative
characteristics. Adherent cell with round shape
morphology. Homo sapiens

Table 3.2 : Cell Culture Media Formulation

Cell Type Media formulation

MCF-10-A DMEM F-12 + 5% Horse Serum + EGF +
Hydrocortisone + Insulin + Pen/Strep.

MRC-5 | RPMI + 10% FBS + 5% Pen/Strep + 1% Amp B

MCF-7 | RPMI + 10% FBS + 5% Pen/Strep + 1% Amp B

MDA-MB-231 ' DMEM + 10% FBS + 5% Pen/Strep + 1% Amp B
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