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CHAPTER |

INTRODUCTION

1.1 Rationale

In 2018, new cases of cancer are expected around 18.1 million, with 9.6 million
cancer related death cases. Thus, this disease continues to be leading of morbidity,
mortality and increasing cost of healthcare worldwide. Breast cancer is the most
prevalence among females and becomes primary cause of cancer death, estimated
2.3 million new cases globally a year. Moreover, the prevalence of breast cancer
worldwide might be increased throughout the new cases of male breast cancer (Bray

et al,, 2018; Leone et al., 2021; Nardin et al., 2020).

In addition to genetics, various risk factors and socio-lifestyle factors such
smoking, drinking, eating fast food, getting little exercise, and obesity have
contributed to the development of the condition. Additionally, unfavorable
environmental factors like radical exposure might disrupt a cell's biological
equilibrium. One of the effects of an imbalance in cell homeostasis brought on by a
lack of antioxidants and an increase in the formation of reactive oxygen species (ROS)
is oxidative stress. Even though ROS may exhibit a variety of defining characteristics,
like starting DNA damage and dysregulate gene expression, it is implicated in the
etiology of many illnesses, including cancer. It has become evident that ROS levels
play a crucial role in cancer cell growth, development, and cell proliferation as a

result of cancer-associated cellular stress (Khan et al,, 2021; Tufail et al,, 2021).

Currently, existing therapeutic approaches such as radiotherapy and
chemotherapy have failed to provide adequate relief to cancer patients due to non-
selective cell death (Trachootham et al,, 2009). Furthermore, drug resistance is a
common side effect of cancer and a major contributor to chemotherapy failure. As a

result, there is still a need to investicate more effective, safer, and inexpensive



anticancer medications from alternative sources. Several studies have recently
concentrated on identifying bioactive chemicals with anticancer potential from

natural sources such as plants and fungi (Lukong, 2017; Sarfraz et al., 2020).

Traditional herb medicine is gaining popularity as a therapeutic treatment. Among
this, previous study showed that phenolic compounds were largely found substances
in Smilax sp. as medicinal plants. These compounds such as catechin, astilbin,
isoastilbin, taxifolin, and smiglasides extracted by hot water from the medicinal plant
Smilax glabra and allied species had strong growth-inhibition activities in vitro and in
vivo (Nawab et al., 2011; She et al, 2015). In addition, a well-known medicinal
mushroom Phellinus linteus, which its hot water extracts were containing
polysaccharides (such as B—gtucan) and polyphenols. These compounds found to be
effective in reducing cancer cell viability and in scavenging the free radicals (Sarfraz

et al., 2020; Wong et al., 2020).

The numerous compounds included in foods and their potential to prevent a
number of chronic illnesses point to the eating of whole foods and a varied diet.
According to certain investigations, using the whole herb has greater results than
using only one active ingredient (Chen et al,, 2022; Habtemariam, 2017). A prior
investigation revealed that the polysaccharides from jujube plant and phenol
compound from 6-gingerol combined had synergistic effects to improve the
antioxidant and antitumor activities (Wu et al,, 2021). Due to their complementary
therapeutic benefits, natural polysaccharides combined with phenolic compounds

are estimated to boost biological activity.

The extraction solvent is one of the most important factors concerning the
effectiveness of extracting bioactive chemicals from natural sources and their
consequent health benefits (Do et al,, 2014). The diverse chemical properties and
polarities elicited by distinct solvents extraction result in a variety of antioxidant

activity. The different polarity of solvents also presented a range of cytotoxicity in



cancer cell. Cytotoxicity was shown to be reduced in the crude extract obtained
using polar solvent extraction compared to a non-polar solvent extraction (Machana

et al.,, 2012; Sultana et al., 2009).

The concept of treating with one or few active compounds is gaining recognition
in the modern treatment of many diseases (Habtemariam, 2017). However, the
synergy of the various components from combination of extracts may be effective in
the treatment of chronic and complex disorders including cancer. Moreover, breast
cancer has many types, and this study used MCF-7, MDA-MB-231, and MDA-MB-468
cell lines. MCF-7 is a common breast cancer model through the expression of
estrogen and progesterone receptor, while MDA-MB-231 and MDA-MB-468 are triple
negative breast cancer models that have metastatic ability (Dai et al., 2017). Thus,
the use of various breast cancer types can serve as an excellent model for hormonal

sensitivity and metastatic breast cancer research.

This study aimed to investigate the individually extract and interaction of Smilax
sp. ethanol crude extract combined with P. linteus hot water crude extract in three
distinct ratios as well as combination 1 (contained 50%:50% of Smilax sp.:P. linteus),
combination 2 (25%:75% of Smilax sp.:P. linteus), and combination 3 (75%:25% of
Smilax sp.: P. linteus) through antioxidant activities via DPPH and ABTS assays, also
this study provided anticancer activities acquired by in vitro methods such as MTT,
apoptosis, BrdU, and colony formation assays on three different breast cancer cell
lines, which are expected to enhance these compounds potential as a chemo-

preventive agent.

1.2 Objective of the study
To investigate antioxidant and anticancer activities of the Smilax sp. and

Phellinus linteus crude extract individually and the mixture.



1.3 Expected beneficial outcome
The findings of this study are expected to provide the optimum mixture of
bioactive compounds from Thai herbs crude extracts such as Smilax sp. and

Phellinus linteus.

1.4 Research design

The research scheme of this study was shown in Figure 1.

Phellinus linteus Smilax sp.

Water extraction -----( |- Ethanol extraction

Crude extracts

| |
Individual extracts | | Mixture with 3 distinct ratios

Preliminary structural
Characterization for P. linteus

Preliminary compound screening

+  Thinlayer chromatography —| Determination of antioxidants
+ Total phenolic content
+ Total polysaccharide content « DPPH

ABTS

Determination of anticancer ‘

Cytotoxic

Cell proliferation
= Apoptosis
« Colony formation

Figure 1. Research design for antioxidant and anticancer activities investigation of

Smilax sp. and Phellinus linteus crude extracts.



CHAPTER Il

LITERATURE REVIEW

2.1 Smilax sp.

The medicinal Smilax sp. from family Smilacaceae, Liliales, popularly called as
sarsaparilla. It can be found in several areas such as Brazil, China, Himalayas, and
Indochina including Thailand (Lee et al., 2018; Martins et al., 2014). This genus is one
of the best-selling medicinal plants in traditional pharmacies in Thailand and has
been globally recognized drugs in pharmacies throughout Brazil (Itharat et al., 2004;
Martins et al.,, 2014). Smilacaceae contains advantageous phytochemical, which are
mainly from phenolic compounds (Lu et al, 2014). In traditional medication, the
extract from some parts including leaf and root are used to treat health problem
such as rheumatism, asthma, and toothaches (Itharat et al., 2004; Raul et al.,, 2017;

Winterbottom, 2015).

A

Figure 2. The appearance of Smilax sp. (Smilax corbularia). A: Aerial parts (leaves,

stems, fruits) (source: https://worldfloraonline.org/images/fullsize/145823.jpg), B: Root

parts (source: Jeeno et al., 2022).

Smilax glabra Roxb (S. glabra) and Smilax corbularia Kunth (S. corbularia) are

most quoted species that distributed all over eastern and southeast regions of Asia


https://worldfloraonline.org/images/fullsize/145823.jpg

(Jeeno et al,, 2022; Koyama, 1984). These species can be found in evergreen forest,
sparse woodlands, and mixed deciduous forest. S. corbularia is a medicinal plant
native to Cambodia, China Southeast, Hainan, Laos, Myanmar, Vietnam and Thailand.
It has some identified characteristics such as a climber plant that has dark red flesh,
delicate texture, and a buttery flavor (Jeeno et al., 2022; Kress et al., 2003) (Figure 2).
Recently, S. corbularia has been identified to contain various biological activities such
as antioxidant, antibacterial, anti-inflammatory and anticancer (Iltharat et al., 2004;
Jeeno et al, 2022). According to the previous study, the ethanol and methanol
extracts from S. corbularia’s root part has higher total phenolic content and total
flavonoid content compared to its water extraction. Some compounds have been
found as Longistylin A, (9)-neolinderatin, neolinderatone, and stigmatellin Y
discovered in S. corbularia ethanol extract were also shown to have anti-

inflammatory and antioxidant properties in the same study (Jeeno et al., 2022).

2.2 Phellinus linteus

Phellinus linteus (P. linteus) is known as a medicinal mushroom in traditional
oriental medicine which distributed in China, Japan, Korea and Thailand (Lee et al,
2015; Qin et al., 2023). This Basidiomycota can be found growing on different trees
including trunk of popular, oak and mulberry (Sliva, 2010). The morphology of P.
linteus has some characteristics were ungulate, sessile, hard woody and in the upper
surface of basidiocarps was concentrically zonate with the color of dark chestnut
(Hong et al, 2002; Min & Kang, 2021) (Figure 3). Both fruiting bodies and cultured

mycelia were usually used to isolate the substance from P. linteus (Qin et al., 2023).



Figure 3. The appearance of Phellinus linteus fruiting body (source:

https://www.out-grow.com/phellinus-linteus)

Genus Phellinus revealed has main component polysaccharides and other minor
components such as terpenoids, flavonoids, polyphenolics (He et al, 2021).
Especially hot water extraction from fruiting bodies of P. linteus has major
polysaccharides >60 g/100g dry weight with total glucan content around 24.5 ¢/100g
[comprised of Q-glucan and B-glucan] (Kozarski et al., 2011). Other previous study
reported the polysaccharides of P. linteus comprised of (1,3)-B-glucan with (1,6)- B
link branch point (Baker et al., 2008; Reis et al., 2014). Numerous yellow polyphenol
pigments from the genus Phellinus, including hispidin and hipolon, have been found
to have antioxidant and anti-inflammatory (Li et al,, 2019; Sarfraz et al,, 2020).
Recently, many studies have shown and clarified its immuno-modulator effects,
including the inhibition of cell proliferation and metastasis, as well as the activation
of apoptotic events against cancer both in vitro and in vivo (He et al., 2021; Konno et

al,, 2015; Mei et al,, 2015).

2.3 Antioxidants

The importance of different reactive species, including reactive oxygen species
(ROS), reactive nitrogen species (RNS), and reactive sulfur species (RSS) has long been
recognized as their role to maintenance the biological homeostasis, in the

transmission of information, signaling, immunity and development, when available in
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appropriate low amounts (Sies & Jones, 2020; Vona et al, 2021). ROS is mainly
discussed to cause the pathogenesis and progression in many diseases. The sources
of ROS production can be found both endogenous and exogenous. The endogenous
ROS mainly produced in mitochondria and membrane bound NADPH oxidases
(NOXs). ROS used to represented the free radicals such as superoxide anion radical
(O, ), hydroxyl radical («OH), alkoxyl radical (ROs), peroxyl radical (ROOs), as well as
non-radical oxidant including hydrogen peroxide (H,0,) and hypochlorous acid (HOCL)
(Sies & Jones, 2020). The exogenous sources of ROS can be produced from the
exposure of radiation (UV or X-rays), smoke, bacteria, viruses and drugs (Pham-Huy et

al., 2008).

Oxidative stress in living things results from an imbalance between the
production of reactive oxygen species (ROS) and the capacity to neutralize them. A
lack of natural defense and an overabundance of reactive chemicals damage the
lipids, proteins, and DNA in cells, which eventually triggers the pathogenesis of a
number of illnesses. When created in excess, as in inflammation, ROS can lead to the
creation of additional highly reactive species (Vaziri, 2008). the oxidative alteration of
crucial enzymes or regulatory sites, whose redox modification results in altered cell
signaling and programmed cell death. Oxidative stress and inflammation are tightly
connected. Oxidative stress can trigger inflammation, which in turn triggers oxidative
stress, producing a vicious cycle that results in cell damage (Ishibashi, 2013; Petrie et

al., 2018).

Cardiovascular disease, diabetes, rheumatoid arthritis, cancer, and neurological
illnesses are among the pathologies where ROS have been recognized as
fundamental variables (Valko et al, 2007). Recently, the use of exogenous
antioxidants has been advocated as a treatment (Di Meo et al., 2016). Antioxidants
operate as free radical scavengers, peroxide decomposers, singlet oxygen quenchers,
enzyme inhibitors, and synergists to delay or decrease lipid oxidation. Lipid oxidation

may play a role in coronary heart disease, atherosclerosis, cancer, and aging in vivo



(Rufino et al., 2011). Vitamins A, C, and E, as well as carotenoids, flavonoids, and
other simple phenolic compounds found in natural foods, have been shown to have

antioxidant properties (Arnao et al., 2001).

There has been a lot of interest in producing and using effective natural
antioxidants of certain polysaccharides extracted from plants, herbs, and fungi have
antioxidant  properties but low cytotoxicity. Many polysaccharides and
polysaccharide-protein complexes derived from fungi have been employed as
medicinal treatments (Ge et al,, 2013). This explains why the hunt for natural

antioxidants has expanded dramatically in recent years (Morais et al., 2014).

2.4 Breast cancer

There will be about 2.1 million diagnosed breast cancer worldwide with around
1 in 4 cases of cancer among females in 2018 (Bray et al,, 2018). Over 3.8 million
women in the United States have a history of breast cancer at the start of 2019. This
figure comprises about 150,000 women with metastatic breast cancer, of whom 75%
had stage |, stage Il, or stage Il breast cancer at the time of their first diagnosis

(Mariotto et al., 2017).

Moreover, the disease occurs globally, its incidence, mortality, and survival rates
vary significantly around the world, which could be attributable to a variety of factors
such as population structure, lifestyle, genetic factors, and environment (Hortobagyi
et al,, 2005). With rapid growth of the population and aging, the factor of cancer risk
developed as a leading cause of premature death due to other diseases relative to
cancer, such as stroke and coronary heart disease in many countries, which was a

reflection of social and economic development (Bray et al., 2018).

A hundred quantitative and qualitative studies related to breast cancer have
been published recently with focus on therapeutic and diagnostic aspects using the
cell lines as object. The history reported BT-20 was the first breast cancer cell line to

be created in 1958 (Lasfargues & Ozzello, 1958). MCF-7, created in 1973 at the
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Michigan Cancer Foundation, is still the most extensively utilized breast cancer cell
line in the world 20 years later (Soule et al., 1973). Subsequently, it was discovered
that breast cancer was a heterogeneous and complex condition. Histological type,
tumor grade, lymph node status, and the presence of specific profiles like ER/PR and
human epidermal growth factor receptor 2 (HER2) were used to classify the cells.
Due to the ER/PR-dependent breast cancer subtype MCF-7, its expression is
frequently responsive to treatment processes and is representative as a model for
hormonal inquiry. In a metastatic model where ER, PR, and HER2 markers are absent,
MDA-MB-231 and MDA-MB-468 are overrepresented, which could facilitate growth
and lead to therapeutic resistance. The aggressive form of metastatic cancer is also
increased in MDA-MB-231 due to large quantities of a mutant p53 gene (Bajalovic et
al., 2022; Garcia et al., 2021; Holliday & Speirs, 2011).

Breast cancer treatment for all subtypes eventually leads to resistance, which
often leads to increasing disease and death. Drug resistance is a common symptom
of cancer and a primary cause of treatment failure (Lukong, 2017). The rising number
of cancer fatalities requires the rapid development of therapeutic techniques with

fewer cytotoxic side effects and resistance (Hashem et al., 2022).

2.5 Anticancer

Conventional cancer treatments include radiotherapy, chemotherapy, and
surgical removal; however, these therapies are less effectiveness due to the risk of
cells' resistance (Zhang et al, 2017). Natural substances have a number of
advantageous properties, including the ability to treat cancer and enhance health.
Alkaloids, taxanes, and flavonoids are only a few examples of the natural substances
that constitute the basis of many currently used medicinal medications
(Hasanpourghadi et al., 2017). Natural products have shown selective effects against
cancer cells. Their chemical structures can also be used as models to create new
medications with similar benefits or superior to those of currently available natural

products, with fewer side effects and resistance (Cavalli et al., 2008).
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It is expected that between 50% and 60% of cancer patients in the United
States use plant or nutritional substances as a supplementary or substitute
medication. The application is typically used as a single therapy or in conjunction
with chemotherapy and/or radiation therapy. The anticancer properties of natural
plant-derived bioactive substances were validated by evidence-based study. Many
studies have resulted in an increase the number of comprehensive compounds used
as chemical and biological functional agents with beneficial effects on human health

(Meybodi et al., 2017).

Signaling pathways control cellular development and cause various changes in
different cell types. Cell survival, proliferation, and motility are all regulated by
several signaling pathways. When a mutationally activated route is blocked by an
inhibitor, cancer cells can proliferate via an alternative signaling pathway. Thus, it
suggested leading the resistance of cancer cells (Sever & Brugge, 2015). Natural
products tend to target multiple oncogenic signaling pathways simultaneously by
modulating the activity or expression, or both, of their molecular targets, affecting
apoptotic cell, cell proliferation, migration/invasion, angiogenesis, metastasis, and
other pathways that are specific to certain natural products. Most natural products
target intrinsic apoptotic signaling pathways, which result in a number of intracellular
signals that set off mitochondrial-initiated processes that kill cancer cells. It's

interesting that natural products can be used as adjuvants to help chemoresistant

tumors become more responsive to medication (Hashem et al., 2022).

A study showed that resveratrol, a non-flavonoid phytoalexin substance from
plant derivative has been reported to inhibit cell proliferation and induce
mitochondrial-mediated and caspase-independent apoptosis in  transgenic
adenocarcinoma of mouse prostate (TRAMP) cells. It was shown that resveratrol
exerted its anticancer effects through changes in the expression of Bax/Bcl-2 and
disturbance of the mitochondrial membrane potential in TRAMP cells (Kumar et al.,

2017). Other study about reported some dietary patterns that contain a high intake



12

of phenolics-rich foods, primarily phytoestrogens that can bind to ER, such as
isoflavones in soy-based products in Asian countries, have been linked to strong
protective effects against breast cancer (Chen et al, 2014). As a result of their
excellent selectivity, low cost, and minimal toxicity, natural compounds and their

derivatives may be better chemotherapeutic agents.
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CHAPTER Il

MATERIALS AND METHODS

3.1 Materials

3.1.1

3.1.2

Sample materials

Smilax sp. and Phellinus linteus powdered: Nature Herb International
Holding Co., Ltd.

MCF-7 cell line: ATCC, Virginia

MDA-MB-231 cell line: ATCC, Virginia

MDA-MB-468 cell line: kind gift from Center of Excellence in Molecular
Genetics of Cancer and Human Disease, Chulalongkorn University, Thailand
HEK-293 cell line: kind gift from Center of Excellence in Molecular Genetics

of Cancer and Human Disease, Chulalongkorn University, Thailand

Equipment

Autoclave: model Tomy Sx 700E, Bio-active co. ltd., Thailand
Reflux extractor: SCI

Soxhlet column: Cytiva Life Science, China

Freeze dryer: model Heto PowerDry LL 3000, Thermo Fisher Scientific, UK
Rotary evaporator: model Eyela N-1000, Japan

Refrigerator -20°C: Sanden, Thailand

Refrigerator -80°C: model TSX series, Thermo Fisher Scientific, UK
Microscope inverted: Motic, US

Incubator CO,: Thermo Fisher Scientific, UK

Centrifuge: Wise spin, Swiss

Laminar Air Flow: Clean series 1000

Spectrophotometer: Thermo Fisher Scientific, USA

Flow cytometer: Beckman Coulter Dx Flex Flow Cytometer, US
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Water bath: M-LAB, MTECH, Thailand

Hot plate: model IKA C-MAG HS-10, Thailand

Vortex: Four E's scientific, China

Weight balance: Shimadzu Corporation, Japan

Hot air oven: BINDER GmbH, Germany

Ultra-violet light plate: LIO LAB LTD., PART., Thailand

Fourier transform infrared (FTIR): INVENIO FT-IR Spectrometer, Bruker, Swiss
High performance liquid chromatography (HPLC): Shimadzu Corporation,
Japan

Gel permeation chromatography (GPC): Shimadzu Corporation, Japan
96-well plate: Thermo Fisher Scientific, USA

6-well plate: Thermo Fisher Scientific, USA

Micropipette: Gilson, USA

Micropipette tips: NEST, China

Serological pipette: OniLAB, USA

Serological tips: NEST, China

Flasks: Thermo Fisher Scientific, USA

Falcon tubes: NEST, China

Microtubes: NEST, China

Silica gel plates: Sigma-Aldrich, USA

Cryoprotection tubes: Axygen, USA

Syringe 1 ml: Terumo, China

Syringe filter 13mm: National Scientific, USA

Chemicals

Ethanol 95%
Distilled water

P-anisaldehide reagent
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Follin-Ciocalteu reagent: Loba Chemie PVT LTD., India
Sodium carbonate: Scharlau, Spain

Gallic acid: Fluka, Sigma-aldrich, Switzerland

Anthrone reagent: Sigma-Aldrich, USA

D-Glucose: Thermo Fisher Scientific, USA

D-Mannose: Kemaus, Australia

D-Galactose: Kemaus, Australia

D-Fructose: Kemaus, Australia

D-Xylose: Kemaus, Australia

1-Butanol: Thermo Fisher Scientific, USA

Acetic acid: Qréc, New Zealand

NaOH: Qréc, New Zealand

Sulphuric acid: Thermo Fisher Scientific, USA
2,2-diphenyl-1-picrylhydrazyl (DPPH): Sigma-Aldrich, USA
Methanol: RCI Labscan, Thailand
2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid (ABTS): Sigma-Aldrich,
USA

Potassium persulfate: Ajex Finechem, New Zealand
Ascorbic acid: commercial brand HICEE, Japan
Dulbecco’s modified eagle medium (DMEM): Gibco, USA
Fetal Bovine Serum (FBS): Gibco, USA

Antibiotic: Gibco, USA

Phosphate Buffered Saline (PBS): Gibco, USA

3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT): Abcam,
UK

DMSO: Merck, Sigma-Aldrich, USA

Cisplatin: Glentham Life Science, UK
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- Trypsin-EDTA: Gibco, USA
= 5-bromo-2’-deoxyuridine (BrdU) reagent kit: Roche, Germany
- Apoptosis Annexin V-FITC reagent kit: Abcam, UK

- Dye crystal violet staining: Abcam, UK
3.2 Methods

3.2.1 Extraction of Smilax sp. and Phellinus linteus

The powdered of Smilax sp. rhizome was extracted by 95% ethanol solvent
and P. linteus fruiting body used hot water extraction, with a solid-to-liquid ratio of
1:60 w/v and heated at 80°C for 6 hours in reflux extractor with soxhlet filter
(Fauzantoro et al., 2017; Moldovan et al., 2019). The crude extract was collected
and evaporated in a rotary evaporator for Smilax sp. extract product, and
evaporated by lyophilizing for P. linteus extract product. The dried extracts were
weighted to calculate the yield and were stored in refrigerator at -20°C for the
further use. The preparation of extracts to determinate the total polysaccharide
content, total phenolic content, antioxidant activities and anticancer activities was
used five samples. The variation of the samples were individually crude extracts
from Smilax sp. and P. linteus, and in combinations with different ratios such as
combination 1 (contained 50%:50% of Smilax sp.:P. linteus), combination 2
(25%:75% of Smilax sp.:P. linteus), and combination 3 (75%:25% of Smilax sp.: P.
linteus). Primarily, the dried crude extract of Smilax sp. was diluted in DMSO, while
P. linteus was diluted in distilled water for the stock solutions. After that, the stock
was diluted into the serial of concentrations with the solution as mention in each
method. For anticancer activities, sample stocks were freshly diluted with complete
medium in serial concentration as required in each method. The content of DMSO

in final medium was around 0.1%. All assays were conducted in triplicate.
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3.2.2 Preliminary compound screening

3.2.2.1 Evaluation of total phenolic content

The total phenolic content (TPC) was determined using Follin-Ciocalteu
(FO) reagent method by Hong et al. (2021). The stock of extracts (Smilax sp. at
concentration 400 pg/mL, P. linteus was 10000 pg/mL, combination 1 was 400
ug/ml, combination 2 was 800 pg/mL, and combination 3 was 400 pg/mL) and/or
gallic acid (0-100 pg/mL) were dissolved in distilled water at appropriated
concentrations and mixed with FC reagent (ratio of FC:water was 1:3) thoroughly
for 5 minutes. After that, sodium carbonate (10% w/v) was added to the mixture
and incubated for 60 minutes at room temperature in the dark condition. The
absorbance of the mixture was detected at 765 nm using spectrophotometer. TPC
was expressed as milligram of gallic acid equivalent (GAE) per gram defatted the

crude extract (mg GAE/g crude dry extract) (Hong et al., 2021).

3.2.2.2 Evaluation of total carbohydrate content

The amount of total carbohydrates was determined as described by Chu
et al. (2018). The stock of extracts was dissolved in distilled water at required
concentrations (Smilax sp. at concentration 200 pg/mL, P. linteus was 100 pg/mL,
combination 1 was 200 pg/mL, combination 2 was 200 pg/mL, and combination 3
was 200 pg/mL). The anthrone reagent (1 mg/ml) in concentrated sulfuric acid was
added to sample solution and incubated at 4°C. After that, heated for 10 minutes
in a water bath. After cooling to room temperature, the solution's absorbance at
630 nm was measured using a spectrophotometer. Calculations were made to
compare the samples' total carbohydrate content to the reference solution, which

included glucose (at concentration 0-300 pg/mL) (Chu et al., 2018).

3.2.2.3 Thin layer chromatogram
The qualitative analysis of crude extracts compound was conducted with

thin layer chromatography (TLC) on silica gel plates with some solvent as a
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mobile phase. The plate was visualized under the ultra-violet light and
subsequently dipped with p-anisaldehyde reagent following by heating at 150°C
for 2 minutes. The analysis for polysaccharide from P. linteus and phenolic
compound from Smilax sp. were different. To know the characteristic of P. linteus
polysaccharide with TLC, firstly crude extract was hydrolyzed using sulfuric acid at
high temperature 121°C for 1 hour to generate the monosaccharide units as
described by Tang et al. (2020) with modification (Tang et al., 2020). After that, the
acid was neutralized with sodium carbonate. TLC for monosaccharide was
performed using mixed solvents butanol:ethanolwater with ratio 5:3:2 as
described by Reiffova & Nemcova (2006) (Reiffova & Nemcova, 2006). The crude
extract of Smilax sp. was dissolved in ethanol and performed the TLC using mixed
solvents butanol:acetic acid:water with ratio 4:1:5 as described by Martins et al.

(2014) (Martins et al., 2014).

3.2.2.4 Structural characteristic of Phellinus linteus

Structural characteristics of P. linteus were carried out using three different
methods such as high performance liquid chromatography (HPLC), fourier-
transform infrared spectroscopy (FTIR), and gel permeation chromatography (GPC).
HPLC has performed to investigate the monosaccharides composition which
comprised the polysaccharide in P. linteus. Thus, before performance the HPLC
sample extract was hydrolyzed as the same method as in TLC that described by
Tang et al. (2020) with modification (Tang et al,, 2020). The neutral product was
filtered with syringe filter 13mm to HPLC tube and ready to analyze (Ramos-
Andrés et al.,, 2021). FTIR was method to determine the functional group and
preliminary configuration of P. linteus polysaccharide structure. For FTIR, the
sample preparation was solid phase and data was analyzed in wavenumber
ranging 500-4000 cm™ using Origin 2023 software (Ghosh et al., 2021). GPC was

conducted to identified the molecular weights (M,,s) of P. linteus polysaccharide.
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Sample extract was dissolved the crude extract with distilled water become 5

mg/ml, filtered it and ready to perform the GPC (Wang et al., 2011).

3.2.3 Antioxidant activities

3.2.3.1 Determination with DPPH

The radical scavenging activity of extracts were assayed according to the
DPPH method as described by Mariani et al. (2021) with modification (Mariani et
al,, 2021). The crude extract was serially diluted, mixed with 0.1 mM DPPH
solution, and then incubated for 30 minutes at room temperature in the dark.
Using a spectrophotometer, the extracts' lower absorbance was measured at 517
nm in comparison to the DPPH and methanol combination (control). The
percentage of radical inhibition was calculated using the following formula:

Inhibition (%) = ((A control-A sample) x 100)/(A control) (1)
Where A control was the absorbance of DPPH solution without extract and A
sample was the absorbance of sample with DPPH solution. The half-maximal
inhibitory concentration (ICsy) was reported as the amount of antioxidant required
to decrease the initial DPPH concentration in 50%. The blank was solvent solution
of sample, negative control was solvent with DPPH, and positive control was

ascorbic acid with DPPH.

3.2.3.2 Determination with ABTS

This assay was performed according to Gaber et al. (2021) (Gaber et al,
2021). The radical cation of 2,2-azino-bis ethylbenzthiazoline-6-sulfonic acid
(ABTS") was prepared by mixing 7 mM ABTS solution with 2.45 mM potassium
persulfate at the ratio of 1:1 (v/v) as a stock and leaving the mixture for 4 - 16
hours until the absorbance has stabled. The ABTS™ stock solution was diluted with
distilled water into an absorbance of 0.700 + 0.05 at 734 nm. The photometric
assay was conducted by mixing ABTS" solution with crude extract at different

concentrations. After incubation for 10 minute in the dark, the absorbance mixture
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was measured at 734 nm. The antioxidant activity of crude samples was
calculated compared with the ABTS" solution at the stable absorbance according
to the equation (1). The blank was solvent solution of sample, negative control

was solvent with ABTS®, and positive control was ascorbic acid with ABTS™.
3.2.4 Anticancer activities

3.2.4.1 Cell lines preparation and culture

Three breast cancer cell lines (MCF-7, MDA-MB-231, and MDA-MB-468) and
normal cells (HEK-293) were utilized in this study. According to Daddouissa et.al.,
(2019), all cell lines were cultured in complete medium which contained
Dulbecco’s modified eagle medium (DMEM), 10% FBS, and 1% antibiotic. All cells
were cultured and incubated at 37°C with 5% CO,, and after reached 70-80%
confluence, they were used for further experimental treatment (Daddiouaissa et

al., 2019).

3.2.4.2 Cytotoxicity assay

In this study used the 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium
bromide (MTT) assay to quantify the percentage of cell viability. Followed the
method by Haryanti et al. (2019), 5x10° cells/well were cultured in a 96-well plate
for 24 h and added fresh medium mixed with various concentrations of the
extract. Subsequent to 72 h, remove the cultured medium, and wash the cells
with PBS. 0.5 mg/ml MTT in the medium were added into each well and
incubated for 2.5-3 hours. After that, remove the solution and add DMSO for 10
minutes. The absorbance was measured using spectrophotometer at wavelength
595 nm. The absorbance data were provided as percent viability compared to
untreated cells. The obtained data was used to calculate the percentage of
viable/dead cells using equation as described by Daddiouaissa et al. (2019):

Cell viability (%) = (Abs of sample)/(Abs of control)x 100 (2)
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Where Abs of the sample was the absorbance of treated cells and Abs of control
was the absorbance of untreated cells. The half-maximal inhibitory concentration
(ICso) was reported as the ability of compound concentration that inhibit cell
growth in 50%. ICsy has determined using curves constructed by plotting cell
survival (%) versus the concentration of samples. Blank was DMSO with MTT
solution, negative control was untreated cell with DMSO and MTT, and positive
control was cisplatin treated cell with DMSO and MTT (Daddiouaissa et al., 2019;
Haryanti et al., 2020).

3.2.4.3 Cell proliferative assay

Measuring proliferation rate with BrdU (5-bromo-2’-deoxyuridine) cell
proliferation ELISA kit was used following the description by manufacturer
protocol (Roche, Germany). Cells were planted at a density of 5x10° cells/ml in a
96-well culture plate. The cells were cultivated for additional 24 hours with BrdU
working solution after 72 hours of extract treatment incubation. The supernatant
was then collected and the Fixative/Denaturing Solution was applied to fix and
denature the cells for 30 minutes at room temperature. Anti-BrdU antibody
solution was added and incubated at room temperature for 90 minutes. The
unbound primary antibody was rinsed before the secondary antibody solution was
added and incubated for 30 minutes. Finally, the substrate solution was added
and incubated for 20 minutes in the dark. The amount of BrdU incorporated was

determined using an ELISA reader at 370 nm.

3.2.4.4 Colony formation assay

As described by Sidorova & Petrikaite (2022) with modification, the cells were
cultured into 6-well culture plate (1 x10° cells/well) in complete medium and
allowed to attach overnight (Sidorova & Petrikait@, 2022). After that, the cells were
treated with the extracts for 72 hours. Afterward, the cells were trypsinized, added

the fresh medium and suspended it with centrifuge at 3000 rpm for 5 minutes.
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After that, the cell calculated into 2 x10° cells/well and cultured to the new 6-
well plate for 10 days and changed the medium once in 3 days. After 10 days of
incubation, cells were fixed and stained with solution which contained methanol,
distilled water and 0.5% crystal violet solution at room temperature for 15
minutes. Plate was gently washed with PBS and distilled water. Photos of the cells
were captured under a light microscope at 4x10 magnifications. Colonies were
defined as cells growing (10-50 cells/colony for MCF-7 and 50-100 cells/colony for
MDA-MB-231 and MDA-MB-468). The number of colonies were examined using

manually counting in whole area of 6-well culture plate.

3.2.4.5 Apoptosis assay

The apoptosis assay was conducted among manufacturer protocol kit. The
cell lines 2x10° cells/well were cultured and incubated in 6-well culture plate for
24 hours. Cells were treated with crude extract sample (the concentration of
extracts were followed the value of ICsy of MTT test) for 72 hours. The cells were
then trypsinized, washed in PBS once, and centrifuged at 3000 rpm for 3 minutes.
To assess apoptosis induction, the collected cells were resuspended in Annexin V
binding buffer. The cells were treated with annexin V DY 634 and propidium
iodide reagents before being incubated in the dark for 15 minutes at room

temperature. Flow cytometry was used to examine the apoptotic cells.

3.3 Statistical analysis

All experiments were performed in triplicate and the data were shown as their
mean + standard deviation (SD). The significance of differences between samples in
the same group was examined by one-way analysis of variance (one-way ANOVA)

with Tukey’s HSD post-hoc test at P values less than 0.05 (P<0.05) using IBM SPSS 28.
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CHAPTER IV

RESULTS

4.1 Physiochemical characterization of Smilax sp. and Phellinus linteus

The yield of P. linteus crude extract was higher by approximately 53% compared
to Smilax sp. by about 18% (Table 1). The total phenolic content of all sample
which are individually and in combination extracts were significantly different

(p<0.001; all samples vs. P. linteus) (Figure 4A).

Table 1. Yield of Smilax sp. extract and Phellinus linteus extract

Smilax sp. P. linteus
Yield (¢/9)

0.18 + 0.02 0.53 + 0.05

Note: All data was represented as the mean + standard deviation (SD) of three independent

experiments.

A Total Phenolic Content B Total Carbohydrate Content

Combination 3

|+ 134.64 = Combination 3

Combination 2 Combination 2

Combination 1 j';sr.ss*** Combination 1 ///////////////////ﬁ 06

0
P linteus I 4.30 P. linteus
Smilax sp 5—1184.41 Smilax sp. %—1 0.25***
0.00 50.00 100.00 150.00 200.00 0.00 0.20 0.40 0.60 0.80 1.00
mg GAE/g dry weight mg/mg glucose standard

Figure 4. Chemical properties of Smilax sp., P. linteus and combinations. All data
was represented as the mean + standard deviation (SD) of three independent
experiments; *** represented P<0.001 vs. P. linteus among the same group from
statistical analysis using One-way ANOVA with Tukey’s HSD post-hoc test. GAE, gallic

acid equivalent.

Smilax sp. had the highest total phenolic concentration, at about 18.4% of dry

weight, followed by combinations 3 (13.4%), 1 (9.76%), 2 (5.56%), and P. linteus,



24

which had the lowest total phenolic content, at about 0.48% of dry weight.
Individual extract of P. linteus exhibited the highest total polysaccharide content of
about 89% (w/w), followed by combination 2 (82%), combination 1 (60%),
combination 3 (42%), and Smilax sp. (25%). The results were also statistically

different (p<0.001; Smilax sp., combination 1 or combination 3 vs. P. linteus) (Figure

4B).

4.2 Preliminary structural analysis of crude polysaccharide from Phellinus linteus
The finding from HPLC assay of monosaccharide composition are listed in Table
2. The crude polysaccharide of P. linteus was shown to be a heteropolysaccharide

consist of g¢lucose, arabinose, and other monosaccharides based on the

monosaccharide standards.
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Figure 5. Fourier-transform infrared spectroscopy spectra of Phellinus linteus crude

polysaccharide.
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Table 2. Monosaccharide composition from Phellinus linteus crude polysaccharides

Monosaccharide composition (% w/v)

P. linteus Glucose Arabinose Other monosaccharides

96.42 1.68 1.89

w/v: mg/ml

FT-IR spectra of P. linteus crude polysaccharide was displayed in a range of
wavenumbers between 500 and 4000 cm™ (Figure 5). For the O-H stretching vibration,
the profile of this crude polysaccharide showed a broad stretching peak at about
3314.35 cm™, and for the C-H stretching of CH2 groups, it had a weak stretching peak
at around 2914.00 cm™ (Ge et al,, 2013; Pei et al., 2015). Uronic acid was present due
to the COO-deprotonated carboxylic group inferred by absorption at 1637.01 cm™,
and a peak at about 1411.15 cm™ indicated the ~OH group of phenol (Ghosh et al.,
2021; Z. B. Wang et al., 2014). Strong banding at 1011.75 cm™ suggested the vibration
of the pyranose ring. Peak at 900 cm-1 (920.46 cm™) implied the B-configuration of
sugar unit. The presence of B-D-glucosidic linkages was suggested by a faint band
between 845.33 and 763.88 cm™ (Ge et al,, 2013; Ghosh et al,, 2021; Z. B. Wang et
al,, 2014).
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Figure 6. Gel permeation chromatography chromatogram of Phellinus linteus crude

polysaccharide.

The molecular weight (M,,s) of the crude polysaccharide isolated from P. linteus
was determined using GPC. The averages M,s for the crude polysaccharide were
2,625.41 kDa and 2.416 kDa, respectively, with retention time of 11.913 and 19.254
for the two major peaks (Figure 6). According to the second peak's height, low
molecular weight polysaccharide was the majority of P. linteus polysaccharide

distribution.

4.3 Thin layer chromatogram

The major of monosaccharide found in the hydrolyzed P. linteus extract was
glucose, due to the position of sample’s band was nearest of glucose standard band
visualized on the TLC with retention factor (Rf) around 0.46 (with green-blue shade)
(Figure 7). The extracted Smilax sp. and all combinations had 3 bands on the TLC
with the same Rf for all samples were 0.26 (blue-greenish), 0.72 (brown), and 0.80
(brown smear) using the p-anisaldehyde reagent and heat method. While, only band
at Rf number 2 could be detected by ultraviolet (UV) light visualization at 254 nm
(Figure 8).
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Figure 7. TLC visualization of hydrolyzed Phellinus linteus and standards using
mixed solvents butanol:ethanol:water with ratio 5:3:2, which performed with p-
anisaldehyde reagent following by heating at 150°C. H.PL (hydrolyzed P. linteus, Rf:
0.45); Glu (Glucose, Rf: 0.46); Ara (Arabinose, Rf: 0.48); Man (Mannose, Rf: 0.49); Xyl
(Xylose, Rf: 0.54); Fruc (Fructose, Rf: 0.48); Gal (Galactose, Rf: 0.40).



28

<+— Rf 3:0.80
<+— Rf 2:0.72—>

+— Rf1:0.26

Figure 8. TLC visualization of Smilax sp. and combinations using mixed solvents

butanol:acetic acid:water with ratio 4:1:5 as mobile phase. A: Performed with p-
anisaldehyde reagent following by heating at 150°C, B: Performed under the UV-light.
S (Smilax sp.), C1 (combination 1), C2 (combination 2), C3 (combination 3).

4.4 Antioxidant activities

The scavenging activity of all samples on DPPH and ABTS were displayed in
Figure 9. Smilax sp., combination 3, combination 1, and ascorbic acid as positive
control had no significant differences in the DPPH results, indicating that they had
higher radical scavenging activity than combination 2 and P. linteus in a manner
dependent on half-maximal inhibitory concentration (ICs,) (P<0.001; P. linteus or

combination 2 vs. Smilax sp.).
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Figure 9. Antioxidant activities of Smilax sp. extract, Phellinus linteus extract, and
combinations scavenging ability on DPPH and ABTS free radical reagent. All data was
represented as the mean =+ standard deviation (SD) of three independent
experiments; *** represented P<0.001 vs. Smilax sp. among the same group
(included the positive control) from statistical analysis using One-way ANOVA with

Tukey’s HSD post-hoc test.

Similar to DPPH results, Smilax sp., combination 3, combination 1 showed greater
ABTS radical scavenging activity had no significant difference with ascorbic acid
compared to combination 2 and P. linteus. The samples showed a trend from strong
to weak scavenging activities were Smilax sp., combination 3, combination 1,

combination 2, and P. linteus in accordance with DPPH and ABTS ICs, values.

4.5 Anticancer activities

4.5.1 Cytotoxicity effect
According to the findings, after 72 hours of treatment, Smilax sp., combination
3 and cisplatin as positive control exhibited the highest levels of cell growth

inhibition and significantly different against MCF-7 compared to combination 1,
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combination 2 and P. linteus (P<0.05; cisplatin vs. Smilax sp., P<0.01; combination 1
vs. Smilax sp., P<0.001; P. linteus or combination 2 vs. Smilax sp.) (Figure 10).
Smilax sp. and combination 3 showed lower amounts than other samples to
suppress growth on MDA-MB-468 (P<0.001; other extracted samples vs. Smilax sp.

or combination 3).

Cytotoxicity effect
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HEK-293 825.74
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———————————12029.84 ***

- o003
| 21.00 ***

| 200.14
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—1 2022.51 %
B o
| 23.50 **
4 342.48 ***
MDA-MB-231 852.91
713,61 **
H 1388.59 ***
R s
| 1692
1 96.81
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137.18 **
~405.96 ***
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0.00 500.00 1000.00 1500.00 2000.00 2500.00 3000.00
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Cisplatin (uM) = Combination 3 g Combination 2 g Combination 1 P. linteus i Smilax sp.

Figure 10. The Cytotoxic effects of Smilax sp. extract, Phellinus linteus extract, and
combinations on the viability of breast cancer and normal cell lines were
investigated. The mean standard deviation (SD) of three independent experiments
was used to represent all data.; *, **, *** represented P<0.05, P<0.01 and P<0.001
vs. Smilax sp. among the same group (cell line’s type, included the positive
control) from statistical analysis using One-way ANOVA with Tukey’s HSD post-hoc
test.
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On the MDA-MB-231 cell line, all extracted samples exhibited statistically
different results (P<0.001; other extracted samples vs. Smilax sp.), and individually
Smilax sp. extract shown a greater level of inhibition activity than the other
extracts. The results demonstrated that the IC5, values against all cancer cell lines
followed the same pattern, with Smilax sp. coming in first, followed by
combinations 3, combination 1, combination 2, and P. linteus. Furthermore, the
extracted materials were highly cytotoxic to MCF-7 but not to MDA-MB-231.
According to an ICso-dependent manner, the damage effect on HEK-293 cells was
less than on MCF-7 cells. Beside P. linteus extract, most extracted samples were
less cytotoxic to HEK-293 cells than to MDA-MB-468. However, the extracted
samples become more toxic to HEK-293 as concentration increased, as did the
results of P. linteus on MDA-MB-468 and all combinations on MDA-MB-231 cell

lines.

4.5.2 Antiproliferative

Each cell line in this short term investigation of cell proliferation inhibition,
received a 72-hour sample treatment before the addition of the BrdU incorporation
reagent. The percentage of cell proliferation after 24 hours of BrdU incubation was
measured and shown in Figure 11. Three different types of breast cancer cell lines
were significantly inhibited in their ability to proliferate by Smilax sp. and P. linteus

extracts individually and in combinations, compared to untreated cells.
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Figure 11. The antiproliferative effects of Smilax sp. extract, Phellinus linteus
extract, and combinations were studied on three different breast cancer cell lines.
For each sample of ICsytreated cells, the percentage cell proliferation was
expressed as the mean standard deviation of three replicates (One-way ANOVA with
Tukey’s HSD post-hoc test). *, ** *** represented P<0.05, P<0.01 and P<0.001 vs.

the untreated among the same group (cell line’s type).

Combination 1 exhibited the lowest amount of cell srowth compared to the
other samples, according to MCF-7 and MDA-MB-231 percentage data were
70.96+1.65% and 23.17+2.52%, respectively. Combination 2 nevertheless displayed
the least amount of cell proliferation on MDA-MB-468. In addition, due to the value
of each extract sample being below 70% of proliferation cells (Smilax sp. was
42.00+1.31%; P. linteus was 65.29+3.12%; combination 1 was 51.91+1.50%;

combination 2 was 41.63+1.40%; combination 3 was 55.36 1.95%), all samples had
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obvious antiproliferative activity on MDA-MB-468 compared to untreated cells. The
positive control of 25uM cisplatin showed the lowest cell proliferative on all breast

cancer cell lines.

4.5.3 Colony formation
A colony formation was investigated after 10 days’ incubation post-treatment.

The percentage of colonies on different breast cancer cell lines was shown in

Figure 12.
Colony Formation
MDA-MB-468
MDA-MB-231
ND
MCR-T

R %
1 *x%

0.00 20.00 40.00 60.00 80.00 100.00 120.00

Percentage of colony (%)

W Cisplatin 25uM [£] Combination 3 B Combination 2 Combination 1

@ P linteus B Smilax sp. [l Untreated

Figure 12. The colony formation test was used to assess the long-term inhibitory
impact of Smilax sp. extract, Phellinus linteus extract, and combinations on three
different breast cancer cell lines. For each sample of ICso-treated cells, the
percentage colony formation was expressed as the mean standard deviation of

three replicates (One-way ANOVA with Tukey’s HSD post-hoc test). *, **, ***



34

represented P<0.05, P<0.01 and P<0.001 vs. the untreated among the same group
(cell line’s type).

The colony percentage of all extracted samples on MCF-7 (P<0.001; all
samples vs. untreated), MDA-MB-231 (P<0.05; Smilax sp. vs. untreated, P<0.01; P.
linteus vs. untreated, P<0.001 combination 1 or combination 2 vs. untreated), and
MDA-MB-468 (P<0.001; all samples vs. untreated) showed a significant difference
compared to untreated cells (expected as 100%). Combination 1 had the lowest
value (49.17+3.85%) among samples against MCF-7 cell lines. On MDA-MB-231 cell
lines, combination 2 (25.30+4.67%) and combination 1 (38.58+6.72%) had a strong
effect on inhibiting the growth of colonies compared to other extracted samples
and untreated cells. Combination 2 (34.47+9.38%) also significantly reduced the
percentage number of colonies against MDA-MB-468 compared to other extracted
samples and untreated cells. The positive control cisplatin treatment at 25 pM

showed non-detectable colonies for all three different breast cancer cell lines.

4.5.4 Apoptosis

After 72 hours of incubation, MCF-7 cells treated with the ICsy values of P.
linteus (3.64+0.21%), combination 1 (2.99+1.97%) and cisplatin (12.82+12.08%) had
a higher percentage of late apoptotic cells than untreated cells (0.20+0.22%).
However, there was no significant different between all samples compared to
untreated cell. For early apoptosis, P. linteus (4.17+0.34%), combination 1
(1.28+0.44%) and cisplatin (21.69+4.56%) had higher percentages than other
extracted sample and untreated cell (0.27+0.20%), however only cisplatin had
substantially significantly different (P<0.001; cisplatin vs. untreated) compared to

untreated cell (Figure 13A).
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Figure 13. The apoptotic effect of Smilax sp. extract, Phellinus linteus extract, and
combinations was studied on three different breast cancer cell lines. (A) MCF-7, (B)
MDA-MB-231, (C) MDA-MB-468. For each sample of ICso-treated cells, the percentage
of cells in late apoptosis and early apoptosis was shown as the mean standard
deviation of three replicates (One-way ANOVA with Tukey’s HSD post-hoc test). *, ***
represented P<0.05 and P<0.001 vs. the untreated among the same group (Late

apoptosis or Early apoptosis in each cell line’s type).

According to the MDA-MB-231 late apoptosis results, combinations 1
(0.96+0.10%) and combination 3 (0.39+0.13%) had greater values than other
extracted samples and untreated cells (0.03+0.03%, Figure 13B). Combination 1

with values of 0.58+0.07%, combination 2 (0.61+0.13%), combination 3
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(0.45+£0.25%) and cisplatin (0.62+0.41%) had increased in early apoptotic rate
compared to untreated (0.16+0.10%). Nevertheless, there was no significant
different in early apoptosis of MDA-MB-231. All extracted samples showed the
lowest apoptosis inductivity on MDA-MB-468 since there was no significant
difference between extracted samples in late or early apoptosis when compared to
untreated cells. In this result, only cisplatin that had the significant different
compared to untreated cell both late and early apoptosis (P<0.001 cisplatin vs.

untreated) (Figure 130).
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CHAPTER V

DISCUSSIONS

5.1 Preliminary compound screening

In this study, P. linteus was extracted from the powdered fruiting body by hot
water, whereas crude extracts of Smilax sp. were obtained by ethanol extraction
from the powdered root part. The findings showed that both samples had different
yield extract percentages. It is common knowledge that factors such solvent type,
extraction method, sample type, extraction process duration, and the obtained
sample characteristics (specific culture, species and region growth distribution) may
have an influence on the total yield of extraction, chemical properties, and bioactive
substances (Kozarski et al, 2011; Moldovan et al, 2019; Zhang et al, 2018).
According to this study, hot water extracted P. linteus extract had a lower total
phenolic content than ethanol extracted from Smilax sp. Previous studies on the
total phenolic content in Smilax sp. with ethanol extraction using the maceration
process revealed a value of approximately 0.006 mg GAE/¢ (Jeeno et al., 2022),
indicating that the modified extraction procedure using the reflux extractor in our
recent study provides efficiency in the extraction of the total phenolic content.
Furthermore, it is strongly advised to minimize the various factors that could affect
the extract quality while continuously screening the active compounds of the extract
using preliminary assays such as total phenolic content and total carbohydrate

content.

On TLC analysis, P. linteus monosaccharides could not visualize under the UV
due to its characteristic did not absorb the UV light (Ai et al., 2016). Meanwhile, for
Smilax sp. there was one of three bands which had indicated to be a fluorescence
substance in Rf number 2. Additionally, Smilax sp. extract in this study had 3 bands

(0.26, 0.72, and 0.80) visualized with the p-anisaldehyde reagent which was different
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from previous study of Smilax sp. root extract that had 5 bands of Rf (0.13, 0.23,
0.29, 0.39, and 0.67) (Martins et al., 2014). According to Caceres et al. (2012), the
results showed some compounds that attributed to S. domingensis ethanolic extract
were anthocyanin (Rf of 0.32-0.88), flavonoids (Rf of 0.27-0.81), and saponins with Rf
values of 0.80 (Caceres et al,, 2012). However, TLC has poor reproducibility and poor
color representation for microconstituents (Martins et al., 2014). Thus, after TLC the

extracts still need advance analysis to know the exact compound inside.

This study showed that P. linteus crude extract has the greatest total
polysaccharide  content.  Preliminary  structural  characterization  implied
polysaccharides from P. linteus extract were heteropolysaccrarides which the
majority of sugar monomer unit was glucose as visualized by HPLC. Glucans with OL-,
B-, or both configuration forms are the most bioactive components of fungal
polysaccharides (Kim et al., 2006; Kozarski et al., 2011). Antioxidant, anticancer, anti-
inflammatory, and immunostimulating properties of these substances are well
documented (He et al., 2021; Kozarski et al., 2011; Wong et al., 2020). In addition, the
structure of P. linteus crude polysaccharide in line with FT-IR data suggests that it
was made up of B -linked pyranose sugars, and spectroscopic data confirmed the
presence of a small quantity of phenol. The average M,s of the P. linteus crude
polysaccharide in the GPC data was lower (3 kDa). A report of low molecular weight
of the PL-N3 fraction polysaccharide considerably increased antioxidant activity,
according to research on degraded polysaccharide using ultrasonic treatment without
altering the basic structure of P. linteus polysaccharide (original PL-N). Additionally,
polysaccharides with low molecular weights may be absorbed more readily and

employed for medicinal purposes (Yan et al., 2016).

The biological activities of polysaccharides can be impacted by their extraction,
molecular weight, monosaccharide compositions, and chemical structures (Qin et al.,
2023; Z. B. Wang et al., 2014). In this study, crude extracts of Smilax sp. and P. linteus

were combined to create three unique mixtures. Combination 3 had a greater total
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phenolic content than the other combinations because it included 75% Smilax sp.
extract. Combination 2 had a greater total polysaccharide content because P. linteus
crude extract made up the majority of the mixture compared to other combinations.
According to the results of the current investigation, the total phenolic and total
polysaccharide contents of all combinations relied on the relative ratios of the

constituents in each combination.

5.2 Antioxidants

This present study on individual Smilax sp. revealed high DPPH and ABTS radical
scavenging activities than previous study on S. corbularia obtained by ethanol
extraction (Jeeno et al., 2022). In addition, the antioxidant activity of individually P.
linteus extract was stronger than earlier research on the fruiting body of P. linteus by
water extraction scavenge the DPPH reagent (Kozarski et al., 2011). When compared
to the other combinations, combination 3 had the greatest antioxidant. The
antioxidant activities of both DPPH and ABTS from the high to low are represented as

Smilax sp., combination 3, combination 1, combination 2, and P. linteus.

Although the results of combinations could not surpass those of individual
Smilax sp. extract, combination 2 (which contained P. linteus extract at 75% of the
total amount) might increase the scavenging activity by up to 8 times when
compared to individual P. linteus. It is possible that the mixtures may have a
compound interaction on biological activities between the two separate extracts.
Moreover, earlier study has discovered a significant relationship between total
phenolic content and antioxidant activity (Durgo et al., 2013). The sample with the
highest total phenol content, such as individual Smilax sp. and combination 3, had

the best ability to scavenge free radicals, which is consistent with this present finding.

5.3 Anticancers
The toxicity of a substance is indicated when cells are unable to transform
tetrazolium salts into colorful formazan product (Ghasemi et al., 2021). When rated

from strong to weak activity, the toxicity of all extracted materials on three different
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breast cancer cell lines followed the same pattern, with individually Smilax sp.
extract coming in first, followed by combinations 3, combinations 1, and
combinations 2, and P. linteus. This indicates that the toxicity of extracted samples

on cancer cells had a positive associated with antioxidant activity.

Reducing ROS-induced stressors by either scavenging free radicals or producing
endogenous antioxidants is one of the many potential mechanisms of phytochemical
antioxidants that may link their abilities as a cytotoxic agent to cancer cells. Targeting
enzymatic antioxidants such SODs, GSH peroxidases (GPXs), peroxiredoxins (PRDXs),
and catalase (CAT) as well as nonenzymatic antioxidant systems including NRF2
activators, vitamins, N-acetylcysteine (NAC), and GSH esters might increase
endogenous antioxidant levels (Luo et al, 2022). Managing the H,O,-mediated
oxidative stress can drastically affect the survival of MCF-7 cells with downregulated
PRDX1 according to a prior work (Bajor et al., 2018). In addition, the antioxidant and
cytotoxic properties of the medicinal herb Medinilla speciosa Blume were positively
correlated in another study on the 4T1 breast cancer cell line (Sasikirana et al., 2021).
It is in line with this present finding that individually Smilax sp. and combination 3,
which had higher antioxidant activities compare to other extracts, also had a greater

cytotoxic effect on breast cancer at lower concentrations.

The cytotoxic effect of the extracted samples in this present study was high on
the MCF-7, moderate on the MDA-MB-468, and low cytotoxic effect on MDA-MB-231.
It was indicated that every subtype of the cell, including breast cancer cell lines,
would react to the extract differently. Excluding MCF-7 and MDA-MB-468, all
extracted samples required a higher dose which can also impair the survival of
normal cells HEK-293. For instance, when administered to MDA-MB-231 cells under
the same conditions as ICse-dependent treatments to HEK-293, the combinations
were able to kill around 50% of the cells. In light of these results, we speculate that
the crude extracts might selectively harm on breast cancer cells while having less of

an impact on non-cancerous cells.
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Cell proliferation was assessed in this study after treated with the extract samples
for 72 hours. The cytotoxic agent might have an impact on cellular molecular
systems and interfered the cell divisions (Sivapatham & Selvaraj, 2022). Therefore,
not all cancer cells that survive a therapy can proliferate in those condition. This
proliferation investigation discovered that combination 1 had the largest
antiproliferative effect on MCF-7 and MDA-MB-231 cell lines, in contrast to the
cytotoxic conclusion that combination 3 had the highest activity. Additionally,
combination 2 exhibited the greatest inhibitory effect on the growth of MDA-MB-468
cells. It was proposed that distinct effects of chemical interactions on the cell

mechanism exist.

Hispolon, a polyphenol found mostly in the genus Phelinus, has numerous
anticancer actions, including suppressing cell proliferation (Sarfraz et al.,, 2020).
Isolated hispolon from P. lonicerinus (Bond) ethanol extract had a statistically
significant difference on estrogen-negative ER () MDA-MB-231 cells in high
concentration, whereas it induced the proliferation of estrogen-sensitive ER (+) MCF-7
cells in lower concentration and reduced in high concentration. Moreover, hispolon
significantly inhibited the cell proliferation on MCF-7 cells in the presence of E, (anti-
estrogenic activity). This means hispolon had dual directional estrogenic and anti-
estrogenic effects (J. Wang et al, 2014). Moreover, methanol extraction of S.
corbularia also had estrogenic and anti-estrogenic against E,-enhanced MCF-7 and
co-treated E, on T47D in depended dose manner, due to its compound contained
were flavonol rhamnoside, astilbin, cathecin, epicathecin, and resveratrol have the
capacity to affect as antiproliferative agents (Wungsintaweekul et al., 2011). Thus, the
combination of those bioactive chemicals from both separate extracts in certain
ratios in this new study may have a synergistic effect on inhibiting breast cancer cell

proliferation.

Furthermore, to know the potential long-term inhibitory effects of the extract

samples on exposure to three breast cancer cell lines, a colony formation assay was
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performed with incubation for 10 days after treatment. Beside combination 3 treated
on MDA-MB-231, most extracted samples showed significant inhibition of MCF-7,
MDA-MB-231, and MDA-MB-468 colonies growth. In line with the short-term inhibitory
effect, which was cell proliferation, the lowest percentage of colonies growth on
MCF-7 was combination 1, and on MDA-MB-468, the lowest percentage of colonies
was combination 2, compared to other extracts and untreated cells. Different results
from cell proliferation occurred on MDA-MB-231, which was combination 2 had the
lowest colony percentage value, followed by combination 1. Thus, in this study,
certain combinations had a strong long-term inhibitory effect on breast cancer cell

lines.

For the control positive, which was cisplatin in a small concentration of 25 uM,
the results of colony formation were non-detectable on three distinct breast cancer
cell lines. It suggested that the inhibition of the drug was almost 100% or that there
was no colony growth under treatment with cisplatin. It can also be seen in the short
term measurement of growth inhibition using the BrdU method, which showed the
lowest result among all sample treatments on various breast cancer cell lines.
However, cisplatin treatment could lead to adverse side effects for patients (Byrski et
al,, 2009; Smith & Talbot, 1992). To illustrate the cytotoxic effect of cisplatin on
normal HEK-293 cells, this study showed the lowest value compared to three breast
cancer cell lines (Figure 10). Moreover, a long period of cisplatin consumption

contributes to drug resistance (Kashkoulinejad-Kouhi et al., 2021; Lee et al., 2019).

In accordance with apoptosis data, some samples including P. linteus and
combination 1, displayed greater rates of late and/or early apoptosis. However, the
result of apoptosis induction level of the extracted samples on breast cancer cell
lines was low and have demonstrated by the values not exceeding 5%. It has been
previously stated that all cells will perish if the mechanism necessary for their
continuous existence is interrupted. The capacity of a cell to maintain cellular

physiological homeostasis is influenced by a number of factors. Any substance or
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agent may have an effect on the cells under stress and result in physiological
changes when administered in a sub-lethal doses in a period time (Gerl & Vaux, 2005;

Kroemer et al., 2022).

It has been reported that several biochemical substances induced programmed
cell death. It was previously believed that the only type of programmed cell death
that significantly improved cancer treatment was apoptosis. However, cancer cells
create genetic mutations or epigenetic modifications of its key modulator pathways,
such as mutation of the pro-apoptotic gene p53 and up-regulation of B-cell
lymphoma-2 (BCL-2) protein, which is a protein inhibiting apoptosis. These
modifications are prepared in order to avoid programmed cell death. As a result,
cancer cells frequently lack the ability to induce apoptosis and may develop
apoptotic resistance. Autophagy and necroptosis are two more non-apoptotic forms
that have been added as a result of additional regulation of planned cell death
(Algudah et al., 2022; Su et al., 2015; Yang et al,, 2023). This latest study may lead to
other programmed cell deaths besides apoptosis due to the mitochondrial

malfunction revealed by the MTT experiment and the lower growth of cancer cells.

This study revealed that among the combinations, combination 3 elicited higher
antioxidant and cytotoxic effects due to the increase in total phenolic content,
followed by combination 1 and combination 2. However, in further investication of
anticancer activities such as antiproliferative effect, long-term inhibition with colony
formation, and apoptotic cells, it was shown that combination 1 had greater
effectiveness against breast cancer cell lines and may lead to a synergistic effect. It is
because the 50:50 combination may have each compound's best possible interaction
against breast cancer cell lines. Moreover, the value of combination 1 in antioxidant
and cytotoxic effects was closer to combination 3 than combination 2. In accordance
with the result of this study with specific raw samples, extraction method, quality
and quantity of the extracts compound, combination 1, which contained 50% Smilax

sp. and 50% P. linteus extracts, has been recommended as an anticancer agent.
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CHAPTER VI

CONCLUSION

In conclusion, ethanol extract of Smilax sp. and hot water extract from P.
linteus together with their combinations for further investigation of the preliminary
physiochemical screening, antioxidant activity and anticancer activity. The obtained
Smilax sp. crude extract showed a high level of total phenolic content, while the
crude P. linteus extract was enriched in total polysaccharide content. The
combinations comprised total phenolic content and total polysaccharide content,
which were dependent on the respective ratios of individual extract constituents.
Furthermore, this study implied that the increase of antioxidant and cytotoxic
activities is correlated with the increase of total phenolic content. Certain
combinations had significantly reduced the cell proliferation and the total number of
colony formation on three distinct breast cancer cell lines. However, the inductivity
of apoptosis was not very potent and might be leading to other mechanisms of
programmed cell death which deserves further exploration. Based on the results, the
further investigation of anticancer activities such as antiproliferative effect, long-term
inhibition with colony formation, and apoptotic cells, it was shown that combination
1 had greater effectiveness against breast cancer cell lines and may lead to a
synergistic effect. Additionally, combination 1 had more effectiveness as anticancer

agent.
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APPENDIX

MCF-7 MDA-MB-231 MDA-MB-468

Untreated

P. linteus

Smilax sp.

Combination 2

Combination 1

Combination 3

Cisplatin 25uM

Appendix Figure 1. The colony formation of three different breast cancer cell lines
after 72 hours treatment of S. corbularia, P. linteus and combinations, with further

incubation for 10 days (representative of whole well).
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MDA-MB-231 MDA-MB-468

Untreated

P. linteus

Smilax sp.

Combination 1

Combination 2

Combination 3

Cisplatin 25pM

Appendix Figure 2. The colony formation of three different breast cancer cell lines
after 72 hours treatment of S. corbularia, P. linteus and combinations, with further

incubation for 10 days (representative under microscope at 40x magnification).
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Annexin V-DY-634

Appendix Figure 3. Representative flow cytometry dot plots of apoptotic cells using
Annexin V-DY-634 and propidium iodide of the three replicates of 72 hours treatment
on three distinct breast cancer cell lines with S. corbularia, P. linteus and

combinations.
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