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ABSTRACT

Antiviral drugs have been one of the major attentions in the world nowadays because
of the rise in multiple of illnesses and new diseases. However, many of antiviral drugs
were developed synthetically and have high toxicity towards cells. Therefore, it is vital
to discover antiviral drugs from natural resources that are effective as well as
perceived to be safe. Malaysia has been known for its diversified flora and fauna that
have potential benefits to human health. In particular, plants and mushrooms have
been long known for their medicinal properties and have been fully implemented in
Traditional Chinese Medicine. Many mushrooms such as Ganoderma lucidum and
Lentinus edodes have been widely recognized for its medical treatment and have been
commercialized by many pharmaceutical companies. Consequently, this study on
antiviral compound from Schizophyllum commune (Malaysia strain) is important to
determine the properties of S. commune isolated locally. S. commune is a fungus that
excreted an exopolysaccharide known as Schizophyllan and is believed to have
antiviral, antimicrobial as well as anticancer activity. The purpose of this study is to
determine the effectiveness of locally produced Schizophyllan extract against
Newcastle Disease Virus (NDV) F strain and Mukteswar ‘S’ strain. The selected
Malaysian strain of S. commune mycelia was cultivated by liquid fermentation and
Schizophyllan was extracted using isopropanol; then was further analyzed by FTIR.
Subsequently, the extract was tested for its cytotoxicity towards normal cell line of
DF-1. The extract was tested for its antiviral activity by post-attachment assay where
Schizophyllan was introduced towards cells infected by NDV. The antiviral activity
was further optimized using Response Surface Method (RSM) to measure the viral
inhibition rate. The results showed that the extract prevented the viral replication by
inhibiting 83% NDV F strain replication using 931.53 pg/ml of extract and treated 2
times per day towards the infected cells; and inhibiting 40.3% of NDV Mukteswar S’
strain using 1010.63 pg/ml of extract and treated 2 times per day. In conclusion,
Schizophyllan from S. commune (Malaysia strain) were highly recommended for
further analysis and research towards the advancement of antiviral drug development.
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CHAPTER ONE

INTRODUCTION

1.1 OVERVIEW

Fungi does not only become an important source of human diet due to its high protein
content and lower energy, but also proved to contain medicinal properties such as
anticancer, antibacterial, antiviral, immune response-stimulating effects, anti-
hypertensive and blood lipid lowering effects (Wasser and Weis, 1999; Khan et al.,
2010). Famously known as mushrooms, fungi constitutes of approximately 140 000
species on earth and only 10% have been identified (Hawksworth, 2001). Thus, there
is a high potential for a discovery of other useful mushrooms that can benefit humans.

Schizophyllum commune is a widely distributed basidiomycete and also known
as Cendawan Kukur in Malaysia. This fungal species are also common in many
continents around the world due to its endurance towards the habitat hardiness except
in the Antarctic (Klaus, 2011). Mushrooms were popular as Traditional Chinese
Medicine (TCM) before modern times. Therefore, nowadays many researches on
various strains of S. commune have been conducted around the globe in order to
extract the bioactive compound claimed to have medicinal use.

S. commune claimed to have antitumor, anticancer, antibacterial, antifungal,
antiviral, antiproliferative and anti-inflammatory effect (Abraham, 2001; Teoh and
Don, 2011; Salvador et al., 2010). This fungus excretes an exopolysaccharide known
as Schizophyllan, which is a neutral homoglucan. According to the work of Fukushima
(as cited in Ajith and Janardhanan, 2003), Schizophyllan have already established a
wide market in China and Japan as anticancer drugs and currently used in cancer

treatment. However, current and previous researches of S. commune biological



properties were extracted from other strains of this fungi such asS. commune Fries, S.
commune NRCM and S.commune ATCC 15205.

In this research, mycelium of selected S. commune strain were grown and
cultured in the laboratory for further research. The content of commercial grown
mushrooms and wild mushrooms might have slight different nutraceutical properties
such as content of sugar, monounsaturated fatty acids (MUFA), polyunsaturated fatty
acids (PUFA), tocopherol, ascorbic acid and phenol. However, the quality of bioactive
properties does not differbetween commercial and wild mushrooms (Barros et al.,
2008).

This research focuses on the antiviral properties of crude extract produce by S.
commune mycelium. The crude extract was analyzed for its carbohydrate content and
existing B-glycosidic bond by Fourier Transform Infrared Spectroscopy (FTIR)
method to identify the presence of Schizophyllan as exopolysaccharide. The antiviral
effectiveness of S. commune extract was tested and optimized towards Newcastle
Disease Virus (NDV). Disease from NDV may cause a high potential economic threat
to the commercial poultry farming (Azmir et al., 2011). Usually, the disease is
controlled by prophylactic vaccination using live and inactivated vaccines. The most
virulent strain of NDV might cause a sudden death of the animals while the
intermediate virulent strain may cause a decrease in eggs quality and production
(Alders and Spradbrow, 2011). Treatment may be given to the infected animal in
comparison to the loss of billions of poultry animals causing a higher cost.
Therefore,the extract was also tested towards two different strains (NDV S strain and

NDV Mukteswar S strain) due to the different virulent effects.



1.2 PROBLEM STATEMENTS AND ITS SIGNIFICANCE

Antiviral compounds have a large market potential due to the escalating viral diseases.
Poultry animals are more likely prone to infectious viral diseases because of the small
and confine farm spaces. Therefore, it will affect the amount of productivity and
quality of poultry food source. Many antiviral compounds are developed synthetically;
some of the compounds are toxic towards the cell and some are less effective when
examined by in vivo test. Thus, the discoveries of effective antiviral compounds from
natural sources that are less toxic toward the cells are essential.

In addition, most antiviral compounds in Malaysia are either imported from
other countries or developed synthetically, subsequently causing a higher import prices
on the drugs. Hence, the development of antiviral compound from natural resources in
this country will indirectly reduce cost of importing antiviral drugs and transform the
pharmaceutical and nutraceutical industries.

Many researches previously focus on plant secreted polysaccharides for
antiviral properties. However, fungus would be a more suitable material for cheaper
production due to large quantity production, have less growing time and the extraction
process of the secondary compound is simpler. Therefore, in this research, S. commune
is regarded as a suitable raw material to produce an antiviral compound since this
mushroom grows abundantly in Malaysia. S. commune excreted an exopolysaccharide
compound known as Schizophyllan. Schizophyllan excreted from S. commune Fries
strain have been widely claimed to have antiviral properties. Therefore, it is crucial for
strain of S.commune from Malaysia to be tested for its antiviral activity as well in order

to locally produce such antiviral compound.



1.3 RESEARCH OBJECTIVES
This research aimed to achieve these three objectives:
1. To produce crude extract containing bioactive compounds from local strain
of Schizophyllum commune using liquid fermentation.
2. To determine the cytotoxicity of the S. commune crude extract towards the
DF1 cell line that used for Newcastle Disease Virus (NDV) infection.
3. To investigate and optimize the antiviral treatment of the S. commune crude

extracttowards Newcastle Disease Virus (NDV) strains.

1.4 SCOPE OF RESEARCH

This research is a part of project collaboration with Agro-Biotechnology Institute
(ABI), thus the screening of different sample of S. commune (Malaysian strains) were
collected from seven different places in this country were done by their respective
officers. This strain selection is crucial to select the highest production and resistance
of these mushrooms towards harsh environment.

The main focus of this research is to investigate the antiviral properties of the
crude extract from Malaysian strain of Schizophyllum commune. Therefore, this study
covered five main parts; the production of the crude extract from the mycelium of S.
commune (Malaysia strain), the production of DF-1 cell line for virus infection, the
cytotoxicity test of S. commune extract towards the DF-1 cell line, the infection of
Newcastle Disease Virus (NDV) towards the cell line and the antiviral activity test
towards NDV.

In the first phase, the production of crude extract from S. commune (Malaysia
strain) was achieved by liquid culture fermentation. Mycelium was homogenized and

separated by centrifugation. Isopropanol was added to separate Schizophyllan from the



supernatant. Centrifuge and filtration methods were used in order to remove the
isopropanol and other excess media from the crude extract. In this phase, optimization
of media and fermentation of the fungus were not conducted. The parameters of
fermentation were according to previous researches obtained from literature reviews
while medium formulation is according to an established research of Rau et al. (1999)
and Rau (2002). Crude extract were freeze dried and analyze for exopolysaccharide
composition using Fourier Transform Infrared (FTIR).

The second phase includes the DF-1 cell culture that will be used in the
propagation of the Newcastle Disease Virus (NDV). Third phase comprise the toxicity
test of S. commune extract towards the DF-1 cell line in order to measure the cell
viability and fatality towards the bioactive compound.

The fourth phase consist of replicating the Newcastle Disease Virus in the DF-
1 cell line. The virus was replicated to increase the concentration of the viruses for
stocking and for the usage during final phase. The final phase includes the assessment
of antiviral activity of the S. commune extract towards Newcastle Disease Virus
(NDV) and the antiviral activity was optimized for its highest efficiency. Antiviral
activity optimization consists of different concentration of S. commune extract and

quantity of treatment given towards the cells.



1.5 THESIS ORGANIZATION

There are five main bodies presented in this research work classified as Chapter 1,
Chapter 2, Chapter 3, Chapter 4 and Chapter 5. Chapter 1 discussed the significant and
the importance to carry out this study. Suggestions, ideas and the aims of developing
antiviral drugs from natural products were further detailed in the problem statement
and research objectives. Subsequently, the overview of the raw materials and the
background of the methods used in this research were further reviewed in chapter 2;
where collections of journal and book review related to this study were summarized in
details.

Chapter 3 explained in details the flow and methods involved in this research
with reference of a flow chart for better understanding. In this chapter, the extraction
of Schizophyllan from S. commune from Rau (2002) was described further.
Furthermore, thecytotoxicity of extract towards the cell line, the antiviral activity
method and the optimization factors of antiviral activity used in this study were
explained in details.

Chapter 4 comprised the extensive discussions of obtained results that relate to
the methods used in this research. Moreover, different source of references were used
to support the results of this study. Chapter 5 concluded the entire research work and
recommend future works for this study; whereas the bibliography section listed the

research papers and journals that had been used as reference to support this study.



CHAPTER TWO

LITERATURE REVIEW

2.1 INTRODUCTION

Currently, about fifty percent of pharmaceutical drugs originated from natural
elements due to the urgent therapeutic necessity and, the safety and effectiveness of the
products (Khalid, 2000). Viral therapies wusing prosthetic materials or
chemotherapeutic agents are mostly toxic towards human cells and may cause a severe
immune suppression towards patients (John and Wiley, 1996). Nevertheless, there are
other factors contributing to the demand of drugs derived from natural products such
as the wide range of chemical structures and biological activity of the secondary
compound, the competency for the biochemical and molecular probes, and also the
development of detection, isolation and characterization techniques of natural products

(Clark, 1996).

2.2 MEDICINAL MUSHROOMS

According to Chang and Miles (2004), mushroom is a macrofungus with a distinct
fruiting body, which can be either hypogeous or not, large enough to be seen by naked
eye or picked by hand. According to taxonomy, most of the mushrooms belong to
basidiomycetes and some to ascomycetes. The number of mushrooms species on earth
were estimated around 140 000 species and 10% have been identified, while only 5%
of the identified mushrooms were studied for their medical benefits (Hawksworth,

2011).



In the past, mushrooms are not just supplied nutritional foods for society but
also an important source for traditional medicine (Breene, 1990). These resulted into
large number of researches on potential benefits of medicinal mushrooms especially in
Japan, Korea and China over the past three decades (Veena and Pandey, 2012).
Nowadays, medicinal mushrooms have been used widely for pharmaceutical and
nutraceutical purposes (Mau et al., 2002). At least 270 species of mushrooms are
known to have various therapeutic effects (Ying et al.,1987). Thus, the study of
mushrooms’ biological activities for medicinal benefit has turned into a very
significant research area.

Although the use of natural products in pharmaceuticals are common in Asian
countries since decades ago, research from the western region only shows an
increasing number starting from few years back. This was proven by the increased of
scientific publication in peer-reviewed journals, books and journal reviews that
classified biologically active compounds from fungi and its medicinal efficacy (Wasser
and Weis, 1999; Ooi and Liu, 2000; Lindequist et al., 2005). Scientists nowadays
focused on the medicinal study from mushrooms correspondingly because of the
market demand from the world consumers on natural products for its nontoxic
properties compared to chemical products. Therefore, study showed an increase
number of pharmaceuticals developed antibiotic, antiviral, anti-inflammatory and
anticancer drugs from natural products (Asfors and Ley, 1993).

Therapeutic area is particularly influenced by the biologically active compound
of mushrooms. Mushrooms are rich sources of nutraceuticals (Caglarirmak, 2007;
Elmastas et al., 2007; Ribeiro et al., 2007) responsible for their anti- oxidant (Mau et
al., 2002; Lo and Cheung, 2005; Barros et al., 2007a), antitumor (Wasser and Weis,

1999), and antimicrobial properties (Smania et al., 1995; Hirasawa et al., 1999;



Hatvani, 2001; Barros et al.,, 2007b; Turkoglu et al., 2007). Besides their
pharmacological features (Lindequist et al., 2005), wild mushrooms are becoming
more important in our diet due to their nutritional value, related to the high protein and
low fat/energy contents (Diéz and Alvarez, 2001; Agahar-Murugkar and Sub-
bulakshmi, 2005; Barros et al., 2007c). Some famous mushrooms that were
commercialized for their potential medicinal benefits are Lentinus edodes which
reported to possess anti-tumor, antihypertensive, hypocholesterolemic and antibacterial
activities (Hirasawa, 1999) and Ganoderma lucidum which is proven to have anti-
microbial and anti-HIV effects (Yoon et al., 1994; EI Mekkawy, 1998).

The first and famous natural product discovered for human drugs is Penicillin
antibiotic. Penicillin antibiotic is derived from the extract of Penicillium notatum or
now known as Penicillium chrysogenum (Samson et al., 1977). P. chrysogenum is a
common fungus in subtropical temperature and nontoxic to human (Anderson et al.,
2011). The extracellular bioactive compound of P. chrysogenum known as Penicillin
was produced by liquid fermentation broth and acts specifically towards gram-positive
bacteria (Garrod, 1960).

Cordyceps species are ascomycete fungus that can be classified as
endoparasitoids mainly on insects and arthropods. Cordyceps mushrooms are used to
treat respiration and pulmonary diseases; renal, liver, and cardiovascular diseases;
hyposexuality and hyperlipidemia, immune disorders and cancer therapies (Holiday et
al., 2008). Commonly, Cordyceps sinensis and Cordyceps militaris are used in the
research and pharmaceuticals drugs (Khan et al., 2010). The water extract and ethanol
extract of this mushroom has been proven to have positive reaction in the prevention of
tumor metastasis (Nakamura et al., 2003; Shin et al., 2003).

Ganoderma is one highly valued traditional medicine and functional food for



its therapeutic effects; anti-tumor, anti-inflammatory, antiviral, antibacterial, anti-
parasitic, blood pressure regulation, cardiovascular disorders, immunomodulating,
kidney tonic, hepatoprotective, nerve tonic, sexual potentiator and chronic bronchitis
(Wasser and Weis, 1999). Ganoderma lucidum is the first medicinal mushroom to gain
attention in India where the mushrooms were cultivated on wheat straw and wheat
bran for nutritional and pharmaceutical purpose (Mishra and Singh, 2006; Rai, 2003;
Veena and Pandey, 2004). It also have been used in Chinese medication for 4000 years
and known as ‘elixir of life’ between Chinese societies. Recently, it has been
commercialized both in Asian and Western countries. Other famous medicinal
mushroom is Lentinus edodes or shitake mushroom extract of oxalic acid is one agent
responsible for the antimicrobial against S. aureus and other bacteria (Bender et al.,

2003).

2.2.1 Common Medicinal Properties of Fungal Extracts

2.2.1.1 Antibacterial Agent

Many antibiotics originated from fungi (Hardman et al.,2001) such as penicillin,
streptomycin, chloramphenicol and vancomycin (Griffin, 1994). Antibiotic can be
defined as a compound produced by microorganisms that have the capacity to inhibit
the growth of bacteria in dilute solution (Black, 2002).

Naturally, fungus excreted antibacterial compound to survive the harsh
environment of their habitat. Thus, antibacterial compounds could be isolated from
many fungi by manipulating their growth condition and benefited human health
(Lindequist et al., 2005). Antimicrobials mechanisms includes inhibition of cell wall
synthesis, disruption of cell membrane function, inhibition of protein synthesis,

inhibition of nucleic acid synthesis and action as anti- metabolites.

10





