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ABSTRACT

EVALUATION OF THE ANTIFUNGAL PROPERTIES OF TWELVE
MEDICINAL PLANTS AND ISOLATION OF ACTIVE COMPOUNDS
FROM Nepenthes gracilis

Gwee Pei Shing

The increase of opportunistic fungal infections and the development of side
effects by synthetic drugs have seriously impacted chemotherapeutic agents
available today, making the search for new antifungal agents from natural
sources such as medicinal plants becomes necessary. Fresh plant materials
were sequentially extracted using solvents of increasing polarity namely
hexane, chloroform, ethyl acetate, ethanol, methanol and water. The fungistatic
and fungicidal activities of 72 extracts from 12 medicinal plants (Acmella
ciliata, Arundina graminifolia, Cocos nucifera, Diodia sarmentosa, Diplazium
esculentum, Hydrocotyle sibthorpioides, Muehlenbeckia platyclada, Nepenthes
gracilis, Parkia speciosa, Passiflora edulis, Sechium edule and Solanum
muricatum) were evaluated in triplicate against six fungal species (Candida
albicans, Candida parapsilosis, Issatchenkia orientalis, Cryptococcus
neoformans Aspergillus brasiliensis and Trichophyton mentagrophytes) using
a colorimetric broth microdilution method. All the plant extracts showed
antifungal activity with 69.21% and 41.20% of the bioassays demonstrating
fungistatic and fungicidal activities, respectively. The hexane extract of the
leaves of N. gracilis showed the lowest minimum inhibitory concentration

(MIC) and minimum fungicidal concentration (MFC) values of 0.02 mg/mL



against C. albicans, I. orientalis and T. mentagrophytes. Bioactivity-guided
fractionation and isolation using PLC, HPLC and HPTLC techniques led to the
isolation of compound B;, which has a melting point of 78-79°C. Structural
elucidation using FT-IR, GC-MS, LC-MS and NMR techniques (*H, *C NMR,
HMQC and HMBC) established that compound B; is plumbagin (5-hydroxy-2-
methyl-naphthalene-1,4-dione). Plumbagin exhibited potent antifungal activity,
with the MIC values ranging from 2 to 31 pg/mL against all the fungi.
Cytotoxic testing using rhesus monkey kidney epithelial cell (LLC-MK2)
revealed that the 50% cytotoxicity concentration (CCsp) of plumbagin was 0.60
pg/mL. The selectivity indices of plumbagin against all the fungi were less
than 1.0, indicating plumbagin is more toxic to mammalian cell than fungal
cells. The antifungal properties of N. gracilis against human fungal pathogens
are reported, to the best of my knowledge, for the first time. The results from
this study show that some extracts of these medicinal plants have significant

antifungal activity. This corroborates their use in traditional medicine.
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CHAPTER 1

INTRODUCTION

Long before human discovered the existence of microorganisms, the possibility
that plants have curative abilities which contained antimicrobial properties was
well accepted. Human first used plants as food, due to this ingestion; the link to
the therapeutic powers of the plants was discovered. The techniques for
transforming the healing properties of plants into forms beneficial to human
were passed down through oral history (Wee, 2005). Ancient remedies may
have associated this knowledge with witchcraft, mysticism, astrology, or
religion; but eventually those effective treatments were documented, leading to
the early herbals (Dewick, 2002). Archives of early civilizations such as the
Assyrian, Egyptian, Chinese and Greek mentioned the use of herbs and herbal

drugs to alleviate diseases (Waksmundzka-Hajnos et al., 2008).

In the early 1900s, the golden age of phytotherapy, medicinal plants were the
main source use to maintain health. Fluid extracts administered through
tinctures, teas and decoctions were used (McChesney et al., 2007). Kipling
(1910) wrote: “Anything green that grew out of the mould was an excellent
herb to our fathers of old.” Man believed that there existed a cure in the plants

for every ill; such extensive dependence of human beings on natural products



has invoked great interest in the scientific world to undertake exploration of

nature as a source of novel lead for drug development (Brahmachari, 2009).

Modern pharmacognosy concentrates on the science of biogenic or naturally
derived pharmaceuticals and poisons from various sources such as plants,
bacteria, fungi and marine organisms (Phillipson, 2007). The goal of
pharmacognosy is comprehensive studies of natural resources by using
physical, chemical, biochemical and biological methods to search for potential
drugs or drug substances of natural origin for the discovery of new drugs
(American Society of Pharmacognosy, 2004). The plant kingdom is an infinite
source of novel chemotypes and pharmacophores. This has continued to attract
the interest of modern pharmacognosy in the development of new drugs

(Ahmad et al., 2006).

Fungal infections are the fourth most common cause of life-threatening
infections, in part as the result of alterations in immune status associated with
Acquired Immune Deficiency Syndrome (AIDS) epidemic, cancer
chemotherapy and, organ and bone marrow transplantation (Pfaller and
Diekema, 2007). The most common fungal infection agents are those
ubiquitous colonizers such as Candida spp., Cryptococcus and Aspergillus spp.
with the overall mortality rate of 25-50% for invasive diseases (Perfect and

Casadevall, 2002; Heitman et al., 2006; Lin, 2009; Denning and Hope, 2010).



Although there have been major advancements in antifungal therapy, the
attributable mortality has essentially remained high due to the limited
armamentarium of antifungal agents, diagnostic challenges and the emergence
of widespread drug resistance (Giirciioglu et al., 2010). The formation of
fungal biofilms has contributed to the intrinsic resistance among the fungal
species and thus cause important clinical repercussions (Rogers, 2006). The
biofilm-associated infections adversely impact the patient’s health and also
result in significant increases in patient morbidity, hospital costs and
difficulties in treating fungal infections (Wilson et al., 2002; Giirciioglu et al.,

2010).

Only a few classes of antifungal drugs namely polyenes, pyrimidine analogues,
allylamines, azoles and echinocandins are used orally or intravenously for the
treatment of fungal infections, and each of them has therapeutic limitations,
ranging from toxicity, to limited routes of administration, solubility, stability
and drug resistance (Denning and Hope, 2010; Roemer et al., 2011). These
may become increasingly crucial determinants of the outcome of antifungal
treatments and led to heightened interest to search for novel antifungal agents
of plant origin. Fungal infections also represent a special challenge in the
development of antifungal drugs as fewer pathogen-specific targets are
available due to the high degree of phylogenetic relatedness between fungi and
human in which both kingdoms are classified as eukaryotes (Heitman et al.,

2006).



Plants are the main sources in the search of new pharmaceuticals as
comparative analysis of structural diversity in natural products and
combinatorial libraries suggest that nature still has an edge over the current
synthetic chemistry (Koch et al., 2005; Schmidt et al., 2008). Molecules with
diverse structures and multiple stereocenters not only serve as new drugs
themselves but also as starting materials for new synthetic compounds

(Balunas and Kinghorn, 2005).

Combination of structural features of natural products with combinatorial
chemistry is necessary to improve the quality of natural products in drug
development. Further modifications of the molecules by synthetic chemistry
techniques are required to produce natural-based synthetic analogues with
lower toxicity, improved efficacy, yield and water solubility (Phillipson, 2007).
Only pure phytochemical compounds which been subjected to the same tests as

synthetic drugs can be considered as conventional drugs (Schmidt et al., 2008).

In Malaysia, the favourable equatorial climate and soil conditions enable
largely evergreen tropical rain forest to flourish and supported a great array of
plant species, many of which are unique and contain of medicinal potentials.
Malaysia’s rainforests are recognized as one of 17 mega-diversity countries in
the world and estimated to have 17,600 species of plants (Valera, 2003). It is
believed that a great, yet still not fully revealed, therapeutic potential exists in

the tropical rainforests, as only a few percent out of 250,000 plant species in



the world has been screened with regard to their medicinal properties

(Waksmundzka-Hajnos et al., 2008; Brahmachari, 2009).

According to Maridass and De Britto (2008), only about 6% of plants have
been investigated for biological activity, and only 15% have been
pharmacologically screened. Plants compounds have provided many clues for
the development of novel drug compounds, which these bioactive compounds
are used directly as therapeutic agents, starting materials for the synthesis of
drugs or as models for pharmacologically active compounds (Ahmad et al.,

2006).

After 1945, a few discoveries of new drugs from higher plants with notable the
exception of reserpine from the Rauwolfia species, vinblastine and vincristine
from Catharanthus roseus proved that plants are excellent resources for drug
development (Dewick, 2002). The essential oil from Melaleuca alternifolia
(tea tree) and Cymbopogon citratus (lemongrass) are also well-known as
natural topical antiseptics (Hammer et al., 2002; Silva et al., 2008). Since
plants demonstrated promising medicinal potentials, this study undertook to
evaluate the antifungal properties of selected medicinal plants based on their
traditional therapeutic uses as antimicrobial agents in which scientific studies

on their antifungal activities are limited.



The objectives of this study are:

1.

To obtain various extracts of medicinal plants by using sequential
solvent extraction method,

To evaluate the plant extracts for antifungal activities against
pathogenic fungi,

To determine the minimum inhibitory concentration (MIC) and
minimum fungicidal concentration (MFC) of the bioactive extracts
against the fungi using colorimetric broth microdilution method,

To isolate, purify and characterize the antifungal compound(s) using
high performance liquid chromatography (HPLC), high performance
thin layer chromatography (HPTLC), preparative thin layer
chromatography (PTLC), Fourier transform infrared spectroscopy (FT-
IR), gas chromatography-mass spectrometry (GC-MS), liquid
chromatography-tandem mass spectrometry (LC-MS/MS) and nuclear
magnetic resonance spectroscopy (NMR),

To evaluate the cytotoxicity of the isolated antifungal compound(s)

against a mammalian cell line (LLC-MK?2).



CHAPTER 2

LITERATURE REVIEW

2.1 Pathogenic Fungi

Kingdom fungi classified under the eukaryote domain is a taxon of enormous
diversity with various ecological niches, life cycle patterns as well as
morphologies. There are over 1.5 million different fungal species in the world
but about 5% were officially classified and only several dozen of them can
consistently cause disease in humans (Heitman et al., 2006; Vandeputte et al.,

2012).

Most fungi are terrestrial and many of them are parasites of plants, animals and
human. There are two major morphological forms of fungal pathogens which
including the filamentous fungi (molds) and the yeasts. Majority of the primary
pathogens are filamentous fungi such as dermatophytes. Meanwhile the yeasts
and some species of filamentous fungi such as Aspergillus spp. are known as
opportunistic pathogens (Vandeputte et al., 2012). Table 2.1 shows the

characteristics of main fungal infections.

Fungal pathogens are either from the endogenous host flora or are acquired
from the host’s immediate environment. Fungal infections related to the

commensal flora are usually associated with immune suppression or

7



immunodeficiency. However, fungi originated from the environment have the
capacity to establish themselves in the mammalian host through their natural

niche selection of characteristics with intact immunity (Heitman et al., 2006).

Table 2.1: Characteristics of main fungal infections worldwide (Vandeputte
etal., 2012).

Body Pathogen type Organ Most frequent genus
location

Superficial ~ Primary Skin and hair Malassezia
Cutaneous  Primary Skin and hair Trichophyton,

Epidermophyton,
Microsporum

Mucosal Opportunistic Vagina, digestive  Candida, Aspergillus,
tract and eye Fusarium
Systemic Opportunistic Any organ (lungs, Candida,
brain, bloodstream  Aspergillus,
etc.) Cryptococcus,
Histoplasma,

Pneumocystis,
Coccidioidomyces

2.1.1 Fungal Infections

The understanding of most systemic fungal diseases was established in the
early 1900s when a drastic rise in fungal infections was observed and they are
currently represent a global health threat (Heitman et al., 2006; Vandeputte et
al., 2012). Many fungi are parasites which able to cause extensive damage and
losses to agriculture and forestry, serious diseases in human and animals. Their

spores are a cause of allergies (Vandeputte et al., 2012).

8



Fungal infections can be classified according to the tissues they infect (Table
2.1). These including the superficial mycoses which are the external part of the
skin and hair, cutaneous and subcutaneous mycoses affect the keratinized
structures of the body. Mucosal infections of the vagina, digestive tract, urinary
tract and eye may occur, and the systemic mycoses may affect the whole body

(Vandeputte et al., 2012).

Opportunistic pathogens belonging to the genera Aspergillus, Candida and
Cryptococcus cause mucosal infections or invasive fungal infections such as
aspergillosis, candidiasis and cryptococcosis (Pereira Gonzales and Maisch,
2012; Vandeputte et al., 2012). The dermatophytic and keratinophilic fungi of
the genera Trichophyton, Epidermophyton and Microsporum infect eyes, nails,
hair, skin and cause local infections including ringworm, onychomycosis and

athlete’s foot (Woodfolk, 2005).

2.1.2. Candida spp.

Issatchenkia orientalis formerly known as the Candida krusei (synonym) is
usually found in two basic morphological forms (yeast and pseudohyphae) in
growing cultures (Samaranayake and Samaranayake, 1994). C. krusei is
asexual while it is very closely related to a sexual species and a sexual form, 1.
orientalis, has been proposed for this organism (Kurtzman et al., 1980; Barnett

etal., 1983).



All Candida species (C. albicans, C. parapsilosis and I. orientalis) form round
to oval budding yeast cells singly, in chain or loose clusters (Larone, 2002).
When invading tissues, they form both pseudohyphae and true hyphae using
chains of blastoconidia. They are rapid growers and form cream colored

colonies (Figure 2.1).

Candida spp. are normal commensals of the healthy human biota in the
gastrointestinal tract, oral and vaginal mucosa (Endo et al., 2010). However, it
becomes pathogenic when there is an imbalance in their ecological niche or in
the host’s resistance to infection (Miceli et al., 2011). Clinical manifestations
of candidiasis range from localized superficial invasion of mucosal surfaces to
systemic infections with organ involvement and disseminated infection (Miceli

etal., 2011).

Candida spp. has several virulence attributes such as adherence to host surfaces,
production of phospholipases and proteinases, formation of hyphae that help in
the evasion of host immune defences, the formation of biofilms that enhance its
ability to penetrate epithelium and increased tolerance to stresses in adaptation
in various habitats (Samaranayake and Samaranayake, 1994; Miceli et al.,
2011). C. albicans is the predominant cause of invasive fungal infections
(Giirctioglu et al., 2010; Miceli et al., 2011). C. parapsilosis is frequently cause
of candidal endocarditis and onychomycoses (Larone, 2002; Silva et al., 2008).

I. orientalis is the main cause of invasive fungal infections in patients who
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undergoing bone marrow or stem-cell transplantation, and in patients with

malignant hematological disease (Trifilio et al., 2007; Miceli et al., 2011).

A, Candida albicans; B, Issatchenkia orientalis; C, Candida parapsilosis

Figure 2.1: Pictures of Candida albicans, Candida parapsilosis and
Issatchenkia orientalis grown on potato dextrose agar.

2.1.3 Cryptococcus neoformans

Cryptococcus neoformans is known as the “sugar-coated killer”. It has an
encased polysaccharide capsule and able to cause infection that associated with
substantial morbidity and mortality (Heitman et al., 2006). They are
characterized by oval or round encapsulated yeast with cream colored, smooth,
shinny, moist and usually mucoid, with smooth edges on agar plate (Figure
2.2). C. neoformans can differentiate into several morphological forms such as
yeast (during infections), chlamydospores, pseudohyphae, and hyphae under
certain conditions (Alspaugh et al., 2000; Lin and Heitman, 2006).
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Cryptococcus neoformans is the best-known basidiomycete human pathogen
for the agent of cryptococcosis including pulmonary diseases and
meningoencephalitis (Heitman et al., 2006). They display a wide host range for
infection, ranging from small invertebrates to the water-dwelling porpoises and
commonly causes secondary disease in the immunosuppressed hosts (Heitman
et al.,, 2006). The common infection sites of C. neoformans are the
bloodstream, central nervous system, skin, eyes, bones, lungs, gastrointestinal
tract, prostate gland and urinary tract (Miceli et al., 2011). Clinical isolates of
C. neoformans originated from the environment are usually associated with
bird droppings, especially from pigeons (Lin, 2009). Virulence phenotypes of
C. neoformans are suggested by the formation of the protective capsule,
melanin formation and its ability to grow well at high temperature especially at

37°C (Heitman et al., 2006).

Figure 2.2: Cryptococcus neoformans grown on potato dextrose agar.
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2.1.4 Aspergillus brasiliensis

The genus Aspergillus is one of the most difficult groups in classification and
identification. There is a high biodiversity within the genus and taxa are
difficult to be confirmed solely on their unstable phenotypic characters
(Samson et al., 2007). A. brasiliensis can be distinguished from other black
Aspergilli based on the intergenic transcribed region, B-tubulin and calmodulin
gene sequences, by amplified fragment length polymorphism analysis, by
extrolite profiles and by detecting sequence variations appeared in the
calmodulin gene (Susca et al., 2007; Varga et al., 2007). A. brasiliensis is a
biseriate species which is closely related to Aspergillus niger and Aspergillus

tubingensis (Varga et al., 2007; Manikandan et al., 2010).

The surface morphology of A. brasiliensis is at first white colony then dark
brown to black with cottony texture appearance (Figure 2.3) with branched
conidiophores of round black conidia. Aspergillus spp. can cause aspergillosis
that range in severity from mild allergic rhinitis to life-threatening invasive
pulmonary and disseminated infection (Heitman et al., 2006). The common
infection sites of Aspergillus spp. including lung, paranasal sinus, ear, eye, skin,
mucous membranes and multiple systemic sites (Larone, 2002). Recently, A.
brasiliensis was reported to cause keratitis, suggesting that this species may be
responsible for a significant proportion of corneal infections caused by black

Aspergilli (Manikandan et al., 2010).
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Virulence factors of Aspergillus spp. including high sporulating capacity,
thermotolerance, melanin formation as well as secretion of damaging products
such as enzymes, toxins, exoproteases and other cytoplasmic fungal products
which play a significant role in their infectivity (Heitman et al., 2006;

Kniemeyer et al., 2011).

Figure 2.3: Aspergillus brasiliensis grown on potato dextrose agar.

2.1.5 Trichophyton mentagrophytes

The genus of Trichophyton is known as dermatophytes which have the capacity
to invade keratinized tissue such as skin, hair and nails of vertebrates (Perea et
al., 2001). T. mentagrophytes appeared as white and downy, buff to tan colony
(Figure 2.4) with sparse aerial mycelium of round microconidia clustered on

branched conidiophores (Larone, 2002).
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Trichophyton mentagrophytes is a zoophilic fungus that originally recovered
from soil (Oyeka, 2000; Mendez-Tovar, 2010). In rural areas, rabbits were
found to be the most frequently implicated in the transmission of T.
mentagrophytes to humans (Mantovani, 1979). This organism has been isolated
from foot wears, shoes and shower stalls. It is a common cause of clinical tinea
pedis and onychomycosis (Oyeka, 2000). Indeed, in some places, Trichophyton
infection is considered a major public health problem highly prevalent in adults
(Woodfolk, 2005). Potential virulence factors of T. mentagrophytes suggested
by its keratinolytic capability that release enzymes keratinases, lipases and
ceramides, as well as its non-fastidious characteristic which are readily
germinates in the high humidity conditions, worldwide distribution and wide

range of hosts (Oyeka, 2000; Mendez-Tovar, 2010).

Figure 2.4: Trichophyton mentagrophytes grown on potato dextrose agar.
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2.2 Antifungal Drugs

Antifungal drugs can be categorized into five classes, namely polyenes,
pyrimidine analogues, allylamines, azoles and echinocandins. Figure 2.5 shows
the name and year of antifungal agents approved for clinical use by the United
States Food and Drug Administration (FDA) from 1955 to 2010. Caspofungin
is the first member of the class of drug echinocandins, which received FDA

approval in 2001 followed by micafungin in 2005 and anidulafungin in 2006.

2.2.1 Development of New Antifungal Drugs

Much effort has been expended to plant-based antifungal drug discovery.
However, no studies so far have discovered compounds suitable for the clinical
trials (Vandeputte et al., 2012). Azoles are chemically synthesized antifungal
drugs that are intensively studied by pharmaceutical companies to improve
their efficacy (Vandeputte et al., 2012). Isavuconazole is a novel second-
generation triazole currently in phase Il studies (Mufioz et al., 2010;
Livermore and Hope, 2012). It is a new water-soluble triazole with extended
spectrum and is available as an oral and intravenous formulation (Thompson
Il and Wiederhold, 2010; Livermore and Hope, 2012). Deoxymulundocandin
which was isolated from Aspergillus sydowii is a new water-soluble
echinocandin which showed potent in vitro and in vivo activity against
Candida and Aspergillus spp. (Warn et al., 2010; Mishra and Tiwari, 2011). An
ambruticin analog which interferes with the osmoregulatory system was found
to be effective in both murine models of coccidioidomycosis and pulmonary

aspergillosis (Chiang et al., 2006; Shubitz et al., 2006).
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Figure 2.5: Name and year of antifungal agents approved from year 1955
to 2010 (Lewis, 2011).
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Figure 2.5 continued
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2.2.2 Mode of Action, Toxicities and Resistance of Antifungal Agents

Each class of antifungal drug has a specific mode of action, drug interactions
and toxicity profile. Microorganisms have developed resistance mechanisms to
counteract the effects of drugs. Figure 2.6 shows the mode of action and fungal
resistance mechanisms of the major antifungal drugs. Figure 2.7 shows the

toxicities of antifungal agents.

Resistance to antifungal drugs in the clinical setting is defined as the
persistence or progression of the fungal infection despite the application of
antifungal therapy (Rogers, 2006). The vast majority of clinical cases of
antifungal resistance have been reported and certain fungal species are
identified as inherited resistance to one or more antifungal agents (Sanglard,
2003). Examples of these are Aspergillus terreus, Scedosporium apiospermum
and Fusarium spp. against amphotericin B; I. orientalis and Aspergillus spp.
against fluconazole; C. neoformans and Zygomycetes against caspofungin
(Rogers, 2006). Table 2.2 shows the applications of some antifungal agents for

invasive fungal pathogens.
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Site of action

Mo de of action and cellular
target

Antifungal
agent (class)

Mechanism of resistance

Cell membrane

Y, U WRUTRIRUAUR i
B

Inhibition of 14-u-
demethylase

Binding to ergosterol

Inlhibition of squalene
epoxidase

Azoles

Polyenes

Allylanunes

Efflux mediated by multicdiug
transporters

Alteration in ergosterol
biosynthetic pathway
Mutations (decrease of atfinity
andin Ergllp and
upregulation of ERG 11)

Absence/ decrease of
ergosterol content in cells

Unknown

Cell wall
B-1,3 glucan

Chitin

£-1,3 glucan synthesis

Inhibition of 3-1.3 glucan
synthesis

Echinocandins

Alteration of affinity of
echinocandins for 3-1.3
glucan synthase

Intracellular

Nucleic acids

Nucleic acids synthesis and
mitotic inhibitors

Pyrinudine
analogs

Defect in cytosine permease
Deficiency of enzymes
implicated in the metabolism
of'the diug

Deregulation of the pyrinmidine
biosynthetic pathway.

*A, FKS1; B, FKS2 (the putative target binding site of echinocandins are catalytic subunits of the glucan synthase complex); C, Rho (cell wall-regulating protein)

Figure 2.6: Mode of action and fungal resistance mechanisms of the major antifungal drugs used in clinical practice (Lewis, 2011;

Vandeputte et al., 2012).
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Central nervous system Infusionreactions ~ Bonmemarrow suppression  Cutaneous Photopsia

Vorlconazole Amphotericin B Amphotericin B All anfifungal agents (tash) Voriconazole

Echinocandins S-flucytosine

Gastrointestinal Cardiac

S-flucytosine All azoles (QTe prolongation)
Itraconazole Itraconazole (cardiomyopathy)
Posaconazole
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Voriconazole (photosensitivity)  (altered vision)
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All azoles Anphotericim B
Amphotericin B Voriconazole
Echinocandins
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Figure 2.7: Toxicities of antifungal agents (Denning and Hope, 2010;

Vandeputte et al., 2012).
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Table 2.2: Relative in vitro and clinical activity of antifungal agents for more common and important invasive fungal pathogens®
(Denning and Hope, 2010).

Species Polyenes Triazoles Echinocandins
Amphotericin B | Fluconazole Itraconazole Voriconazole Posaconazole | Caspofungin  Micafungin  Anidulafungin
Candida spp.
C. albicans ++ ++ ++ ++ ++ ++ ++ ++
C. glabrata ++ +/- N + + + ++ +
C. tropicalis ++ ++ ++ ++ ++ ++ ++ ++
C. parapsilosis ++ ++ ++ ++ ++ + + +
C. krusei + - +- + + ++ ++ +
C. neoformans ++ + + ++ ++ - - .
Trichosporon spp. - ++ N N N - - -
Aspergillus spp.
A. fumigatus ++ - ++ ++ ++ + + N
A. flavus ++ - ++ ++ ++ + + N
A. terreus - - ++ ++ ++ + + N
A. niger ++ - ++ ++ ++ + + N
A. nidulans - - ++ ++ ++ + + N
Scedosporium prolificans - - N N N - - -
Scedosporium apiospermum - - +/- + N - - -
Fusarium spp. + - - + + - . .
Mucorales + - +/- - + . ) )

®Most fungi causing cutaneous and allergic disease have been excluded.
Relative activity is indicated as follows: -, no activity; +/-, slight activity; +, modest activity; ++, good activity; N = no data.
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2.3 Medicinal Plants

Observations on the use and efficacy of medicinal plants significantly
contributed to the disclosure of their therapeutic properties (Silva and
Fernandes, 2010). Pharmacognostic studies of medicinal plants led to the
discovery of early drugs such as cocaine, atropine, hyoscine, codeine, digitoxin,

quinine and morphine (Phillipson, 2001; Balunas and Kinghorn, 2005).

2.3.1 Discovery and Development of New Pharmaceuticals from Plants

Medicinal plants continue to play invaluable role in the drug discovery process
(Brahmachari, 2009). A total of 20 natural products based drugs have
undergone clinical evaluation and were approved for marketing worldwide in
between the years of 2005 to 2010 (Table 2.3), among which four are isolated

from plants (Mishra and Tiwari, 2011).

2.3.2 Antifungal Activities of Medicinal Plants

Medicinal plants represent a rich source of antimicrobial agents. A wide range
of medicinal plant parts such as root, stem, flower, fruit, twigs, exudates and
modified plant organs are used to treat common infectious diseases (Mahesh
and Satish, 2008). Some of these plants have been screened scientifically for

the antifungal activity of bioactive compounds as shown in Table 2.4.
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Table 2.3: Natural products (NP) derived drugs from 2005 to 2010; lead compounds, classification, types of natural products, and

therapeutic area (Mishra and Tiwari, 2011).

Year Generic name (trade name) Lead compound Classification Source of Natural Disease area
products

2005  Dronabinol /Cannabidol (Sativex®)  Dronabinol 1/cannabidol 2 NP Plants Pain

2005  Fumagillin (Flisint®) Fumagillin 3 NP Microorganism Antiparasitic

2005  Doripenem (Finibax®/Doribax®) Thienamycin 4 NP-derived Microorganism Antibacterial

2005 Tigecycline (Tygacil®) Tetracycline 5 Semi-synthetic NP Microorganism Antibacterial

2005  Ziconotide (Prialt®) Ziconotide 6 NP Marine organism Pain

2005  Zotarolimus (Endeavorstent) Sirolimus 7 Semi-synthetic NP Microorganism Cardiovascular surgery

2006  Anidulafungin (Eraxis"™/Ecalta™)  Echinocandin B 8 Semi-synthetic NP Microorganism Antifungal

2006  Exenatide (Byetta®) Exenatide-4 9 NP Animal Diabetes

2007  Lisdexamfetamine (Vyvanse'™) Amphetamine 10 NP-derived Plant ADHD

2007  Retapamulin (Altabax"™/Altargo™)  Pleuromutilin 11 Semi-synthetic NP Microorganism Antibacterial

2007  Temsirolimus (Torisel™) Sirolimus 7 Semi-synthetic NP Microorganism Oncology

2007  Trabectedin (Yondelis™) Trabectedin 12 NP Marine organism Oncology

2007  Ixabepilone (Ixempra™) Epothilone B 13 Semi-synthetic NP Microorganism Oncology

2008  Methylnaltrexone (Relistor®) Naltrexone 14 Semi-synthetic NP na Pain

2009  Everolimus (Afinitor®) Sirolimus 7 Semi-synthetic NP Microorganism Oncology

2009  Telavancin (Vibativ'™) Vancomycin 15 Semi-synthetic NP Microorganism Antibacterial

2009  Romidepsin (Istodax®) Romidepsin 16 NP Microorganism Oncology

2009  Capsaicin (Qutenza®) Capsaicin 17 NP Plant Pain

2010  Monobactam aztreonam (Cayston'™) Aztreonam 18 Semi-synthetic NP Microorganism Antibacterial

All the structure of lead compounds is shown in Appendix A; “ADHD” indicates Attention-Deficit Hyperactivity Disorder; “na” denotes data not available.



Table 2.4: Medicinal plants and identified antifungal compounds (Cowan,
1999; Ahmad et al., 2006; Dzoyem et al., 2007; Endo et al., 2010; Hu et al.,

2014).
Common name  Scientific name Class of Compound  Compound
African ebony Diospyros crassiflora  naphthoquinone plumbagin
Allspice Pimenta dioica Essential oil Eugenol
Apple Malus sylvestris Flavonoid derivative  Phloretin
Ashwagandha Withania somniferum  Lactone Withafarin A
Betel pepper Piper betel Essential oils Catechols, eugenol
Black pepper Piper nigrum Alkaloid Piperine
Brazilian Schinus Terpenoids Terebinthone
pepper tree terebinthifolius
Burdock Arctium lappa Polyacetylene, na

tannins,

terpenoids
Buttercup Ranunculus bulbosus  Lactone Protoanemonin
Caraway Carum carvi Coumarins na
Clove Syzygium aromaticum  Terpenoid Eugenol
Gamboge Garcinia hanburyi Resin na
Garlic Allium sativum Sulfoxide, terpenoids  Allicin, ajoene
Glory lily Gloriosa superba Alkaloid Colchicine
Grapefruit peel  Citrus paradisa Terpenoid na
Green tea Camellia sinensis Flavonoid Catechin
Hops Humulus lupulus Phenolic acids, Lupulone, humulone

Horseradish
Mountain
tobacco

Olive ail

Onion

Orange climber

Orange peel
Peppermint
Periwinkle
Peyote

Pomegranate
peel

Poppy

Purple prairie
clover
Rauvolfia,
chandra
Sacaca

St. John’s wort

Tree bard
Winter savory

Armoracia rusticana
Arnica montana

Olea europaea
Allium cepa
Toddalia asiatica

Citrus sinensis
Mentha piperita
Vinca minor
Lophophora
williamsii
Punica granatum

Papaver somniferum
Petalostemum

Rauvolfia serpentina

Croton cajucara
Hypericum
perforatum
Podocarpus nagi
Satureja montana

(Hemi) terpenoids
Terpenoids
Lactones

Aldehyde
Sulfoxide
Alkaloid

Terpenoid
Terpenoid

Alkaloid
Alkaloid

Polyphenols

Alkaloids
Flavonol

Alkaloid

Essential oil
Anthraquinone

Lactone
Terpenoid

na
Helanins

Hexanal

Allicin
Benzo[c]phenanthridine,
secobenzo[c]phenantridine
na
Menthol
Reserpine
Mescaline

Punicalagin

Opium
Petalostemumol

Reserpine

Linalool
Hypericin, others

Negilactone
Carvacrol

“na” denotes data not available
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2.3.3 Medicinal Plants under Investigation

Twelve species of medicinal plants from the family Araliaceae (Hydrocotyle
sibthorpioides), Arecaceae (Cocos nucifera), Asteraceae (Acmella ciliata),
Athyriaceae (Diplazium esculentum), Cucurbitaceae (Sechium edule), Fabaceae
(Parkia speciosa), Nepenthaceae (Nepenthes gracilis), Orchidaceae (Arundina
graminifolia), Passifloraceae (Passiflora edulis), Polygonaceae
(Muehlenbeckia platyclada), Rubiaceae (Diodia sarmentosa) and Solanaceae
(Solanum muricatum) were selected and screened for their antifungal
properties. Figure 2.8 shows the pictures of the medicinal plants used in this

study.

In Malaysia, these plants are commonly used either as food or folk remedies.
The selected plant species are listed in Table 2.5 with their common name,
plant part used, and the traditional therapeutic uses. A list of biochemical
studies and the bioactive compounds isolated from the species selected for

antifungal investigation are given in Table 2.6.
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A, Acmella ciliata (Kunth) Cass.; B, Hydrocotyle sibthorpioides Lamk.; C, Parkia speciosa
Hassk.; D, Passiflora edulis Sims.; E, Arundina graminifolia (D.Don) Hochr.; F, Nepenthes
gracilis Korth.; G, Muehlenbeckia platyclada (F. Muell.) Meisn.; H, Solanum muricatum Ait.;

I, Cocos nucifera L.; J, Diodia sarmentosa Sw.; K, Sechium edule (Jacq.) Swartz.; L,
Diplazium esculentum (Retz) Sw.

Figure 2.8: Pictures of medicinal plants selected for the antifungal
screening.
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Table 2.5: The traditional therapeutic uses of plant species selected for antifungal investigation.

Plant Species Common name Part Used Medicinal Usage References
Acmella ciliata Toothache plant Leaves and To treat toothache, stomatitis, stammering, Holetz et al. (2002);
flowers gum infections and throat complaints. Saraf and Dixit

Aerial parts and
roots

To treat inflammation and diarrhea.

(2002).

Arundina Bamboo orchid Rhizomes To treat body ache and bacterial infections. Hossain (2011).
graminifolia
Cocos nucifera Malayan dwarf' Flowers To treat fever and promote urination. Coconut Research
coconut palm Centre (2004).
Juice Applied to quench thirst, gangrenous ulcers, skin
boils and to treat heart conditions, dysentery, fever,
pain, digestive and bladder problems.
Oil Used as antiseptic and soothing on skin problems.
Roots Used as an infusion for sore throat gargles.
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Table 2.5 continued

Plant Species Common name Part Used Medicinal Usage References
Diodia Tropical buttonweed  Aerial parts To treat dysentery and used as a laxative and Onuaguluchi and
sarmentosa oxytocic agent, and also enhance erection and Nwafor (1999);
ejaculatory processes in the elderly males. Soladoye et al.
(2010).
Diplazium Vegetable fern Aerial parts To treat expectoration of blood and coughs. Roosita et al. (2008);
esculentum Ong (2011).
Rhizomes To treat diarrhea, dysentery and coughs.
Leaves To treat fever, dermatitis, measles, coughs and used
as tonic by woman after childbirth.
Roots To treat fever, dermatitis and used as a hair tonic.
Hydrocotyle Lawn Juice Used as a diuretic and febrifuge and to treat typhoid Rai (2004);
sibthorpioides  marshpennywort fever. Yu et al. (2007);
Au et al. (2008);
Leaves To treat asthma, poulticing scrotal skin ailments. Dangol (2008);
Ong (2011).
Whole plant To treat fever, dysentery, edema, detoxication,
cardiovascular disorders, throat pain, colds, coughs,
lymphadenitis, herpes zoster, acute hepatitis and
cholecystitis.
Roots To treat heart diseases.
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Table 2.5 continued

Plant Species Common name

Part Used

Medicinal Usage

References

Muehlenbeckia Centipede plant
platyclada

Fruits and seeds
Sap

Leaves and stems

Aerial parts

To treat oral ulceration.
To treat wart.

Used for treatment of poisonous snake bites,
bacterial infections, alleviating fever,
detoxification, used as diuretic, antihaemorragic,
sedative, antirheumatic, abortive, cicatrizing,
antiulcerogenic, anti-inflammatory and
antihelmintic agents.

Applied externally for skin swelling, sore, and
insect bites

Houghton and Manby
(1985);

Villegas et al. (1997);
Siriwatanametanon et
al. (2010);

Susidarti et al.
(2011).

Nepenthes Monkey cups Fluid in unopened Used as an eye-wash and to soothe inflamed skin. Burkill (1966); Fan
gracilis pitchers et al. (2010).

Leaves and roots Used as an astringent.
Parkia Stink bean Leaves To treat dermatitis and jaundice. Ong (2008); Roosita
speciosa ) ) ] ) et al. (2008).

Seeds Used in the treatment of diabetes, kidney pain,

hepatalgia, edema, nephritis, cholera, hypertension,
and as an antihelmintic.
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Table 2.5 continued

Plant Species Common name Part Used Medicinal Usage References
Passiflora Passion fruit Fruits Used as a heart tonic, stimulant, mild diuretic, Zibadi and Watson
edulis digestive stimulant, a treatment for urinary (2004);
infections and constipation. Ripa et al. (2009);
Sunitha and Devaki
Flowers To treat asthma, bronchitis and whooping cough. (2009).
Leaves To treat epilepsy, ulcers, hemorrhoids and also
symptoms of alcoholism, anxiety, migraine,
nervousness and insomnia.
Sechium edule  Chayote Leaves To treat fever, arteriosclerosis, calcifications inthe ~ Ong (2008);

Fruits and leaves

Fruits

Seeds

Roots

urinary system and hypertension.

To relieve urine retention and burning during
urination or to dissolve kidney stones.

To treat hypertension, pulmonary ailments, used as

a diuretic, poulticed on inflammations and wounds.

To treat intestinal inflammations.

Used as a diuretic, to treat pulmonary ailments.

Roosita et al. (2008).

Solanum Melon Pear
muricatum

Fruits

Consume as to quench thirst, refreshing and used as

a diuretic, to treat hypotension.

Redgwell and Turner
(1986); Sanchez-
Vega (1994).
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Table 2.6: Biochemical studies and bioactive compounds of the plants under investigation.

Plant Species

Biochemical Studies

Isolated Bioactive Compounds

References

Acmella ciliata Antibacterial, antioxidant, cytotoxic

activities of the aerial parts extracts.

Antifungal (yeast) and antibacterial
activities of the leaves extracts.

Ovicidal, larvicidal and pupicidal activity
in Anopheles culicifacies Giles, Culex
quinquefaciatus Say, and Aedes aegypti
Linn of the flowers extract.

Vanillic acid, trans-ferulic acid, trans-isoferulic
acid, scopoletin, 3-acetylaleuritolic acid, -
sitostenone, stigmasterol, stigmasteryl-3-O-p-D-
glucopyranosides and B-sitosteryl-3-O-p-D-
glucopyranosides

na

Spilanthol

Prachayasittikul et al.
(2009)

Holetz et al. (2002)

Saraf and Dixit (2002)

Arundina
graminifolia

Antitumor activity of the tuber extract.

2,7-dihydroxy-1-(p-hydroxylbenzyl)-4-methoxy-
9, 10-dihydrophenanthrene, 4,7-dihydroxy-1-(p-
hydroxylbenzyl)-2-methoxy-9, 10-
dihydrophenanthrene, 3,3'-dihydroxy-5-
methoxybibenzyl, (2E)-2- propenoic acid-3-(4-
hydroxy-3-methoxyphenyl)-tetracosyl ester, (2E)-
2-propenoic acid-3-(4-hydroxy-3-
methoxyphenyl)-pentacosyl ester and pentadecyl
acid

Liu et al. (2012)

32



Table 2.6 continued

Plant Species

Biochemical Studies

Isolated Bioactive Compounds

References

Cocos nucifera

Antibacterial, antiviral, antileishmanial,
antinociceptive and free radical
scavenging properties of the husk fiber
extract.

Antioxidant and antimicrobial properties
of the mesocarp extract.

Polyphenolic compounds (catechin and
epicatechin) together with condensed tannins (B-
type procyanidins)

Chlorogenic acid, dicaffeoylquinic acid,
caffeoylshikimic acids

Esquenazi et al. (2002);
Alviano et al. (2004);
Mendonca-Filho et al.
(2004)

Chakraborty and Mitra
(2008)

Diodia Anti-ulcerogenic properties of the whole na Akah et al. (1998)
sarmentosa plant extracts.
Diplazium Antioxidant, antimicrobial and cytotoxic na Mackeen et al. (1997);
esculentum (cancer cell lines) activities of the leaves Wong et al. (2006);
extracts. Zakaria et al. (2010);
Sakunpak and
Panichayapukaranant
(2012)
na Rahmat et al. (2004)

Antioxidant and cytotoxicity activities
(cancer cell lines) of the shoots extracts.
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Table 2.6 continued

Plant Species

Biochemical Studies

Isolated Bioactive Compounds

References

Hydrocotyle
sibthorpioides

Antioxidant and antiproliferative
activities of whole plant extracts.

Antitumor effect of whole plant extract
on mice.

Cytotoxicity activity against human
tumor cell lines of whole plant extract.

na

2-ethylacridine, 2 methyl-3-O-tolyl-6-hydroxy-
4(3H)-quinazolinone, 3-(-4-hydroxy-
methylphenyl)-2-methyl-4(3H)-quinazolinone,
9,10-dihydro-9,9,10-trimethyl-anthracene and
demecolcine

Oleanane-type triterpene saponin

Huang et al. (2008b)

Yu et al. (2007)

Huang et al. (2008a)

Muehlenbeckia
platyclada

Anti-inflammatory, anticancer and
antioxidant activities of the aerial parts
extracts.

Antinociceptive and anti-inflammatory
activities of the leaves extract.

Antibacterial activity of the leaves
extracts.

Spermicidal effect of the plant extracts.

na

Flavanol glycosides (morin-3-O-a-
rhamnopyranoside, flavonols, kaempferol 3-O-a-
rhamnopyranoside, kaempferol 3-O-f -
glucopyranoside, quercetin 3-O-a-
rhamnopyranoside and (+)- catechin)

Quercetin (3,3",4,5,7-pentahydroxyflavone)

na

Yen et al. (2009);
Siriwatanametanon et al.
(2010)

Fagundes et al. (2010)

Susidarti et al. (2011)

Gallego et al. (2012)
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Table 2.6 continued

Plant Species Biochemical Studies Isolated Bioactive Compounds References
Nepenthes na na na
gracilis
Parkia speciosa  Antibacterial activity of the seeds extracts. na Sakunpak and
Panichayapukaranant
(2012)
Antidiabetic activity of the seeds extracts na Ali et al. (2006)

Hypoglycemic effect of the seeds extract.
Hemagglutinating activity of proteins
isolated from the seeds extract.

Mitogenic activity of seeds extract on
human lymphocytes.

Antioxidant activity of the leaves extract.
Antioxidant activity of the shoots and
fruits extracts.

Antiangiogenic and antioxidant properties

of the empty pods extracts.
Hypoglycemic effect of the pods extracts

B-sitosterol and stigmasterol

Hypothetical proteins

Lectin

na

Polyphenolics

Phenols

B-sitosterol and stigmasterol

Jamaluddin et al. (1994)

Chankhamjon et al.
(2010)

Suvachittanont and
Jaranchavanapet (2000)

Razab and Aziz (2010)

Wong et al. (2006)

Aisha et al. (2012)

Jamaluddin et al. (1995)
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Table 2.6 continued

Plant Species

Biochemical Studies

Isolated Bioactive Compounds

References

Passiflora Inhibition activity of the fruit decoction na Puricelli et al. (2003)
edulis on enzymes that involved in tumor
invasion, metastasis and angiogenesis.
Antibacterial, cytotoxic and antioxidant na Ripa et al. (2009)
activities of the leaves and stems
extracts.
Anxiolytic effect of the leaves extracts. na Petry et al. (2001)
Antioxidant and antiglycation na Rudnicki et al. (2007);
properties of the leaves extracts. Sunitha and Devaki
(2009).
Sechium edule  Antioxidant activity of the leaves, stem na Ordofiez et al. (2006)

and seed extracts.

Antibacterial, antifungal and
antioxidant activities of the leaves
extracts.

Cytotoxicity, mutagenicity and
antimutagenicity of the plant extracts.

luteolin-7-O-glucoside

na

Ordofiez et al. (2009)

Yen et al. (2001)
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Table 2.6 continued

Plant Species Biochemical Studies

Isolated Bioactive Compounds

References

Solanum Antioxidative, anti-inflammatory and
muricatum antiglycative effects of the fruits
extracts.

Antioxidant activity of the fruits
extract.

Antitumor activity of the fruits extract.

Ascorbic acid, phenolic acids and flavonoids

Polyphenols

na

Hsu et al. (2011)

Sudha et al. (2011)

Ren and Tang (1999)

“na” denotes data not available
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2.4 Antimicrobial Susceptibility Testing

Generally, in vitro susceptibility tests are meant to provide a correlation
between in vitro activity and therapeutic outcome, a measure of the relative
activities of antimicrobial agents, and a mean to monitor the development of
drug resistance (Liao and Dunne, 2003). Antimicrobial susceptibility test (AST)
is commonly used for the detection of potential antimicrobials from biological

extracts against different microorganisms (Ncube et al., 2008).

AST standard tests fall into two groups, i.e. diffusion and dilution methods.
Diffusion methods include agar well diffusion, agar disc diffusion and
bioautography which are known as qualitative techniques that will provide an
indication of the presence or absence of bioactive compounds (Valgas et al.,
2007). The dilution methods include agar dilution, broth microdilution and
broth macrodilution which are considered as quantitative assays to distinguish
between microbiostatic and microbicidal effects; and generate quantitative
results with the minimum inhibitory concentration (MIC) values (Valgas et al.,

2007; Ncube et al., 2008).

There are other commercial custom-prepared methods such as the agar screen
plate, Epsilometer test (Etest), Sensititre YeastOne colorimetric test and the
Vitek system which is used for antimicrobial sensitivity determination

especially when the MIC value is needed. However these commercially
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available kits are not commonly used for routine AST and testing activity of

plant extracts (Joyce et al., 1992; Ncube et al., 2008).

Broth microdilution method has become the most popular susceptibility testing
as the miniaturization and mechanization afforded by the use of disposable
microplates gives reproducible results, requires small quantities of sample, can
be used for examining multiple concentrations and large number of samples
simultaneously (Eloff, 1998; Jorgensen and Ferraro, 1998). End-point
determination of broth microdilution method uses colorimetric indicator or
spectrophotometry to facilitate inspection of each of the wells for evidence of
growth. A potential drawback of the spectrophotometric end-point
determination, however, is that the application demands agitation of the plates
to ensure homogeneity in the wells before reading, which could affect the
reproducibility (Liu et al.,, 2007). The use of colorimetric indicators
(tetrazolium salts or resazurin dye) requires less instrumentation and avoids the
ambiguity associated with visual comparison (Liu et al., 2007; Ncube et al.,

2008).

2.5 Purification, Isolation and Structural Characterization Techniques
Plant bioactive compounds of interest are usually isolated following a
fractionation procedure. Bioactivity-guided fractionation techniques are often

used as an option to isolate bioactive compounds in the systematic drug
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development programs from natural resources in multinational drug companies

(Jantan, 2004).

The complex composition of plant extracts is generally a limiting obstacle to
the isolation of bioactive compounds (Ahmad et al., 2006). However,
bioactivity-guided fractionation permits the detection of active compounds
which responsible for the targeted biological activity in the crude plant extract
(Jantan, 2004). The complexity of matrix can be reduced with pretreatment
sample preparation steps (separation, purification and concentration) such as
liquid-liquid partition, solid phase extraction, and preparative thin layer
chromatography (PTLC) or thin layer chromatography (TLC) (Harborne, 1998;
Waksmundzka-Hajnos et al., 2008). Complete identification of bioactive
compounds depends on the measuring of its properties include melting points
and spectral characteristics such as ultraviolet (UV), infrared (IR), nuclear

magnetic resonance (NMR) and mass spectral (MS) (Harborne, 1998).

In modern pharmacopoeias, advances in separations technology are associated
with high performance chromatography methodologies such as the one or two
dimensional thin layer chromatography, high performance thin layer
chromatography (HPTLC), high performance liquid chromatography (HPLC),
and gas chromatography (GC) (Foucault, 1995; Waksmundzka-Hajnos et al.,
2008). TLC techniques are applied for qualitative analysis of organic

compounds, isolation of pure compound, quantitative analysis and preparative-
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scale isolation (Waksmundzka-Hajnos et al., 2008). The era of using digital
photography for TLC documentation has facilitated the production of high
resolution TLC image and capable to record weak fluorescence (Hahn-
Deinstrop, 2007). Direct optical evaluation of TLC enables quantitative results
to be obtained through the densitometry created by using a TLC scanner

(Hahn-Deinstrop, 2007).

Advances in the structure elucidation technology further expanded the
capabilities for structural identification and characterization. Hyphenated
techniques such as HPLC coupled to photodiode array detection and to mass
spectrometry is a strategic tool to provide on-line structural information
(Waksmundzka-Hajnos et al., 2008). The acquisition of high field NMR with
two dimensional NMR experiments such Nuclear Overhauser Effect
Spectroscopy (NOESY), Heteronuclear Multiple Quantum Correlation
(HMQC), Heteronuclear Multiple Bond Correlation (HMBC) and J-modulated,
liquid chromatography-mass spectrometry (LC-MS) coupled with mass
analyzers such as triple quadrupole, ion trap and quadrupole time-of-flight (Q-
TOF), Fourier transform infrared spectroscopy (FT-IR), gas chromatography-
mass spectrometry (GC-MS) and X-ray crystallography allow rapid and
straightforward assignment of structure to complex natural products (Jantan,

2004; McChesney et al., 2007).
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CHAPTER 3

MATERIALS AND METHODS

3.1 Materials
3.1.1 Chemicals and Reagents
Following chemicals and reagents were purchased from the manufacturers as

listed in Table 3.1.

Table 3.1: Chemicals and reagents used in the study.

Chemical/ reagents Manufacturers

Acetone, hexane (AR grade) Mallinckrodt Chemicals, USA

Acetonitrile, dimethyl sulphoxide (DMSO), ethyl acetate, Merck, Germany
hexane and methanol (HPLC grade), deuterated methanol-d,,

potassium bromide (KBr), potato dextrose agar (PDA), potato

dextrose broth (PDB) and sodium hydroxide pellets

Chloroform, ethyl acetate (AR grade) System, USA
Ethanol, methanol, glacial acetic acid (AR grade) Prochem, USA
Glycerol (AR grade) GeneChem, Canada

p-iodonitrotetrazolium violet, amphotericin B, Dulbecco’s Sigma-Aldrich, USA
modified eagle medium (DMEM), Dulbecco’s phosphate

buffered saline (DPBS), neutral red solution (3.3 g/L in DPBS),

fetal bovine serum (FBS), penicillin-streptomycin solution

(100x), trypsin-EDTA solution (1x), sodium bicarbonate,

sodium chloride

RPMI-1640 medium supplemented with glutamine and phenol MP Biomedicals, France
red, without bicarbonate

Tween 20 Amresco, USA

3-(N-morpholino) propanesulfonic acid (MOPS) Calbiochem, Germany

*AR, Analytical reagent

42



3.1.2 Instruments and Labwares

The instruments and labwares used and their brands are shown in Table 3.2.

Table 3.2: Instruments, labwares and their brands.

Instruments/ Labwares Brand

Autoclave machine HICIAVE Hwvt-50
Bunsen burner Campinguz

Bar blender Waring Commercial
Disposable syringes (1 mL/3 mL) Terumo

Electronic balance Adventurer Pro AV 812

Micropipette tips

Centrifuge tube (5 mL/15 mL/50 mL)

Freeze-dryer
Fourier transform infrared (FT-IR)
spectrophotometer

Gas chromatography-mass spectrometer (GC-MS)
GC-MS capillary column (0.25 mm x 30 m)
High performance liquid chromatography (HPLC)

HPLC injection syringe

HPLC RP-18 column, HPTLC, TLC & PLC plates

Incubator
Laminar air flow

Liquid chromatography-Tandem mass spectrometer

Melting point apparatus
Micropipette (100-1000 pL)
Microplate reader

Multi-channel pipette (20-200 pL)

Nuclear magnetic resonance (NMR) spectrometer
NMR tubes (400 mHz, 178 mm length)

Orbital shaker

Pasteur pipettes, GC-MS auto sampler vials (1.5 mL)
Petri dish,U-shaped/ flat bottom microplate

pH meter
Rotary evaporator set

Sample vial (soda glass specimen tube)

Sonicator
Spectrophotometer
Sterile collection swab
Stirrer

Syringe filter nylon membrane (0.45 pum), Cellulose

acetate filter membrane (0.20 um)

TLC cutter, TLC double-trough chamber, TLC
semi-automatic sample applicator, TLC scanner,

TLC visualizer

Ultra low temperature freezer
Vacuum concentrator

Vortex mixer

Axygen scientific

BD Bioscience

Martin Christ Alpha 1-4, LD plus
Perkin-Elmer Spectrum RX1

Shimadzu, QP2010 Plus

SGE, BPX5

Shimadzu, Prominence UFLC 20AD
Hamilton

Merck

Memmert

Edamix series

AB Sciex

Stuart, SMP 10

VIiPR, Treff Lab

Tecan Infinite, M200
Transferpette®

JEOL JNM-ECX 400

Kimble Chase

IKA- Werke KS 501, Gainson HZQ
Fisher Scientific

Greiner bio-one

Sartorius

BUCHI Rota-vapor R205
SAMCO

S 100H Elmasonic

Thermo Scientific, Genesys 20
Pan Mate

Harmony HTS-1003

Sartorius, Minisart

CAMAG
Haier

Eppendorf, Concentrator plus
VELP® SCIENTIFICA




3.1.3 Plant Materials

There were a total of 12 species of medicinal plants being selected and
screened for their antifungal properties. These medicinal plants were selected
based on their traditional therapeutic uses as antimicrobial agents and scientific
studies on their antifungal activities are limited. The enthnopharmacological
uses of certain part of these plants as antifungal agents are listed in Table 2.5.
The extracts of eight species of medicinal plants were provided in this study as
cited in Appendix B. The identification of the species was confirmed by
Professor Ong Hean Chooi, an ethnobotanist of the University of Malaya,
Malaysia. The plant names with the parts investigated, voucher specimen
number, collection date, location and weight of the plants are shown in Table
3.3. Voucher specimens of the plants were deposited at Faculty of Science,
Universiti Tunku Abdul Rahman, Perak Campus. Labels with information

about the plants were placed at the back of the herbarium sheet (Appendix C).

3.1.4 Fungal Strains

The fungal strains that were used in this study were yeasts (Candida albicans
ATCC 90028, Candida parapsilosis ATCC 22019, Issatchenkia orientalis
ATCC 6258, Cryptococcus neoformans ATCC 90112) and molds (Aspergillus
brasiliensis ATCC 16404 and Trichophyton mentagrophytes ATCC 9533). All
fungal strains used were purchased from American Type Culture Collection.
The microorganisms were maintained on potato dextrose agar (PDA) at 4°C for
short term storage. The freezing technique for long term storage as described

by Larone (2002) was applied (Appendix D).
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Table 3.3: Plant samples with their voucher specimen number, date of
collection, location, and weight.

Plant Samples Voucher Date Location of plant Fresh
(Part of plant Number collection Weight
investigated)
(9)

Acmella ciliata (Kunth) UTAR/FS Oct  Sungai Buloh, 100
Cass. (leaves) C/08/001 2009 Selangor.
Arundina graminifolia  UTAR/FS May Cameron Highlands, 370
(D. Don) Hochr. C/10/011 2010 Pahang.
(leaves)
Cocos nucifera L. UTAR/FS Oct Setapak, Wilayah 600
(leaves) C/08/010 2008 Persekutuan Kuala

Lumpur.
Diodia sarmentosa Sw. UTAR/FS Oct  Nibong Tebal, 800
(aerial parts) C/10/018 2010 Penang.
Diplazium esculentum  UTAR/FS Nov Kampar, Perak. 1214
(Retz.) Sw. (aerial C/10/023 2010
parts)
Hydrocotyle UTAR/FS Oct Klang, Selangor. 1000

sibthorpioides Lamk. C/10/019 2010
(whole plant)

Muehlenbeckia UTAR/FS Oct Cameron Highlands, 535
platyclada (F. Muell.) ~ C/10/017 2010 Pahang.

(stems)

Nepenthes gracilis UTAR/FS Sep  Cameron Highlands, 237
Korth. (leaves) C/10/016 2010 Pahang.

Parkia speciosa Hassk. UTAR/FS Sep  Cameron Highlands, 1000
(pods) C/10/015 2010 Pahang.

Passiflora edulis Sims.  NA Nov  Sungai Siput, Perak. 890
(whole fruit without the 2008

peel)

Sechium edule (Jacq.) UTAR/FS Oct Cameron Highlands, 1200
Swartz. (aerial parts) C/10/022 2010 Pahang.

Solanum muricatum NA Sep  Cameron Highlands, 1000
Ait. (whole fruit 2010 Pahang.
without the seeds)

*NA: No voucher specimen prepared for fruit samples (P. edulis and S. muricatum)
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3.1.5 Cell Line

The Rhesus monkey kidney epithelial cell line (LLC-MK2) was a gift from
Professor Shamala Devi (Department of Medical Microbiology, Faculty of
Medicine, University of Malaya, Malaysia). LLC-MK2 was propagated in
Dulbecco’s modified eagle medium (DMEM) supplemented with 5% fetal
bovine serum (FBS) at 37°C in a humidified atmosphere with 5% CO,. For

maintenance medium, the FBS concentration was reduced to 1%.

3.2 Extraction of Plant Materials

The sequential extraction method as described by Ncube et al. (2008) was
applied with modifications. The plant samples were washed thoroughly under
running tap water to remove dirt, dust and insects. The fresh samples were
weighed and cut into small pieces, blended and sequentially extracted using
hexane, chloroform, ethyl acetate, ethanol, methanol and water at room
temperature with agitation (120 rpm) using an orbital shaker. The plant
materials were extracted in two cycles per each solvent, which the first cycle
being two days and second cycle being one day. The solvents were filtered and
evaporated using a rotary evaporator at 40°C with the pressure set according to
the type of solvent used (Table 3.4). After the evaporation process, the extracts
were transferred into vials and were dried in a vacuum concentrator at 37°C
until constant weight measurements were obtained. Meanwhile, aqueous
extracts were lyophilized by freeze-dryer. The extracts were stored in the
freezer at -20°C prior use. Dry weights of each extract were recorded and

percentage of yield was calculated using the formula below.
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Dry weight of extract obtained
Weight of fresh plant material used

Percentage of yield of each extract (%) = x100%

Table 3.4: Pressure applied for each solvent during rotary evaporation

Solvent Pressure (mbar)
Hexane 335
Chloroform 474
Ethyl acetate 240
Ethanol 175
Methanol 337

3.3 Medium, Reagents, Plant Extracts and Fungal Inocula Preparation
3.3.1 Preparation of Broth Medium and Reagents

The preparation of broth medium and reagents were based on the Clinical and
Laboratory Standards Institute (CLSI) guidelines (CLSI, 2002a; CLSI, 2002b).

The method is shown in Appendix D.

3.3.2 Preparation of Plant Extracts

The samples were dissolved in methanol:water mixture (2:1, v/v) at a
concentration of 10 mg/mL for the crude extracts, 1 mg/mL for the fractions
and 0.5 mg/mL and 2.5 mg/mL for the isolated compound during the antifungal
and cytotoxicity assay, respectively. The extracts were sonicated for 30 min at
30°C, then filtered through 0.45 um syringe filters and stored at -20°C prior to

analyses.
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3.3.3 Preparation of Fungal Inocula

The preparation of inoculum suspensions were based on CLSI guidelines
(CLSI, 2002a; CLSI, 2002b). Inoculum suspensions were prepared from fresh,
mature cultures grown on PDA. Table 3.5 summarizes the incubation period,
incubation temperature, absorbance range, cell initial and final working
densities for the respective fungi during the colorimetric broth microdilution
assay. The yeast inocula were prepared by transferring several colonies of yeast
into a sterile round bottom tube which contained 3 mL of saline solution.
Inoculum suspensions of the mold species were prepared by covering the
fungal colonies with 3 mL of saline solution for T. mentagrophytes and saline

solution supplemented with 0.1% Tween 20 (wetting agent) for A. brasiliensis.

The mold suspensions were prepared by gently probing the surface with a
sterile loop. The resulting mixture of conidia and hyphal fragments was
transferred to a sterile round bottom tube. Both yeast and mold suspensions
were then mixed by using a vortex mixer at 25 Hz for 15 s. Heavy particles in
the mold suspensions were allowed to sediment for 10 to 15 min. The upper
homogeneous suspensions were collected and transferred into a sterile round
bottom tube. The densities of these suspensions (yeast and mold) were
subsequently adjusted to the optimal absorbance (A) at 530 nm and further
dilutions in RPMI broth medium were performed to obtain the final working

inocula (Table 3.5).
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Table 3.5: Fungal inocula preparation conditions for the respective fungi
(CLSI, 2002a; CLSI, 2002b).

Fungi Incubation Incubation Absorbance  Cell initial Cell final
period Temperature range (A) at densities working
(days) (°C) 530 nm (CFU/mL) densities
(CFU/mL)
Candida spp. 2 35 0.12-0.15 1-5 x 10° 1-5 x 10°
C. neoformans 3 35 0.12-0.15 1-5 x 10° 1-5 x 10*
A. brasiliensis 3 35 0.09-0.11 0.4-5x10°  0.4-5x10*
T. 7 28 0.15-0.18 1.2-6x10°  1.2-6 x 10*
mentagrophytes

3.4 Antifungal Assay

3.4.1 Determination of Minimum Inhibitory Concentration (MIC)

The colorimetric broth microdilution method of Eloff (1998) was modified and
employed for the antifungal screening of plant extracts. This test utilized two-
fold descending concentrations of extracts and a reference antibiotic in 96-well
microplate (U-shaped), with concentrations ranging from 0.02 to 2.5 mg/mL
for the plant extracts, 0.002 to 0.25 mg/mL for the fractions, 0.98 to 125 pg/mL
for the isolated compounds, 0.063 to 8 pug/mL for amphotericin B and 0.2% to
25% (v/v) for methanol. The toxicity of methanol towards the fungi was
assessed to ensure that the diluents were applied at the non-toxic level during
the bioassays. Growth, sterility and negative controls were included (Figure
3.1). One hundred microliters of broth medium was added into the four corner
wells as sterility controls. Negative control was prepared by adding 25 pL of
extract and 75 pL of broth medium. Growth control contained 50 uL of broth

medium and 50 uL of fungal inocula.
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[Fraction]®

[Diluents]®

1 2 3456 7 8 91011 12 [Crude Extract]* [Isolated Compound]®

A ‘ O O O O O . O O O ‘ 2.50 mg/mL 0.250 mg/mL 125.00 pg/mL 25.00%
1.25 mg/mL 0.125 mg/mL 62.50 pg/mL 12.50%

B

¢ : 8 8 8 8 8 : 8 8 8 8 0.63 mg/mL 0.063 mg/mL 31.25 pg/mL 6.25%

DI@CAOO0 000 @O OO Q] OostmgmL 003 mgmL 15.63 pg/mL 3.13%

EIOGROO0O 000 @O 0O OO/ o1mgmL 0016 mg/mL 7.81 pg/mL 1.56%

F O O O O O O . O O O O 0.08 mg/mL 0.008 mg/mL 3.90 pg/mL 0.78%

G O O O O O O . O O O O 0.04 mg/mL 0.004 mg/mL 1.95 pg/mL 0.39%

H ‘ O O O O O ‘ O O O . 0.02 mg/ mL 0.002 mg/mL 0.98 pg/mL 0.20%

@ Ssterility control (100 pL. RPMI broth medium)
@ Growth control (50 pL. RPMI broth medium + 50 pL working inoculum suspension)
(O Negative control (75 pL. RPMI broth medium + 25 pL extract or methanol)
@ Positive control (50 pL serial two-fold dilution of amphotericin B + 50 pL working inoculum suspension)
(O Tested extracts or methanol (50 pL serial two fold dilution of extract or methanol + 50 uL working inoculum suspension)
) Serial two-fold dilution by multichannel pipette (Column 2-11)
a Tested concentration ranges of crude extracts (hexane, chloroform, ethyl acetate, ethanol, methanol & aqueous extract)
b Tested concentration ranges of fractions (fraction 1, fraction 2 & fraction 3)
¢ Tested concentration ranges of isolated compounds (band 1 & band 2)
d Tested concentration ranges of diluent (plant extract diluent: methanol: water, 2:1, v/v)

Figure 3.1: An overall picture of a 96-well microplate preparation for the colorimetric broth microdilution assay.
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The 96-well microplates were covered with lids and agitated at 60 rpm for 10
min using an orbital shaker. The 96-well microplates were incubated in an
aerobic environment stacked no more than four plates high at 35°C for 48 h for
Candida spp.; 72 h for C. neoformans and A. brasiliensis; and at 28°C for 7
days for T. mentagrophytes. After incubation, 20 uL of INT (0.40 mg/mL) was
added and growth was determined by the formation of the dense insoluble red
formazan crystals through visual assessment. The fungal growth inhibition was
indicated by the absence of the dense insoluble red formazan crystals in the
testing well. The lowest concentration of the extract at which no formation of
the dense insoluble red formazan crystals was recorded as the MIC value. The
tests were performed in triplicates. Mean or range values were recorded. Total
activity, percent activity and fungal susceptibility index (FSI) were calculated

as the equations shown below (Bonjar, 2004; Eloff, 2004).

Number of susceptible fungal strains toa specific extract
Total number of tested fungal strains

Percent activity (%) = x100%

Total activity (mLig) = Quantity of material extracted from1g of plant material

M inimum inhibitory concentration (iL)
m

Number of extracts effective against each fungal strain

FSI (%) =
(%) Total number of extracts

x100%
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3.4.2 Determination of Minimum Fungicidal Concentration (MFC)

The MFC was obtained by inoculating 20 pL of the preparation that showed no
evidence of growth in the MIC determination assays onto PDA and spread by
using a sterile cotton swab. The lowest concentration at which growth was not
observed was recorded as the MFC value. The tests were performed in

triplicates.

3.5 Isolation of Bioactive Compounds

Among 72 extracts obtained from 12 species of medicinal plants, the most
active extract was the hexane extract of N. gracilis. Bioactivity-guided
fractionation was performed using liquid-liquid partitioning technique and
preparative thin layer chromatography (PTLC) in order to isolate the antifungal
compound(s). The collected fractions were subjected to the colorimetric broth
microdilution assay to keep track of the bioactive compounds. C. neoformans
and T. mentagrophytes were selected as indicative microorganisms,
representing the yeast and mold strains, respectively, during the bioactivity-

guided fractionation.

3.5.1 Liquid-liquid Partitioning of the Active Extract from N. gracilis

The hexane extract (1.12 g) of N. gracilis was dissolved in 150 mL of hexane
and partitioned with an equal volume of water. The mixture was shaken
vigorously in a 500 mL separating funnel and two distinct layers were formed

after 30 min. Each partition was performed thrice. The water layer was
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extracted using ethyl acetate. The collected hexane and ethyl acetate fractions
were evaporated to dryness using a rotary evaporator while the water fraction
was lyophilized. These yielded three fractions, i.e., hexane fraction (F1), ethyl
acetate fraction (F,), and water fraction (F3). The fractions were re-dissolved in

a mixture of methanol:water (2:1, v/v) for the antifungal screening.

3.5.2 Isolation and Purification of the Active Compound from N. gracilis

The hexane fraction (F;) exhibited the strongest antifungal activity and was
further purified by PTLC using hexane: ethyl acetate (9:1, v/v) as the mobile
phase. F; was redissolved in hexane (2 mg/mL) and applied as a thin even layer
on a 10x10 cm PTLC plate (Kieselgel 60 Fzs4, 1 mm, glass-backed) by a semi-
automatic sample applicator (volume: 190 uL, speed: 250 nL/s, spray gas:

nitrogen gas).

The development of the PTLC plate was performed at room temperature. The
solvent front was set at 8 cm. Following chromatographic development, the
solvent was removed from PTLC plate by evaporation in the fume hood for 5
min. Each band was scraped off with the packing material (silica gel 60 Fjs4)
by using a spatula. The resulted silica powder was extracted twice with sterile
distilled water followed by partition twice with equal volume of hexane. The
hexane layer obtained was evaporated using a rotary evaporator and the band
was screened for antifungal activity. After recovery of the most active band

(By), further purification was achieved by recrystallization in hexane.
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3.5.3 HPLC Analysis on the Isolated Antifungal Compound from N.
gracilis

The purity of the isolated bioactive compound was analyzed by using HPLC
(Shimadzu, Prominence UFLC, LC-20AD, Japan) fitted with a RP-18 column
(Merck Purospher STAR, 250 mm, 4.6 mm id., 5 um, endcapped) and
operated with a mobile phase consisted of deionized water (phase A) and
acetonitrile (phase B). Elution was performed at a flow rate of 0.7 mL/min with
a gradient elution program (t= 0 min, 0% B; t= 1 min, 10% B; t= 5 min, 50% B;
t=10 min, 100% B; t= 20 min, 100% B) and 20 uL (0.1 mg/mL) of the isolated
compound was injected into the system. The detection of peaks was facilitated

by a photodiode array detector set at 200 to 800 nm.

3.5.4 HPTLC Analysis on the Isolated Antifungal Compound from N.
gracilis

HPTLC analysis was performed using HPTLC plate (Kieselgel 60 F2s4, 0.2 mm,
aluminium-backed) using hexane: ethyl acetate (9:1, v/v) as the mobile phase.
The isolated compounds, fraction and hexane crude extract were sprayed (5 pL,
0.1 mg/mL) on the plate using a semi-automatic sample applicator with a band
length of 6.0 mm. The plates were photographed using a 12 bit charge-couple
device digital camera equipped with WiInCATS software (Planar
Chromatography Manager version 1.4.4). The TLC visualizer captured images
under a uniform illumination of visible light and ultraviolet light (254 nm and

366 nm).

54



The spots on the HPTLC plate were quantified by using a TLC scanner and the
data of absorption signal spectra (200 nm to 700 nm) were processed with the
WInCATS software. The scanning procedure was programmed at the speed of
20 mm sec™? and with a slit width of 6.0 x 0.45 mm. The retention factor (Rf)

and percentage peak area (%) was automatically calculated by the software.

3.6 Characterization and Structure Elucidation of the Isolated Antifungal
Compound from N. gracilis

3.6.1 Measurement of Melting Point

Melting point of the isolated bioactive compound was measured by using a
melting point apparatus (Stuart, SMP 10, UK). The sample (1 mg) was inserted
into a glass capillary tube and placed in the aluminium block of the sample
chamber. The block was heated slowly (2°C per min) and the sample was
observed through the magnifying lens until melting was observed. The melting
point temperature was recorded from the light-emitting diode (LED) display.

The measurement of melting point was performed thrice.

3.6.2 FT-IR Analysis

Infrared (IR) spectra of the isolated compound were recorded as KBr pellets on
a FT-IR spectrometer (Perkin-Elmer RX1, USA). The KBr pellet (13 mm
diameter) was prepared by mixing the finely ground solid sample and
powdered KBr (1:100, w/w) and pressed under high pressure, 4000 pound per

square inch (psi) by a hydraulic pellet press (ICL, USA). IR spectra were
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recorded from an accumulation of 40 scans at the wavenumbers from 4000 to

600 cm * with a resolution of 4 cm™.

3.6.3 GC-MS Analysis

The mass spectrum of the isolated compound was obtained by a GC-MS
(Shimadzu, QP2010 Plus, Japan) using helium (1.46 mL/min) as carrier gas,
fitted with 5% phenyl polysilphenylene-siloxane (BPX5) capillary column
(0.25 mm x 30 m, film thickness 0.25 um); the injector port was maintained at
250°C; the oven temperature gradient was 10°C/min from 80°C to 310°C with
a total program time of 37 min; electron impact ionization method was used,
the ion source and interface temperatures were set at 200°C and 310°C,
respectively. The isolated sample was dissolved in methanol (HPLC grade) and
filtered through a syringe filter (0.22 pm) prior to injection. The sample

injection volume was 1 pL (20 pg/mL).

3.6.4 LC-MS/MS Analysis

The ion mass spectrum of the isolated compound was obtained by a LC-
MS/MS (AB Sciex, USA) using nitrogen (purity= 99.9995%) as collision gas.
The separation of LC-MS/MS was achieved using a C18 column (Phenomenex
Aqua, USA, 50 x 2.0 mm i.d., 5 um) with mobile phase comprised water-
acetonitrile (10:90, v/v). The sample injection volume was 20 pL (20 pg/mL).
lonization was achieved using electron spray in the negative ionization mode

with 2.93 kV of capillary voltage. The desolvation gas heated to 500°C and the
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source block temperature was 80°C. The declustering potential was 40 V and
the collision energy voltage was 10 V. The LC-MS/MS data was processed by

the Analyst data acquisition software (AB Sciex, USA).

3.6.5 Nuclear Magnetic Resonance Spectroscopic Analysis

'H NMR (400 MHz), *C NMR (100 MHz), HMBC and HMQC spectra of the
isolated compound were recorded on a NMR spectrometer (JEOL JMN-ECX
400, Japan). Fifteen milligram of sample was dissolved in deuterated methanol-
d4, filtered and transferred into a NMR tube (Kimble Chase-400 MHz,
Vineland) until it achieved a height of 4 cm. All chemical shifts (8) were stated

in parts per million (ppm) and coupling constants (J) were expressed in Hz.

3.7 Cytotoxicity Determination of the Isolated Antifungal Compound from
N. gracilis

3.7.1 Determination of Optimum Cell Seeding Density

Confluence monolayer LLC-MK2 cells were trypsinized using 1 mL of trypsin-
EDTA solution (1x). Cells were pelleted by centrifugation at 1,500 rpm for 15
min. The pellet was resuspended with the cell maintenance medium (DMEM
with 1% FBS) and the total numbers of cells were counted using a
hemocytometer. A working density of 8x10° cell/mL was prepared and two-
fold serial dilution was carried out to obtain six final densities (8x10°, 4x10°,
2x10°, 1x10° 5x10* and 2.5x10* cell/mL). One hundred microliters of cell

suspension from the respective density was seeded into a 96-well flat bottom
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microplate and added with 100 pL of cell maintenance medium. Figure 3.2
shows an overall microplate design of the 96-well microplate for the

determination of optimum cell seeding density.

The 96-well microplate was incubated at 37°C in a humidified atmosphere with
5% CO, for 72 h. The cell viability was evaluated by Neutral Red Uptake
assay. The absorbance value representing cell viability was measured at 540
nm. The optimum cell seeding density was assessed through the plotted
absorbance value-cell density curve. Seeding density falls within the late
transitional and the early stationary phase of the graph was used as seeding

density for the cytotoxicity assay. The tests were performed in triplicate.

3.7.2 Neutral Red Uptake Assay

The cell viability of tested plates was evaluated by Neutral Red Uptake (NRU)
assay according to the method of Repetto et al. (2008) with modifications.
After 72 h of incubation, medium from the plates was removed and rinsed with
150 pL of DPBS twice. Maintenance medium (100 pL) containing neutral red
(40 pg/mL) was added into each well. After 2 h of incubation at 37°C in a
humidified atmosphere with 5% CO,, the neutral red medium was removed

from each well and rinsed twice with 150 pL of DPBS.
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[Cell Density]*

8x10* cells/well

4x10* cells/well
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1x10* cells/well
5x10° cells/well

2.5x10° cells/well

00000000 -
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00000000 *
00000000 °
00000000 °
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00000000 °
00000000 -
00000000 -
00000000 &

@ Cell dilution (100 pL cell stock + 100 pL maintenance medium)
@ Sterility Control (200 pL maintenance medium)
O Empty wells

a Cell seeding density (cells/well)

Figure 3.2: Design of a 96-well microplate for the determination of optimum cell seeding density of LLC-MK2 cells.
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One hundred fifty microliters of neutral red destain solution was added into
each well to extract the incorporated neutral red dye in the viable cells. The
microplates were shook for 15 min with an orbital shaker at 60 rpm. The
absorbance of each well was measured at 540 nm with a microplate reader to
determine cell viability. The result was expressed through a concentration-cell
viability curve. Mean value was determined from the triplicate results and the
percentage of cell viability was calculated using the formula shown below (A=

absorbance value measured at 540 nm):

(Asam ple - Am ediumcontrol)

Cell viability (%) = x 100%

(Acellcontrol - Amediumcontrol)

3.7.3 Cytotoxicity Assay

To investigate the cellular toxicity of the diluent (methanol:water mixture in
the ratio of 2:1, v/v) or isolated pure compound against the mammalian cells
(LLC-MK2), 100 pL of cell suspension with the density of 3x10* cells per well
was seeded in 96-well flat bottom microplates. After 24 h incubation at 37°C in
a humidified atmosphere with 5% CO, the confluent cultures were subjected to
the cytotoxic screening (Repetto et al., 2008). The test was performed by two-
fold serial dilution with the cell maintenance medium to obtain eight final
working concentrations of diluent or the isolated pure compound (Figure 3.3).

One hundred microliters
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[sample]® ©.
[sample]® 1

-

@ Testing wells (100 pL of cell suspensions + 100 L of two-fold serial dilution of isolated compound or diluent)
O Cell growth control (100 pL of cell suspensions + 100 pL of maintenance medium)
@ Sterility control (200 pL of maintenance medium)
@ Empty wells
O Non-testing outer peripheral wells
a Tested concentration range of the isolated compound (ug/mL)
b Tested concentration range of diluent (%, v/v)

Figure 3.3: Design of a 96-well microplate for the cytotoxicity assay of diluent and isolated compound against the LLC-MK2 cells.
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of the prepared working solutions was added to the testing wells accordingly

except for the sterility and cell growth controls.

Two hundred and one hundred microliters of cell maintenance medium were
added to the sterility control (Column 11) and cell growth control (Column 10),
respectively. The microplate was incubated at 37°C in a humidified atmosphere
with 5% CO, for 72 h. The cell viability was then evaluated by NRU assay.

The tests were performed in triplicates.

The 50% cytotoxicity concentrations (CCsp) of the isolated antifungal
compound and diluents were determined from the plots of cell viability against
concentration. The data were analyzed by one-way ANOVA using Statistical
Package for the Social Sciences (SPSS) software (Version 15.0 for Windows,
SPSS Inc, lllinois USA) and the significance level was set at p<0.05. The
selectivity index (SI) of the isolated antifungal compound was calculated as

follows:

B CCso
M inimum inhibitory concentration

S
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3.8 Summary of the Antifungal Screening and the Bioactive Compound
Isolation Process

The summary of the antifungal screening and the bioactive compound isolation

process are shown in Figures 3.4 and 3.5 respectively.

Selection and collection of plant materials

v

Maceration of plant materials for two cycles with six types of solvents of
increasing polarity (hexane, chloroform, ethyl acetate, ethanol, methanol and
water)

Y
Evaporation of plant extracts

l

Screening of plant extracts for antifungal activity using colorimetric broth
microdilution method

v

Determination of MIC value

\4
Determination of MFC value

v

Data analysis

Figure 3.4: Methodology flow diagram of the antifungal screening of
selected medicinal plants against fungi of medical important.
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The most potent bioactive extract

(Hexane extract of N. gracilis)

l

Liquid-liquid partition

v

4

v

(F2)

Ethyl acetate fraction| | Hexane fraction
(F1) [Active]

Water fraction

(Fs)

Preparative Thin Layer Chromatography (PTLC)
Hexane: ethyl acetate (9:1, v/v)

v

Band 1
[Active]

Band 2

Purity analysis, melting point determination, structure elucidation,
cytotoxic test of pure compound against mammalian cell line
(LLC-MK?2)

Figure 3.5: Flow chart of the isolation and structure elucidation of the
antifungal compound from the leaves of N. gracilis.
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CHAPTER 4

RESULTS

4.1 Plant Extraction

Twelve medicinal plants were selected and screened for antifungal properties.
The extracts of eight species of medicinal plants were provided in this study.
The respective plant species with the total percentage of yields are shown in
Appendix B. Figure 4.1 shows the percentage of yields of extracts obtained
from the leaves of A. ciliata, A. graminifolia, C. nucifera and N. gracilis. The
highest percentage of yield extracted from each plant was the ethanol extracts
which was 2.80%, 2.63%, 4.11% and 1.21% for A. ciliata, A. graminifolia, C.
nucifera and N. gracilis, respectively. The lowest percentage of yield extracted
from each plant was 0.53%, 0.24%, 0.33% and 0.05% from the hexane extract
of A. ciliata, the ethyl acetate of A. graminifolia, the hexane extract of C.
nucifera and the aqueous extract of N. gracilis, respectively. The highest total
percentage of yield was 9.26%, extracted from the leaves of C. nucifera,
followed by 8.37%, from the leaves of A. ciliata and 6.29%, from the leaves of
A. graminifolia. The lowest total percentage of yield at 2.88% was obtained

from the leaves of N. gracilis.
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® Hexane

B Chloroform

® Ethyl acetate

® Ethanol

u Methanol

Percentage of yield (%)

= Aqueous

A. ciliata A. graminifolia C. mucifera N. gracilis

Plant species

Figure 4.1: Percentage of yields of extracts obtained from the leaves of A. ciliata, A. graminifolia, C. nucifera and N. gracilis.

Footnote: The figure shows the percentage of yields extracted based on the fresh weight (w/w) of plant materials; the total percentage of yields of the extracts obtained from
the respective 12 species of medicinal plants is shown in Appendix B.

66



4.2 Screening of Plant Extracts for Antifungal Activity

A total of 72 extracts obtained from 12 medicinal plants were tested for
antifungal activity against four species of yeasts and two species of molds
using the colorimetric broth microdilution method. All the plant extracts were
evaluated for the fungistatic effect by the minimum inhibitory concentration
(MIC) and the fungicidal effect by the minimum fungicidal concentration

(MFC).

4.2.1 Minimum Inhibitory Concentration (MIC) and Minimum Fungicidal
Concentration (MFC) of Plant Extracts

The diluent, methanol:water mixture (2:1, v/v) did not show any growth
inhibition effect (fungistatic) against all the fungi up to the highest
concentration tested at 25% (v/v). The MIC and MFC results of various plant
extracts against the fungal strains are shown in Table 4.1. All the fungi were
susceptible to amphotericin B with MIC values equal or lower than 0.008

mg/mL.

By considering one extract against one type of fungus as one bioassay in the
screening of plant extracts for antifungal activity, all the plant extracts
demonstrated antifungal activity with 69.21% and 41.20% of the bioassays
demonstrating fungistatic and fungicidal activities, respectively. The lowest
MIC and MFC values (both with 0.02 mg/mL) were exhibited by the hexane
extract of N. gracilis against T. mentagrophytes, C. albicans and I. orientalis,

as well as the ethyl acetate, ethanol and aqueous extracts of P. speciosa against
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I. orientalis. The hexane, chloroform and ethyl acetate extracts of D.
sarmentosa, H. sibthorpioides, M. platyclada, and S. muricatum, the hexane
and chloroform extracts of N. gracilis and S. edule, the hexane extract of A.
ciliata, the chloroform extract of D. esculentum, demonstrated fungistatic
activity against all the fungi with the MIC values ranged from 0.02 to 2.50
mg/mL (Table 4.1). Among the extracts, hexane extract of N. gracilis showed
the lowest ranges of fungistatic and fungicidal activities against all the fungi
with the MIC and MFC values ranged from 0.02 to 0.08 mg/mL and 0.02 to
0.16 mg/mL, respectively. The ethyl acetate, ethanol and methanol extracts of
A. graminifolia, the aqueous extract of C. nucifera, the ethanol and methanol
extracts of N. gracilis, and the methanol extract of P. edulis showed selective
inhibitory activity against the yeasts (C. albicans, C. parapsilosis, I. orientalis

and C. neoformans), with the MIC values ranged from 0.04 to 2.50 mg/mL.

None of the polar extracts (ethanol, methanol and aqueous) showed inhibitory
activity against A. brasiliensis (Table 4.1). The MIC values for most of the
extracts against A. brasiliensis ranged from 0.31 to 2.50 mg/mL and some with
values as low as 0.04 to 0.16 mg/mL, included the chloroform and ethyl acetate
extracts of M. playclada and the hexane extract of N. gracilis. Figure 4.2 shows
the antifungal activity of plant extracts against C. albicans. Figure 4.3 indicates

the fungicidal activity of plant extracts on agar plates by using the MFC assay.
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Table 4.1: Minimum inhibitory concentration and minimum fungicidal concentration of the plant extracts against six fungi.

Plant species MIC (mg/mL) MFC (mg/mL)
Extracts Molds Yeasts Molds Yeasts
Ab T.m Ca Cp l.o C.n Ab T.m Ca Cp lo Cn
A. ciliata (leaves) Hexane 0.31-0.63 0.02 0.16-0.31 0.63-1.25 0.16-0.31 0.02 2.50 0.08 125 NA 031 0.08
Chloroform NA NA 1.25-2.50 NA 1.25-250 0.63-1.25 - - NA - NA 2.50
Ethyl acetate NA 0.31 0.63 1.25-2.50 0.31 0.16 - 031 125 NA 063 031
Ethanol NA 1.25-2.50 2.50 NA 1.25-2.50 0.31-0.63 - 250 250 - NA 0.63
Methanol NA 2.50 2.50 NA NA 0.63 - 2.50 2.50 - - NA
Aqueous NA NA NA NA 2.50 0.63-1.25 - - - - NA NA
Amphotericin B 0.004 0.008 0.002 0.002 0.004 0.0001
A. graminifolia (leaves) Hexane NA NA NA NA NA 1.25 - - - - - NA
Chloroform NA NA NA NA 1.25-2.50 1.25 - - - - NA 250
Ethyl acetate NA NA 0.16 0.31 0.08 0.16 - - NA NA NA 031
Ethanol NA NA 0.63-1.25 0.63-1.25 0.16-0.31 0.16-0.31 - - NA NA NA 0.63
Methanol NA NA 1.25 2.50 0.31 0.16-0.31 - - NA NA NA 0.63
Aqueous NA NA NA NA NA 0.16-0.31 - - - - - NA
Amphotericin B 0.004 0.008 0.002 0.002 0.004 0.0001

Mean or range of triplicates; NA, no activity; “-*, not tested since no MIC value was obtained; C.a, C. albicans; C.p, C. parapsilosis; 1.0, I. orientalis; C.n, C. neoformans;
A.b, A. brasiliensis; T.m, T. mentagrophytes.

69



Table 4.1 continued

MIC (mg/mL) MFC (mg/mL)
Plant species Extracts Molds Yeasts Molds Yeasts
Ab T.m Ca Cp l.o C.n Ab T.m Ca Cp lo Cun
C. nucifera (leaves) Hexane NA 0.63 0.63 2.50 0.63 0.08-0.16 - 0.63 250 NA 250 0.16
Chloroform NA 1.25-25 0.08-0.16 0.63 0.04 0.08 - 2.5 NA NA 250 0.31
Ethyl acetate NA 0.63-1.25 0.16 0.31-0.63  0.04-0.08 0.08 - 125 250 NA 250 031
Ethanol NA 2.50 0.16 0.63 0.02 0.08 - NA NA NA NA 0.63
Methanol NA 2.50 0.16 0.63 0.02 0.08 - NA NA NA NA NA
Aqueous NA NA 0.08 0.63 0.04 0.16 - - NA NA NA NA
AmphotericinB  0.004  0.008 0.001 0.002 0.004 0.0001
D. sarmentosa (aerial parts) Hexane 2.50 0.63 0.63-1.25 1.25 0.31 0.08 NA 1.25 1.25 NA 031 0.08
Chloroform 250 0.63-1.25 0.63-1.25 1.25 0.31-0.63 0.16 NA 125 NA NA 0.63 0.16
Ethyl acetate 250 0.63-1.25 0.63-1.25 1.25-250 0.31-0.63 0.16 NA 1.25 250 NA 0.63 0.16
Ethanol NA NA 0.63 NA 0.63 0.16-0.31 - - NA - 063 NA
Methanol NA NA 0.63-1.25 NA 0.63 0.31 - - NA - 063 NA
Aqgueous NA NA 0.63 NA 0.63 0.31 - - NA - 063 NA
AmphotericinB  0.002  0.004 0.001 0.002 0.004 0.0001

Mean or range of triplicates; NA, no activity; “-“, not tested since no MIC value was obtained; C.a, C. albicans; C.p, C. parapsilosis; 1.0, I. orientalis; C.n, C. neoformans;
A.b, A. brasiliensis; T.m, T. mentagrophytes.

70



Table 4.1 continued

MIC (mg/mL) MFC (mg/mL)
Plant species Extracts
Molds Yeasts Molds Yeasts

Ab T.m Ca Cp l.o C.n Ab T.m Ca Cp 1lo Cn
Hexane NA 1.25 1.25 NA 0.31 0.08 - 1.25 NA - 031 0.16
Chloroform 2.50 0.63-1.25 0.63-1.25 2.50 0.31 0.08-0.16 NA 1.25 NA NA 031 031
Ethyl acetate NA NA 1.25 NA 0.31 0.16 - - NA - 0.31 031

D. esculentum
) Ethanol NA 1.25 0.63-1.25 1.25-2.50 0.31 0.08-0.16 - 2.50 250 NA 031 0.16

(aerial parts)
Methanol NA 2.50 1.25-2.50 NA 0.31 0.16 - NA NA - 0.31 031
Aqueous NA NA NA NA 0.16-0.31 0.16 - - - - 0.31 031

Amphotericin B 0.002 0.008 0.002 0.002 0.004 0.0001
Hexane 0.63-1.25 0.16 0.63 0.63-1.25 0.08 0.08 NA 0.16 125 NA 0.08 0.08
Chloroform 1.25 0.31-0.63 0.63-1.25 1.25 0.31 0.16-0.31 1.25 0.63 125 NA 031 031
) o Ethyl acetate 2.50 0.63 0.63-1.25 1.25 0.31 0.16-0.31 NA 125 NA NA 031 031
H. sibthorpioides

Ethanol NA NA NA NA 1.25 0.31-0.63 - - - - 1.25 0.63

(whole plant)
Methanol NA NA NA NA 0.63 0.31-0.63 - - - - 0.63 0.63
Aqueous NA NA NA NA 0.63 0.63-1.25 - - - - 0.63 250

Amphotericin B 0.002 0.008 0.002 0.002 0.004 0.0001

Mean or range of triplicates; NA, no activity; “-*, not tested since no MIC value was obtained; C.a, C. albicans; C.p, C. parapsilosis; 1.0, I. orientalis; C.n, C. neoformans;

A.b, A. brasiliensis; T.m, T. mentagrophytes.
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Table 4.1 continued

MIC (mg/mL) MFC (mg/mL)
Plant species Extracts
Molds Yeasts Molds Yeasts

Ab T.m Ca Cp l.o Cn Ab Tm Ca Cp Lo Cn
M. Hexane 1.25 0.63 0.63-1.25 2.50 0.63 0.16 NA 1.25 125 NA 0.63 0.16
platyclada Chloroform 0.08-0.16  0.08-0.16 1.25-2.50 2.50 0.63 0.31 0.16 0.31 NA NA 0.63 0.63
(stems) Ethyl acetate 0.16 0.31 0.16-0.31 0.63 0.08 0.08-0.16 0.31 0.31 NA NA 016 0.31
Ethanol NA 0.63-1.25 0.31 0.31 0.08-0.16 0.16 - 1.25 250 NA 016 031
Methanol NA 1.25-2.50 0.31 0.31 0.08-0.16 0.16 - 2.50 NA NA 016 031
Agueous NA 2.50 0.16 0.16 0.08-0.16 0.16 - 2.50 NA NA 0.16 0.63

Amphotericin B 0.004 0.008 0.002 0.002 0.004 0.0001
N. gracilis Hexane 0.04-0.08 0.02 0.02 0.02 0.02 0.02 0.16 0.02 0.02 0.16 0.02 0.16
(leaves) Chloroform 1.25 0.31 0.31-0.63 0.63-1.25 0.31 0.31-0.63 NA 0.31 0.63 250 031 1.25
Ethyl acetate NA 1.25-2.50 0.63 0.63 0.31 0.31 - 2.50 NA NA NA 250
Ethanol NA NA 0.31 0.31-0.63 0.16 0.16 - - NA NA NA 250
Methanol NA NA 0.31 2.50 0.08-0.16 0.04-0.08 - - NA NA NA NA
Agueous NA NA 2.50 NA 0.04-0.08 0.04 - - NA - NA NA

Amphotericin B 0.002 0.008 0.002 0.004 0.004 0.0001

Mean or range of triplicates; NA, no activity; “-*, not tested since no MIC value was obtained; C.a, C. albicans; C.p, C. parapsilosis; 1.0, I. orientalis; C.n, C. neoformans;
A.b, A. brasiliensis; T.m, T. mentagrophytes.
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Table 4.1 continued

MIC (mg/mL) MFC (mg/mL)
Plant species Extracts Molds Yeasts Molds Yeasts

Ab T.m Ca C.p l.o C.n Ab T.m Ca Cp l.o Cn
P. speciosa Hexane NA 0.63 2.50 1.25 0.31-0.63 0.16-0.31 - 0.63 NA 125 063 031
(pods) Chloroform NA 0.63 0.63 1.25 0.16 0.16-0.31 - 1.25 NA 125 031 0.63
Ethyl acetate NA 0.16 0.31 0.04-0.08 0.02 0.02 - 0.63 NA NA 002 NA
Ethanol NA 1.25 0.63 0.31 0.02 0.04 - 2.50 NA NA 002 NA
Methanol NA 1.25-2.50 1.25 0.16-0.31 0.04 0.04 - NA NA NA 0.04 NA
Aqueous NA 0.63-1.25 2.50 0.63-1.25 0.02 0.02 - 1.25 NA NA 0.02 NA

Amphotericin B 0.004 0.008 0.004 0.004 0.004 0.0001
P. edulis Hexane NA 0.63 0.63 1.25 0.31-0.63 0.04 - 0.63 125 125 063 0.16
(whole fruit Chloroform NA NA 2.50 NA NA 0.63-1.25 - - NA - - 2.50
without the Ethyl acetate NA 1.25-2.50 0.31 0.63-1.25 0.08 0.08 - 2.50 NA NA NA 031
peel) Ethanol NA NA NA NA NA 0.31 - - - - - 0.63
Methanol NA NA 0.31 1.25-2.50 0.16 0.08-0.16 - - NA NA NA 031
Aqueous NA NA NA NA NA 0.31 - - - - - 2.50

Amphotericin B 0.004 0.008 0.002 0.002 0.004 0.0001

Mean or range of triplicates; NA, no activity; “-*, not tested since no MIC value was obtained; C.a, C. albicans; C.p, C. parapsilosis; 1.0, I. orientalis; C.n, C. neoformans;
A.b, A. brasiliensis; T.m, T. mentagrophytes.
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Table 4.1 continued

MIC (mg/mL) MFC (mg/mL)
Plant species Extracts
Molds Yeasts Molds Yeasts

Ab T.m Ca Cp l.o Cn Ab T.m Ca Cp 1lo Cn
S. edule Hexane 1.25 0.31-0.63 0.31-0.63  0.63 0.31 0.08 2.50 0.63 NA NA 031 0.08
(aerial parts) Chloroform 2.50 0.63-1.25 0.63-1.25  1.25 0.63 0.16 2.50 1.25 250 NA 0.63 031
Ethyl acetate NA 0.63-1.25 0.63-1.25  1.25 0.63 0.16-0.31 - 1.25 250 NA 063 031
Ethanol NA NA NA NA 0.63 0.31 - - - - 0.63 NA
Methanol NA NA NA NA 0.63 0.31-0.63 - - - - 0.63 NA
Agueous NA NA NA NA 0.63 0.31-0.63 - - - - 0.63 0.63

Amphotericin B 0.002 0.008 0.002 0.002 0.004 0.0001
S. muricatum Hexane 0.31 0.16 0.63 1.25 0.63 0.08 0.31 0.31 0.63 125 0.63 0.08
(whole fruit Chloroform 0.63-1.25  0.31-0.63 0.63-1.25  2.50 1.25 0.08-0.16 1.25 0.63 NA 250 125 031
without the Ethyl acetate 2.50 0.63-1.25 0.63 1.25 0.63-1.25 0.08-0.16 2.50 1.25 125 NA 125 031
seeds) Ethanol NA NA NA NA 0.63 0.31-0.63 - - - - 063 063
Methanol NA NA NA NA 0.63 0.63-1.25 - - - - 0.63 NA
Agueous NA NA NA NA  0.63-1.25 2.50 - - - - 1.25 NA

Amphotericin B 0.002 0.008 0.002 0.002 0.004 0.0001

Mean or range of triplicates; NA, no activity; “-*, not tested since no MIC value was obtained; C.a, C. albicans; C.p, C. parapsilosis; 1.0, I. orientalis; C.n, C. neoformans;
A.b, A. brasiliensis; T.m, T. mentagrophytes.
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Plant Extracts

Negative
Control

) Serial two-fold descending concentration of extract; °C. nucifera; ®D. sarmentosa;
Hex, Hexane; Ch, Chloroform; E.a, Ethyl acetate; Et, Ethanol; Mt, Methanol; Aq,
Agueous.

Figure 4.2: Antifungal activity of C. nucifera and D. sarmentosa extracts
against C. albicans using colorimetric broth microdilution assay.

Concentration of extracts exhibited fungicidal activity against the tested strain;
C. n, C. neoformans; T. m, T. mentagrophytes.

Figure 4.3: Fungicidal activity of N. gracilis extracts against C. neoformans
and T. mentagrophytes on potato dextrose agar plates using the MFC assay.
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4.2.2 Total Activity of Plant Extracts

The total activities of plant extracts active against the fungi are shown in Table
4.2. The ethanol extract of P. speciosa showed the highest total activity (2080
mL/g) against I. orientalis, followed by the ethanol extract of C. nucifera (2055
mL/g) against I. orientalis and the ethanol extract of P. speciosa (1040 mL/g)
against C. neoformans. The hexane extract of N. gracilis was the most active
extract against fungi with total activities of 58.75 mL/g and 235 mL/g against A.
brasiliensis and the other five fungi (T. mentagrophytes, C. albicans, C.
parapsilosis, I. orientalis and C. neoformans), respectively. The lowest total
activity was found in the hexane extract of S. muricatum against C.

parapsilosis at 0.03 mL/g.

4.2.3 Percent Activity of Plant Extracts

Eight species of the medicinal plants that were investigated, yielded 18 extracts
with the highest percent activity of 100% (Figure 4.4). This broad-spectrum
antifungal activity were illustrated by the hexane, chloroform and ethyl acetate
extracts of D. sarmentosa, H. sibthorpioides, M. platyclada, and S. muricatum,
the hexane and chloroform extracts of N. gracilis and S. edule, the hexane
extract of A. ciliata, and the chloroform extract of D. esculentum. All the
extracts of M. platyclada and P. speciosa demonstrated antifungal properties
with the percent activity values >83%. The lowest percent activity value
obtained was 16.67% which were found in the hexane and aqueous extracts of

A. graminifolia, as well as the ethanol and aqueous extracts of P. edulis.
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Table 4.2: Total activity of plant extracts against the fungi.

Total activity (mL/g)

Fungal strains

Plant
Plant species extracts Ab T.m C.a C.p l.o C.n
A. ciliata (leaves) Hexane 841 2650 17.10  4.24 17.10  26.50
Chloroform NA NA 3.84 NA 3.84 7.68
Ethyl acetate ~ NA 22.26 1095 276 2226 43.13
Ethanol NA 11.20  11.20 NA 11.20  44.44
Methanol NA 5.44 5.44 NA NA 21.59
Aqueous NA NA NA NA 8.12 16.24
A. graminifolia Hexane NA NA NA NA NA 7.20
(leaves) Chloroform  NA  NA  NA  NA 396  7.92
Ethyl acetate ~ NA NA 1500  7.74 30.00  15.00
Ethanol NA NA 21.04 21.04 8484 8484
Methanol NA NA 4,96 2.48 20.00  20.00
Aqueous NA NA NA NA NA 29.35
C. nucifera Hexane NA 5.24 5.24 1.32 5.24 20.63
(leaves) Chloroform  NA 1124 17563 4460 70250 35125
Ethyl acetate ~ NA 424 3313 841 66.25  66.25
Ethanol NA 16.44  256.88 65.24 2055.00 513.75
Methanol NA 284 4438 1127 35500 88.75
Aqueous NA NA 96.25 12.22 19250  48.13
D. sarmentosa Hexane 0.16 0.63 0.32 0.32 1.29 5.00
(erial parts) Chloroform 040 080 080 080 159 625
Ethyl acetate  0.68 1.36 1.36 0.68 2.70 10.63
Ethanol NA NA 10.48 NA 10.48  21.29
Methanol NA NA 3.12 NA 6.19 12.58
Aqueous NA NA 7.46 NA 7.46 15.16
D. esculentum Hexane NA 072 072 NA 290 1125
(aerial parts)
Chloroform  0.16 0.32 0.32 0.16 1.29 2.50
Ethyl acetate ~ NA NA 0.40 NA 1.61 3.13
Ethanol NA 2.72 2.72 1.36 1097  21.25
Methanol NA 1.36 1.36 NA 1097  21.25
Aqueous NA NA NA NA 1097  21.25

The total activity was expressed as the yield extracted from 1 g of plant material divided by the
highest concentration of the MIC range of triplicates; NA, no activity; C.a, C. albicans; C.p, C.

parapsilosis; 1.0,

mentagrophytes.

orientalis;

C.n,

neoformans;
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Table 4.2 continued

Total activity (mL/g)

Fungal strains

Plant
Plant species extracts Ab T.m Ca C.p l.o C.n
H. sibthorpioides Hexane 0.72 5.63 1.43 0.72 1125  11.25
(whole plant) Chloroform 144 286 144 144 581 5.81
Ethyl 0.80 1.59 0.80 0.80 3.23 3.23
acetate
Ethanol NA NA NA NA 3.52 6.98
Methanol NA NA NA NA 12.22 12.22
Aqueous NA NA NA NA 8.73 4.40
M. platyclada Hexane 2.32 4.60 2.32 1.16 4.60 18.13
(stems) Chloroform 2038 2038 188 188  7.46  15.16
Ethyl 28.13 1452 1452  7.14 56.25 28.13
acetate
Ethanol NA 55.76 224.84 22484 43563 435.63
Methanol NA 3.64 29.35 29.35  56.88 56.88
Agueous NA 216 3375 3375 33.75 33.75
N. gracilis Hexane 58.75 235.00 23500 23500 23500 235.00
(leaves) Chloroform 440  17.74 873 440 1774  8.73
Ethyl NA 1.56 6.19 6.19 12.58 12.58
acetate
Ethanol NA NA 39.03 1921  75.63 75.63
Methanol NA NA 6.77 0.84 13.13 26.25
Aqueous NA NA 0.20 NA 6.25 12.50
P. speciosa Hexane NA 0.95 0.24 0.48 0.95 1.94
(pods) Chloroform  NA 175 175 088 688 3.55
Ethyl NA 1250  6.45 2500 100.00 100.00
acetate
Ethanol NA 3328 66.03 134.19 2080.00 1040.00
Methanol NA 9.84 19.68 79.35 615.00 615.00
Agueous NA 5.20 2.60 520  325.00 325.00
P.edulis Hexane NA 238 238 120 238 3750
(whole fruit Chloroform  NA NA 0.96 NA NA 1.92
without the peel) Ethvl
y NA 284 2290 568 8875 8875
acetate
Ethanol NA NA NA NA NA 41.29
Methanol NA NA 25.81 3.20 50.00 50.00
Aqueous NA NA NA NA NA 12.26

The total activity was expressed as the yield extracted from 1 g of plant material divided by the
highest concentration of the MIC range of triplicates; NA, no activity; C.a, C. albicans; C.p, C.

parapsilosis; l.o, I. orientalis; C.n, C. neoformans; A.b, A. brasiliensis; T.m, T.

mentagrophytes.
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Table 4.2 continued

Total activity (mL/g)

Plant Fungal strains

Plant species extracts A.b T.m Ca Cp l.o Cn
S. edule (aerial Hexane 0.32 0.63 0.63 0.63 1.29 5.00
parts) Chloroform .40 0.80 1.59 0.80 1.59 6.25
Ethyl acetate ~ NA 0.72 1.43 0.72 1.43 2.90

Ethanol NA NA NA NA 11.75  23.87

Methanol NA NA NA NA 6.19 6.19

Aqueous NA NA NA NA 7.78 7.78

S. muricatum Hexane 0.13 0.25 0.06 0.03 0.06 0.50
(whole fruit Chloroform 008 016 008 004 008  0.63

without the seeds)
Ethyl acetate (.08 0.16 0.32 0.16 0.16 1.25

Ethanol NA NA NA NA 40.16  40.16
Methanol NA NA NA NA 14.76 7.44
Aqueous NA NA NA NA 0.32 0.16

The total activity was expressed as the yield extracted from 1 g of plant material divided by the
highest concentration of the MIC range of triplicates; NA, no activity; C.a, C. albicans; C.p, C.
parapsilosis; l.o, I. orientalis; C.n, C. neoformans; A.b, A. brasiliensis; T.m, T.
mentagrophytes.
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Figure 4.4: Percent activity values of various plant extracts against the fungi.

Footnote: The figure shown is based on data from three independent experiments, total number of fungal strains tested, n= 6.
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4.2.4 Fungal Susceptibility Index (FSI)

Figure 4.5 shows the FSI values of the fungi to various plant extracts. The most
susceptible fungal strain was C. neoformans which was susceptible to all the
plant extracts with the susceptibility index of 100%, followed by I. orientalis,
C. albicans and C. parapsilosis with FSI values of 91.67%, 77.78% and
62.50%, respectively. The molds were found to be more resistant to the plant
extracts compared to the yeasts. The lowest FSI value (25%) was demonstrated
by A. brasiliensis. T. mentagrophytes possessed only 58.33% of susceptibility

to the tested extracts (Figure 4.5).

4.3 Bioactivity-guided Fractionation of the Extract with the Highest
Antifungal Activity

The hexane extract of N. gracilis was selected for fractionation and bioactivity-
guided isolation of the antifungal compound(s). The hexane extract had the
lowest MIC and MFC values of 0.02 mg/mL, with 100% of percent activity

value and broad spectrum of antifungal activity.

4.3.1 Liquid-liquid Partitioning of the Hexane Extract from N. gracilis

Two hundred thirty-seven grams of fresh leaves of N. gracilis was extracted
with hexane. The resulting hexane extract (1.12 g, 0.47%) was fractionated to
give three fractions: hexane fraction (F;), ethyl acetate fraction (F,), and water
fraction (F3) with yields (w/w) of 0.78 g (0.33%), 0.25 g (0.10%), and 0.028 g

(0.01%), respectively.
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Figure 4.5: Fungal susceptibility index of fungi to various plant extracts by using the colorimetric broth microdilution assay.

Footnote: The figure shown is based on data from three independent experiments.
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4.3.2 Evaluation of Antifungal Activity on the Fractions obtained from
Liquid-liquid Partitioning

The antifungal activity of the collected fractions was monitored by the
colorimetric broth microdilution assay using C. neoformans and T.
mentagrophytes as the indicative microorganisms, representing the yeast and
mold, respectively. Two fractions, F1 and F, showed antifungal activities on the
tested strains with the MIC and MFC values ranged from 8 to 31 pg/mL (Table
4.3). The lowest fungistatic (MIC) and fungicidal (MFC) concentration were
exhibited by F; against C. neoformans and T. mentagrophytes at 16 and 8
pg/mL, respectively. F3 did not show any antifungal activity against the tested
fungi. Among the active fractions, F; resulted in the higher percentage of yield
and stronger antifungal activity as compared to F, and thus F; was selected for

further isolation of the bioactive compound(s).

Table 4.3: Minimum inhibitory concentration and minimum fungicidal
concentration of three fractions obtained from the hexane extract of N.
gracilis against C. neoformans and T. mentagrophytes.

Fraction MIC (pg/mL) MFC (pg/mL)
T. C. T. C.
mentagrophytes  neoformans mentagrophytes neoformans

F. 8 16 8 16

F, 16 31 16 31

Fs NA NA - -

Amphotericin B 8 0.125
Mean of triplicates; NA, no activity; “-*, not tested since no MIC value was obtained
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4.4 Bioactivity-guided Fractionation of the Bioactive Fraction of N. gracilis

The bioactive compounds from F; (the most active fraction) were separated
and isolated by PTLC plates with hexane:ethyl acetate (9:1, v/v) as the mobile
phase. Figure 4.6 shows the TLC chromatograms of the two compounds (B;
and By) in F; with different absorption properties in visible and UV lights. A
dark red band and a dark brown band of compound B; at R; 0.34 were resolved
on TLC in 366 nm and 254 nm, respectively. A brilliant light blue band of
compound B; at Ry 0.21 was resolved on TLC in 366 nm UV light (Figure 4.6).
Following PTLC, 0.29 g of B; and 0.012 g of B, were obtained from F; fraction.
The yield was 0.12% and 0.005% for B; and By, respectively, based on the
weight of the fresh leaves used (w/w). The antifungal activities of the isolated
compounds, B; and B; against the indicative microorganisms were assessed.
As shown in Table 4.4, compound B; showed strong antifungal activity with
MIC and MFC values ranging from 2 to 8 ug/mL. Compound B; did not show
fungicidal (MFC) activity against C. neoformans, and with MIC values of 63

and 125 pg/mL against C. neoformans and T. mentagrophytes, respectively.

Table 4.4: Minimum inhibitory concentration and minimum fungicidal
concentration of compounds isolated from the fraction F; of hexane
extract of N. gracilis against C. neoformans and T. mentagrophytes.

Compound MIC (pg/mL) MFC (pg/mL)
T. C. T. C.
mentagrophytes  neoformans mentagrophytes neoformans
B, 4 2 8 4
B, 125 63 125 NA
Amphotericin B 8 0.125

Mean of triplicates; NA, no activity
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(a) Shot of the TLC plate in UV-light 366 nm after vertical development in saturated chamber.
(b) Shot of the TLC plate in UV-light 254 nm after vertical development in saturated chamber.
(c) Shot of the TLC plate in white light after vertical development in saturated chamber.

Sorbent: TLC precoated plate silica gel 60 Fs4 200 um, 10 x 10 cm
Solvent system: Hexane:ethyl acetate (9:1, v/v)

Chamber: Double-trough 10 x 10 cm chamber with glass lid
Migration distance: 8 cm

Samples (10 pL): L1, Hexane crude extract (0.5 mg/mL); L2, F; (0.3 mg/mL); L3, Band 1 (0.1 mg/mL); L4 Band 2 (0.1 mg/mL); Ls, Negative Control (Hexane only)

Figure 4.6: Documentation of thin layer chromatograms on the separation of F; and isolated compounds from N. gracilis.
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4.5 Purification of Compound B; from N. gracilis

Between the two isolated compounds, B; had a higher percentage of yield and
showed the stronger antifungal activity which was selected for further
purification and structural characterization. The purity of the isolated
compound B; was analyzed using a HPLC and a HPTLC coupled with a

scanner and a visualizer.

4.5.1 HPTLC Analysis of the Isolated Antifungal Compound B;

The TLC chromatogram showed a single peak (R 0.34) scanned at 425 nm
(Figure 4.7) with a percentage peak area of over 93.62%, showing a bright
yellow coloration under visible light (Figure 4.6, ¢, L3) and faint quenching
under UV light at 254 nm (Figure 4.6, b, L3). The UV/VIS absorption
spectrum of B; at multiple wavelengths (200 to 700 nm) was recorded at start,
middle and end position of the band and exhibited three absorption maxima at

210 nm, 260 nm and 425 nm (Figure 4.8).

4.5.2 HPLC Analysis of the Isolated Antifungal Compound B;

The peaks in the HPLC chromatograms were detected by a photodiode array
detector at 365 nm, 425 nm and between 200 to 800 nm (Figure 4.9), with a
major peak at retention time of 13.82 min and a percentage peak area of over

98.5%.
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Peak num: 1

Start position (Ry): 0.23

Start height (AU): 12.70
Maximum position (Ry): 0.34
Maximum height (AU): 645.30
Maximum percentage (%): 90.73

End position (Ry): 0.37

End height (AU): 25.50

Area (AU): 21549.80
Peak area (%): 93.62

Figure 4.7: Direct optical
measured at 425 nm.

[AU]

100.0

[au]

evaluation of compound B; on

HPTLC,

210 nm

260 nm

2500

3000 4000

Figure 4.8: The UV/VIS absorption spectrum of compound B; measured at
200 to 700 nm using a TLC scanner.
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Figure 4.9: HPLC chromatograms of compound B
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4.6 Characterization and Structure Elucidation of Compound B;

4.6.1 Physical Appearance and Melting Point of Compound B;
After recrystallization from hexane, compound B; appeared as yellow needle-
shaped crystals (Figure 4.10). The melting point of compound B; was recorded

as 78-79°C.

Yellow needle-shaped
crystals of compound B;

Figure 4.10: Crystallized compound B,

4.6.2 FT-IR Spectrum of Compound B;

The infra-red (IR) spectrum of compound B; showed several intense bands in
the region of 4000 and 600 cm*. The IR spectrum (in KBr) indicated the
presence of —OH group at 3450 cm™, conjugated carbonyl group at 1640 cm™,
along with other absorption bands at 2367, 2345, 1261 and 803 cm™ (Figure

4.11).
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4.6.3 GC-MS Analysis of Compound B;

The total ion chromatogram revealed compound B; as a single peak at the
retention time of 10.85 min (Figure 4.12). The molecular ion peak of
compound B; was observed at m/z 188.05. Other major peaks are observed at

m/z 173, 160 and 131 (Figure 4.13).

Total ion current
5,000,000

1C

10.85

0 100 ' 200 ‘ 300 " 360
mn
Spectrum

Figure 4.12: Total ion chromatogram of compound B;.
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Quantitative Result Table
ID# Name R.Time mz Area Height
1 14-Naphthalenedione, 5-hydroxy-2-methyl- 10.846 188.05 1363347 653477

Figure 4.13: Electron impact ionization mass spectrum of compound B;.
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4.6.4 LC-MS/MS Analysis of Compound B;

The mass of compound B; was further confirmed by using LC-MS/MS
analysis. The sample was analyzed in the negative mode by monitoring the
precursor-product combination in multiple-reaction monitoring (MRM) mode.
The total ion chromatogram showed an analyte peak with retention time of
5.17 min and there were no other interfering peaks detected (Figure 4.14). The
negative product ion mass spectrum of the deprotonated molecule of compound

B; showed a precursor ion m/z 186.9 and a product ion m/z 159.0 (Figure 4.15).

4.6.5 NMR Spectra Analysis of Compound B;

In the *H-NMR spectrum (Figure 4.16) of compound By, the presence of a
chelated hydroxyl group in the compound was indicated by a downfield broad
singlet at oy 11.89 (OH, s). Meanwhile, proton signals observed at oy 7.19 (1H,
d, J=8.6 Hz), 7.60 (1H, t, J = 7.9 Hz), 7.50 (1H, d, J = 6.7 Hz) and 6.79 (1H, s)
were assignable to three aromatic protons and one vinylic proton, on top of an
upfield singlet observed at &y 2.10 (3H, s) for a methyl group. The spectral data

described above was indicative of a disubstituted napthaquinone structure.

The C-NMR (Figure 4.17) and HMQC (Figure 4.18) spectra showed a total
of 11 carbon signals revealing the compound to have a total of 11 carbons
including two carbonyl carbons observed at 6c 184.5 (C-1) and 190.4 (C-4), a
methyl carbon at ¢ 15.1 (2-CHj), four methine carbons at dc 118.6 (C-8),

123.6 (C-6), 135.0 (C-3) and 136.0 (C-7), and four quaternary carbons at

93



80004

6000+

40004

Intensity, cps

5.

17

[ B TiC of -MRM (1 par): Exp 1, from Sample 2 (MRM ida EP1) of Plumbagin. wiff (Turbo Spray)] ~— - < —-—--= c—--—-= o—-—

Max. 8094.0 cps|

2.0 3.0 40 5.0

8.0 9.0 10.0 11.0

13.0 14.0 15.0f

Figure 4.14: LC-MS/MS chromatogram of compound B;.
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Figure 4.15: Negative product ion mass spectrum of the deprotonated molecule of compound B;.
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8¢ 115.0 (C-4a), 132.2 (C-8a), 149.7 (C-2) and 161.1 (C-5). The 'H and *C
NMR spectral data are consistent with those reported by Chen et al. (2011) as

shown in Table 4.5 and Table 4.6, respectively.

Interpretation of the two dimensional (2D) NMR data from HMQC and HMBC
spectra of compound B; has facilitated the proton and carbon correlations, and
establishment of the final structure. Correlations that observed in the HMQC
spectrum (Figure 4.18) of compound B; are shown Table 4.7. The presence of
an exchangeable proton (64 11.89) without any HMQC correlation suggests the
presence of a hydroxyl group within the structure as supported by the IR

spectrum (Figure 4.11) and the *H-NMR spectrum (Figure 4.16).

The assignments of quaternary carbons were based on the HMBC experiment
(Figure 4.19). The assignment of methyl group to the carbon position C-2 was
supported by HMBC correlations observed between 2-CHjz (64 2.10) and C-2
(6¢c 149.7), C-3 (6¢c 135.0), and C-1 (6¢c 184.5). Apart from that, cross peaks
between H-8 at 6 7.50 to the carbonyl carbon (6¢ 184.5), C-4a (6¢ 115.0) and
C-6 (8¢ 123.6), between H-3 (84 6.79) with 2-CH3 (8¢ 15.1), C-4a (3¢ 115.0)
and C-1 (8¢ 184.5), between H-6 (6 7.19) with C-4a (d¢ 115.0) and C-8 (d¢
118.6) and between H-7 (64 7.60) with C-8a (6¢c 132.2) and C-5 (6¢ 161.1)
were also observed. Based on the above H-NMR, *C-NMR, HMQC and
HMBC spectral evidence, compound B; is therefore identified as plumbagin

with a molecular formula of C11HsO3
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Table 4.5: 'H NMR spectral data of plumbagin and those reported in the
literature.

Position Plumbagin Reference
(6, CD;0D, 400 MH2z) (8, CDCl;, 500 MHz)?

2-CH3 2.10 (3H,3) 2.22 (3H, 3)

H-3 6.79 (1H, s) 6.83 (1H, s)
H-6 7.19 (1H, br d, J=7.9 Hz) 7.28 (1H, d, J=8.5 Hz)
H-7 7.60 (1H,t,J=7.9 H2) 7.66 (1H, d, J=7.5H2)
H-8 7.50 (1H, br d, J= 7.9 H2) 7.60 (1H, d, J=6.2 H2)

5-OH 11.89 (1H, s) 11.99 (1H, s)

dChenetal., 2011

Table 4.6: *C NMR spectral data of plumbagin and those reported in the
literature.

Position Plumbagin Reference
(8, CD;0D, 100 MHz2) (8, CDCl;, 125 MH2)?
2-CH3 15.1 16.5
C-1 184.5 184.8
C-2 149.7 149.6
C-3 135.0 136.1
C-4 190.4 190.3
C-4a 115.0 115.2
C-5 161.1 161.2
C-6 123.6 124.2
C-7 136.0 135.5
C-8 118.6 119.3
C-8a 132.2 132.0

2Chen et al., 2011

Table 4.7: HMQC spectral data of plumbagin.

Position BC B) 'H (5)
2-CH, 15.1 2.19
c-1 184.5 -
C-2 149.7 -
C-3 135.0 6.79
C-4 190.4 -
C-4a 115.0 -
C-5 161.1 -
C-6 123.6 7.19
C-7 136.0 7.60
C-8 118.6 7.50
C-8a 132.2 -
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Figure 4.16: *H NMR (400 MHz) spectrum of compound B;.
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Figure 4.17: 3C NMR (100 MHz) spectrum of compound B;.
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Figure 4.19: HMBC spectrum of compound B;.
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Figure 4.20: Key HMBC correlations of plumbagin (5-hydroxy-2-methyl-
naphthalene-1,4-dione).

4.7 Antifungal Activity of Plumbagin

The antifungal activity of the purified plumbagin isolated from N. gracilis
against six types of fungi was evaluated using the colorimetric broth
microdilution method. The MIC and MFC of the isolated plumbagin are shown
in Table 4.8. The MIC values ranged from 2 to 31 pg/mL for plumbagin and
from 0.125 to 8 pg/mL for amphotericin B. Plumbagin effectively inhibited the
growth of all the fungi and exerted a fungicidal effect, with the MFC values
ranging from 2 to 63 pg/mL. C. albicans, and I. orientalis being the most
susceptible species to plumbagin with the lowest MIC and MFC values of 2
pug/mL. Concentration of plumbagin that inhibited the growth of I. orientalis,
and T. mentagrophytes was about 2-fold and 4-fold lower, respectively, than

that required for amphotericin B (Table 4.8).
101



Table 4.8: Minimum inhibitory concentration and minimum fungicidal
concentration of plumbagin against all the fungi.

Fungal Strains MIC (ng/mL) MFC (ng/mL)
Plumbagin Amphotericin B Plumbagin
C. albicans 2 2 2
C. parapsilosis 8 2 16
. orientalis 2 4 2
C. neoformans 4 0.125 8
A. brasiliensis 31 2 63
T. mentagrophytes 2 8 4

The results are the mean values of triplicates.

4.8 Cytotoxicity Determination of Plumbagin
4.8.1 Determination of Optimum Cell Seeding Density

The optimum cell seeding density of LLC-MK2 cell line was assessed through
the plotted absorbance value-cell density curve (Figure 4.21). Cell growth
consists of four distinct phases: (a) exponential growth phase; (b) transitional
phase; (c) stationary phase and (d) death phase. The seeding density of 3x10*
cells/well falls within the late transitional and the early stationary phase of the

curve and thus was used as seeding density for the cytotoxicity assay.
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Figure 4.21: Analysis of optimum cell seeding concentration of Rhesus
monkey kidney epithelial cells (LLC-MK2) in 96-well microplate by using
the NRU assay.

Footnote: a, Exponential growth phase; b, transitional phase; c, stationary phase; d, death
phase; - - - - period within the late transitional and the early stationary phase. Each data point
represents mean = S.D of triplicate assays.
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4.8.2 Determination of 50% Cytotoxic Concentration (CCsp)

4.8.2.1 Cytotoxic Effects of Diluent on LLC-MK?2 Cell Line

Various concentrations of the diluents, methanol:water mixture (2:1, v/v)
versus percentages of LLC-MK2 cell viability were plotted in the graph (Figure
4.22). At higher concentrations of diluent (0.78-12.5%, v/v) were found to be
significantly cytotoxic (p< 0.05) to the cell line as the percentages of cell
viability after treatment for 72 h were less than 10%. The CCsg value of diluent
obtained was 0.60% (v/v) on the LLC-MK2 cell line. At the concentration <
0.39% (v/v), no cytotoxicity was observed as the cell viability percentages
were more than 90% (Figure 4.22). The final percentage of the methanol: water
mixture (2:1, v/v) contained in the testing well during the cytotoxic assay for

plumbagin was at the nontoxic concentration (< 0.25%, v/v).

4.8.2.2 Cytotoxic Effects of Plumbagin on LLC-MK?2 Cell Line

The percentage viability of LLC-MK2 cell treated with various concentrations
of plumbagin from N. gracilis as measured by the NRU assay is given in
Figure 4.23. Plumbagin was found to be significantly cytotoxic (p< 0.05) to the
cell line at the concentrations ranging from 0.78 to 6.25 pg/mL with the
percentage of cell viability values less than 10% after 72 h treatment.
According to Figure 4.23, the 50% cytotoxicity concentration (CCs) of
plumbagin on the cell line was 0.60 pg/mL. No cytotoxicity was observed at
concentrations less than 0.20 pg/mL as the percentages of cell viability were

approximately 100%.
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Figure 4.22: Cytotoxic effects of the diluent, methanol:water mixture (2:1,
v/v) on LLC-MK2 cell line measured by the NRU assay.

Footnote: — CCs. LLC-MK2 cells were treated with various concentrations (0.01-12.50 %)
of the diluents, methanol:water mixture (2:1, v/v) for 72 h. The results represent mean *
standard deviation (S.D.) of triplicate assays;*statistically significant (p<0.05).The data were
analyzed with one-way ANOVA using Statistical Package for the Social Sciences (SPSS)
software and the significance level was set at p<0.05.
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Figure 4.23: Cytotoxic effects of plumbagin on LLC-MK2 cell line
measured by the NRU assay.

Footnote: —» CCsp; LLC-MK2 cells were treated with various concentrations (0.05-6.25
pg/mL) of plumbagin for 72 h. The results represent mean + standard deviation (S.D.) of
triplicate assays, *statistically significant (p<0.05).The data were analyzed with one-way
ANOVA using Statistical Package for the Social Sciences (SPSS) software and the
significance level was set at p<0.05.
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4.8.3 Selectivity Index of Plumbagin against Fungi

The toxicity of plumbagin to LLC-MK2 cell and the antifungal activity against
the tested fungi were compared by using selectivity index (SI). The selectivity
indices (SI=CCso/MIC) of plumbagin against all the fungi were ranged from
0.02 to 0.30 (Table 4.9). A value greater than 1 is considered more selective for
activity against the tested fungi (the compound showed specific bioactivity
against fungi without affecting the tested cell line), and a value less than 1 is
considered more selective for activity against LLC-MK2 cell (the compound
showed general toxic effects on both tested fungi and cell line) (Tiuman et al.,

2005).

Table 4.9: Selectivity index (S1) of plumbagin against fungi.

Fungal Strains Selectivity Index
C. albicans 0.30
C. parapsilosis 0.08
. orientalis 0.30
C. neoformans 0.15
A. brasiliensis 0.02
T. mentagrophytes 0.30

The results are the mean values of triplicates.
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CHAPTER 5

DISCUSSION

5.1 Plant Sample Preparation and Extraction Method

There are four main approaches available for the selection of plants for a
screening program to seek medicinal properties or the new bioactive chemical
entities. These includes random collection followed by mass screening,
exploitation of ethno-pharmacological knowledge in the selection, follow-up of
existing literature leads or chemotaxonomic approaches (Suffness and Douros,
1979; Ghosh et al., 2011). However, selection of plants based on a combined
analysis of ethnomedicinal, phytochemical, taxonomical and toxicological data
are preferable due to the limited screening capacities of researchers (Ghosh et

al., 2011).

In this study, fresh plant materials were used as the starting material for the
extraction. The choices of plant parts used for the antifungal screening were
guided by the ease of handling and availability of the different plant parts like
the leaves, fruits, stems and etc. (Ncube et al., 2008). Although the selected
medicinal plants (A. ciliata, A. graminifolia, C. nucifera, D. esculentum, D.
sarmentosa, H. sibthorpioides, M. platyclada, N. gracilis, P. edulis, P. speciosa,

S. edule and S. muricatum) have been used traditionally as herbal remedies, to
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date, there have been relatively little or no reports examining their antifungal

activities against medically important fungi.

Biological activity of plant extract is mostly dependent on the plant material,
choice of solvent used and the extraction procedure (Das et al., 2010). Fresh or
dried plant materials can be used as a source for the extraction of secondary
metabolites. However, the use of dried plant material is not desirable for the
extraction of compounds from plants due to degradation of natural metabolites
during the drying process (Kaufman et al.,, 1999). Oven-drying at high
temperature (> 60°C) and dehydration during the drying process (ambient air-,
oven- and freeze-drying) might cause the loss of oil, volatile components,
hydrocarbons, polyphenols, condensed tannins and antioxidant activity of
plants (Wiart, 1984; Bos et al., 2002; Nindo et al., 2003; Bodo et al., 2004;
Abascal et al., 2005). On the other hand, traditional or tribal healers prepare a
wide range of healing juices, crude extracts and paste from various fresh plant

materials (Das et al., 2010).

Fresh plant materials which used in this study were blended to finer sizes prior
to extraction. Size reduction increases the surface area for extraction which in
turn enhances the mass transfer of active components from plant material to the
solvent (Ncube et al., 2008; Ghosh et al., 2011). Thus increases the rate of
extraction thereby shortened the extraction period (Das et al., 2010). In

addition, to increase the extraction efficiency and the quantity of extracts, plant
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materials were extracted in two cycles per each solvent. Replacement of fresh
solvent with the solvent that is in equilibrium will change the concentration
gradient of solvent and eventually enhances the mass transfer of the remaining

active components into the fresh solvent (Ghosh et al., 2011).

A variety of solvents are applied as extractants for their ability to solubilize
secondary metabolites from plants. In this study, sequential solvent extraction
method was used to obtain various plant extracts for the antifungal screening.
This extraction method involves successive extraction with solvents of
increasing polarity from a non-polar to polar solvent (hexane, chloroform, ethyl
acetate, ethanol, methanol and aqueous) to extract a wider polarity range of
active compounds from the plant materials. As the purpose of this study is to
screen the selected plant for a variety of active compounds against medically
important fungi, this extraction method is more appropriate to be used in order

to achieve this purpose.

In this study, both ethanol and methanol were used as polar organic solvents in
extraction as some compounds are obtained only in specific solvent such as
xanthoxyllines, totarol, quassinoids, lactones and phenones are extracted by
methanol; polyacetylenes, sterols and propolis are extracted by ethanol;
starches, polypeptides and lectins are commonly obtained by water (Cowan,
1999). Though there is a wide diversification in the usage of solvents, the

choice of solvent also depends on the main purpose of study. For instance,
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study of general phytochemical analysis or preliminary screening of bioactive
compounds, the wider the variety of compounds the solvent will extract the
better as there is a higher chance that biologically active compounds will be

discovered (Eloff, 1998).

5.2 Total Percentage of Yield

The total percentage of yields extracted from the 12 medicinal plants using
solvents of varying polarity are shown in Appendix B. The total percentage of
yields obtained from the leaves of A. ciliata, A. graminifolia, C. nucifera and N.
gracilis ranged from 2.88% to 9.26%. The distribution of secondary
metabolites in different plants varies depending upon the organs and tissues
(Sheen, 1969; Hariram et al., 2011). Phytochemicals derived from the leaf and
stem materials are the main component of many botanical drugs, classical
examples are the tea tree (Melaleuca alternifolia), balm (Melissa officinalis),
ginkgo (Ginkgo biloba), peppermint (Mentha x piperita), ephedra (Ephedra
sinica), hawthorn (Crataegus monogyna and Crataegus oxyacantha) and
wormwood (Artemisia absinthium) (Waksmundzka-Hajnos et al., 2008). The
beneficial medicinal effects of plants are unique to a particular plant species or
family. However, the combination of secondary metabolites in a particular
plant is varying between organs or tissues, among species from tree to tree and
from season to season (Gottlieb, 1990; Parekh et al., 2005). According to
Figure 4.1, ethanol extract of all the four plants (A. ciliata, A. graminifolia, C.

nucifera and N. gracilis) showed the highest percentage of yield as compared
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to the other extracts. These indicate there are more polar compounds

distributed in the leaves of these plants than non-polar compounds.

5.3 Antifungal Susceptibility Testing

5.3.1 Panel of Test Fungi

In this study, the five species of opportunistic fungal pathogens including C.
albicans, C. parapsilosis, I. orientalis, C. neoformans, A. brasiliensis and a
pathogenic dermatophyte, namely T. mentagrophytes were selected in the

screening for antifungal activity of the medicinal plant extracts.

The choice of test microorganisms depends on the main purpose of study. In a
primary investigation, drug-sensitive reference strains are preferably used and
should also represent medically important species of different classes (Cos et
al., 2006). A small set of proposed panel of test microorganisms for primary
antifungal in vitro screening for natural products includes C. albicans as
representatives of the yeast, T. mentagrophytes and Epidermophyton floccosum
for the dermatophytes, Aspergillus niger and Fusarium solani for the

filamentous fungi (Cos et al., 2006).

5.3.2 Colorimetric Broth Microdilution Method
The antifungal activity of plant extracts were assessed by the colorimetric broth

microdilution technique which is a quick, sensitive, quantitative test that
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produces reproducible results with decreased cost, space and labour (Eloff,
1998; Lee, 2009). Amphotericin B was applied as reference antibiotic for
positive control in the susceptibility testing. All the fungi (C. albicans, C.
parapsilosis, 1. orientalis, C. neoformans, A. brasiliensis and T.
mentagrophytes) tested had MIC values of <8 pg/mL, which the MIC ranges
were similar to those previously reported in the in vitro activity of
amphotericin B (Malheiros et al., 2005; Masoko et al., 2007; Shai et al., 2008;

Thompson Il1 and Wiederhold, 2010).

5.3.3 Antifungal Activity of Plant Extracts

The fungistatic and fungicidal effects of plant extracts were evaluated by MIC
and MFC, respectively. The diluent, methanol:water mixture (2:1, v/v) used to
dissolve the plant samples was devoid of any antifungal activity with the
highest concentration tested, 25% (v/v). A methanol:water mixture prevents
rapid evaporation of solvent and this helps to maintain the stated concentration

of stock solutions (Cos et al., 2006).

All the plant extracts showed antifungal activity with 69.21% and 41.20% of
the bioassays demonstrating fungistatic and fungicidal activities, respectively.
Aligiannis et al. (2001) categorized the plant extracts to be strong inhibition by
MIC value up to 0.5 mg/mL; moderate inhibition by MIC between 0.6 and 1.5
mg/mL and weak inhibition with MIC above 1.6 mg/mL for the antimicrobial

susceptibility testing. The MIC values obtained in this study indicate that 30%
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of the bioassays showed strong inhibition against the fungal strains; with MIC

values ranging from 0.02 to 0.31 mg/mL.

The hexane extract of N. gracilis showed the lowest concentration ranges of
fungistatic and fungicidal activities against all the fungal pathogens evaluated.
The results suggested that the active components presence in this extract not
only exerted potent fungistatic or fungicidal effects, but also demonstrated
broad spectrum of antifungal activity. Other members of the family
Nepenthaceae have shown antimicrobial activity against several
microorganisms. Methanol extract of N. mirabilis (whole plant) was active
against Staphylococcus aureus (Wiart et al., 2004). The hexane extract of N.
ventricosa x maxima leaf exhibited strong antifungal activity against all the
phytopathogenic fungi with MIC values ranging from 0.007 to 0.04 mg/mL,
especially against A. niger with MIC of 0.02 mg/mL (Shin et al., 2007a).
Although the medically-important fungi used in this study are different from
the phytopathogenic fungi, a comparable MIC of 0.02 mg/mL against A.
brasiliensis was demonstrated by the hexane extract of N. gracilis. The
antifungal properties could be due to the same phytochemicals that were
present in the hexane extract from the N. ventricosa x maxima leaf (Shin et al.,

2007h).

Endogenous flavonoid gallate esters and several phenolic constituents, such as

plumbagin, isoshinanolone, epishinanolone, shinanolone, quercetin and
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kaempferol were identified from the leaves of N. gracilis (Aung et al., 2002;
Fan et al.,, 2010). However, reports of pharmacological and biological
investigation of N. gracilis are scarce and no studies have been reported on the
antifungal activity of N. gracilis against medically-important fungi. At the
preliminary stage of this study, it is yet not known what constituent is
responsible for the antifungal activity. Isolation and purification of the
biological active compounds from the hexane extract of N. gracilis to further

confirm the antifungal potential is warranted.

The total activity is an arbitrary measure of the quantity of antifungal
compounds present in the extract and indicates the largest volume to which the
biologically active compounds in 1 g of the plant material can be diluted and
still effective to inhibit the growth of the fungi (Eloff, 2004). The total
activities of plant extracts against the fungi indicated that the ethanol extract of
P. speciosa was the most active extract as it showed the highest total activity
against I. orientalis (2080 mL/g) and C. neoformans (1040 mL/g). This implies
that the ethanol extract of P. speciosa prepared from 1 g of plant material could
be diluted to a volume of 2080 mL and 1040 mL, still retain fungistatic activity
against I. orientalis and C. neoformans, respectively. It indicates the possible
commercial value of such an extract if the mammal and environmental toxicity
is within an acceptable level (Mahlo et al., 2010). Besides MIC and MFC
results, the total activity and percent activity of P. speciosa also highlighted the

antifungal potency of this plant.
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P. speciosa is locally known as “petai” which is traditionally used to apply
externally for wounds and ulcers, as well as to treat dermatitis (Ong, 2008;
Roosita, 2008). Previously reported biological activities of the seed extracts of
P. speciosa were attributed to the presence of some bioactive agents such as the
isolation of several cyclic polysulfides are used for the treatment of
antibacterial activity on kidney, ureter and urinary bladder infections (Gmelin
et al, 1981), thiazolidine-4-carboxylic acid for anticancer activity
(Suvachittanont et al., 1996) and p-sitosterol and stigmasterol for
hypoglycemic effect (Jamaluddin et al., 1994). There were no previous reports
on the antimicrobial activity of the pod extracts of P. speciosa. In facts, the
extracts were found to contain high levels of phenolic compounds which
contributed to its antiangiogenic and antioxidant properties (Aisha et al., 2012).
The presence of high level of phenolic compounds in the P. speciosa pod

extracts might explain the observed antifungal activities in this study.

All the plant extracts showed antifungal activity and 18 extracts obtained from
8 species of medicinal plants demonstrated 100% antifungal potency (Figure
4.4). These medicinal plants (except S. muricatum) are used in traditional
medicine for the treatment of microbial infections such as to treat gum and
throat infections (A. ciliata), dermatitis and measles (D. esculentum), and etc as
listed in Table 2.5. The data reported herein show that these medicinal plants
have substantial antifungal activity against medically-important fungi, which
corroborates their use in traditional medicine for the treatment of microbial

infections.
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Previous report has demonstrated that the presence of ascorbic acid, phenolic
acids and flavonoids in the extracts of S. muricatum possess antioxidative, anti-
inflammatory and antiglycative effects that could attenuate the progression of
diabetes in a mouse model (Hsu et al., 2011). The polyphenols of the fruits of S.
muricatum were also shown to possess good scavenging activity (Sudha et al.,
2011). These bioactive compounds are known to be synthesized by plants in
response to microbial infections that may disrupt the microbial membrane
through enzyme inhibition by the oxidized compounds as well as to complex
with extracellular and soluble proteins (Mason and Wasserman, 1987;
Tsuchiya et al., 1996). Such occurrences may explain the antifungal activity
observed with the extracts obtained from the fruits of S. muricatum in this

study.

All of the six extracts obtained from the stems of M. platyclada showed percent
activity values of equal or more than 83% (Figure 4.4). Fagundes et al. (2010)
reported that the antinociceptive and anti-inflammatory activities of M.
platyclada could be related to the synergistic activity of some bioactive
compounds presence in the leaves such as flavonoids, saponins, tannins,
terpenoids, sterols, coumarins, volatile oils, triterpenes and steroids.
Antimicrobial properties of flavonoids, saponins, tannins and terpenoids for

examples are well documented (Cowan, 1999).
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Literature review on the phytochemical constituents of M. platyclada revealed
that the antibacterial compound isolated from the leaves extract was a flavonol
glycoside with quercetin as an aglycone (Susidarti et al., 2011). It appears that
there is no report in the literature concerning the antifungal activities of the
stems extracts of M. platyclada. However, the present work revealed that the
stems of this species have effective antifungal activity against Candida spp., C.
neoformans, A. brasiliensis and T. mentagrophytes, which also confirms some
of its ethnomedicinal uses for the treatment of microbial infections such as
bacterial infection, wound infection, sores, skin swelling, oral ulceration, wart

and curing bruise (Siriwatanametanon et al., 2010; Susidarti et al., 2011).

In vitro assays may provide a guideline for the selection of highly active plant
extracts for subsequent isolation and characterization of potentially useful
bioactive compounds (McGaw et al., 2007). To determine which plants have
the highest potential for further development, not only the MIC value is
important, the quantity of the bioactive compounds extracted from the plant
material is also one of the factors to be considered (Eloff, 1999). The
availability of quantities of pure chemical substances sufficient for lead
optimization, lead development, and clinical trials is the main consideration in
natural product for pharmaceutical discovery and development (McChesney et

al., 2007).
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The results of the antifungal screenings indicate that the hexane extract of N.
gracilis possess potent antifungal properties. Thus, the extract was selected for
fractionation and bioactivity-guided isolation of the antifungal compound(s)
based on the lowest MIC and MFC (0.02 mg/mL), the high total activities
values (=58.75 mL/g) as well as the highest percent activity value (100%)
against all the fungi. It appears that there is no report in the literature
concerning the antifungal activity against human pathogens for N. gracilis.
Generally, none of the crude extracts showed MIC values comparable to those
of the reference antibiotic (amphotericin B) as the active compound(s) in a
crude extract may constitute only a small proportion of the array of compounds

in the extract and the lowest concentration tested was at 0.02 mg/mL.

5.3.4 Fungal Susceptibility Index (FSI)

Fungal susceptibility index is expressed as percentage value that is used to
compare the relative susceptibility among the fungal strains, values range from
0% (resistant to all plant extracts) to 100% (susceptible to all plant extracts)
(Bonjar, 2004). The antifungal activity of the plant extracts in this study was
more pronounced on the yeast strains, particularly on C. neoformans with FSI

of 100% (Figure 4.5).

The results indicate that all of the plant extracts are able to exhibit fungistatic
effect against the heterobasidiomycetous fungus, C. neoformans even it

possesses a unique structural feature, a protective capsule which is not common
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with other fungi. In spite of that, C. neoformans is also one of the yeasts
frequently responsible for biofilm-associated infections (Vandeputte et al.,
2012). The fungal biofilms are resistant to almost all the currently used
antifungals (exceptions of echinocandins and lipid formulation of amphotericin
B) and is also known to withstand host immune defences (Chandra et al., 2005;
Heitman, 2006). As a result, they constitute a nonnegligible source of
nosocomial fungal infections, essentially through the use of medical devices
(Vandeputte et al., 2012). Therefore biofilm-associated infections represent a
mean of survival within the host, constituting a persistent source of infections

(d’Enfert, 2009).

The CLSI guidelines on broth microdilution techniques for antifungal
susceptibility testing of yeasts are using the planktonic populations in the
inocula preparation and this will not allow a prediction of antifungal efficacy
against the fungal biofilms (CLSI, 2002a). However, data from the present
study provides essential information of plants which exhibited fungicidal
effects against these medically-important fungi. This may ultimately be useful
in disclosing the medicinal plants with better therapeutic value and in the

search for novel antifungal agents.

The molds were found to be more resistant as T. mentagrophytes and A.
brasiliensis possessed only 58.33% and 25% of susceptibility to the tested

plant extracts, respectively. The findings that Aspergillus species is the least
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inhibited fungus to plant extracts are agreed with the susceptibility of this
genus to different plants extracts reported by several studies. Tadeg et al. (2005)
reported Aspergillus niger was found to be virtually insensitive to all plant
extracts obtained from eight species of medicinal plants. Among the five fungal
pathogens evaluated, Aspergillus fumigatus was found to be the least sensitive
fungus to all the extracts obtained from 24 Combretum species and also the leaf
extracts of seven South African plant species (Masoko et al., 2007; Shai et al.,
2008). The conidia of A. niger were comparatively less susceptible to tea tree

oil than the tested yeast cells (Hammer et al., 2002).

It is important to note that according to the CLSI guidelines on broth
microdilution techniques for antifungal susceptibility testing of filamentous
fungi, the fungal inocula are predominantly conidia. However, during
incubation period with suitable conditions, these conidia will germinate and
grow into hyphae (Manavathu et al., 1999; CLSI, 2002b). The thickness and
density of the conidial wall might responsible for the reduced susceptibility of
conidia to antifungal agents (Cheng and Levin, 1970). Moreover, germination
of hyphae might also contributed to the reduced susceptibility of filamentous
fungi during the antifungal susceptibility testing as the thickness of hyphae is
greater than conidial wall (Hammer et al., 2002). One of the key features of
Aspergillus spp. morphology is their hyphae will grow with tendency to form
short, distorted complex hyphae that may be as wide as 12 pm with appearance

nearly parallel to one another and form the mycelium (Larone, 2002). This
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might subsequently contribute to the reduced susceptibility of A. brasiliensis

against the plant extracts.

5.4 Isolation and Structure Elucidation of Antifungal Compound from N.
gracilis

5.4.1 Bioactivity-guided Fractionation of the Hexane Extract from N.
gracilis

The hexane extract of N. gracilis was further fractionated through liquid-liquid
partitioning to give three fractions, the hexane fraction (F;), ethyl acetate
fraction (F;), and water fraction (F3). Among the fractions, F; afforded
maximum yield (0.33%) followed by F; (0.10%) and F3 (0.01%). The F;and F,
fractions showed antifungal activities on the fungi with MIC and MFC values
ranged from 8 to 31 ug/mL, while F3 did not show any antifungal activity
(Table 4.3). Comparison of the fungistatic and fungicidal activities of the
fractions with that of the hexane crude extract indicated that the F; fraction
showed stronger in activity than the crude extract against C. neoformans and T.
mentagrophytes. The antifungal potency increased upon fractionation which
supports the fact that active compounds are concentrated more in the fraction

than crude extract.

Theoretically the activity shown by a mixture in a crude extract is due to the
sum of the activities of the individual constituents (Houghton et al., 2007).
Following fractionation, leading to the concentration and isolation of individual

compounds, should result in aliquots having a stronger activity than the
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original crude extract. This is the basic of standardizing extracts for predictable
activity, based on the correlation of content of a particular compound with the
desired pharmacological effect (Houghton et al., 2007). Furthermore, it is
important that the most active compound is present in sufficiently high
amounts in the particular fraction to give activity and adequate for further
isolation and characterization. Thus, the F; fraction was selected for further
fractionation and isolation of the bioactive compound(s) as it showed the
highest percentage of yield and the strongest antifungal activity among the

analyzed fractions from the hexane extract of N. gracilis.

5.4.2. lIsolation and Structure Elucidation of Compound B; from N.
gracilis

The TLC preparative-scale isolation was used to obtain the compounds present
in the F; fraction. It is a conventional method of separation and isolation of
small quantities of mixture components. It can also be applied for the isolation
of individual compounds before their identification by various physicochemical
methods (Waksmundzka-Hajnos et al., 2008). The separation of F; fraction
revealed that there were two major compounds (B; and B;) with different
absorption properties are present in the F; fraction (Figure 4.6). The first
compound (B;) with higher R value of 0.34 was detected in visible light and
UV light (254 nm and 366 nm) as yellow, dark red and dark brown band,
respectively. The second compound (B;) was resolved under 366 nm UV-light
as a brilliant light blue band at R; 0.21. The results also confirmed that

compounds B; and B; are originally contained in the hexane extract. Compound
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B, exhibited a stronger antifungal potency with MIC and MFC values ranged

from 2 to 8 ug/mL against the indicative microorganisms (Table 4.4).

The UV/VIS absorption spectrum of compound B; in the region 200—700 nm
showed the present of two characteristic bands, an intensive band at 260 nm
and a broad band at 425 nm (Figure 4.8). The absorption spectrum revealed
that the isolated plumbagin was completely in agreement with the reference
standard from the published data (Bothiraja et al., 2011; Chen et al., 2011). The
melting point of compound B; was recorded as 78-79°C is consistent with
those reported by Bothiraja et al. (2011) as the reported melting point for the
isolated plumbagin was at 78.4°C while for the reference standard plumbagin
was at 78.6°C. The GC-MS mass spectrum obtained matched with the
reference standard plumbagin reported by Shin et al. (2007b). The negative
product ion mass spectrum of the deprotonated molecule of plumbagin showed
a precursor ion m/z 186.9 and a product ion m/z 159.0, while the plumbagin
isolated from the roots of Plumbago zeylanica was reported at m/z 187 and m/z
159, respectively (Hsieh et al., 2005). The **C NMR and *H NMR suggested
that compound B; was a napthoquinone structure with the molecular formula
C11HgO3, which was further supported by the HMBC and HMQC spectra. On
the basis of the above spectroscopic analyses and comparing with published
data (Hsieh et al., 2005; Bothiraja et al., 2011; Chen et al., 2011), the structure

of plumbagin isolated from the hexane extract of N. gracilis was deduced.
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In this study, the plumbagin yield obtained from the fresh leaves of N. gracilis
was 0.12%. The types of solvents and plant tissues used may affect the overall
yield of plumbagin. Babula et al. (2009) reported that the highest yield of
naphthoquinones was obtained by using methanol and the lowest using hexane.
However, hexane was found to result in high recovery with highest degree of
naphthoquinones purity (Grevenstuk et al., 2008). In addition, Babula et al.
(2009) also quantified and compared the amount of plumbagin presence in the
extracts of different tissues from N. spectabilis and N. ventricosa. The authors
concluded that the content of plumbagin varied in different plant tissues as the
highest amount was determined in apex and the lowest ones in petiole.
Generally, different extraction methods, botanical varieties, geographical origin,
seasonal variation, and many extrinsic factors such as soil, light, water,
temperature and nutrients may affect the quality and quantity of phytochemical

accumulation in plants (Ahmad et al., 2006).

5.5 Antifungal Activity and Cytotoxicity of Plumbagin

Several naphthoquinone derivatives such as plumbagin, isoshinanolone,
epishinanolone, shinanolone, droserone, hydroxydroserone, nepenthones and 2-
methylnaphthazarin were identified as secondary metabolites produced by
Nepenthes spp., including the leaves from N. gracilis, roots from N. rafflesiana
and N. thorelli, as well as the whole plant extracts of N. insignis (Bringmann et
al., 2000; Aung et al., 2002; Rischer et al., 2002). Among these, plumbagin is
the most efficient secondary metabolite isolated so far from carnivorous plants

(Eilenberg et al., 2010). Pavela (2013) studied the acute toxicity of seven
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structurally similar naphthoquinones including plumbagin, lawsone, juglone,
naphthazarin, menadione, 1,2-naphthoquinones and 1,4-naphthoquinones
against the adults house fly (Musca domestica), of which plumbagin was the
only one to show good acute toxicity. Plumbagin is the most active compound
among the eight quinones evaluated against spider mite and aphids which may

have potential as commercial insecticides and miticides (Akhtar et al., 2012).

Plants with naphthoquinone and other related quinine content are widely used
in the traditional medicine systems, as these phytochemicals are one of the
major natural product classes with varied biological activities (Thomson, 1971;
Matysik et al., 2008; Babula et al., 2009). Plumbagin is considered to be a
potential antifungal drug (Eilenberg et al., 2010) which is produced by many
vascular plants from families that belong to the Caryophyllales order (Rischer
et al., 2002) such as Droseraceae (Budzianowski, 2000), Drosophyllaceae
(Bringmann et al., 1998), Plumbaginaceae (Bothiraja et al., 2011), Ebenaceae

(Evans et al., 1999) and Nepenthaceae (Aung et al., 2002).

The in vitro antifungal activity of the isolated plumbagin from N. gracilis
showed that it is as effective as the clinically used antifungal agent. The MIC
values ranged from 2 to 31 pg/mL for plumbagin and from 0.125 to 8 pg/mL
for amphotericin B against all the fungi. The plumbagin concentration that
inhibited the growth of I. orientalis, and T. mentagrophytes was about 2-fold

and 4-fold lower, respectively, than that required for amphotericin B.
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Plumbagin has a wide range of biological properties such as anti-cancer
(Kawiak et al., 2007), antiviral (Perez-Sacau et al., 2003), anti-inflammatory,
antiplatelet, antiallergic (Lien et al., 1996), antimalarial (Biot et al., 2004),
antibacterial (Cai et al., 2000) and antifungal (Dzoyem et al., 2007). Despite
there are numerous documentation about the therapeutic potential of
naphthoquinones, their exact mode of action still remains unclear (Eilenberg et

al., 2010).

Plumbagin exhibited potent antifungal activity as compared with amphotericin
B, it could be considered as a promising antifungal agent. However, the
desirable properties of an antifungal agent are not only to exert potent
fungistatic or fungicidal effects, but also with minimum toxicity on normal
mammalian cells. In this study, the toxicity of plumbagin to Rhesus monkey
kidney epithelial cells (LLC-MK?2) and the antifungal activity against the tested
fungi were compared by using the selectivity index (SI). A value greater than 1
is considered more selective for activity against the fungi, and a value less than
1 is considered more selective for activity against LLC-MK2 cell (Tiuman et
al., 2005). A compound with Sl values greater than 1 is preferable as it shows
specific antifungal activity against the fungal cells without affecting the
mammalian cells. According to Table 4.9, the isolated plumbagin was more
selective against the mammalian cells (LLC-MK2) than the fungi, with SI
values ranged from 0.02 to 0.30. The results also indicate that plumbagin is

more toxic to mammalian cells than to fungal cells.
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Two major mechanisms have been proposed for plumbagin cytotoxic action in
various biological systems. First mechanism is associated with the excessive
generation of reactive oxygen species (ROS) such as superoxide radicals,
singlet oxygen and hydrogen peroxide (Seung et al., 1998; Castro et al., 2008).
Second mechanism involved the redox and oxidation cycle of quinones namely
“redox cycles” which lead to their ability to act as potent electrophiles to
inhibit the electron transportation, as uncouplers of oxidative phosphorylation,
as intercalating agent in the DNA double helix and as bio-reductive alkylating
agents in the bio-molecules (Babula et al., 2009). The redox cycling and free
radical forming was identified as the main mode of actions for plumbagin

(Castro et al., 2008; Eilenberg et al., 2010).

Long-term use of medications containing quinine derivatives may cause
serious side effects and diseases such as neoplasms (Matysik et al., 2008). In
animal studies, plumbagin was reported with many toxic side effects including
diarrhea, skin rashes, increases in white blood cell and neutrophil counts,
increases in serum phosphatase and acid phosphatase levels, and hepatic
toxicity (Singh and Udupa, 1997). It has been noted that treatments with
plumbagin can cause reproductive toxicity (Premakumari et al., 1977;
Bhargava, 1984). In addition, animal studies suggest that plumbagin with its
high lipophilicity and insolubility in water has produced low bioavailability for
oral administration (Hsieh et al., 2006). Consequently, a large and frequent
dose is necessary to achieve the optimum therapeutic efficacy and thus may

lead to severe side effects (Singh and Udupa, 1997; Bothiraja et al., 2012).
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The most widespread naphthoquinones in nature originated from shikimic acid
are plumbagin (5-hydroxy-2-methyl-1,4-naphthoquinone) and juglone (5-
hydroxy-1,4-naphthoquinone) (Babula et al., 2009). Juglone along with
plumbagin is exuded by the roots of the black walnut (Juglans nigra L.) into
surrounding and soil which can be attributed to allelopathy and phytotoxicity
(Babula et al., 2009). The cytotoxic effect of plumbagin in human peripheral
blood lymphocytes was at least two-fold higher than juglone (Seshadri et al.,
2011). Plumbagin at 5 uM was proven to be non-cytotoxic for the resting
mouse lymphocytes, but at the concentration of 2 uM, plumbagin was found to
induce apoptosis in human resting lymphocytes, indicating the species-specific
differences in the activity of plumbagin (Checker et al., 2009). Thus its high
cytotoxicity and relatively low therapeutic selectivity are the major challenge

that limits its medical application (Kayser et al., 2003).

Modifications in the naphthoquinones core structure produced a variety of
quinones with different substituents lead to marked differences in activity and
consequently also in toxicity (Ryu et al., 2005; Eilenberg et al., 2010). Several
plumbagin derivatives (5-hydroxy-1,4-naphthoquinone derivatives) have been
synthesized and did not show significant cytotoxic against human lung
adenocarcinoma epithelial cell line (A549) but showed selective antifungal
activities (Ryu et al., 2005). In vitro assays showed that several 2,3-di-
substituted 1,4-naphthoquinones are as effective as fluconazole and

amphotericin B against human fungal pathogens (Tandon et al., 2009).
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Plumbagin may be considering as natural product lead for the discovery of
novel analogs. More analogs of the compound can be synthesized to discover a
promising antifungal compound which is able to reduce selectable pressure for
potentially evolved resistance as well as showing an effective antifungal action
without affecting preparation stability, having high safety, quality to be used by
patients is of great concern. Furthermore, the assessment of cell damage by
plumbagin remains unknown and the antifungal activity of plumbagin on the

fungal biofilm was not tested in this study.

5.6 Suggestions for Future Studies

It is important to design in vitro experiments to approximate as closely as
possible to the clinical case or disease. Understanding the relationship between
fungus and host during infection may lead to a better clinical outcome. Future
study of antifungal susceptibility testing should also include the testing of
biofilm rather than the planktonic populations, particularly investigate
compounds which could inhibit or retard biofilm formation. Screening the
antifungal assay at a specific time interval (month) is necessary to determine
the stability of compounds in the extracts. It is very important to ensure the

antimicrobial potential will not degrade when times goes on.

Pharmacological evaluation and toxicity testing involving other cell lines,
mutagenic as well as carcinogenic responses of plumbagin and its closely

related derivatives would be useful in further elucidating the cytotoxic effects
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of these compounds. Further study may also include the assessment of cell
damage by plumbagin (and probably other similar derivatives) through
scanning electron microscope (SEM), transmission electron microscope (TEM),
and atomic force microscope (AFM) observations. Such investigations may
further explore the effect of plumbagin on morphological, surface features and
ultra-structure of the fungi. There is a need to continuously improve the quality,
efficacy, and quantity of bioactive compounds that enter the lead identification

process as to keep pace with other drug discovery efforts.

The methods available for extraction of natural products are commonly utilized
the hazardous organic solvents, alternative environmental friendly extraction
technique such as the supercritical fluid extraction (SFE) technique can be used.
SFE using the supercritical carbon dioxide eliminates time-consuming process
of concentration and uses no or minimum organic solvent. Supercritical carbon
dioxide is a solvent with lowest toxicity and inflammability for the extraction
of natural compounds, especially thermolabile secondary metabolites
(Waksmundzka-Hajnos et al., 2008). Further phytochemical studies should
continue on isolating biologically active compounds from those medicinal
plants demonstrating good activity in the initial screening included the extracts
of P. speciosa and M. platyclada. The plant extracts can be further studied by
working with a broader range of microorganisms such as resistance microbial
strains and viruses. In addition, different parts of plants can be extracted and
compared for their levels of secondary metabolites and potential antimicrobial

activity.
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CHAPTER 6

CONCLUSIONS

In this study, a total 72 extracts from 12 medicinal plants were evaluated for
antifungal activity against human fungal pathogens (four yeasts and two molds)
using the colorimetric broth microdilution method. All the plant extracts
showed antifungal activity with 69.21% and 41.20% of the bioassays
demonstrating fungistatic and fungicidal activities, respectively. Eighteen
extracts from eight medicinal plants exhibited antifungal activity against all the
fungi. All the plant extracts possessed antifungal activity against at least one
strain of fungi. The yeast, C. neoformans was found to be 100% susceptible to
all the plant extracts with MIC values ranging from 0.02 to 2.50 mg/mL. In
contrast, A. brasiliensis was found to be the most insensitive among the tested

fungal strains with a susceptibility index of 25%.

Overall results of the antifungal susceptibility screenings revealed that the
hexane extract of N. gracilis possessed strong antifungal properties with low
MIC and MFC and total activities values more than 58.70 mL/g against all the
fungi. Bioactivity-guided fractionation, isolation and structural elucidation of
the hexane extract of the leaves of N. gracilis yielded plumbagin (5-hydroxy-2-

methyl-naphthalene-1,4-dione) with potent antifungal activity; MIC values
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ranged from 2 to 31 pg/mL against all the fungi. The antifungal property of N.

gracilis against human fungal pathogens is being reported for the first time.

Cytotoxic testing using LLC-MK2 cell indicated the isolated plumbagin is
more toxic in mammalian cells than in fungal cells. The data reported herein
are important, taking into account the medical importance of the studied fungi
and that this plant species is traditionally consumed or applied externally as
astringent, without taking into account the presence of highly toxic component
such as plumbagin. Thus, pharmacological study of medicinal plants remains
important to provide evidence with scientific basis for the continued traditional

application of plants and understanding of a plant’s efficacy as well as toxicity.

The results obtained in this study are in line with the traditional uses of the
medicinal plants as natural source of antifungal agents. There is not much
detailed documentation on the antifungal properties of Malaysian medicinal
plants. This study will open up a scope for future utilization of these plants for
therapeutic purposes especially towards those disease caused by pathogenic
microorganisms. The scientific values of medicinal plants in term of quality,
safety and efficacy have yet to be established together with the search of new
lead structures in the drug development. The screening of plants for potential
antifungal agents is important as it provides society with potential sources of
new, effective and safer drugs and offering a great help in solving the problem

of increasing emergence of antifungal resistance.
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The oldest known living eukaryotic organism, turning 4778 years old in 2013,
is a specimen of a bristlecone pine, Pinus longaeva from the White Mountains
of Inyo County, California (Flanary and Kletetschka, 2005). It is reasonable to
assume that some of these bioactive compounds that have enabled plants to
survive may also be useful to maintain the health and well being of humans. In
conclusion, the results obtained from the present study strongly support further
investigation into bioactive agents of plant as they are considered an abundant
resource of novel chemotypes and pharmacophores in the drug discovery. The
future of drug discovery and development from plants thus appears to be a tale

of justifiable hope.

132



REFERENCES

Abascal, K., Ganora, L. and Yarnell, E., 2005. The effect of freeze-drying and
its implications for botanical medicine: A review. Phytotherapy Research, 19
(8), pp. 655-660.

Ahmad, 1., Aqil, F. and Owais, M., 2006. Modern phytomedicine: turning
medical plants into drugs. Weinheim: Wiley-VCH.

Aisha, A.F., Abu-Salah, K.M., Alrokayan, S.A., Ismail, Z. and Abdulmajid,
A.M., 2012. Evaluation of antiangiogenic and antioxidant properties of Parkia
speciosa Hassk extracts. Pakistan Journal of Pharmaceutical Sciences, 25 (1),
pp. 7-14.

Akah, P.A., Orisakwe, O.E., Gamaniel, K.S. and Shittu, A., 1998. Evaluation
of Nigerian traditional medicines: 1l. effects of some Nigerian folk remedies on
peptic ulcer. Journal of Ethnopharmacology, 62 (2), pp. 123-127.

Akhtar, Y., Isman, M.B., Lee, C.H., Lee, S.G., and Lee, H.S., 2012. Toxicity of
quinones against two-spotted spider mite and three species of aphids in
laboratory and greenhouse conditions. Industrial Crops and Products, 37 (1),
pp. 536-541.

Ali, H., Houghton, P.J. and Soumyanath, A., 2006. a-Amylase inhibitory
activity of some Malaysian plants used to treat diabetes; with particular
reference to Phyllanthus amarus. Journal of Ethnopharmacology, 107 (3), pp.
449-455.

Aligiannis, N., Kalpoutzakis, E., Mitaku, S. and Chinou, I. B., 2001.
Composition and antimicrobial activity of the essential oils of two Origanum
species. Journal of Agricultural and Food Chemistry, 49 (9), pp. 4168-4170.

Alspaugh, J.A., Davidson R.C. and Heitman J., 2000. Morphogenesis of
Cryptococcus neoformans. In: Ernst, J.F. and Schmidt, A., (eds.). Dimorphism
in human pathogenic and apathogenic yeasts. Basel: Karger, pp. 217-238.

Alviano, D.S. et al., 2004. Antinociceptive and free radical scavenging
activities of Cocos nucifera L. (Palmae) husk fiber aqueous extract. Journal of
Ethnopharmacology, 92 (2-3), pp. 269-273.

America Society of Pharmacognosy, 2004. Providing a scientific foundation
for herbal medicine-what is pharmacognosy? [Online]. Awvailable at:
http://www.pharmacognosy.com/about.htm [Assessed 10 July 2012].

Au, D.T. et al., 2008. Ethnobotanical study of medicinal plants used by Hakka
in Guangdong, China. Journal of Ethnopharmacology, 117 (1), pp. 41-50.

133


http://www.pharmacognosy.com/about.htm

Aung, H.H. et al.,, 2002. Phenolic constituents from the leaves of the
carnivorous plant Nepenthes gracilis. Fitoterapia, 73 (5), pp. 445-447.

Babula, P., Adam, V., Havel, L. and Kizek, R., 2009. Noteworthy secondary
metabolites naphthoquinones — their occurrence, pharmacological properties
and analysis. Current Pharmaceutical Analysis, 5 (1), pp. 47-68.

Balunas, M.J. and Kinghorn, A.D., 2005. Drug discovery from medicinal
plants. Life Sciences, 78 (5), pp. 431-441.

Barnett, J.A., Payne, R.W. and Yarrow, D., 1983. Yeasts: Characteristics and
identification. Cambridge: Cambridge University Press.

Beh, Vivian., 2011. Screening of Spondias cytherea and Muehlenbeckia
platyclada in Malaysia against medically important bacteria for antimicrobial
activity. Unpublished final year project report, Universiti Tunku Abdul
Rahman, Malaysia.

Bhargava, S.K., 1984. Effects of plumbagin on reproductive function of male
dog. Indian Journal of Experimental Biology, 22 (3), pp. 153-156.

Biot, C., Bauer, H., Schirmer, R.H. and Davioud-Charvet, E., 2004. 5-
Substituted tetrazoles as bioisosteres of carboxylic acids. Bioisosterism and
mechanistic studies on glutathione reductase inhibitors as antimalarials.
Journal of Medicinal Chemistry, 47 (24), pp. 5972-5983.

Bodo, R., Azzouz, A. and Hausler, R., 2004. Antioxidative activity of water
hyacinth components. Plant Science, 166 (4), pp. 893-899.

Bonjar, S.G.H., 2004. New approaches in screening for antibacterials in plants.
Asian Journal of Plant Sciences, 3 (1), pp. 55-60.

Bos, R., Koulman, A., Woerdenbag, H.J., Quax, W.J. and Pras, N., 2002.
Volatile components from Anthriscus sylvestris (L.) Hoffm. Journal of
Chromatography A, 966 (1), pp. 233-238.

Bothiraja, C., Joshi, P.P., Dama, G.Y. and Pawar, A.P., 2011. Rapid method
for isolation of plumbagin, an alternative medicine from roots of Plumbago
zeylanica. European Journal of Integrative Medicine, 3 (1), pp. 39-42.

Bothiraja, C., Pawar, A.P., Dama, G.Y., Joshi, P.P. and Shaikh, K.S., 2012.
Novel solvent-free gelucire extract of Plumbago zeylanica using non-everted
rat intestinal sac method for improved therapeutic efficacy of plumbagin.
Journal of Pharmacological and Toxicological Methods, 66 (1), pp. 35-42.

Brahmachari, G., 2009. Natural products: chemistry, biochemistry and
pharmacology. Oxford, U.K.: Alpha Science International.

134



Bringmann, G., Wobhlfarth, M., Rischer, H., Riickert, M. and Schlauer, J., 1998.
The polyketide folding mode in the biogenesis of isoshinanolone and
plumbagin from Ancistrocladus heyneanus (Ancistrocladaceae). Tetrahedron
Letters, 39 (46), pp. 8445-8448.

Bringmann, G., Rischer, H., Wohlfarth, M., Schlauer, J. and Assi, L.A., 2000.
Droserone from cell cultures of Triphyophyllum peltatum (Dioncophyllaceae)
and its biosynthetic origin. Phytochemistry, 53 (3), pp. 339-343.

Budzianowski, J., 2000. Naphthoquinone glucosides of Drosera gigantea from
in vitro cultures. Planta Medica, 66 (7), pp. 667-6609.

Burkill, I.H., 1966. A dictionary of the economic products of Malay Peninsula,
vol. 2. Kuala Lumpur: Ministry of Agriculture and Cooperatives.

Cai, L., Wei, G.X., van der Bijl, P. and Wu, C.D., 2000. Namibian chewing
stick, Diospyros lycioides, contain antibacterial compounds against oral
pathogens. Journal of Agricultural and Food Chemistry, 48 (3), pp. 909-914.

Castro, F.A.V., Mariani, D., Panek, A.D., Eleutherio, E.C.A. and Pereira, M.D.,
2008. Cytotoxicity mechanism of two naphthoquinones (menadione and
plumbagin) in Saccharomyces cerevisiae. PLoS One, 3 (12), pp. €3999.

Chakraborty, M. and Mitra, A., 2008. The antioxidant and antimicrobial
properties of the methanolic extract from Cocos nucifera mesocarp. Food
Chemistry, 107 (3), pp. 994-999.

Chandra, J., Zhou, G. and Ghannoum, M.A., 2005. Fungal biofilms and
antimycotics. Current Drug Targets, 6 (8), pp. 887-894.

Chankhamjon, K., Petsom, A., Sawasdipuksa, N. and Sangvanich, P., 2010.
Hemagglutinating activity of proteins from Parkia speciosa seeds.
Pharmaceutical Biology, 48 (1), pp. 81-88.

Checker, R., Sharma, D., Sandur, S.K., Khanam, S. and Poduval, T.B., 2009.
Anti-inflammatory effects of plumbagin are mediated by inhibition of NF-
kappaB activation in lymphocytes. International Immunopharmacology, 9 (7),
pp. 949-958.

Chen, L.W., 2011. Bioprospecting of local plant for antimicrobial activity:
Sechium edule and Solanum muricatum. Unpublished final year project report,
Universiti Tunku Abdul Rahman, Malaysia.

Chen, Z.F. et al., 2011. Synthesis, characterization and preliminary cytotoxicity
evaluation of five Lanthanide (II1)-Plumbagin complexes. Journal of
Inorganic Biochemistry, 105 (3), pp. 426-434.

Cheng, M.K.C. and Levin, R.E., 1970. Chemical destruction of Aspergillus
niger conidio spores. Journal of Food Science, 35 (1), pp. 62-66.

135



Chiang, L.Y., Ejzykowicz, D.E., Tian, Z.Q., Katz, L. and Filler, S.G., 2006.
Efficacy of ambruticin analogs in a murine model of invasive pulmonary
aspergillosis. Antimicrobial Agents and Chemotherapy, 50 (10), pp. 3464-3466.

Chung, T.C., 2011. In vitro antibacterial activity screening of Diodia
sarmentosa and Manilkara zapota. Unpublished final year project report,
Universiti Tunku Abdul Rahman, Malaysia.

Clinical and Laboratory Standards Institute (CLSI), 2002a. Reference method
for broth dilution antifungal susceptibility testing of yeasts; approved standard,
NCCLS document M27-A2, 2nd ed. Pennsylvania: CLSI.

Clinical and Laboratory Standards institute (CLSI), 2002b. Reference method
for broth dilution antifungal susceptibility testing of filamentous fungi;
approved standard, NCCLS document M38-A, 2nd ed. Pennsylvania: CLSI.

Coconut Research Centre, 2004. Coconut. [Online]. Available at:
http://www.coconutresearchcenter.org/ [Accessed 15 July 2012].

Cos, P., Vlietinck, AJ., Berghe, D.V. and Maes, L., 2006. Anti-infective
potential of natural products: How to develop a stronger in vitro ‘proof-of-
concept’. Journal of Ethnopharmacology, 106 (3), pp. 290-302.

Cowan, M.M., 1999. Plant products as antimicrobial agents. Clinical
Microbiology Reviews, 12 (4), pp. 564-582.

d’Enfert, C., 2009. Hidden killer: persistence of opportunistic fungal pathogens
in the human host. Current Opinion in Microbiology, 12 (4), pp. 358-364.

Dangol, D.R., 2008. Traditional uses of plants of commonland habitats in
Western Chitwan, Nepal. Journal of the Institute of Agriculture and Animal
Science, 29, pp. 71-78.

Das, K., Tiwari, R.K.S. and Shrivastava, D.K., 2010. Techniques for evaluation
of medicinal plant products as antimicrobial agent: current methods and future
trends. Journal of Medicinal Plants Research, 4 (2), pp. 104-111.

Denning, D.W. and Hope, W.W., 2010. Therapy for fungal diseases:
opportunities and priorities. Trends in Microbiology, 18 (5), pp. 195-204.

Dewick, P.M., 2002. Medicinal natural products: A biosynthetic approach,
2nd ed. U.K.: Wiley.

Dzoyem, J.P., Tangmouo, J.G., Lontsi, D., Etoa, F.X. and Lohoue, P.J., 2007.
In vitro antifungal activity of extract and plumbagin from the stem bark of
Diospyros crassiflora Hiern (Ebenaceae). Phytotherapy Research, 21 (7), pp.
671-674.

136



Eilenberg, H. et al., 2010. Induced production of antifungal naphthoquinones in
the pitchers of the carnivorous plant Nepenthes khasiana. Journal of
Experimental Botany, 61 (3), pp. 911-922.

Eloff, J.N., 1998. A sensitive and quick microplate method to determine the
minimal inhibitory concentration of plant extracts for bacteria. Planta Medica,
64 (8), pp. 711-713.

Eloff, J.N., 1999. The antibacterial activity of 27 Southern African members of
the Combretaceae. South African Journal of Science, 95 (3), pp. 148-152.

Eloff, J.N., 2004. Quantifying the bioactivity of plant extracts during screening
and bioassay-guided fractionation. Journal of Phytomedicine, 11 (4), pp. 370-
371.

Endo, E.H., Garcia Cortez, D.A., Ueda-Nakamura, T., Nakamura, C.V. and
Dias Filho, B.P., 2010. Potent antifungal activity of extracts and pure
compound isolated from pomegranate peels and synergism with fluconazole
against Candida albicans. Research in Microbiology, 161 (7), pp. 534-540.

Esquenazi, D. et al., 2002. Antimicrobial and antiviral activities of
polyphenolics from Cocos nucifera Linn. (Palmae) husk fiber extract. Research
in Microbiology, 153 (10), pp. 647-652.

Evans, P.H., Bowers, W.S., Litaudon, M. and Sevenet, T., 1999. Plumbagin
from Diospyros olen. Molecules. 4 (4), pp. M93.

Fagundes, L.L. et al., 2010. Pharmacological properties of the ethanol extract
of Muehlenbeckia platyclada (F. Muell.) Meisn. Leaves. International Journal
of Molecular Sciences, 11 (10), pp. 3942-3953.

Fan, D.H., Wang, H., Zhi, D. and Shen, Y.M., 2010. CE analysis of
endogenous flavonoid gallate esters from Nepenthes gracilis (Nepenthaceae).
Chromatographia, 72 (9-10), pp. 1013-1016.

Flanary, B.E. and Kletetschka, G., 2005. Analysis of telomere length and
telomerase activity in tree species of various life-spans, and with age in the
bristlecone pine Pinus longaeva. Biogerontology, 6 (2), pp. 101-111.

Foucault, A.P., 1995. Centrifugal partition chromatography: Vol. 68.
Chromatographic science series. New York: Marcel Dekker, Inc.

Gallego, G. et al., 2012. Effect of five Colombian plant extracts on human
spermatozoids. Revista Cubana de Plantas Medicinales, 17 (1), pp. 84-92.

Ghosh, U., Hag, M.A.B. and Chakraborty, S., 2011. Application of systematic
technologies for the extraction of novel phytoconstituents from
pharmacologically important plants. International Journal of Chemical and
Analytical Science, 2 (9), pp. 1153-1158.

137



Gmelin, R., Susilo, R. and Fenwick, G.R., 1981. Cyclic polysulphides from
Parkia speciosa. Phytochemistry, 20 (11), pp. 2521-2523.

Gottlieb, O.R., 1990. Phytochemicals: differentiation and function.
Phytochemistry, 29 (6), pp. 1715-1724.

Grevenstuk, T., Goncalves, S., Nogueira, J.M. and Romano, A., 2008.
Plumbagin recovery from field specimens of Drosophyllum lusitanicum (L.)
link. Phytochemical Analysis, 19 (3), pp. 229-235.

Giirctioglu, E. et al., 2010. Nosocomial candidemia in adults: Risk and
prognostic factors. Journal de Mycologie Médicale / Journal of Medical
Mycology, 20 (4), pp. 269-278.

Hahn-Deinstrop, E., 2007. Applied thin-layer chromatography: best practice
and avoidance of mistakes, 2nd ed. Weinheim: Wiley-VCH Verlag GmbH &
Co. KGaA.

Hammer, K.A., Carson, C.F. and Riley, T.V., 2002. In vitro activity of
Melaleuca alternifolia (tea tree) oil against dermatophytes and other
filamentous fungi. Journal of Antimicrobial Chemotherapy, 50 (2), pp. 195-
199.

Harborne, A.J., 1998. Phytochemical methods: a guide to modern techniques of
plant analysis, 3rd ed. London: Chapman & Hall.

Hariram, S.B., Deepika, B., Manjubharathi, N., Alamelu, M. and Chandran, M.,
2011. Phytochemical screening of different parts of plant Enicostemma axillare
(Family-Gentianaceae). Research Journal of Pharmaceutical, Biological and
Chemical Sciences, 2 (3), pp. 971-974.

Heitman, J., Filler, S.G., Edwards, J.E. and Mitchell, A.P., 2006. Molecular
principles of fungal pathogenesis. Washington: ASM Press.

Holetz, F.B. et al., 2002. Screening of some plants used in the Brazilian folk
medicine for the treatment of infectious diseases. Memdrias do Instituto
Oswaldo Cruz, 97 (7), pp. 1027-1031.

Hossain, M.M., 2011. Therapeutic orchids: traditional uses and recent advances
— An overview. Fitoterapia, 82 (2), pp. 102-140.

Houghton, P.J. and Manby, J., 1985. Medicinal plants of the Mapuche. Journal
of Ethnopharmacology, 13 (1), pp. 89-103.

Houghton, P.J., Howes, M.J., Lee, C.C. and Steventon, G., 2007. Uses and

abuses of in vitro tests in ethnopharmacology: visualizing an elephant. Journal
of Ethnopharmacology, 110 (3), pp. 391-400.

138



Hsieh, Y.J., Lin, L.C. and Tsai, T.H., 2005. Determination and identification of
plumbagin from the roots of Plumbago zeylanica L. by liquid chromatography
with tandem mass spectrometry. Journal of Chromatography A, 1083 (1-2), pp.
141-145.

Hsieh, Y.J., Lin, L.C. and Tsai, T.H., 2006. Measurement and pharmacokinetic
study of plumbagin in a conscious freely moving rat using liquid
chromatography/tandem mass spectrometry. Journal of Chromatography B:
Analytical Technologies in the Biomedical and Life Sciences, 844 (1), pp. 1-5.

Hsu, C.C., Guo, Y.R., Wang, Z.H. and Yin, M.C., 2011. Protective effects of
an aqueous extract from pepino (Solanum muricatum Ait.) in diabetic mice.
Journal of the Science of Food and Agriculture, 91 (8), pp. 1517-1522.

Hu, J., Shi, X., Chen, J., Mao, X., Zhu, L., Yu, L.and Shi, J., 2014. Alkaloids
from Toddalia asiatica and their cytotoxic, antimicrobial and antifungal
activities. Food Chemistry, 148, pp. 437-444.

Huang, H.C. et al., 2008a. Triterpenoidal saponins from Hydrocotyle
sibthorpioides. Phytochemistry, 69 (7), pp. 1597-1603.

Huang, S.S. et al., 2008b. Antioxidant and antiproliferative activities of the
four Hydrocotyle species from Taiwan. Botanical Studies, 49 (4), pp. 311-322.

Jamaluddin, F., Mohamed, S. and Lajis, M.N., 1994. Hypoglycaemic effect of
Parkia speciosa seeds due to the synergistic action of [-sitosterol and
stigmasterol. Food Chemistry, 49 (4), pp. 339-345.

Jamaluddin, F., Mohamed, S. and Lajis, M.N., 1995. Hypoglycaemic effect of
stigmast-4-en-3-one, from Parkia speciosa empty pods. Food Chemistry, 54
(1), pp. 9-13.

Jantan, 1., 2004. Medicinal plant research in Malaysia: scientific interests and
advances. Jurnal Sains Kesihatan Malaysia, 2 (2), pp. 27-46.

Jorgensen, J.H., and Ferraro, M.J., 1998. Antimicrobial susceptibility testing:
general principles and contemporary practices. Clinical Infectious Diseases, 26,
pp. 973-980.

Joyce, L.F., Downes, J., Stockman, K. and Andrew, J.H., 1992. Comparison of
five methods, including the PDM Epsilometer test (E test), for antimicrobial
susceptibility testing of Pseudomonas aeruginosa. Journal of Clinical
Microbiology, 30 (10), pp. 2709-2713.

Kaufman, P.B., Cseke, L.J., Warber, S., Duke, J.A. and Brielmann, H.L., 1999.
Bioseperation of compounds. In: Kaufman, P.B., Cseke, L.J. and Okubo, A.,
(eds). Natural products from plants. United States of America: CRC Press
LLC., pp. 207-240.

139



Kawiak, A. et al., 2007. Induction of apoptosis by plumbagin through reactive
oxygen species-mediated inhibition of topoisomerase Il. Toxicology and
Applied Pharmacology, 223 (3), pp. 267-276.

Kayser, O., Kiderlen, A.F. and Croft, S.L., 2003. Natural products as
antiparasitic drugs. Parasitology Research, 90 (2), pp. S55-S62.

Kipling, R., 1910. Rewards and fairies with illustrations by Frank Craig.
London: London Macmillan.

Kniemeyer, O., Schmidt, A.D., Vddisch, M., Wartenberg, D. and Brakhage,
A.A., 2011. Identification of virulence determinants of the human pathogenic
fungi Aspergillus fumigatus and Candida albicans by proteomics. International
Journal of Medical Microbiology, 301 (5), pp. 368-377.

Koch, M.A. et al., 2005. Charting biologically relevant chemical space: a
structural classification of natural products (SCONP). Proceedings of the
National Academy of Sciences of the United States of America, 102 (48), pp.
17272-17277.

Kurtzman, C.P., Smiley, M.J. and Johnson, C.J., 1980. Emendation of the
genus Issatchenkia kudriavzev and comparison of species by deoxyribonucleic
acid reassociation, mating reaction, and ascospore ultrastructure. International
Journal of Systematic Bacteriology, 30 (2), pp. 503-513.

Larone, D.H., 2002. Medically important fungi, 4th ed. Washington, DC: ASM
Press.

Lee, M., 2009. Basic skills in interpreting laboratory data. United States:
American Society Health-System Pharmacists.

Lewis, R.E., 2011. Current concepts in antifungal pharmacology. Mayo Clinic
Proceedings, 86 (8), pp. 805-817.

Liao, R.S. and Dunne, W.M., 2003. Current concepts in antifungal
susceptibility testing, part I. Clinical Microbiology Newsletter, 25 (23), pp.
177-181.

Lien, J. et al., 1996. Synthesis and antiplatelet, anti-inflammatory and
antiallergic activities of 2,3-disubstituted 1,4-napthoquinones. Chemical and
Pharmaceutical Bulletin, 44 (6), pp. 1181-1187.

Lin, X and Heitman, J., 2006. The biology of the Cryptococcus neoformans
species complex. Annual Review of Microbiology, 60, pp. 69-105.

Lin, X., 2009. Cryptococcus neoformans: Morphogenesis, infection and
evolution. Infection, Genetics and Evolution, 9 (4), pp. 401-416.

140



Liu, M., Seidel, V., Katerere, D.R. and Gray, A.l., 2007. Colorimetric broth
microdilution method for the antifungal screening of plant extracts against
yeasts. Methods, 42 (4), pp. 325-329.

Liu, M.F., Lv, H. and Ding, Y., 2012. Antitumoral bibenzyl derivatives from
tuber of Arundina graminifolia. Zhongguo-Zhong-Yao-Za-Zhi, 37 (1), pp. 66-
70.

Livermore, J. and Hope, W., 2012. Evaluation of the pharmacokinetics and
clinical utility of isavuconazole for treatment of invasive fungal infections.
Expert Opinion on Drug Metabolism and Toxicology, 8 (6), pp. 759-765.

Mackeen, M.M. et al., 1997. Antimicrobial and cytotoxic properties of some
Malaysian traditional vegetables (ULAM). Pharmaceutical Biology, 35 (3), pp.
174-178.

Mahesh, B. and Satish, S., 2008. Antimicrobial activity of some important
medicinal plant against plant and human pathogens. World Journal of
Agricultural Sciences, 4 (S), pp. 839-843.

Mahlo, S.M., McGaw, L.J. and Eloff, J.N., 2010. Antifungal activity of leaf
extracts from South African trees. Crop Protection, 29 (12), pp. 1529-1533.

Malheiros, A. et al., 2005. Antifungal activity of drimane sesquiterpenes from
Drimys brasiliensis using bioassay-guided fractionation. Journal of Pharmacy
and Pharmaceutical Sciences, 8 (2), pp. 335-339.

Manavathu, E.K., Cutright, J. and Chandrasekar, P.H., 1999. Comparative
study of susceptibilities of germinated and ungerminated conidia of Aspergillus
fumigatus to various antifungal agents. Journal of Clinical Microbiology, 37
(3), pp. 858-861.

Manikandan, P. et al., 2010. Keratitis caused by the recently described new
species Aspergillus brasiliensis: Two case reports. Journal of Medical Case
Reports, 4 (68), pp. 1-4.

Mantovani, A., 1979. The role of animals in the epidemiology of the mycoses.
Mycopathologia, 65 (1-3), pp. 61-66.

Maridass, M. and De Britto, A.J., 2008. Origins of plant derived medicines.
Ethnobotanical Leaflets, 12, pp. 373-387.

Masoko, P., Picard, J. and Eloff, J.N., 2007. The antifungal activity of twenty-
four southern African Combretum species (Combretaceae). South African
Journal of Botany, 73 (2), pp. 173-183.

Mason, T.L. and Wasserman, B.P., 1987. Inactivation of red beet B-glucan

synthase by native and oxidized phenolic compounds. Phytochemistry, 26 (8),
pp. 2197-2202.

141



Matysik, G., Skalska-Kaminska, A. and Matysik-Wozniak, A., 2008. Quinone
derivatives in plant extracts. In: Waksmundzka-Hajnos, M., Sherma, J. and
Kowalska, T., (eds.). Thin layer chromatography in phytochemistry: Vol.
99.Chromatographic science series. United States of America: CRC Press., pp.
817-851.

McChesney, J.D., Venkataraman, S.K. and Henri, J.T., 2007. Plant natural
products: Back to the future or into extinction? Phytochemistry, 68 (14), pp.
2015-2022.

McGaw, L.J., Van der Merwe, D. and Eloff, J.N., 2007. In vitro anthelmintic,
antibacterial and cytotoxic effects of extracts from plants used in South African
ethnoveterinary medicine. The Veterinary Journal, 173 (2), pp. 366-372.

Mendez-Tovar, L.J., 2010. Pathogenesis of dermatophytosis and tinea
versicolor. Clinics in Dermatology, 28 (2), pp. 185-189.

Mendonca-Filho, R.R. et al., 2004. Leishmanicidal activity of polyphenolic-
rich extract from husk fiber of Cocos nucifera Linn. (Palmae). Research in
Microbiology, 155 (3), pp. 136-143.

Miceli, M.H., Diaz, J.A. and Lee, S.A., 2011. Emerging opportunistic yeast
infections. The Lancet Infectious Diseases, 11 (2), pp. 142-151.

Mishra, B.B. and Tiwari, V.K., 2011. Natural products: An evolving role in
future drug discovery. European Journal of Medicinal Chemistry, 46 (10), pp.
4769-4807.

Mufioz, P., Guinea, J., Rojas, L. and Bouza, E., 2010. New antifungal agents
for the treatment of candidaemia. International Journal of Antimicrobial
Agents, 36 (2), pp. S63-S69.

Ncube, N.S., Afolayan, A.J. and Okoh, A.l., 2008. Assessment techniques of
antimicrobial properties of natural compounds of plant origin: current methods
and future trends. African Journal of Biotechnology, 7 (12), pp. 1797-1806.

Nindo, C., Sun, T., Wang, S.W., Tang, J. and Powers, J.R., 2003. Evaluation of
drying technologies for retention of physical quality and antioxidants in
asparagus (Asparagus officinalis L.). Lebensmittel Wissenschaft Technology -
Food Science and Technology, 36 (5), pp. 507-516.

Ong, H.C., 2008. Vegetables for health and healing. Kuala Lumpur: Utusan
Publications & Distributors Sdn. Bhd.

Ong, H.C., 2011. Sayuran 2: khasiat makanan dan ubatan. Kuala Lumpur:
Utusan Publications & Distributors Sdn. Bhd.

142



Onuaguluchi, G. and Nwafor, P., 1999. Pharmacological basis for the use of
the antivenene water soluble extract of Diodia scandens as a laxative, oxytocic
agent and a possible aphrodisiac in traditional medicine practice in Eastern
Nigeria. Phytotherapy Research, 13 (6), pp. 459-463.

Ordonez, A.A.L., Gomez, J.D. and Vattuone, M.A., 2006. Antioxidant
activities of Sechium edule (Jacg.) Swartz extracts. Food Chemistry, 97 (3), pp.
452-458.

Ordofiez, A.A.L., Ordofiez, R.M., Zampini, I.C. and Isla, M.I., 2009. Design
and quality control of a pharmaceutical formulation containing natural products
with antibacterial, antifungal and antioxidant properties. International Journal
of Pharmaceutics, 378 (1-2), pp. 51-58.

Oyeka, C.A., 2000. Trichophyton mentagrophytes a keratinophilic fungus.
Revista Iberoamericana de Micologia, 17 (Suppl), pp. 60-65.

Parekh, J., Jadeja, D. and Chanda, S., 2005. Efficacy of aqueous and methanol
extracts of some medicinal plants for potential antibacterial activity. Turkish
Journal of Biology, 29, pp. 203-210.

Pavela, R., 2013. Efficacy of naphthoquinones as insecticides against the house
fly, Musca domestica L. Industrial Crops and Products, 43, pp. 745-750.

Perea, S., Fothergill, A.W., Sutton, D.A. and Rinaldi, M.G., 2001. Comparison
of in vitro activities of voriconazole and five established antifungal agents
against different species of dermatophytes using a broth macrodilution method.
Journal of Clinical Microbiology, 39 (1), pp. 385-388.

Pereira Gonzales, F. and Maisch, T., 2012. Photodynamic inactivation for
controlling Candida albicans infections. Fungal Biology, 116 (1), pp. 1-10.

Perez-Sacau, E. et al., 2003. Inhibitory effects of lapachol derivatives on
Epstein-barr virus activation. Bioorganic and Medicinal Chemistry, 11 (4), pp.
483-488.

Perfect, J.R. and Casadevall, A., 2002. Cryptococcosis. Infectious Disease
Clinics of North America, 16 (4), pp. 837-874.

Petry, R.D. et al., 2001. Comparative pharmacological study of hydroethanol
extracts of Passiflora alata and Passiflora edulis leaves. Phytotherapy
Research, 15 (2), pp. 162-164.

Pfaller, M.A. and Diekema, D.J., 2007. Epidemiology of invasive candidiasis:
a persistent public health problem. Clinical Microbiology Reviews, 20 (1), pp.
133-163.

Phillipson, J.D., 2001. Phytochemistry and medicinal plants. Phytochemistry,
56 (3), pp. 237-243.

143



Phillipson, J.D., 2007. Phytochemistry and pharmacognosy. Phytochemistry,
68 (22-24), pp. 2960-2972.

Prachayasittikul, S. et al., 2009. Bioactive metabolites from Spilanthes acmella
Murr. Molecules, 14 (2), pp. 850-867.

Premakumari, P., Rathinam, K. and Santhakumari, G., 1977. Antifertility
activity of plumbagin. Indian Journal of Medical Research, 65 (6), pp. 829-838.

Puricelli, L., Dell'Aica, I., Sartor, L., Garbisa, S. and Caniato, R., 2003.
Preliminary evaluation of inhibition of matrix-metalloprotease MMP-2 and
MMP-9 by Passiflora edulis and P. foetida aqueous extracts. Fitoterapia, 74
(3), pp. 302-304.

Rahmat, A., Kumar, V., Fong, L.M., Endrini, S. and Sani, H.A., 2004.
Determination of total antioxidant activity in three types of local vegetables
shoots and the cytotoxic effect of their ethanolic extracts against different
cancer cell lines. Asia Pacific Journal of Clinical Nutrition, 13 (3), pp. 308-311.

Rai, S.K., 2004. Medicinal plants used by Meche people of Jhapa district,
Eastern Nepal. Our Nature, 2 (1), pp. 27-32.

Razab, R. and Aziz, A.A., 2010. Antioxidants from tropical herbs. Natural
Product Communications, 5 (3), pp. 441-445.

Redgwell, R.J. and Turner, N.A., 1986. Pepino (Solanum muricatum):
Chemical composition of ripe fruit. Journal of the Science of Food and
Agriculture, 37 (12), pp. 1217-1222.

Ren, W. and Tang, D.G., 1999. Extract of Solanum muricatum (Pepino/CSG)
inhibits tumor growth by inducing apoptosis. Anticancer Research, 19 (1A), pp.
403-408.

Repetto, G., del Peso, A. and Zurita, J.L., 2008. Neutral red uptake assay for
the estimation of cell viability/cytotoxicity. Nature Protocols, 3 (7), pp. 1125-
1131.

Ripa, F.A., Haque, M., Nahar, L. and Islam, M.M., 2009. Antibacterial,
cytotoxic and antioxidant activity of Passiflora edulis Sims. European Journal
of Scientific Research, 31 (4), pp. 592-598.

Rischer, H., Hamm, A. and Bringmann, G., 2002. Nepenthes insignis uses a
C2-portion of the carbon skeleton of I-alanine acquired via its carnivorous
organs, to build up the allelochemical plumbagin. Phytochemistry, 59 (6), pp.
603-6009.

Roemer, T. et al., 2011. Confronting the challenges of natural product-based
antifungal discovery. Chemical Biology, 18 (2), pp. 148-164.

144



Rogers, T.R., 2006. Antifungal drug resistance: limited data, dramatic impact?
International Journal of Antimicrobial Agents, 27 (S1), pp. 7-11.

Roosita, K., Kusharto, C.M., Sekiyama, M., Fachrurozi, Y. and Ohtsuka, R.,
2008. Medicinal plants used by the villagers of a Sundanese community in
West Java, Indonesia. Journal of Ethnopharmacology, 115 (1), pp. 72-81.

Rudnicki, M. et al.,, 2007. Antioxidant and antiglycation properties of
Passiflora alata and Passiflora edulis extracts. Food Chemistry, 100 (2), pp.
719-724.

Ryu, C.K. et al., 2005. Synthesis and antifungal activity of 2/3-arylthio- and
2,3-bis(arylthio)-5-hydroxy-/5-methoxy-1,4-naphthoquinones. European
Journal of Medicinal Chemistry, 40 (5), pp. 438-444.

Sakunpak, A. and Panichayupakaranant, P., 2012. Antibacterial activity of Thai
edible plants against gastrointestinal pathogenic bacteria and isolation of a new
broad spectrum antibacterial polyisoprenylated benzophenone, chamuangone.
Food Chemistry, 130 (4), pp. 826-831.

Samaranayake, Y.H. and Samaranayake, L.P., 1994. Candida krusei: Biology,
epidemiology, pathogenicity and clinical manifestations of an emerging
pathogen. Journal of Medical Microbiology, 41 (5), pp. 295-310.

Samson, R.A. et al., 2007. Diagnostic tools to identify black aspergilli. Studies
in Mycology, 59, pp. 129-145.

Sanchez-Vega, 1., 1994, Andean fruits-Pepino (Solanum muricatum). [Online].
Available at: http://www.hort.purdue.edu/newcrop/1492/fruits.html [Accessed
15 July 2012].

Sanglard, D., 2003. Resistance and tolerance mechanisms to antifungal drugs
in fungal pathogens. Mycologist, 17 (2), pp. 74-78.

Saraf, D.K. and Dixit, V.K., 2002. Spilanthes acmella Murr.: Study on its
extract spilanthol as larvicidal compound. Asian Journal of Experimental
Sciences, 16 (1&2), pp. 9-19.

Schmidt, B. et al.,, 2008. A natural history of botanical therapeutics.
Metabolism, 57 (S1), pp. S3-S9.

Seshadri, P., Rajaram, A. and Rajaram, R. 2011. Plumbagin and juglone induce
caspase-3-dependent apoptosis involving the mitochondria through ROS
generation in human peripheral blood lymphocytes. Free Radical Biology
Medicine, 51 (11), pp. 2090-2107.

Seung, S., Lee, J.Y., Lee, M.Y., Park, J.S. and Chung, J.H., 1998. The relative
importance of oxidative stress versus arylation in the mechanism of quinone-
induced cytotoxicity to platelets. Chemico-Biological Interactions, 113 (2), pp.
133-144.

145


http://www.hort.purdue.edu/newcrop/1492/fruits.html

Shai, L.J., McGaw, L.J., Masoko, P. and Eloff, J.N., 2008. Antifungal and
antibacterial activity of seven traditionally used South African plant species
active against Candida albicans. South African Journal of Botany, 74 (4), pp.
677-684.

Sheen, S.J., 1969. The distribution of polyphenols, chlorogenic acid oxidase
and peroxidase in different plant parts of tobacco, Nicotiana tabacum L.
Phytochemistry, 8 (10), pp. 1839-1847.

Shin, K.S,, Lee, S. and Cha, B.J., 2007a. Suppression of phytopathogenic fungi
by hexane extract of Nepenthes ventricosa x maxima leaf. Fitoterapia, 78 (7-8),
pp. 585-586.

Shin, K.S., Lee, S. and Cha, B.J. 2007b. Antifungal activity of plumbagin
purified from leaves of Nepenthes ventricosa X maxima against
phytopathogenic fungi. The Plant Pathology Journal, 23 (2), pp. 113-115.

Shubitz, L.F. et al., 2006. Efficacy of ambruticin analogs in a murine model of
coccidioidomycosis. Antimicrobial Agents and Chemotherapy, 50 (10), pp.
3467-3469.

Silva, C.D.B.D. et al., 2008. Antifungal activity of the lemongrass oil and citral
against Candida spp. Brazilian Journal of Infectious Diseases, 12 (1), pp. 63-
66.

Silva, N.C.C. and Fernandes, J.A., 2010. Biological properties of medicinal
plants: a review of their antimicrobial activity. The Journal of Venomous
Animals and Toxins including Tropical Diseases, 16 (3), pp. 402-413.

Singh, U.V. and Udupa, N., 1997. Reduced toxicity and enhanced antitumor
efficacy of betacyclodextrin plumbagin inclusion complex in mice bearing
Ehrlich ascites carcinoma. Indian Journal of Physiology and Pharmacology, 41
(2), pp. 171-175.

Siriwatanametanon, N., Fiebich, B.L., Efferth, T., Prieto, J.M. and Heinrich
Michael, M., 2010. Traditionally used Thai medicinal plants: In vitro anti-
inflammatory,  anticancer and antioxidant activities. Journal of
Ethnopharmacology, 130 (2), pp. 196-207.

Soladoye, M.O., Osipitan, A.A., Sonibare, M.A. and Chukwuma, E.C., 2010.
From ‘Vagabonds’ to ethnobotanical relevance: weeds of the campus sites of
Olabisi Onabanjo University, Ago-lwoye, Nigeria. Ethnobotanical Leaflets,
2010 (4), pp. 546-558.

Sudha, G., Priya, M.S., Shree, R.l. and Vadivukkarasi, S., 2011. Antioxidant

activity of ripe pepino fruit (Solanum muricatum aiton). International Journal
of Pharmacy and Pharmaceutical Sciences, 3 (3), pp. 257-261.

146



Suffness, M. and Douros, J., 1979. Drug of plant origin. In. De Vita, V.T. and
Busch, H., (eds). Methods in Cancer Research, 3rd ed. New York: Academic
Press, pp. 73-126.

Sunitha, M. and Devaki, K., 2009. Antioxidant activity of Passiflora edulis
Sims leaves. Indian Journal of Pharmaceutical Sciences, 71 (3), pp. 310-311.

Susca, A., Stea, G. and Perrone, G., 2007. Rapid polymerase chain reaction
(PCR)-single-stranded conformational polymorphism (SSCP) screening
method for the identification of Aspergillus section Nigri species by the
detection of calmodulin nucleotide variations. Food Additives and
Contaminants, 24 (10), pp. 1148-1153.

Susidarti, R.A., Wahyono, W. and Yamin, Y., 2011. Isolation and
identification of antibacterial compound from the leaves of Muehlenbeckia
platyclada Meissn. International Journal of Advances in Pharmaceutical
Sciences, 2 (1), pp. 40-44.

Suvachittanont, W., Kurashima, Y., Esumi, H. and Tsuda, M., 1996. Formation
of thiazolidine-4-carboxylic acid (thioproline), an effective nitrite-trapping
agent in human body, in Parkia speciosa seeds and other edible leguminous
seeds in Thailand. Food Chemistry, 55 (4), pp. 359-363.

Suvachittanont, W. and Jaranchavanapet, P., 2000. Mitogenic effect of Parkia
speciosa seed lectin on human lymphocytes. Planta Medica, 66 (8), pp. 699-
704.

Tadeg, H., Mohammed, E., Asres, K. and Gebre-Mariam, T., 2005.
Antimicrobial activities of some selected traditional Ethiopian medicinal plants
used in the treatment of skin disorders. Journal of Ethnopharmacology, 100 (1-
2), pp. 168-175.

Tan, L.Y., 201la. Bioprospecting of local plant Parkia speciosa and
Hydrocotyle sibthorpioides for antibacterial activity. Unpublished final year
project report, Universiti Tunku Abdul Rahman, Malaysia.

Tan, S.W., 2011b. Screening of Diplazium esculentum and Salacca zalacca
against medically important bacteria for antimicrobial activity. Unpublished
final year project report, Universiti Tunku Abdul Rahman, Malaysia.

Tandon, V.K. et al., 2009. 2,3-Disubstituted-1,4-naphthoquinones, 12H-
benzo[b]phenothiazine-6,11-diones and related compounds: Synthesis and
biological evaluation as potential antiproliferative and antifungal agents.
European Journal of Medicinal Chemistry, 44 (3), pp. 1086-1092.

Thompson I1l, G.R. and Wiederhold, N.P., 2010. Isavuconazole: a
comprehensive review of spectrum of activity of a new triazole.
Mycopathologia, 170 (5), pp. 291-313.

Thomson, R.H., 1971. Naturally occurring quinines. London: Academic Press.

147



Tiuman, T.S. et al., 2005. Antileishmanial activity of parthenolide, a
sesquiterpene lactone isolated from Tanacetum parthenium. Antimicrobial
Agents and Chemotheraphy, 49 (1), pp. 176-182.

Trifilio, S. et al.,, 2007. Breakthrough fungal infections after allogeneic
hematopoietic stem cell transplantation in patients on prophylactic
voriconazole. Bone Marrow Transplantation, 40 (5), pp. 451-456.

Tsuchiya, H. et al., 1996. Comparative study on the antibacterial activity of
phytochemical flavanones against methicillin-resistant Staphylococcus aureus.
Journal of Ethnopharmacology, 50 (1), pp. 27-34.

Valera, 1.Jr., 2003. Rescuing ASEAN’s mega-biodiversity. [Online]. Available
at: http:///www.aseansec.org.htm [Accessed 10 July 2012].

Valgas, C., Souza, S.M.D., Sméania, E.F. and Smania Jr, A., 2007. Screening
methods to determine antibacterial activity of natural products. Brazilian
Journal of Microbiology, 38 (2), pp. 369-380.

Vandeputte, P., Ferrari, S. and Coste, A.T., 2012. Antifungal resistance and
new strategies to control fungal infections. International Journal of
Microbiology, [E-Journal] doi:10.1155/2012/713687. Available through
Hindawi Publishing Corporation website
http://www.hindawi.com/journals/ijmb/2012/713687/ [Accessed 10 July 2012].

Varga, J. et al.,, 2007. Aspergillus brasiliensis sp. nov., a biseriate black
Aspergillus species with world-wide distribution. International Journal of
Systematic and Evolutionary Microbiology, 57 (8), pp. 1925-1932.

Villegas, L.F. et al., 1997. Evaluation of the wound-healing activity of selected
traditional medicinal plants from Perd. Journal of Ethnopharmacology, 55 (3),
pp. 193-200.

Waksmundzka-Hajnos, M., Sherma, J. and Kowalska, T., 2008. Thin layer
chromatography in phytochemistry:Vol. 99. Chromatographic science series.
United States of America: CRC Press.

Warn, P.A., Sharp, A., Morrissey, G. and Denning, D.W., 2010. Activity of
aminocandin (IP960; HMR3270) compared with amphotericin B, itraconazole,
caspofungin and micafungin in neutropenic murine models of disseminated
infection caused by itraconazole-susceptible and -resistant strains of
Aspergillus fumigatus. International Journal of Antimicrobial Agents, 35 (2),
pp. 146-151.

Wee, Y.C., 2005. Plants that heal, thrill and kill. Singapore: SNP Reference.
Wiart, C. et al., 2004. Antimicrobial screening of plant used for traditional

medicine in the state of Perak, Peninsular Malaysia. Fitoterapia, 75 (1), pp. 68-
73.

148


http://www.aseansec.org.htm/
http://www.hindawi.com/journals/ijmb/2012/713687/

Wiart, S.M., 1984. Effect of drying on yield and calorific values of extractables
from leafy spurge Euphorbia esula. Biotechnology and Bioengineering, 26 (4),
pp. 335-339.

Wilson, L.S. et al., 2002. The direct cost and incidence of systemic fungal
infections. Value in Health, 5 (1), pp. 26-34.

Wong, S.P., Leong, L.P. and Koh, J.H.W., 2006. Antioxidant activities of
aqueous extracts of selected plants. Food Chemistry, 99 (4), pp. 775-783.

Woodfolk, J.A., 2005. Allergy and dermatophytes. Clinical Microbiology
Reviews, 18 (1), pp. 30-43.

Yee, S.T., 2009. Screening for antibacterial activities of local plants:
Passiflora edulis and Mimusops elengi. Unpublished final year project report,
Universiti Tunku Abdul Rahman, Malaysia.

Yen, C.T. et al., 2009. Flavonol glycosides from Muehlenbeckia platyclada and
their anti-inflammatory activity. Chemical Pharmaceutical Bulletin, 57 (3), pp.
280-282.

Yen, G.C., Chen, H.Y. and Peng, H.H., 2001. Evaluation of the cytotoxicity,
mutagenicity and antimutagenicity of emerging edible plants. Food and
Chemical Toxicology, 39 (11), pp. 1045-1053.

Yu, F., Yu, F., McGuire, P.M., Li, R. and Wang, R., 2007. Effects of
Hydrocotyle sibthorpioides extract on transplanted tumors and immune
function in mice. Phytomedicine, 14 (2-3), pp. 166-171.

Zakaria, Z., Sanduran, S. and Sreenivasan, S., 2010. Antifungal activity of the
edible ferns: Application for public health. The International Journal of the
Humanities, 8 (8), pp. 113-118.

Zibadi, S. and Watson, R.R., 2004. Passion fruit (Passiflora edulis)

composition, efficacy and safety. Evidence-Based Integrative Medicine, 1 (3),
pp. 183-187.

149



APPENDIX A

Struture of the lead compounds from natural products derived drugs from

2005 to 2010 (Mishara and Tiwari, 2011).
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APPENDIX B

Plant species and the percentage of yield of each extact

Plants Fresh Extracts Percentage  References
weight of yield (%)
(@)
Hexane 0.53
Chloroform 0.96
Ethyl acetate 0.69
Acmella ciliata (leaves) 100 Ethanol 2.80 -
Methanol 1.36
Agueous 2.03
Total 8.37
Hexane 0.90
Chloroform 0.99
Arundina graminifolia Ethyl acetate o2
(leaves) 370 Ethanol 2.63 -
Methanol 0.62
Aqueous 0.91
Total 6.29
Hexane 0.33
Chloroform 2.81
Ethyl acetate 0.53
Cocos nucifera (leaves) 600 Ethanol 411 -
Methanol 0.711
Aqueous 0.77
Total 9.26
Hexane 0.04
Chloroform 0.10
iodi 0.17
O Eaae g
(2011)
Methanol 0.39
Aqueous 0.47
Total 1.83
Hexane 0.09
Chloroform 0.04
Dip!azium esculentum 1214 Ethyl acetate 0.05
(aerial parts) Ethanol 0.34 Tan (2011b)
Methanol 0.34
Aqgueous 0.34
Total 1.20
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Plants Fresh Extracts Percentage  References
weight (g) of yield (%)

Hexane 0.09

Hydrocotyle Chloroform 0.18

sibthorpioides (whole 1000 Ethyl acetate 0.10

plant) Ethanol 0.44 Tan (2011a)
Methanol 0.77
Aqgueous 0.55
Total 2.13
Hexane 0.29
Chloroform 0.47

Muehlenbeckia 535 Ethyl acetate 0.45

platyclada (stems) Ethanol 6.97 Beh (2011)
Methanol 0.91
Aqgueous 0.54
Total 9.63
Hexane 0.47
Chloroform 0.55

Nepenthes gracilis Ethyl acetate o

(Ieaves) 237 Ethanol 121 -
Methanol 0.21
Aqueous 0.05
Total 2.88
Hexane 0.06
Chloroform 0.11

. . Ethyl acetate 0.20

Parkia speciosa (pods) 1000 Ethanal 416 Tan (2011a)
Methanol 2.46
Adqueous 0.65
Total 7.63
Hexane 0.15
Chloroform 0.24

. . . Ethyl acetate 0.71

Passiflora edulis (fruits) 890 Ethanl 128 Yee (2009)
Methanol 0.80
Aqueous 0.38
Total 3.56
Hexane 0.04 Chen (2011)
Chloroform 0.10

Sechium edule (aerial 1200 Ethyl acetate 0.09

parts) Ethanol 0.74
Methanol 0.39
Aqgueous 0.49
Total 1.85
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Plants Fresh Extracts Percentage = References
weight of yield (%)
(9)
Hexane 0.004
Chloroform 0.01
i Ethyl acetate 0.02
?f‘;:j"‘i‘g‘;m muricatum 1000 Ethanol 253 Chen (2011)
Methanol 0.93
Aqgueous 0.04
Total 3.54
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APPENDIX C

Plant Vouchering Form

UNIVERSITI TUNKU ABDU RAHMAN
FACULTY OF SCIENCE
U T R Jalan Universiti, Bandar Barat,

UNIVERSITI TUNKU ABDUL RAHMAN Kampan 31900 Perak.

COLLECTOR:

DATE COLLECTED:

FAMILY:

SCIENTIFIC NAME:

VERBAL:

LOCALITY: (STATE)

(DISTRICT)

(TOWNSHIP)

ELEVATION:

HABITAT:

OCCURRENCE: (COMMON) ___ (OCCASIONAL) ___ (RARE)

PLANT HEIGHT:

FLOWER COLOUR:

SEED:

FRUIT:

EDIBLE / NON-EDIBLE:

MEDICINAL PLANT (USAGE):
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APPENDIX D

Preparation of medium, reagents and stock fungal cultures

Potato dextrose agar (PDA)

Thirty eight grams of powder was dissolved with 1 L of distilled water in a
glass bottle. The medium was mixed well and sterilized by autoclaving at
temperature 121°C and pressure of 15 Ibs. for 15 min. After autoclaved, the
sterile liquid agar was allowed to cool in 55°C water bath. The medium was
poured into sterile petri dishes in a laminar air flow cabinet. The solidified agar

plates were stored at 4°C.

Potato dextrose broth (PDB)
Twenty one gram of powder was dissolved with 1 L of distilled water in a glass
bottle. The medium was mixed well and sterilized by autoclaving at

temperature 121°C and pressure of 15 Ibs. for 15 min.

Preparation of Cell Growth Indicator: p-iodonitrotetrazolium Violet (INT)
Solution

The concentration of INT was prepared at 0.4 mg/mL by dissolving 40 mg of
INT powder in 100 mL of distilled water. The solution was then sonicated and
filtered using 0.45 pm syringe filter inside a laminar flow cabinet into sterile

centrifuge tubes that covered with aluminium foil and kept at -20°C.
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Broth medium

To prepare 0.5 L of broth medium, 104 g of RPMI-1640 medium
supplemented with glutamine and phenol red, without bicarbonate and 34.53 ¢
of 3-(N-morpholino) propanesulfonic acid (MOPS) were dissolved in 400 mL
of distilled water. The pH was adjusted to 7.0 at 25°C with 1 mol/L sodium
hydroxide. The medium was topped up to 0.5 L and filter sterilized by 0.20 pm
cellulose acetate filter membrane and dispensed 100 mL volume into sterile
glass bottle. The bottles were labelled with the preparation and expiration dates

and stored at 4°C until required (3-months shelf life).

Preparation of Reference Antibiotic: Amphotericin B

The concentration of Amphotericin B was prepared at 32 pg/mL by dissolving
3.2 mg of amphotericin B in 1 mL of DMSO and 99 mL of RPMI broth
medium. The antibiotic solution was sonicated and filtered using 0.45 pm
syringe filter inside laminar flow cabinet into sterile centrifuge tubes and kept

at -20°C.

Preparation of Cell Culture Medium: Dulbecco’s Modified Eagle Medium
(DMEM)

DMEM (1 L) was supplemented with 100 units penicillin, 10 ug streptomycin,
3.7 g/L sodium bicarbonate and 5% (for cell culture) or 1% (for maintenance
medium) of fetal bovine serum (FBS). The pH was adjusted to 7.4 at 25°C with
1 mol/L hydrochloric acid (HCI). The medium was filter sterilized by 0.20 pm

cellulose acetate filter membrane and stored at 4°C.
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Preparation of Neutral Red (NR) Medium

The neutral red solution (3.3 g/L) was filtered (0.22 um syringe filter) and
diluted by the maintenance medium to achieve the required working
concentration (40 pg/mL). The NR medium was stored at room temperature the

day before use.

Preparation of Neutral Red Destain Solution
The neutral red destain solution contained the mixture of glacial acetic acid,
distilled water and ethanol in the ratio of 1:49:50 (v/v/v). The solution was

mixed well and kept at room temperature.

Freezing technique (Long term storage)

Fungus was cultured on a slant of PDA in a screw-cap 50 mL centrifuge tube
or into 1.5 mL of PDB in a screw-cap cryopreservation vial. The fungus was
incubated until it reached maturity (produced conida or spores), glycerol was

added (20%) and the tube was stored in a -80°C freezer.
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