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ABSTRACT

This PhD study was based on the ethnomedicinal ledge of the Yaegl Aboriginal

community of northern NSW, Australia. It followsemious investigations of the Indigenous
Bioresources Research Group (IBRG) on first-handudentation of and preliminary
screening of some medicinal plants used by the NVemgmunity for treatment of wounds,
sores and skin infections. The overall aim of fiigject was to isolate and indentify bioactive

components from two medicinal plants of the Ya@ghmunity.

Two Indigenous Australian medicinal plant®phostemon suaveoleasdAlphitonia excelsa
were selected for detailed chemical and biologitadlies. This selection was on the basis of a
literature review on the Yaegl medicinal plants wlnented by the IBRG for the treatment of
wounds, sores and skin infections, preliminary esairgg results of previous IBRG researchers,
and specific Yaegl community requests. Antimicrbbactivity (disc diffusion, MTT
microdilution and TLC bioautography assays), anfliaimmatory activity (NO, TNF, PGE

and COX inhibitory assays) and antioxidant acti(fRAC assay) of these two plants were
evaluated.

Leaves olL. suaveolensvere extracted sequentially witkhexane, DCM, EtOAc and MeOH.
Significant antimicrobial activity was observed lwthen-hexane and DCM extracts withdgC
<50 pg/mL against antibiotic sensitive and resistarains ofStaphylococcus aureyRSA
and MDRSA) andtreptococcus pyogengsthe MTT microdilution assay. Both extracts also
showed significant NO inhibitory activity in RAW26eells with 1Gy 43.9 pg/mL and 4.6
png/mL, respectively, for the-hexane and DCM extracts. These extrastsgxane and DCM)
did not show TNFe or PGE inhibitory activity. GC-MS analysis of the oilyhexane extract
identified 16 components including the well knowiodttive compounds aromadendrene
(15.47%), spathulenol (12.46%), globulol (4.47%pigebulol (2.69%), phytol (2.84%)3-
caryophyllene (2.53%) angthumulene (1.52%). These compounds were reporteldaang
antimicrobial (aromadendrene, spathulenol, globul®icaryophyllene, a-humulene and
phytol), anti-inflammatory[{-caryophyllene) and cytotoxi@{caryophyllene, spathulenol and
a-humulene) properties. Further fractionation of BX@M extract by normal plase silica gel
column chromatography yielded five major bioactiraetions that showed good antimicrobial

(IC9o <50-1000 pg/mL range againStreptococcus pyogenasd methicillin sensitive and
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resistant strains @dtaphylococcus. aureyNO inhibitory (IGo<12 pg/mL), PGEinhibitory

(<20 pg/mL) and modest antioxidant (1000-2700 pMg) Ectivities. Further bioassay guided
studies on these active fractions using differelmtomatographic procedures led to the
isolation of betulinic acid and eucalyptin from tiaexane and DCM extracts. Eucalyptin has
been previously reported to have antimicrobial praps and betulinic acid is a well known
anti-inflammatory compound. This is the first repof bioassay studies and isolation of

bioactive compounds frol suaveolens

Leaves ofA. excelsawere extracted sequentially witikhexane, DCM, EtOAc and MeOH.
They were also extracted with water to mimic someparation practices of the Yaeg|
community. The EtOAc extract showed promising amiobial activity (IGo <50 pg/mL
againstS. pyogeneand 1Go 500-1000 pg/mL against antibiotic sensitive argistant strains
of S. aureuyin the MTT microdilution assay. The EtOAc extratso showed potent nitric
oxide (NO) inhibition (IGy 10.7 pg/mL) and promising antioxidant (3.70%30M TE/g)
activities. The MeOH extract &&. excelsadisplayed moderate levels of antimicrobial {C
1000 and 62.5 pg/mL againSt aureusandS. pyogenegespectively, in MTT microdilution
assay) and anti-inflammatory @£30.5 pg/mL in NO inhibition assay) activities. Tivater
extract showed good anti-inflammatory activity imetCOX inhibitory assay and modest

antioxidant activity in the ORAC assay.

Further bioassay guided isolation of the EtOAc &ottled to the isolation of two bioactive
flavonoids, kaempferol and quercetin. Both isolatethpounds showed antimicrobial activity
(1IC90<62.5 ng/mL agains$. pyogenesensitive and resistant strainsSofaureulin the MTT
microdilution assay. This is the first report obletion of these two compounds frof

excelsa

Nurturing and sustaining a strong relationship wiith Yaegl Indigenous people and providing
capacity strengthening opportunities for the comityuwwas an essential part of this research.
This is aligned with the best ethical practiceseasal for working with Indigenous people on
their knowledge systems. For this PhD study, thduided participation in meetings and
workshops with the Yaegl community members; presgnand providing feedback on the
research work and inviting feedback by the comnyutatguide the research; and organising
and participating in an education program with tbeal youth to enhance educational

outcomes, as requested by the Yaegl community.
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CHAPTER ONE

Introduction

This chapter describes the importance of mediqgateaht research in the process of drug
discovery guided by ethnomedicinal use. The speiifis of this project are also described.



Overview

Through the ages humans have relied on nature famynof their needs, including as
medicines. Plants in particular have formed thesba$ sophisticated traditional medicine
systems that have been in existence for thousdngi=acs (Butler and Newman, 2008). Every
race in the world practised the ancient art of Aenbedicine and over the centuries traditional
medicinal plant knowledge has played an importaié m the discovery of new medicines.
Although drug development in its modern understagdbcuses on pure chemical entities,
local and traditional medicinal knowledge, espégighat of plants, remains an essential

starting point (Heinrictet al, 2010).

In Australia, the Indigenous people have over 40,08ars of knowledge of unique flora as
sources of food, resources and healing agents @&eehioet al, 2005). This knowledge is a
very important cultural resource as well as of imesevalue in drug discovery (van Holst
Pellekaan and Clague, 2005). The unique Austratiadicinal flora is relatively unexplored.
Some recent studies of Australian medicinal plaiatge identified biological activities aligned
with their medicinal uses and new bioactive molesulPennacchiet al, 2005, Shotet al,
2012, Palombo and Semple, 2001, kitual, 2006). Therefore, the study of Australian flora

using Indigenous medicinal knowledge can be a govathue for discovering new drugs.

This thesis presents the biological and chemicatstigations of two Indigenous medicinal
plants used by the Yaegl Aboriginal community ofrthern New South Wales (NSW),
Australia. The choice of these plants was guidefirbithand accounts of the Yaegl elders, as

part of a larger ongoing partnership with them atiger community groups.

1.1.  Brief history of use of plants as medicines

The use of natural products, especially plantshéaling is an ancient and universal practice.
Ancient traditional medicine systems, such as Genéd\yurveda and Egyptian, especially
relied on natural products (Sarket al, 2006) for their healthcare. Globally, traditional
medicines are still routinely used. According te tiWorld Health Organization (WHO),
approximately 80% of the world’s inhabitants relnimy on traditional medicines for their

primary healthcare. Natural products also playrapartant role in the healthcare systems of
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the remaining 20% of the population, mainly residin developed countries (Cragg and
Newman, 2002). According to a survey by Ramawat @oglal, American consumers spent
US $5.1 billion on herbal medicines in 1997 (Ramaarad Goyal, 2008). Another study by
Nahin has shown that in 2007, Americans spent abi&it$14.8 billion to purchase non-
vitamin non-mineral natural products (Nahin, 201®Yrief summary of the history of plants

as medicines is presented below.

The first records, written on clay tablets in cdioen, are from Mesopotamia and date from
2600 BCE, while Egyptian medicine dates from 29QDEB with the best known Egyptian
pharmaceutical record being tigbers Papyrusof 1500 BCE (Mann, 2000, Butler and
Newman, 2008). The Chinedéateria Medicahas been extensively documented over the
centuries, with the first record (Wu Shi Er Bingiga containing 52 prescriptions, dating from
1100 BCE, though the records from fRent’'saoare reputed to be even earlier (~2700 BCE)
(Butler and Newman, 2008, Cowan, 1999). Documesriati Indian Ayurvedic systems dates
from 1000 BCE (Susruta and Charaka) and AyuniMdteria Medicadocumented over 1500
herbs and 10,000 formulations (Patwardhan and Mkemhe2009). In the ancient Western
world, the Greeks contributed substantially to thgonal development of the use of herbal
drugs. The philosopher and natural scientist, Theagius (~300 BCE), in hislistory of
Plants described several plants and animals that weweces of medicine. Dioscorides, a
Greek physician (100 CE), recorded the collectsinrage and use of medicinal herb D
Materia Medica,which described more than 600 medicinal plantse®§130-200 CE), who
practiced and taught pharmacy and medicine in Rgublished almost 30 books on these
subjects and is well known for his complex predaips and formulas for compounding
drugs, sometimes containing dozens of ingrediegageficals) (Butler and Newman, 2008,
Ramawatet al, 2009, Heinriclet al, 2004).

During the Dark and middle Ages"{8o 12" Centuries), Arabs were responsible for the
preservation of much of the Greco-Roman expertigefar expanding it to include the use of
their own resources, together with Chinese andamdierbs unknown to the Greco-Roman
world. The Arabs were the first to establish prafgowned drug stores in th& &entury and

the Persian pharmacist, physician, philosopher poet, Avicenna, described the Greco-

Roman medicines of the time in his boGknon Medicinagwhich is regarded as the final



collection of all Greco-Roman medicines (Butler addwman, 2008, Sarkest al, 2006,
Ramawatet al, 2009).

1.2. Natural products as a source of valuable modern mecines

Natural products have always been a source of bkedumodern medicines (Butler and
Newman, 2008). According to Newman and Cragg (Newarad Cragg, 2007), 39% of the
520 new approved drugs between 1983 and 1994 vetueah products or their derivatives
and 60-80% of antibacterial and anticancer drugsewieom natural origins. In 2000,
approximately 60% of all drugs in clinical trialerfthe multiplicity of cancers had natural
origins. In 2001, eight (simvastatin, pravastaamoxicillin, clavulanic acid, azithromycin,
ceftriaxone, cyclosporine and paclitaxel) of thet@0 selling medicines were natural products
or their derivatives. Of the modern drugs that Wi $se today, a large percentage of these
were identified based on their use in traditionadmine. Some examples are presented

below.

The opium poppy,Papaver somniferunfPapaveraceae), was reported to be used as an
euphoriant by ancient Sumerians and also by otheleat societies in the Arab world, India
and China. Theebers Papyrug1500 BCE) described the use of opium (dried laiéxhe
poppy) as “the remedy to prevent excessive cryinchddren” (Brownstein, 1993). In 1804,
Serturner (Germany) isolated the active ingrediefpium and named it morphine. Morphine
was first chemically characterised in 1817 as &talald and its structure was finally
established in 1923 by Gulland and Robinson (Helmet al, 2010). The isolation of the
antimalarial drug quinine, from the bark @inchonaofficinalis, was reported in 1820 by the
French pharmacists Caventou and Pelletier. The back long been used by Indigenous
groups in the Amazon region for the treatment ofefs, including malaria, and was first
introduced into Europe in the early 1600s for tteatment of malaria. Another plant used in
the treatment of fevers in traditional Chinese roedi, Artemisia annua(Quinhaosu), has
yielded artemesinin and its derivatives, artemetet artether, which are effective against
resistant strains of the malarial parasite (Bussd Waigh, 1995). Other significant drugs
developed from the study of traditional medicin&nps include the antihypertensive agent,
reserpine, isolated frolRauwolfia serpentinevhich was used in Ayurvedic medicine for the

treatment of snakebite and other ailments (Kap2880); ephedrine, first isolated in 1887
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from Ephedra sinicaMa Huang), a plant long used in traditional Chenesedicine and the
lead compound for the anti-asthma agents salbutamblsalmetrol (Buss and Waigh, 1995);
and the muscle relaxant, tubocurarine, isolatethftbe plantChondrodendrortomentosum
that was used by Indigenous groups of the Amazaheabasis for the arrow poison, curare
(Buss and Waigh, 1995). Structures of some of thdrsgys derived from the study of
traditional medicines are shown below (Sarkeal, 2006, Heinricket al, 2010).

ephedrine

OCH,

OCH;

OCH3

reserpine

H

salbutamol

tubocurarine



1.3. Ethnopharmacological approach - an effective avenur drug
discovery

The process of drug discovery and development, atiemhow rationally approached, is
generally recognised as a high risk/high pay-offleavour. Drug discovery from natural
sources costs about US $500 million and takes 1§e26s to go from the natural product to a
new medicine (Ramawat al, 2009). Two thirds of these costs go to the lg¢hdsfail during

the clinical trial (Ramawaet al, 2009). According to the experience of the phaeuntcal
company Merck, for every 10,000 substances thatesaduated in a battery of biological
assays, 20 are selected for animal testing. Oktl€s 10 will be evaluated in humans and
only one will be approved by the food and drug adstiation (FDA) in the United States for
sale as a drug. Merck also claims that this promgsires about 12 years at a cost of US $231
million (Vagelos, 1991).

Different approaches have been developed to disewse drugs from plants. These includes
random screening, the chemotaxonomic approach laamcethnopharmacological approach,
which are among the more common and well documemg@oroaches (Fabricant and
Farnsworth, 2001, Cordell, 2000, Verpoorte, 200tader and McCloud, 1994).

* Random screening

The principle of the random screening approacb isaive a large pool of plant material from
a given locality that provides chemical diversitherefore increasing the possibility of
obtaining a novel, biologically active molecule (Wda and Brown, 1999). This approach is
best suited to specific target screens of a pdaticdisease, for example cancer. The well
known anticancer drugs, taxol (froaxus brevifolia and camptothecin (fror@amptotheca
acuminatd were discovered by random screening performed &WNitional Cancer Institute,
USA (Wall and Wani, 1996).

» Chemotaxonomic approach

The chemotaxonomic approach aims to target plateénmaafor specific compounds based on
their chemotaxonomic distribution (Fabricant andrnBevorth, 2001, Cordell, 2000).
Knowledge about the genus to which a plant speogdsngs and the family to which the

genus belongs helps to predict the spectrum of comgs that can be found in the species
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(Walton and Brown, 1999). For example, indole alidd in Apocynaceae, coumarins in the
Rutaceae and sesquiterpene lactone in the CompogEarnsworth, 1994). The
chemotaxonomic approach is a useful method for sstcg drug leads and analogues of
compounds that can not be readily synthesisedeitathoratory (Gurib-Fakim, 2006).

« Ethnopharmacological approach

The ethnopharmacological approach is one of theestldnethods of drug discovery.
According to Bruhn and Holmstedt, ethnopharmacologgn be defined as the

interdisciplinary scientific exploration of biologally active agents traditionally employed or
observed by maén (Heinrich and Gibbons, 2001). This approach sé Indigenous

knowledge for the selection of target plant spefaescreening.

Successful hit rates of about 30-50% have beenewaetli with plants collected based on
ethnomedicinal knowledge, compared with signifibantower rates for that of the

chemotaxonomic approach (e.g. about 18% from Legosaie family) and that of the random
collection approach (about 4%) (Spjut and Perd@&6). A study by Washington University,
where traditional medicinal knowledge was usedtffier selection of medicinal plants, found
that out of 4,000 plants collected between 1996 298D, 53.7% of extracts showed activity
aligned with ethnomedicinal use, while only 3.1%revective in the screening where

traditional use was not taken into account (Lestial, 2004).

The ethnopharmacological approach has not only teddgher hit rates in screens than the
other methods, many drugs valuable in modern so(geg). atropine, ephedrine, tubocurarine,
digoxin, reserpine), have been discovered fromaghamacolgy based research (discussed in
Section 1.2). Some of these drug (morphine, phigguoste, quinidine, theophylline, emetine)
have acted as leads to the development of moretiwieand less toxic medicines (Heinrich
and Gibbons, 2001). In addition, drugs derived frplants with a documented history of
human ethnomedicinal use are likely to be safen #aive compounds isolated from those
with no records of human use (Fabricant and Farrtbw®001, Patwardhan, 2005).

As highlighted above, the ethnopharmacological epgn has proven successful in the
discovery of new drugs. This approach has been ustte study presented in this thesis to
discover bioactive components from medicinal plantsed by the Yaegl Aboriginal
community of northern NSW, Australia.



1.4. The Aboriginal people in Australia

Aboriginal Australians have lived on the Australieontinent for at least 40 to 50 thousand
years (Kohen, 1995). Australia began its slow s#jpar from ‘Gondwana’ some 65 million
years ago and evolved with a unique fauna and donapared to much of the rest of the world
(Crotty and Crotty, 1995). Aboriginal Australianave a vast knowledge of Australia’s unique
flora and have used plants as medicine for thowsaridyears (Pennacchiet al, 2005).
Aboriginal people have occupied every possible taabfrom the arid central desert to the
alpine areas of New South Wales, Victoria and Tasand herefore, a wide range of different
food and medicinal resources, particularly plahtss been exploited by different Aboriginal

groups.

1.4.1. The Yaegl Aboriginal community

The Yaegl people are the traditional custodianghefland around the towns of Maclean and
Yamba, situated along the banks of the ClarencerRim the northern region of New South
Wales (NSW), Australia. The first residents of #rea were the Yaygir tribe after whom the
neighbouring Yuragyir national park was named dmel Yaegl people derived their name
(McSwan, 1992).

Ulgundahi Island is one of the numerous river idkof the Clarence River located off the
township of Maclean. The island has been occupiedlworiginal people since 1880. It was
gazetted as an Aboriginal Reserve in 1904, andnactmlated a school, store and a church. It
remained populated by many Aboriginal families Lthte late 1950s. The Aboriginal families
were encouraged to be self sufficient through fagmand ‘living off the land’ with strict
rationing of foods and medicines that were not ed during the flood times. The recurrent
flood episodes eventually drove the families frdra tsland to the mainland and the coastal
town of Yamba, where there was plenty of bush fomu$ medicines to draw on. The Yaegl
community and descendants of those who lived oniglamd maintain a strong connection
with the place. The island continues to be usedhay Yaegl Aboriginal community for

educational tours and organic farming (van HolskeRaan and Clague, 2005).

Like other Aboriginal communities of Australia, tiv@egl Aboriginal community also have a

long history of using plants as medicines, but thigradually diminishing due to integration



into an urban lifestyle and the passing away oértdistodians of the customary knowledge.
Customary medicinal knowledge can be describedhaskhowledge that is based on the
traditional knowledge of a community that has eedlvover time to incorporate modern

innovations and access (Packeal, 2011a).

An ethnobotanical survey on medicinal plants usgthe Yaegl people (Packet al, 2012),
documented thirty two plants used by the Yaegl camity, with many of these used topically
for the treatment of wounds, sores, skin infectidnsns, bites and stings. Topical treatments
of wounds and infections are the most common agipdic of Australian traditional medicines
(Webb, 1969).
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Figure 1.4.1: Map of Australia (left) and enclostéded area (right) denotes Yaegl|
traditional land as defined by Native title triblidacision (National Native Title
Tribunal, 2011).

1.4.2. Collaboration with the Yaegl Aboriginal community

The Indigenous Bioresources Research Group (IBR®)agquarie University established a
collaboration with the Yaegl elders in 2004 in @sge to concerns of community members
regarding the loss of valuable medicinal plant kisolge and a desire to have the medicinal
value of these plants investigated to support thee of them. The author has been an
important member of this group, especially withanety to exploring the medicinal properties

of two of the Yaegl medicinal plants.



The primary objective of the partnership betwees dcademically founded IBRG and the
Yaegl Aboriginal Community represented by the Yaegtal Aboriginal Land council is to
preserve the valuable and disappearing mediciraitdnowledge possessed by the Yaeg|
community and to use this specialised local knogdetb identify the medicinal properties
and bioactive compounds of some of the medicirahtgl used by the community. A focus is
on those plants used for the treatment of wourmlgssand microbial infections, aligned with
their ethnomedicinal uses. Additionally, the IBRGdathe community hope that the
Indigenous medicinal plant knowledge of Aborigimedople will assist in the discovery of
novel therapeutic agents.

1.4.3. Best ethical practices with the Yaegl community

The study presented in this thesis has been pestbrmith a focus on best ethical practices.
The IBRG and the Yaegl elders have definite aintsgoals for the partnership, identified by
a written collaborative research agreement betwleeryaegl Local Aboriginal Land Council
(representative of the Yaegl community) and Maciguliversity (employer of the IBRG
researchers). The agreement acknowledges and snshee attribution of customary
knowledge and intellectual property to the Yaedke$, as the custodians of this knowledge.
The agreement also ensures joint ownership of amntfic outcomes and that capacity
strengthening for the Yaegl community is impli€utcomes of this partnership have included
production of a bush medicine handbook for the camity (Packeret al, 2011b), joint
authorship of scientific publications (Packet al, 2012, Brouweret al, 2005), and
development of an educational program with the llogehool, youth and Aboriginal
community to enhance educational outcomes andriasd celebrate the Yaegl scientific
and cultural knowledge. As part of this PhD projettie author actively worked in
collaboration with the Yaegl elders and the locammunity, using best ethical practice
protocols.

1.5. Necessity of searching for new drugs/leads for thteeatment of skin
infections and wounds

In rural areas of developing countries, wounds deminatological conditions constitute one of

the five most common reasons for people seekingicakedare (Ryan, 1992). Rural people
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sustain injuries working in the fields, burns framoking and sleeping near fires and injuries
incurred during conflicts (Bodeket al, 1999, Ryan, 1992). Chronic wounds are also amajo
cause of morbidity in developed countries. Chramaunds affect more than 1% of the UK
population, with treatment costs of at least lidnllpounds per year (Edwards and Harding,
2004). In the USA, chronic wounds are also a mbgalth problem, costing approximately
US $5 billion a year (Beitz, 2001) and global wowade expenditure is US $13 to $15 billion
annually (Fondeet al, 2008). In Australia, about 200,000 Australianffesufrom chronic
wounds at any one time (Minnis, 2008) and the wocar@ expenditure of Australia is $2.6
billion a year (CRC, 2013).

When wounds and infections occur, it usually taBdée 14 days for complete recovery. The

normal wound healing process has three phaseamnfhtion, proliferation and remodelling.

During the inflammation phase, neutrophil and mpheges accumulate in the wounded area
to phagocytise bacteria and debris. In the pratfen phase, fibroblasts produce a collagen
matrix, new blood vessels invade the granular éssod epidermal cells migrate across the
wound surface to close the breach. In the remadefphase, fibroblasts remodel the collagen
matrix to enhance tissue strength and decreasednbickness (Singer and Clark, 1999). The

wound healing process is illustrated in Figure1l.5.
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Figure 1.5.1: Normal wound healing process. Soyfeenderet al, 2008).

When any of the components of wound healing pragisscompromised, the healing is
delayed. There are a number of factors responfibldelayed wound healing that can result
in chronic wounds. Chronic wounds are a seriou#tfhgaoblem globally (Jamest al, 2008).
One of the most important factors responsible kom syfection and delayed wound healing is
bacteria. All chronic wounds are colonised by baat¢Edwards and Harding, 2004). The
progression from wound colonisation to infectiopeieds not only on the bacteria present but
also on the host immune response. There is inorgasvidence that bacteria in chronic
wounds live within bio-films and get protected frdvost defences and thus develop resistance
to antibiotic treatment (Edwards and Harding, 200¢)n-healing wounds are also associated
with prolonged inflammation (Cutting and White, B00Gardneret al, 2001). Besides
bacteria and inflammatory responses, low antioXidarels is another important factor that is
often associated with delayed wound healing. Wiittreased oxidative stress, the wound
healing process becomes stagnant in the inflammatoase, impairing the ability of dermal
fibroblasts and keratinocytes to migrate, proliferand synthesise extracellular matrix

components. This delays the wound healing procgssdgjaet al, 2005). Therefore, bacterial
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infection, inflammatory responses and low antioridavels are often interrelated and are the
most common reasons for delayed healing of skieciidns, sores and wounds. Finding new
antimicrobial, anti-inflammatory or antioxidant age is thus beneficial for the treatment of
skin infections and chronic wounds. Plant basedtitnents are particularly attractive, given
the desire of many people in both developing anetld@ed countries to use natural remedies

for their healthcare.

1.5.1. Antimicrobials

The discovery of broad spectrum antibiotics begéh the penicillins, the firsp-lactams, and

heralded the “golden age” (1940-1962) of antibialiscovery. During this period, many
classes of novel natural product antibiotics weemntified. These included phenylpropanoids
(e.g. chloramphenicol), polyketides (e.g. tetraityad), aminoglycosides (e.g. gentamycin),
macrolides (e.g. erythromycin), glycopeptides (ezgncomycin) and streptogramins (e.g.
quinpristin), and also second generatptactams (e.g. cephalosporins). A third clas$3-of

lactams (carbapenems) was discovered in the e&T@sl (Singh and Barrett, 2006). The

timeline of discovery of these novel classes oitéatics is shown in Figure 1.5.2.

1930 1940 1950 1960 1970 1980 1990 2000

Figure 1.5.2: Timeline of the discovery of novehsdes of antibiotics. Source: (Singh and
Barrett, 2006).

With the passing of the golden age of antibiotiogddiscovery, many natural product-based
antibiotics and their scaffolds from the 1950s 4980s are becoming less useful due to the
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evolution of clinically significant resistance toose antibiotics (Alanis, 2005). It is clear that
we are in a race to develop new antimicrobialsufgptement our dwindling antibiotic arsenal
for combating the growing emergence of antibio@isistant strains. Currently we are losing
the race. The Infectious Disease Society of AmefiE®DA) estimates that 70% of hospital
acquired infections in the USA are resistant to onenore antibiotics (Clatworthegt al,
2007). In the USA, antibiotic resistant infecticare responsible for US $20 billion per year in
excess healthcare costs, US $35 billion per yeapaietal costs and US $8 billion additional
hospital days per year (Bugh al, 2011). Yet, with the exception of the developmeinthe
narrow spectrum drugs daptomycin and linezolidrghlgave been no new classes of clinically
relevant antimicrobials discovered in over 40 yg&katworthyet al, 2007). Realising this

problem, the ISDA has proposed a goal @ hew antibiotics for 202q@Anonymous, 2010).

The current status of antifungal drugs is also eamag. Fungal infection is considered as one
of the major health problems (Loeffler and Steve&2)3). The mortality rates for invasive
infections by the three most common species ofdupgthogens ar€andida albicans20-
40% (Lai et al, 2008), Aspergillus fumigates50-90% (Laiet al, 2008) andCryptococcus
neoformans20-40% (Parlet al, 2009). The incidence of fungal infection is mpsinounced

in solid organ transplantation (liver 40% and h&&i%), leukemia (30%), and AIDS patients
(84%) (Loeffler and Stevens, 2003). Like bactefimgi can develop resistance to antifungal
drugs rapidly. For example, flucytosine resistanseally develops rapidly when this drug is
used alone for the fungal infection (Herbreehtl, 2005). Bone marrow transplant recipients
who are on long term treatment with fluconazole as® likely to encounter antifungal drug
resistance by. albicans(Eliopouloset al, 2002). The timeline of antifungal drug discovery
is presented in Figure 1.5.3. As this figure hights, it took 30 years for the newest class of
antifungal drugs, the echinocandins (Butts and &mys2012), to be developed. With the
increasing evidence of antifungal drug resistartice,low number of new antifungal drugs

developed, and the significant timeframe for thegelopment, is particularly concerning.
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2002:

caspofungin, an
1% use of 1% antifungal fluconazole is echinacandin, is
amphotericin B use of an azole FDA-approved FDA-approved

1963: 1972: 1997: 2012:

1958: 1967: 1990:

5-flucytosine is 1%t echinocandin CLSI breakpoint the search for
synthesized is discovered for fluconazole antifungals
is established continues

Figure 1.5.3: The timeline of antifungal drug digery. Source: (Butts and Krysan,
2012).

The discovery of new antimicrobial and antifungaligs is necessary. Ethnopharmacology

based research can be a useful avenue for this.

1.5.2.  Anti-inflammatory agents

Inflammation is defined as one of the first innam@mune responses to tissue injury and
various pathological stimuli. It is also considerasl the first phase of the wound healing
process (Laiet al, 2013). The inflammatory process consists of maogrdinated yet
complex biochemical reactions. Inflammation pratettte body against infection and injury
but can itself become disregulated with deleterioaissequences (e.g. tissue destruction and
many inflammatory diseases) to the host (&aal, 2011). It may exist on an acute or chronic
level depending on the duration of the event. Causeacute inflammation are mechanical
trauma, thermal or electrical injury, chemical siand biological factors (such as bacterial,
viral and fungal infection). This may last from seal days up to a few weeks until
homeostasis is achieved. Under these conditionsflaenmatory response serves to heal the
damaged tissue as quickly as possible. Howevernvihis event does not occur, chronic
inflammation may result. Chronic inflammation caa deescribed as the inability of the body
to reach homeostasis within the affected area @&mand Knaus, 2008, Adt al, 1997). The
symptoms resulting from inflammation include pairedness, swelling (oedema) and

temperature (heat) and often cause consideralfierisgf (Praveen and Knaus, 2008).

A range of therapies are available for the treatnoérinflammation-driven diseases. These
include steroids (e.g. prednisone, betamethasomle hgdrocortisone), non-steroidal anti-
inflammatory drugs (NSAIDs) (e.g. aspirin, ibupnofeindomethacin, diclofenac and
celecoxib), antihistamines and the newer biophaeutatals such as tumour necrosis factor

(TNF)-a neutralising therapies, anti-IgE and anti-CD20ikatties. However, neither the
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established therapies nor the newer biopharmaetu@gpproaches are without their
shortcomings (Ward, 2008). For example, steroiagsazse osteoporosis and impair wound
healing. Cyclooxygenase (COX) inhibitors (NSAIDg\vk ulcerogenic effects and have been
reported to increase the risk of coronary thrombasid stroke by selective COX 2 inhibition
(Wong et al, 2005). Moreover, the use of new biopharmacewicaich as TNk- and
integrin-a4f7 neutralising therapies has also led to severaiptioations (Edwardst al,
2004, Kremeret al, 2003). Given the limitations of existing pharmatoeals, there remains a
clear need for identification and validation of nsafe anti-inflammatory drugs, which may be
derived from natural products (O'Neill, 2006, Hahret al, 2010, Gosslaet al, 2011).

Plants have always been a source of valuable dmigsiding anti-inflammatory drugs. For
example, the well known drug aspirin has its origirthe bark of the willow tree (Rait al,
2011). The common classes of anti-inflammatory tggom plants are phenolics, alkaloids,
terpenoids and steroids. Some prominent exampéetharflavonoid wogonin fror8cutellaria
baicalensisis(Kim et al, 2004), curcumin fromCurcuma longa(Khannaet al, 2007,
Bremner and Heinrich, 2005), the alkaloid colchécfromColchicum autumnaléiraz et al,
1998), the monoterpenoid eucalyptol fréacalyptusspp. (Juergenst al, 1998, Juergenst
al., 2004) and the steroid guggulsterone fr@ommiphora muku{Khannaet al, 2007)

(Figure 1.5.4).
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Figure 1.5.4: Anti-inflammatory drugs.
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1.5.3. Antioxidants

Free radicals (including hydroxyl, peroxyl radicalsd singlet oxygen) are reactive species
that are capable of damaging molecules such as PKAgins and carbohydrates (&i al,
2008) and contribute towards chronic disease amjagntioxidants are compounds that can

react with these free radicals, minimising theimdage.

During inflammation, reactive oxygen species (R@%h as superoxide anion radicab(O
and hydrogen peroxide (B,) are continuously being generated to provide aafeqtost
defence against invading pathogens. Normally RGSparentially pathogenic organisms are
detoxified in the presence of the body’s endogeremisoxidants, for example, superoxide
dismutase removes superoxide (Kapebal, 2005) and catalase removes hydrogen peroxide.
However, for chronic wounds, there is a decreas®imal endogenous antioxidant levels and
increase in the consequences of free radical darflageet al, 2010). In oxidative stress
conditions (overproduction of free radicals), thewvd healing process becomes inactive in
the inflammatory phase, impairing the ability ofrmd@l fibroblasts and keratinocytes to
migrate, proliferate and synthesise extracellulatrim components, therefore the healing
process is delayed (Sonegh al, 2005). The use of antioxidants for treatment lofonic
wounds may be beneficial in reducing the incredseeéls of oxidation and can help the

wound healing process during injury and infections.

Different types of antioxidants are available. Natyproducts such as vitamin C and vitamin
E are well known for their antioxidant activity (kéndezet al, 2009). Phenolics including
kaempferol, quercetin, catechins, tannins and gieaaids constitute the most important
class of natural antioxidants and are also repdadu used widely (Lopez-Velet al, 2003,
Kapooret al, 2005) (Figure 1.5.5). Synthetic compounds sucbuaghydroxyanisole (BHA)
and butylhydroxytoluene (BHT) are also commonlyd)deut have potential health risks and
toxicity (Li et al, 2008). Therefore, it is of value to find new smes of inexpensive
antioxidants. Searching for antioxidant compounrdexfmedicinal plants that have been used

effectively for treatment of chronic wounds is &fus avenue for this.
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Figure 1.5.5: Antioxidants from plants.

1.6. Objectives of this study

The overall objectives of this PhD project were undertake chemical and biological
investigations, in partnership with the Yaegl e&deguided by their knowledge on medicinal

plants they have used for the treatment of skieatbns, wounds and sores.
The specific objectives of this PhD project were to

* Conduct a literature review of plants used by theeyl elders for the treatment of
sores, wounds and skin infections to allow a seleatf medicinal plants for chemical

and biological investigations.

* Investigate antibacterial, anti-inflammatory andi@adant properties of two northern
New South Wales (NNSW) medicinal plants based eir tustomary (traditional and
contemporary) use by the Yaegl elders for the tmeat of sores, wounds and skin

infections.

18



* Identify and characterise the compound(s) resptmditr any antibacterial, anti-

inflammatory and antioxidant properties of theseliziaal plants.

» Establish a strong relationship between the Yaegimunity and the IBRG through
working in collaborative partnership and providingapacity strengthening

opportunities.

1.7. Thesis overview

It was hypothesised that investigation of medicipknts used by the Yaegl Aboriginal
community of Australia for treatment of sores, wdsiand skin infections could assist in the
identification of plant extracts and bioactive carapds with antimicrobial, anti-inflammatory
and/or antioxidant properties. The finding of sugiological activities within the Yaeg|
medicinal plants was regarded as of value not tmlthe Yaegl community but potentially
also to the wider public in providing natural tmeants or drug leads that could assist the

urgent treatment of ailments with a microbial, amiimatory and/or oxidant association.

Chapter two introduces medicinal plants customarily used byYaegl community for the
treatment of skin infections, sores and woundsn@lwith biological and chemical studies
already reported in the literature for these plams preliminary biological studies conducted
by previous IBRG members. This is followed by atification for the selection of the two
Yaegl medicinal plantsilphitonia excelsandLophostemon suaveolefew further chemical
and biological investigations, and an introductit;m the proposed biological screening

methods.

Chapter three describes the detailed chemical and biological istucconducted ori.
suaveolensThis includes antibacterial, anti-inflammatorydasntioxidant screening of crude

extracts and fractions and bioassay guided isolatfdioactive compounds.

Chapter four describes the detailed chemical and biologicalistudonducted oA. excelsa
This includes antibacterial, anti-inflammatory aamtioxidant screening of crude extracts and

fractions and bioassay guided isolation of bio@&ctempounds.

Chapter five describes aspects of the IBRG approach and methseld for sustaining a

strong relationship with the Yaegl Indigenous peoahd providing capacity strengthening
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opportunities for the community. This includes m#pation in meetings and workshops with
the community members, presenting and providingildaek on the research work and also
organising and participating in an education progrevith the local youth to enhance

educational outcomes.

Chapter six provides a summary and future directions.
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CHAPTER TWO

Selection of plants
and methods for
screening and Isolation
of bioactive
compounds

This chapter describes the rationale behind the&a&n of two medicinal planté/phitonia
excelsaandLophostemon suaveolerfer detailed chemical and biological studies, rajowith
the methods to be used for the antimicrobial, arftammatory and antioxidant testing of
extracts, fractions and bioassay guided isolatibbioactive compounds from these plants.
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2.1. Introduction

This PhD project was part of a larger project betwé¢he IBRG (Indigenous Bioresources
Research Group) of Macquarie University and sevirdigenous custodians of traditional
knowledge, including the Yaegl community of northedew South Wales (NNSW). It
followed on from the PhD studies of Drs Nynke BraunBrouwer, 2006) and Joanne Packer
(Packer, 2012), who worked with Yaegl communityeetdto help preserve their medicinal
plant knowledge and identify plants of medicinatguaial for further chemical and biological
investigations. Brouwer and Packer undertook fietd interviews of Yaegl elders to
document their valuable ethnobotanical informatioh Yaegl bush medicines. They
subsequently undertook preliminary biological soieg of plants used by the Yaeg|
community for the treatment of wounds and skindtites. Both water (modelling customary
— traditional and contemporary preparations) ahdretl extracts of plant material were tested
against the common pathogenic microorganiStaphylococcus aureugscherichia coliand
Pseudomonas aerugingsas summarised in Table 2.1.1 and Table 2.1.2.eSaxtracts were

also tested for anti-inflammatory activity.

Brouwer identified 30 medicinal plants used by ¥Waegl community. These were used for a
variety of conditions, including wounds, sores asldn infections. Leaves obuboisia
myoporoides Alphitonia excelsaand I[pomoea pes-capragere used for the treatment of
wounds, sores, pain relief and scabies and wetedtésr antibacterial and anti-inflammatory
activity guided by ethnomedicinal uses. Accordiod@touwer’s preliminary screening results
(Table 2.1.1), crude ethanol (EtOH) and watei(iHat 80 °C) extracts @. myoporoidegnd

A. excelsaleaves showed promising antibacterial activityngsthe fluorescein diacetate
(FDA) assay (Wanandgt al, 2005), with MIC values being less than 5.0 mg/againstS.
aureusand E. coli. The crude extracts oh. excelsaalso showed good anti-inflammatory
activity in COX (cyclooxygenase) inhibition assdi#sO and EtOH extracts showed 92% and
90% inhibition of COX 1, and 93% and 91% inhibitiohCOX 2, respectively, at 240 pg/mL)
(Brouwer, 2006).

Packer documented 32 medicinal plants that werel Use the Yaegl community. This
included Lophostemon suaveolenSyncarpia glomuliferalpomoea pes-capraeCanavalia

roseg Alocasia brisbanensjsSmilax glyciphylla Alphitonia excelsandHibbertia scandens
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which were all used for wounds, sores and/or skiactions by the Yaegl community.,€&
(room temperature) and 80% aqueous EtOH extradiseo$tems and leaves lofpes-caprae
and of the leaves df. suaveolensS. glomulifera,C. rosea A. brisbanensisS. glyciphylla
andH. scandensvere tested for antimicrobial activity agaisstaureus, P. aeruginosa and E.
coli (Table 2.1.2) (Packer, 2012). The 80% aqueous E¢®iract ofL. suaveolensandS.
glomulifera had the highest levels of antibacterial activitghwMIC values <125 pg/mL
againstS. aureusin MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyletrazolium bromide]
microdilution assay as well as good activity by thec diffusion and turbidity assays (Packer,
2012) (Table 2.1.2). pes-capraewas tested by both researchers (Packer and Brpuwes
H,O extract was more active in the study of Brouweost likely due to the use of a higher
temperature for the extraction. Additionally, pes-capraeleaves and stems were used in
Packer's study and only leaves for the Brouwer \stymoviding a further differentiating
feature.

Table 2.1.1: Antimicrobial activities of Yaegl methal plants using FDA assay
(Brouwer, 2006).

MIC
(mg/mL)°

Plant® Ext” EC PA SA
Alphitonia excelsa (Fenzl) Bentt H,O 5 >10.0 5
MQ 73007870
(MQ ) con  >31 >3.1 1.6
Duboisia myoporoides (R. Br) H,O 9.0 9.0 <9.0
(MQ 73007957) EtOH 1 0.5-1.0  0.5-1.0
| pomoea pes-caprae H,O 1.6-8.4 8.4 1.6-8.4
ssp. Brasiliensis EtOH >8.2 >8.2 >8.2
(MQ 73007958)

3 eaves of plants useBExtraction method used:,B - hot water extract at 80 °C, EtOH - 100%
ethanol extract. FDA method was used (Wanagidgl, 2005) to test the MIC, high activitgl.0
mg/mL, moderate activity >1.0-10 mg/mL. Tetracyeliwas used as a control. Organisms tested:
EC. Escherichia coli(JM109), PA: Pseudomonas aerugino$ATCC 27853),SA Staphylococcus
aureus (ATCC 9144).SA 0.12 pg/mL,EC 0.5 pg/mL andPA 5.0 pg/mL. Experiments were
performed in triplicateA. excelsaand D. myoporoideswere collected from Maclean, NSW in
March 2005 and May 2003, respectively, dn®Pes-capraewas collected from Yamba, NSW in
May 2003.
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Table 2.1.2: Antimicrobial activities of Yaegl methal plants using disc diffusion,
MTT microdilution and turbidity assay methods (Pagik2012).

DD‘/MTT"/Turbidity®
EC PA SA
Plant® Ext”

Alocasia brisbanensis H20 -/-/- -/-1/- -/-/-
Domin (MQ 73008737)

EtOH /-1 /-/+ -1/
Canavalia rosea (Sw.) DC. H20 -/-/- -/-/- -/-/-
(MQ 73008909) EtOH -/-/- -/ ]+ -/-/-
Hibbertia scandens (Willd.) Gilg H20 -/-/- -/-/+ A A
(MQ 73008905)

EtOH /-1 /-/+ /-/+
Ipomoea pes-caprae (L.) Sweet H20 -/-/- -/-/+" -/-/-
(MQ 73007958)" EtOH -/-/- -]+ -/-/-
Lophostemon suaveolens (Sol. ex H20 WAYAS A A )]
Gaertn.) Peter G. Wilson & J.T.
Waterh (MQ 73008908) EtOH A A ) [
Smilax glyciphylla Sm.

H-0 -/-/- -/- -/-
(NSW 792380) (narrow leaf) 2 /-1 -1+ /-1+
Syncarpia glomulifera H,0 -/-/- +)-)++ /4 )+
subsp. glomulifera (Sm.) Nied.
(MQ 73009066) EtOH [/ WA A T [

Antibiotic control* et [ [ A [ [ A [ [t

3 eaves of plants used in all cases except wheredtet!,"leaves and stem¥xtraction method used:,B -
room temperature, EtOH - 80% aqueous ethdBelgree of activity as determined by diameter of plete
inhibition, including 6 mm disc diameter - good:6>thm (+++), moderate: 10-16 mm (++), slight: <10 f#h
IMIC was determined as the well with the lowest @mation of sample that displayed no yellow-bloar
changex125 pg/mL (+++), >125 pug/mL (+jActivity based on change in turbidity {&) as a percentage of
growth control: <10% = good (+++), 10-50% = modei@t+) inhibition at 125 pg/mL extract, slight ()
activity at concentrations >125-1000 pg/mL. (—)&dtivity detected at 1000 pg/mL. Organisms tedr€d:
Echerichia coli(f lactamase negative, ATCC 25923 Staphylococcus aureusethicillin sensitive (ATCC
29213),PA Pseudomonas aerugino$ATCC 27853). Activity based on median value&4). "Three repeats
did not fall within one dilution of median
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2.2. Review of literature of promising medicinal plants

As described in the Introduction chapter (Chap)ethis PhD study focused on screening for
and identifying antimicrobial, anti-inflammatory é@rantioxidant components from Yaegl
medicinal plants, guided by their ethnomedicina.ughe preliminary antimicrobial screening
by Brouwer and Packer showed that the crude estrafct. suaveolens, S. glomulifera, C.
rosea, A. brisbanensis, A. excelsa, H. scandensmiioporoidesand |. pes-capraeall

exhibited some level of bioactivity (Packer, 201Brouwer, 2006). A. excelsa D.

myoporoides L. suaveolensand S. glomulifera were most promising (Section 2.1).
Additionally, A. excelsaextracts (EtOH and #) showed significant anti-inflammatory

activity in the COX assays (Section 2.1).

For all the plants that Brouwer and Packer showad Activity, i.e. L. suaveolens, S.
glomulifera, C. rosea, A. brisbanensis, A. exceldascandens, D. myoporoidasd |. pes-

caprae,a literature review on customary uses of them dreanical and biological studies that
have been conducted, was undertaken to assiseisellkction of two of the Yaegl medicinal

plants for further biological and chemical inveatigns.
I. Alocasiabrisbanensis (or Alocasia macrorrhiza)

Local medicinal uses:Leaves and stems of the plant have been used Byaitgl community
for treatment of burns and boils, cuts, sores, rged bites and open wounds (Pacé&eal,
2012). The plant has also been reported to be insi treatment of boils, burns, ulcers and
sores in other parts of Australia (Lassak and Mtd©ar2008, Webb, 1969). In Chinese folk
medicine, the roots have been used for treatmecdrafers (Fangt al, 2012).

Reported Biological studies:The tuber of the plant has been reported to Haveitro
proliferation inhibition and apoptosis effects omnan hepatocellular carcinoma andvivo
hepatoma growth (Fanet al, 2012) and the leaves have antioxidant, antinptiee, anti-

inflammatory (Mullaet al, 2010) and hepatoprotective (Mu#aal, 2009) activities.

Reported Chemical constituents: Indole alkaloids, alocasins (A-E), hyrtosin B and
hyrtiosulawesin have been isolated from the rhizomong the isolated compounds,
hyrtiosulawesin and alocasin A, B, D and E showatipeoliferative activity (Zhuet al,

2012a). Glycosmisic acidN-trans-feruloyltyramine, grossamide, protocatechuic abmtneol
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acetate, vanillic acid and methyl 4-hydroxybenzdsege been isolated (Zhet al, 2012b).
Vanillic acid has been reported to have antibaateactivity (Aziz et al, 1997, Nazet al,
2006).

1.  Alphitonia excelsa

Local medicinal uses:Leaves of the plant are commonly used as an atitdegnd wash by
the Yaegl community (Packet al, 2012). Leaves have been used for fishing whewanihg

the crushed leaves into the water would make fwmimec floating to the surface (Brouwer,
2006). Leaves are also used for sore eyes and dhiemthe case of an upset stomach. The
bark, root and wood have been used to make aniamféis rub on the body as a liniment for
body pains. The bark and wood have also been emglty make a decoction for use as a
gargle for toothache (Lassak and McCarthy, 200Bg drushed leaves have been used for the
treatment of headache by bathing with the leavesvater and, similar to the Yaeg|
community, leaves have been used by other comreariiti the making of instant bush soap
by crushing the leaves (Lassak and McCarthy, 200®b and Cribb, 1984, Bast al, 1990,
Low, 1990).

Reported Biological studies:Leaves have been reported to inhibit platelet aggren
properties (Rogerst al, 2000). No antibacterial, anti-inflammatory or iaridant activities

have been reported.

Reported Chemical constituents: Triterpenoid saponins (Lassak and McCarthy, 2008),
alphitonin, ceanothic acid and betulinic acid, hbeen isolated from the bark (Branehal,
1972, Guiseet al, 1962). Structures are provided in Section 2.Beulinic acid is reported in
the literature as having good anti-inflammatoryiaigt (Nguemfo et al, 2009, Tsaiet al,
2011, Viji et al, 2011) and ceanothic acid is reported to havebadterial activity (Liet al,
1997).

[I1. Canavalia rosea (or Canavalia obtusifoliaor Canavalia maritimaor

Dolichos roseus

Local medicinal uses:Leaves have been reported to be used for boilsares by the Yaeg|
community (Packer, 2012). The roots are reporteloetaised in the treatment of rheumatism,
aches and pains (Lassak and McCarthy, 2008, CmobGCxibb, 1984, Low, 1990). Leaves
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have been also reported to be used to relievegraino promote healing of burns (Pralgtu
al., 2010).

Reported Biological studies:The leaves have been reported to have antibactertality
(Prabhuet al, 2010) and the isolated lectins were reportedatehanticancer properties (Pinto
et al, 2010).

Reported Chemical constituents: Canarosine,p-sitosterol, stigmasterol, rutin and epi-
inositol 6-O-methyl ether have been isolated framad parts (Pattamadilo&t al, 2008), 2-
hydroxy-4,9-dimethoxypterocarpin, medicarpin, 4+4opd-3methoxy-8,9-methylene-
dihydroxypterocarpan, 7-hydroxy-2'4’-dimethoxy iflalan, 7-hydroxy-4’-methoxy-
isoflavone, 3,7-dihydroxy-6 methoxyflavone and @edin from leaves and stems (Huaegig
al.,, 2012), and lectins (Pintet al, 2010) from seeds. The guanidine alkaloid, camnaeos
reported to have dopamine receptor inhibitory @gtigPattamadiloket al, 2008). Quercetin
(Martinez-Floreset al, 2005, Garcia-Mediavillat al, 2007, Calderon-Montanet al, 2011)
and rutin (Guardiaet al, 2001, La Casat al, 2000) are well known for having anti-

inflammatory and antioxidant activities.
IV.  Duboisia myoporoides

Local medicinal uses:Fruits are used for treatment of ringworm (fungeiéction of skin) and
leaves are used as a topical anaesthetic, antisspdi also used for bronchitis and coughs by
the Yaegl community (Brouwer, 2006, Paclatral, 2012). Leaves are also reported to be

used as a fish poison by other communities (Isd&i&7, Boydron-Le Garreet al, 2005).

Reported Biological studies: The plant is reported to have mydriatic, analgesi
antispasmodic activities (Khanashal, 2001).

Reported Chemical constituents: A wide range of alkaloids including hyoscine and
(-)-hyoscyamine (Hillset al, 1954), nicotine, anabasine (Gritsanapan and iGriff991),
hygrine, valeroidine, valtropine, tigloidine, tropg, butropine, norscopolamine,
norhyoscyamine, homatropine, isoporoidine, (pheagbtyltropine, poroidine,
aposcopolamine, noratropine, atropine and tetraytmitrescine (Gritsanapan and Griffin,
1991) have been isolated. Nicotine has well docuettuses and can be classified as a toxin.

Hyoscine is used for travel sickness and amnestalewhyoscyamine and atropine are
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reported to have anticholinergic activity (Wooll&001, Shamsat al, 1999). The presence
of these compounds iD. myoporoidescorrelates with traditional uses of this plant as a

anaesthetic, for treatment of bronchitis and ashagoison.
V.  Hibbertia scandens

Local medicinal usesThe plant has been used for treatment of soresaamies by the Yaeg|
community (Packer, 2012). However, there was littiat could be recalled about the use of

the plant by the Yaegl elders and the preparatiethad was not known.

Reported Biological studiesNo biological studies have so far been reported.

Reported Chemical constituentsNo chemical studies have so far been reported.
VI.  Ipomoea pes-caprae ssp.brasiliensis

Local medicinal uses:The plant has been used by the Yaegl community psu#tice for
boils to relieve pain and also to relieve heada@muwer, 2006). The leaves have been
reported to be used externally to relieve painalicqLassak and McCarthy, 2008). Rogets

al. mentioned the use of the whole plant for the treatnof headaches, aches and pains and
marine stings (Rogerst al, 2000). The leaves have been also reported tosbd in the
treatment of boils (Lassak and McCarthy, 2008,dsa4987, Cribb and Cribb, 1984).

Reported Biological studies:A wide range of bioactivities has been reporteds Tincludes
antioxidant (Umamaheshweet al, 2012) antibacterial (Escobedo-Martinetzal, 2010) and
anti-inflammatory (Pongprayoast al, 1991) activities. It is also reported to havdagptnase
(Teramachiet al, 2005) and platelet aggregation inhibitory aci@at(Rogerset al, 2000),

and antinociceptive (de Souetal, 2000) and antihistamine activities (Wasuwat, 3970

Reported Chemical constituents:This plant has been widely studied. PescapreinslIXVI
XX, murucoidin VI, pecapreins Il, 1ll and stolonifas Il (Escobedo-Martineet al, 2010),
along with several resin glycosides (pescaprosidgeBcapreins V-1X, stoloniferin Ill) (Yet
al.,, 2011, Tacet al, 2008, Escobedo-Martinez and Pereda-Miranda, 2@ific acid ester,
3,5-di-O-caffeoyl-4O-coumaroylquinic acid, 4,5-dB-caffeoyl-1,3-diO-coumaroylquinic
acid (Teramachet al, 2005) and pescaproside A, pescapreins I-IV (ReMidandaet al,

2005) have been isolated. Pescaprein XVIII is adgobibitor of multidrug resistar§. aureus

28



(Escobedo-Martinezt al, 2010). Pescapreins X-XVII are reported to havébanterial,

antifungal and cytotoxic activities (Taa al, 2008).
VIl.  Lophostemon suaveolens

Local medicinal uses:Milky sap and ash from the bark have been usedafdiseptic

purposes by the Yaegl community (Packeal, 2012).
Reported Biological studiesNo biological study has so far been reported far pihant.

Reported Chemical constituentsThe volatile oil composition has been reported bydBy
et al. and the main identified compounds werpinene (4-33%)pB-caryophyllene (3-19%),
aromadendrene (7-13%Jlo-aromadendrene (2-4%), globulol (5-14%), viridiflb(d-3%)
and spathulenol (5-11%) (Bropley al, 2000).

VIIT.  Smilax glyciphylla

Local medicinal uses:Leaves have been used for treatment of pain, astland for skin
problems (as a face wash in pimples), as a resiitglitonic and for treatment of diabetes by
the Yaegl community (Packet al, 2012). The use of the plant for the treatmerdaafghs is
widely reported (Lassak and McCarthy, 2008, Wel8i69).

Reported Biological studies:The leaves have been reported to have antioxidztivitees
(Coxet al, 2005).

Reported Chemical constituents:Linoleic, oleic and palmitic acid have been isatiateom
the seeds of the plant (Morice, 1970).

IX. Syncarpiaglomulifera

Local medicinal uses:The milky latex has been used for treatment of ents sores and ash
of the bark has been used as an antiseptic powd&ebraegl community (Packer, 2012).

Reported Biological studies:The chloroform extract of the batlas been reported to have

antibacterial and cytotoxic properties (Setzeal, 2000).

Reported Chemical constituents:The bark has been reported to contain betulinid,aci

oleanolic acid-3 acetate and ursolic acid-3-acdtgtzeret al, 2000). A study on the volatile
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oil composition has shown that the leaf oil condampinene (30-50%), along with
aromadendrene and globulol (Bropétyal, 1996). The leaf wax coating 8f glomuliferahas
been reported to contain eucalyptin and 8-desmaticglyptin (Courtneyet al, 1983). As
already discussed in Section 28 éxcelsg betulinic acid is also reported in the literatdor
having anti-inflammatory activity and eucalyptinrisported for having antibacterial activity
(Takahashet al, 2004).

2.3.  Selection of two medicinal plants for detailed cheral and biological
studies

The choice of plants for further biological and eheal studies was based on investigation of
relatively unexplored Australian flora, the desitsthe Yaegl community themselves to
which plants and plant parts should be further stigated and the results of the preliminary
screenings by Brouwer and Packer (Table 2.1.1 amuleT2.1.2). Using these criteria,
excelsaand L. suaveolensvere chosen as the most significant candidatesnfestigation
within this study. Other Yaegl medicinal plants gpldnt parts could be worthy of future

investigations.

According to the literature review (Section 2.8),excelsandL. suaveolensad no (or very
limited) reports of biological activities relevand their medicinal uses by the Yaegl
community. Additionally, only one chemical studyaenining the volatile oil composition of
the leaves of. suaveolenshas so far been reported. In contrast, apart florscandensthe
other Yaegl plants reviewed had either been fountiave biological activities relevant to
their ethnomedicinal uses and/or had significanenuical studies already conducted.
Furthermore, in the preliminary screening, leafraots of A. excelsahad promising
antibacterial and anti-inflammatory activities whésested by Brouwer (Brouwer, 2006)
(Section 2.1).

The promising antibacterial and anti-inflammatocyinaty of A. excelsdeaf extracts, along
with it being the most commonly used medicinal plahthe Yaegl elders, prompted its
further investigationA. excelsas very well known to the Yaegl community and teaves
have been commonly used for cuts, sores and schpiéisem. The elders had a particular

desire for this plant to be further examined. Itl lvaly been tested for one specific class of
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inflammatory enzymes (COX) and not tested for amdiant activity. Additionally, this plant
was in plentiful supply in northern NSW and localtySydney. ThusA. excelsdeaves were

chosen for further biological and chemical investigns in this study.

As described earlier, the ash from the bark ands#ye or latex ol. suaveolensvas used
traditionally in the treatment of wounds by the Yaeommunity. Bark ash was tested for
antibacterial activity by Packer, with no activitging detected againSt aureusk. coli and

P. aeruginosaPacker, 2012)Latex or sap was not able to be collected for ttediinary
screenings or subsequent studies and the Yaegisaldguested leaves to be collected and
tested. The leaf extract was found to have exdeberibacterial activity when tested by
Packer (Packer, 2012). These factors, along wehabk of reports of chemical and biological
activity studies in the published literature, ledthe leaves of. suaveolendeing chosen for

biological and chemical investigations in this stud

Both L. suaveolensand A. excelsaare endemic to Australia and the investigation hafse
plants within this PhD study was also regardedngsortant in increasing the knowledge on

these unexplored Australian flora. Both plantsrakéewed in more detail below.

2.4. Lophostemon suaveolens

Lophostemon suaveolehelongs to the genw®phostemonCommon names @f. suaveolens
include swamp mahogany, swamp, swamp box, swangertine, mahogany, paperbark,
paperbark mahogany (Australian Tropical RainfoRdants). This plant is known as the apple
gum tree by the Yaegl community (Packer, 2012). Jéreud_ophostemomelongs to the sub-
family Leptospermoideae of the family Myrtaceaeefiéare four species aophostemon
(The Plant List, 2010b) and all of them are nativéustralia. All species are trees or tree like

shrubs (Brophyet al, 2000). The fouLophostemospecies are:
* Lophostemon confertisynonym:Tristania confertq

This species grows in open or closed forests onedst coast of Australia from north of
Cooktown (Queensland) to the northern side of thwatetr river (New South Wales). This
species forms a large tree up to 25 m in heighdgBy et al, 2000).

* Lophostemon grandiflorus
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This species has a discontinuous distribution acrasthern Australia from Queensland to
Western Australia. It is closely relatedltoconfertus but is usually a smaller tree (Brophy
al., 2000).

* Lophostemon lactifluus

This species grows in woodland close to water aground subject to flooding. It occurs in
the Northern Territory north of the Victoria rivéBrophyet al, 2000).

* Lophostemon suaveole(s/nonym:Tristania suaveolens

It grows in woodlands and open forests in soutlidew Guinea and eastern Australia from
Cape York (Queensland) to Scott’'s Head (New Soutie¥) (Brophyet al, 2000).

Scientific classification ofLophostemon suaveolens

Kingdom: Plantae
Division: Magnoliophyta
Class: Magnoliopsida
Order: Myrtales
Family: Myrtaceae
Genus: Lophostemon
Species: suaveolens

2.4.1. Description of Lophostemon suaveolens

L. suaveolenss a large tree with a red-brown, fibrous-pap@essistent bark. The leaves are
broad and rounded at the base, tapering towarderntieThey are 9-15 cm long and 4-5 cm
wide, leathery, light green and either smooth areced with soft, shaggy unmatted hairs. The
leaf stalk is 10-20 mm long. Old leaves turn alirigrange red prior to falling. Clusters of
white flowers 3—-5 mm long are produced in early suen The petals are circular, 4-5 mm

long and the flowers have numerous stamens (WasohWaterhouse, 1982).
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Figure 2.4.2: Distribution df. suaveoleng Australia (Atlas of living Australia).
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2.4.2. Medicinal uses ofL.ophostemon suaveolens

According to the interviews conducted by Brouwed @Packer (Brouwer, 2006, Packer,

2012), the local medicinal useslofsuaveolendy the Yaegl community are:
* Ash from the bark is used as an antiseptic powder.
* The milky sap is used as an antiseptic face wasadoe and bad skin blemishes.
» The sap is used for skin diseases and for ringworm.

No reports have been found in the published liteearegarding the medicinal uses Lof

suaveolendy any other community.

2.4.3. Previous chemical and biological studies ohophostemon suaveolens

GC-MS analysis of essential oils of leaved oBuaveolenfias been reported (Bropley al,
2000). According to this study, the major compouwesea-pinene (4-33%)p-caryophyllene
(3-19%), aromadendrene (7-13%)lo-aromadendrene (2-4%), globulol (5-14%), viridiflbro
(1-3%) and spathulenol (5-11%).

Compounds responsible for the bioactivity of tHenp have so far not been reported.

2.4.4. Studies on other species dafophostemon

According to the literature, the genusphostemorias not been well explored. Similar to the
studies orL. suaveolensthe essential oils of the leaveslofgrandiflorus, L. confertuandL.
lactifluus have been examined by GC-MS by Brop#tyal (Brophy et al, 2000) witha-
pinene, aromadendrenallo-aromadendrene, globulol and spathulenol as thernvajatile
components. Courtnest al. found that the leaf wax contained the unusual @ghdlavone,
8-desmethyleucalyptin and friedelin in confertus(Courtneyet al, 1983). Yaoet al. have
reported the presence of the flavonoids tricetitedlin and quercetin as major components
and kaempferol, quercetin 3-methyl ether and 8-mattkaempferol inL. confertus(Yao et

al., 2004). Ritchieet al. have reported arjunolic acid in the wood_otonfertugRitchieet al,
1961).
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2.5. Alphitonia excelsa

Alphitonia excelsdelongs to the family Rhamnaceae. It is commonlgwkn as soap bush by
the Yaegl community (Packet al, 2012). Other common names/Afexcelsare red ash or
mountain ash, leather jacket, Coopers' wood, wkat humbug and soap tree (Lassak and
McCarthy, 2008). Around Australia it is known undfferent names, including asurr-rung

in the lllawarra district, asiono-groyinandiein the Clarence River, asulger-culgerain
northern New South Wales and asee-a-meeand an-na in Queensland (Lassak and
McCarthy, 2001). In the Northern TerritoA. excelsas known agminjirrajirda in Burarra,

bani or buwalawalin Djambarrpuyngu anahitjirribiya in Emi (Barret al, 1990).

Closely related tA. excelsaare the otheAlphitonia speciesA. carolinensisA. erubescens
A. ferruginea A. franguloidesA. incana A. macrocarpaA. marquesensjg\. moluccanaA.
neocaledonicaA. obtusifolig A. petriej A. philippinensis A. ponderosaA. rubiginotg A.
whitei, A. xerocarpaandA. zizyphoidegThe Plant List, 2010a). Three of these spedes (
incang A. petrieiand A. zizyphoidgshave been used by Indigenous societies in toawiti
medicine; others have been used for timber @&.gphilippinensis Only A. excelsaand A.
petriei are endemic to Australia (Brouwer, 2006). Geogm@pldistributions of

ethnomedicinally importarmlphitoniaspecies are described below.
* A excelsa

It is a native Australian medicinal plant. It growsor near rainforests in New South Wales,
Queensland and the Northern Territory (ANBG, 2012).

e A petriei

It is also a native Australian medicinal plant, tdigited in New South Wales and in

Queensland (Royal Botanic Gardens Melbourne, 2013).
A incana

It occurs in Western Australia, Northern Territoape York peninsula and Queensland

(Australian Tropical Rainforest plants, 2013).
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Scientific classification ofAlphitonia excelsa

Kingdorr Plantae

Division Magnoliophyti
Sut-division Magnoliophytini
Clas: Rosopsid
Sutk-clas: Rosida
Supe-orde! Rhamna

Ordel Rhamnale
Family Rhamnace:
Genu Alphitonie
Specie excelsi

2.5.1. Description of Alphitonia excelsa

A. excelsas a tall tree with a pale grey bark and tomentgmeéng branches. The leaves are
very characteristic, being dark green above andendnd hairy beneath and are often seen to
be ‘moth-eaten’ as a result of insect attack (Fegi5.1) (Lassak and McCarthy, 2008, Cribb
and Cribb, 1984).

Figure 2.5.1A. excelsdeaves.
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Figure 2.5.2: Distribution oA. excelsan Australia (ANBG, 2012).

2.5.2. Medicinal uses ofAlphitonia excelsa

According to the interviews done by Brouwer andkeag¢Brouwer, 2006, Packer, 2012), the
local medicinal uses &. excelsady the Yaegl communitgre:

* The leaves have been used as a skin disinfectanhtseptic detergent by Yaeg|
community people. For this purpose, a few leavethefplant are rubbed between the
hands with a little water (Packet al, 2012).

» Leaves have been used for fishing where throwirgctlushed leaves into the water

would make fish come floating up to the surfaceo(Bver, 2006).

A. excelsdhas also been reported to be used traditionallgthgr Aboriginal communities in a
variety of remedies and treatments (Lassak and Mb¢a2008, Cribb and Cribb, 1984, Low,
1990). The leaves oA. excelsahave been used for sore eyes and young leaveshesmre
chewed in the case of an upset stomach. The lmots and wood have been used to make an
infusion to rub on the body as a liniment for bgzmns. The bark and wood have also been
employed to make a decoction for use as a gargl®dbhache (Lassak and McCarthy, 2008).
The crushed leaves have been used for the treatthbetadache by bathing with the leaves in
water and similarly to the Yaegl community, leabese been used by other communities in
the making of instant bush soap by crushing thedeglLassak and McCarthy, 2008, Cribb
and Cribb, 1984, Baset al, 1990, Low, 1990).

The uses oA. excelsareported both in the literature and by the Yamghmunity, suggested
that antibacterial, anti-inflammatory and antioxitaompounds might be present in the plant.
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2.5.3. Previous chemical studies olphitonia excelsa

Chemical analyses of different parts (wood, bar#t Eraves) ofA. excelsahave shown that
triterpenoid saponins have been found in all pafrts. excelsgLassak and McCarthy, 2008).
Din et al. found a strongly positive result for the presen€esaponins (Dinet al, 2002).
Phytochemical screening by collaborators of the tiNon Territory Aboriginal
Pharmacopoeia, resulted in a very strong testdpomsins in the leaves, a negative test for
alkaloids in the leaves and bark, and a yield of 4%nins in the bark (Baet al, 1990).
Alphitonin has been identified as one of the masmpounds in the wood, ceanothic acid
(emmolic acid) and betulinic acid have also beeamiified in the wood in smaller quantities.
The bark ofA. excelsacontains mainly betulinic acid and smaller amouwftalphitolic acid,
betulin and alphitexolide. The leaves contain c#anacid, betulinic acid, alphitolic acid and
salicylic acid (Guiseet al, 1962, Branchet al, 1972). Figure 2.5.3 shows the chemical

structures of the compounds isolated framexcelsgBranchet al, 1972).

H  R=CH,OH, Betulin

R=COOH, Betulinic acid Alphitolic acid
OH
N O O 0
OH
(0]
OH OH
Alphitonin
O
OH
Ceanothic acid
OH
Salicylic acid

Figure 2.5.3: Compounds presenfinexcelsa
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2.5.4.  Previous biological studies omlphitonia excelsa

Few biological studies have so far been reported.oexcelsaRogerset al. have found that
the methanol extract of leaves Af excelsacaused significant inhibition of platelet 5-HT
release and inhibition of platelet aggregation @&segt al, 2000). In another study an extract
from the leaves and branchesfofexcelsavas found to have mild xanthine oxidase inhibitory
activity (5%). Xanthine oxidase is an enzyme inealin the formation of uric acid from the
purines hypoxanthine and xanthine, and is resptm$ib gout. The enzyme is also involved
in the production of oxygen-derived free radicaljch are often involved in inflammation,

atherosclerosis, cancer and aging (Sweeateay, 2001).

2.5.5. Previous chemical, biological studies and uses aher species of
Alphitonia

As described in Section 2.5, three speciesAgghitonia (A. incana A. petriei and A.
zizyphoiders have been reported with ethnomedicinal uses; rotla@e used for timber.
Although ethnomedicinal use & philippinensicould not be found in the literature, there is
a report of isolation of important bioactive molesaufrom this plant. Table 2.5.1 shows a
review of literature on chemical and biologicaldas of fourAlphitonia speciesA. incang
A. petriej A. zizyphoideandA. philippinensis
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Table 2.5.1: Traditional uses and chemical andichl studies of some important
species oAlphitonia

Different species
of Alphitonia

Traditional uses

Chemical and Biological studie

Alphitonia incan

Used to treat bites of tt
death adder and the sm4g
eyed snake (Mebs, 1999).

No chemical or biological activity studies report
II-

Alphitonia petrie

A decoction of the bark hs
been used externally fq
relief of body pains (Lassa
and McCarthy, 2001).

The tree has also been ug
to treat sores, boils d
ringworm by burning thg
wood and mixing the as
with water to form a past
(Isaacs, 1987).

Alphitonin, ceanothic acid, betulinic acid, alpHidc
racid (Guiseet al, 1962), salicylic acid, luped

betulinic acid (Setzest al, 2004).

edHCl; extract of A. petriei showed cytotoxicity
ragainst MDA-MB-231  (human
2 adenocarcinoma), MCF-7 (human mamm
hadenocarcinoma), and 5637 (human prim
ebladder carcinoma) cells. The extract also sho
antibacterial activity again8acillus cereugSetzer
et al, 2004).

Alphitonia
zizyphoides

Used to treat inflammatiol
gastro-intestinal and urg
genital disorders in Samoa
medicine (Dunstanet al,
1997).

Used as a tonic for intern
distress (Cox, 1993).

The bark contains alphil (Dunstar et al, 199¢)
-and saponins, zizyphoisides C, D and E (I-IIl) €L
ral., 1994).

Dried bark extract inhibited prostaglang
biosynthesisin vitro as well as the formation ¢
alexperimentally induced ear oedema in rats (Dun
et al, 1997, Dunstaet al, 1998).

k(Branch et al, 1972), 2-ketobetulonic acid amnd

mammary
ary

ary

wed

in
nf
stan

Alphitonia
philippinensis

Flavono glycoside: isorhamnetin -O-(6" -O-(2)-
p-coumaroyl)B-D-glucopyranoside, quercetinG-
a-L-rhamnopyranosyi-L-arabinopyranosyé-L-

rhamnopyranoside and  quercetin  O3x-L-
arabinopyranosy-L-rhamnopyranoside have be
isolated.

The isolated flavonoid glycosides show
cytotoxicity against PC-3 cells and hepato
HA22T cells and inhibition of replication on herp
simplex virus type-1 (Joat al, 2004).

en

ed
ma
es
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2.6. Selection of methods for biological testing of ex#éicts and for
isolation of bioactive compounds

As discussed in Chapter 1, microbial infectionfiammation and lower antioxidant levels at
wound sites are the major conditions associatel evitonic wounds and infection, which are
a global healthcare concern. It is vital to disgonew antimicrobial, anti-inflammatory and
antioxidant compounds to combat these. ThereforexcelsaandL. suaveolensvere chosen
to be examined for antimicrobial, anti-inflammatanyd antioxidant activities (Chapters 3 and
4). For leaves oA. excelsathis is directly aligned with their medicinal gsby the Yaegl
community, while the finding of such activity foar suaveolen¢eavescould provide a more

accessible source of medicine framsuaveolen$or the community.

To examine antimicrobial activity, three assay rndthwere chosemg. disc diffusion, MTT
[3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazmin bromide] microdilution and TLC
bioautography. The COX inhibitory assay, nitric @iinhibition assay, TNk- assay and
PGE, assays were selected to evaluate anti-inflammaedotiyities and the ORAC (oxygen
radical absorbance capacity) assay to evaluatexaint activity. A combination of different
antimicrobial and anti-inflammatory assays wereardgd as necessary in the present study to
confirm the bioactivities and to overcome the latiins of each method. A summary of each
of these assays is provided below.

2.6.1.1.  Antimicrobial activity study

2.6.1.1.1Disc diffusion assay

The disc diffusion assay is a simple and still widesed method for testing antimicrobial
activity. In this method small filter paper disespregnated with the compound or extract to
be tested are placed on th&faceof a suitable agar plate that has been inoculaiéd the
microorganism under investigation. After incubatitime presence of a zone of inhibition in
the growth of microorganism around the filter disdicates the effect of the tested sample
(Maidmentet al, 2006). While being a very simple method, the digtusion assay is not
effective for non polar or large molecules as thithod relies on the diffusion of the active
component into the agar (Barry and Thornsberry119Bhe disc diffusion assay also requires
moderate amounts of sample for testing, which is alwvays possible to obtain when

investigating natural products. Determination @& thinimum inhibitory concentrations (MIC)
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is also not possible in the disc diffusion assalger&éfore a combination of antimicrobial

assays has been performed in this PhD study.

2.6.1.1.2MTT microdilution assay

The MTT microdilution assay is a popular methoddetermining MICs of extracts and pure
compounds. It is a rapid, low cost and reliableoadmetric assay that can be conducted in a
microtitre plate for ease of handling many samplies. based on the tetrazolium salt 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium brage (MTT), which changes from yellow to
the blue formazan upon reductive cleavage by readaotnzymes of living cells (Martet al,
2005) (Figure 2.6.1). If a sample or compound tadsted has antimicrobial activity, MTT
will not be converted into MTT formazan (blue calpand the MIC can be determined as the

lowest concentration where no growth is observetidy colour).

Although the MTT microdilution assay is a usefulthws for obtaining quantitative data for
MIC determination, plant extracts may interfere hwibhe colourimetric analysis. It is also
dependent on the solubility of the test samplesairpredominantly aqueous medium.
Therefore, the disc diffusion assay and TLC biogrgphy assays (see below) were also used

in this study to test the antimicrobial activityeftracts/fractions/and pure compounds.

N /O mitochondrial ;
N reductase

/o NH

=N - N

N . [l

N
RS =N
Ly N
Br S{;
MTT formazan

Figure 2.6.1: MTT (3-(4,5-dimethylthiazol-2-yl)-2diphenyl tetrazolium bromide) (yellow)
is converted to MTT formazan (blue) in the preserfdéve bacteria or yeast.
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Figure 2.6.2: MTT microdilution assay plate. MIC ssdetermined as the well with
the lowest concentration of sample that displayegetlow-blue colour change of
MTT.

2.6.1.1.3TLC bioautography

TLC bioautography uses the simplicity and abilifyTa.C to separate mixtures quickly with
little expense, to allow the detection of bioacto@mponents on a TLC plate. It has proved
exceptionally popular owing to its ease of use,t,caapidity, and ability to assess
antimicrobial activity of a large number of sampl@Sibbons, 2005). This method is
particularly useful for bioassay guided isolatidrb@mactive compounds and gives an idea of
which compound on a TLC plate to target for isalatand identification. This method is also
useful for determining antimicrobial activity of reples that are not soluble in the
predominantly aqueous environment of the MTT miduibn assay. In this assay, TLC
plates are run with the samples in an appropriaiest system. After drying the solvents, the
plate is placed on an agar plate and covered witgravth medium containing the
microorganism. After incubation, a detecting agesmt be added. For this study, MTT was
chosen due to its ability to convert MTT (coloudBllow) into MTT formazan (blue) in the
presence of reductase enzymes of microbes. Therefalear spot on the TLC plate indicates
where MTT is not converted into MTT formazan andttthe components at that Rave
antibacterial activity.
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Figure 2.6.3: A simple TLC bioautography assay.

2.6.1.2.  Anti-inflammatory activity study
As already discussed in Chapter 1, inflammatiom isomplex biochemical process of the
human body (Section 1.5.2). Several chemical spestieh as eicosanoids (prostaglandins and
leukotrienes), chemokines, cytokines, kinins, amiaad proinflammatory mediators nitric
oxide (NO), tumor necrosis factor alpha (TMFand necrosis factor kappa B (MB) are
involved in mediating and regulating the resporidemyeen and Knaus, 2008, Ward, 2008,
Tripathi et al, 2007). Therefore, several methods have been ageelto inhibit these
mediators. The most recognised and widely useditro anti-inflammatory assay methods
involve measurement of the inhibition of NO, TNF-NF«B, interleukin 6 (IL-6),
prostaglandin E(PGE) and cyclooxygenase (COX) enzymes (Skoal, 2012, Yuaret al,
2013, Park, 2013, Choodej al, 2013, Ruangnoet al, 2012, Zhanget al, 2011).

This study,in vitro anti-inflammatory activity was examined by measgrthe production of
nitric oxide (NO) and TNF: in RAW264 murine macrophages, PGgroduction in 3T3
Swiss albino fibroblast cells and by measuringbitiin of cyclooxygenase enzymes (COX 1
and 2).

2.6.1.2.1Cytotoxicity assay (ATPlite™ assay)

In vitro cytotoxicity assays provide a means of establishihgther a test drug, extract or
compound is toxic to cells in culture. By measuramgindicator of metabolic activity such as

adenosine triphosphate (ATP), the number of viablks remaining after a defined incubation

44



period can be determined (Ris$ al, 2011). ATP concentration is a valid marker ofl cel
viability and the ATPIité" assay is extremely sensitive, detecting as fedOasells in a well

of a microtitre plate (Germaiet al, 2003). Proliferating cells express high amourfit P,

but cell death by necrosis or apoptosis causesdctien of ATP (Germairet al, 2003). By
investigating a range of concentrations, thg @e concentration that causes 50% inhibition)
can be determined (Vlaclet al, 2009).

The ATP assay system is based on the productitightfcaused by the reaction of ATP with
added luciferase anp-luciferin. Luciferin is converted by MgATP to a form that can be

catalytically oxidised by luciferase. Then, cellulaTP can be measured by direct lysis of
cells. The ATP concentration is directly proporabio the emitted light. This is illustrated in

the following reaction scheme:

ATP + D-Luciferin +02Lumf&> Oxyluciferin + AMP + PP; +CO, +Light

Mg2+

2.6.1.2.2Nitric oxide (NO) inhibition assay

Nitric oxide plays an important role in normal walhealing. However, excess production in
the wound environment can increase the susceptibfliwounds and infection and prolonged
inflammation (Schulz and Stechmiller, 2006). Celi$ the innate immune system,
macrophages, neutrophils and natural killer celdease NO to inhibit replication of
pathogens (Tripathet al, 2007). Increased production of NO is an outcorfienoseen in
chronic wounds and has been associated with retunteers in diabetic patients (Blakytny
and Jude, 2006). Therefore, any extract or compadladinhibits the production of NO may

have potential therapeutic value in the treatmémtaunds and inflammation.

The effect of plant extracts and isolated pure ammps on NO production in
lipopolysachharide (LPS) activated RAW264 cells everaluated in the present study. The

basic principle of this assay can be describedlésnfs:

Addition of LPS induces the production of NO in RR®4 cells. NO is readily metabolised to
nitrite (NQO,), which can be measured by the Griess reactiogu(€i2.6.4). In this reaction,
nitrite reacts under acidic conditions quantitdirmeith sulfanilic acid to form a diazonium

45



cation, which couples to the aromatic amiNe(-1-naphthyl)ethylenediamine, to produce a
red violet colour (Tsikas, 2007) that can be rgaddtected at 550 nm.

NOy . O
SoaH_Q_NHz R SOaHONz +
NH(CH)NH;

Sulfanilic acid Diazonium salt

—_—

Azo dye

N-(1-naphthyl)ethylenediamine

Figure 2.6.4: Principle of nitrite measurement gdime Griess reaction.

2.6.1.2.3TNF-« inhibition assay

Tumour necrosis factar- (TNF-o) is a proinflammatory cytokine and important méaiia
during the inflammatory phase of wound healings Ihvolved in the deposition of collagen in
the wound through the up-regulation of matrix metabteinase expression and expression of
collagen synthesis by fibroblasts (Schultz and M&889). Excessive production of TNf-
has been associated with many inflammatory comditiancluding chronic wounds (Haet

al., 2001). Therefore, the TNéinhibitory assay is an important assay for seaglior anti-
inflammatory drugs.

The stimulation of RAW264 cells with LPS induces tproduction of TNFe, which is
measured quantitatively by ELISA (enzyme linked iomosorbent assay). Commercially
available TNFe. immunoassay kits are used to determine the @N&&ncentration. A
monoclonal antibody specific for mouse TNFs pre-coated onto a microplate. Standard,
control and samples are added into the wells aydnsouse TNFe present is bound by the
immobilised antibody. After washing away any unbdusubstances, an enzyme linked
polyclonal antibody specific for the mouse TNHFs added to the wells. Following a wash to
remove any antibody-enzyme reagent, a substratarttethylbenzidine or TMB) solution is
added to the wells. Tetramethylbenzidine oxidisestetramethylbenzidine diimine (blue
colour) in the presence of peroxidase enzyme (hadgsh peroxidase or HRP) (Martat al,

1984) (Figure 2.6.5). The resultant blue productgwellow when the stop solution (diluted
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hydrochloric acid) is added. The intensity of tlsdocir measured (450 nm) is in proportion to

the amount of mouse TNébound in the initial step.

-2H
NH2 : HN —_—
2H

3,3',5,5"-tetramethylbenzidine 3,3',5,5'-tetramethylbenzidine diimine
(Blue colour)

Figure 2.6.5: Oxidation of 3;5,5-tetramethylbenzidine to 3,3,5-
tetramethylbenzidine diimine.
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Figure 2.6.6: Principle of TNEk-assay. Source: (R&D Systems, 2013).

2.6.1.2.41nhibition of PGE,

Prostaglandins are one of the critical inflammatorgdiators that lead to increased vascular
permeability and increased vasodilation in theaiminatory site and cause swelling and
increased sensitivity to pain (Williams and Pec/ 7). PGE inhibition can be assayed in the

presence of test samples and controls using & B@&yme immunoassay (EIA) assay Kkit.

The stimulation of 3T3 Swiss albino mouse embryofiizoblast cells with a calcium

ionophore induces the production of PGEhe PGE can be measured quantitatively using a
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commercially available prostaglandin, EIA kit. This assay is based on the competition
between PGEand a PGEacetylcholinesterase (AChE) conjugate (known aER€cer) for

a limited amount of monoclonal antibody. The amooinPGE: tracer that is able to bind to
the PGE monoclonal antibody will be inversely proportiortalthe concentration of PGEh

the well. This antibody-PGEcomplex binds to goat polyclonal anti-mouse Ig&t thas been
previously attached to the well. The plate is wdstoeremove any unbound reagents and after
that Ellman’s reagent (composed of acetylthiocteolmd 5,5’-dithio-bis(2-nitrobenzoic acid)
[DTNB]) is added to the well. The bound acetylcheliesterase reacts with acetylthiocholine
to form thiocholine, which further reacts with DTNB form thionitrobenzoic acid which is
yellow in colour and can be measured quantitatiael$12 nm. The intensity of the colour is
proportional to the amount of PGEacer bound to the well, which is inversely prammal to
the amount of free PGEpresent in the well. The reaction scheme for tbeversion of

acetylthiocholine into thiobenzoic acid is showrFigure 2.6.7.

CH.
H3C H3C\ / 3
S, N
AN / CHy
o

Acetylthiocholine

Acetylcholine esterase

CHs
HC_ /
HS. NE_ +
w CHs e}

Thiocholine Acetate
HOOG COOH
ON S—S NO,
DTNB
NO,
NO2 HOO
HOO
+
CH,
H3c\+/
N ~ N S
HsC S
SH
Thionitrobenzoic acid Disulphide

Figure 2.6.7: Reaction for conversion of acetylthioline into thionitrobenzoic
acid.
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2.6.1.2.5Cyclooxygenase (COX) inhibitor screening assay

As already discussed in Chapter 1, prostaglandim$ leukotrienes are the important
inflammatory mediators that lead to increased Mascipermeability and increased
vasodilation in the inflammatory site and causellingeand increase the sensitivity to pain
(Williams and Peck, 1977). Arachidonic acid is tpescursor for prostaglandins and
leukotrienes (Irvine, 1982). The first step in Bymthesis of prostaglandins is catalysed by the
COX enzyme, which converts arachidonic acid intospaglandin K which is a common
substrate for specific prostaglandin synthesis @/nal, 1998). Any substance that inhibits
the COX enzyme is considered to have anti-inflanonyadctivity.

Commercially available COX inhibitor screening askis are used to assess COX inhibition.
In this assay, COX 1 and COX 2 are treated withtés¢ samples and then allowed to react
with arachidonic acid. The amount of prostaglantin (PGH) formed in this reaction
depends on the enzyme inhibitory activity of th&t sample. The PGHormed is reduced by
SnC}, to the more stable compound prostaglandin(FGF,,). The amount of PGl produced

by the treated COX 1 or COX 2 is quantified by #myme immunoassay (Figure 2.6.8)
(Maclouf et al, 1988) and is compared to that of the untreate @dzymes. This enzyme
iImmunoassay is based on the competitive affintieBPGF,, and a PG acetyl cholinesterase
conjugate (PG tracer) for a limited amount of PGisanum. The concentration of the PG
tracer is maintained constant whereas the condemtraf PGk, will vary depending upon the
COX inhibitory activity. Hence, the amount of PGder that can bind to PG antiserum is
inversely proportional to the amount of P Formed. The antibody-PG complex formed in
the wells binds to a mouse anti-rabbit monoclomsibady that is coated inside the wells. The
plate is washed to remove all unbound RG&hd PG tracer reagents and then Ellman’s
reagent is added to the well. The conversion oty#becholine (component of Ellman’s
reagent) to thionitrobenzoic acid (yellow colows)similar to that of the PGEassay (Section
2.6.1.2.4) and the amount of thionitrobenzoic atidmed (yellow colour) is directly
proportional to the amount of PG tracer bound ®whell, which is inversely proportional to
the amount of PG formede. a higher inhibitory activity, more intense yell@olour and vice

versa.
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Figure 2.6.8 Enzyme immunoassay in the COX inhibiscreenincassay.

2.6.1.3.  Antioxidant assay (ORAC assay
Chronic wound conditions are often accompanied by low ament levels and increas:
markers of free radical dama(Lee et al, 2010) Different methods have been usec
measure the antioxidant capacity of foods, pharotads or natural products, for examg
oxygen radical absorbance capacity (ORAC) assalin-Ciocalteu method, DPPH (-
diphenyl-1picylhydrazyl) radical sceenging activity assay and the ABTS [-azinobis (3-
ethylbenzothiazoline-8ulfonic acid] metho(Prior et al, 2005, Djeridanet al, 2006, Moyo
et al, 2010). The FolirCiocalteu assay is based on the transfer of elextin alkaline
medium from phenolic compous to phosphomolybdic/phosphotungstic acid comple
which are determined spectroscopically at 765 (Ainsworth and Gillespie, 20(). The

DPPH a&say method is based on the scavenging of theesBPPH by an antioxidant. Tl
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absorbance of the radical is in the range of 51B-6& (Noipaet al, 2011). The ABTS
method is based on the scavenging ability of thegde radical anion ABTS. ABTS is
oxidised to its radical cation, which is intenselgloured and the antioxidant capacity is
measured as the ability of the test compounds ¢cedse the colour reacting directly with the
ABTS radical (Prioret al, 2005).

The ORAC assay is the most widely used and recedmsethod of measuring antioxidant
capacity. It involves a hydrogen atom transfer tieacmechanism, which is most relevant to
human biology (Prioret al, 2005, Shouet al, 2012, Gillespieet al, 2007). This assay

measures the antioxidant activity of the test sasplyainst peroxyl radicals induced by 2,2’-
azobis-2-methyl-propanimidamide dihydrochloride (AA) at 37 °C, with fluorescein used as
the fluorescent probe. The antioxidant potentialesermined from the area under the curve
(AUC) of fluorescence versus time. The fluorescesigaal is decreased by the addition of the

reactive oxygen species (ROS) generator AAPH.

+ -
CHs  NH,CI

- o) .
AAPH \NH
® o

2ROO + CcooH ——> ROOH + Ooxidised probe

O \ (loss of fluorescence)
HO 0] 0]

fluorescein (fluorescent probe)

Antioxidants are considered to protect the fluoeasanolecule from oxidative degeneration.

The degree of protection is measured using a flueter. The degeneration of fluorescein is
measured as the presence of the antioxidant slbevSliorescence decay. Decay curves
(fluorescence intensity vs time) (Figure 2.6.9) ieorded and the difference in area between
the two decay curves (with or without antioxidaist)calculated. The degree of protection is

quantified using the antioxidant trolox (a watelubte analogue of vitamin E) as a standard.
Different concentrations of trolox are used to makestandard curve and samples are
compared to this. Results for the test samples baea published as ‘trolox equivalents’ or

TEs (Huanget al, 2005, Garretet al, 2010).
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Figure 2.6.9: ORAC antioxidant activity of testeahgle expressed as the net area
under the curve (AUC). Source: (Prigtral, 2005).

2.6.2. Selection of methods for chemical studies

For bioassay guided chemical studies, chromatograptocedures including normal and
reversed phase and size exclusion chromatographye welected to isolate bioactive
compounds. Structures of the isolated compounds eficidated by 1D and 2D NMR, mass

spectrometry, UV and IR.

2.7. Concluding remarks

The aim of the PhD study was to isolate and infiemtintimicrobial, anti-inflammatory and
antioxidant activity and bioactive compounds fronedicinal plants used by the Yaegl
Aboriginal community of NSW. Two potential medicinaants were selected, guided by the
Yaegl elders knowledge and desires for further stigation, a review of the literature and
preliminary biological screening. A combination w@fell recognised antibacterial, anti-
inflammatory and antioxidant assay methods werecssll to test the antibacterial, anti-
inflammatory and antioxidant potential of thesengda Likewise, a range of modern chemical
study methods were selected to isolate the bicactivnpounds. Chapters 3 and 4 describe the
chemical and biological studies obhophostemon suaveolensnd Alphitonia excelsa

respectively.
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CHAPTER THREE

Chemical and
biological studies on
Lophostemon
suaveolens

This chapter describes the studies carried out witiaets ofLophostemon suaveoleteaves to
determine antimicrobial, anti-inflammatory and anidant properties and to isolate and identify
bioactive fractions and molecules
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3.1. Introduction

As introduced in Chapter 2,ophostemon suaveolerfapple gum) is a plant endemic to
Australia, distributed on the eastern coast, indgdn northern NSW. lis regarded as an
important medicinal plant of the Yaegl communityithairst-hand accounts of the bark ash,
sap and latex having been customarily used as @septic. There have been no reports of
biological activity studies for any part of thisapt in the published literature and only one
chemical study examining the volatile oil compasitiof the leaves (Brophgt al, 2000).
Following requests of the Yaegl elders tar suaveolendeaves to be collected and tested,
preliminary screening assays (Packer, 2012) (Ch@peBection 2.1) of the leaf extracts
showed potent activity againSt aureuswith some activity also observed fér coli andP.
aeruginosaTherefore, leaves @f. suaveolensgvere chosen for further antibacterial screening,
along with anti-inflammatory and antioxidant stugJieand investigations of the bioactive
constituents aligned with these activities. Detaing whether the leaves have any of these
biological properties, which are relevant to apgiien for skin infections, sores and wounds,
was regarded as valuable because positive findiogkl provide a more accessible source of
medicine (.e. leaves, rather than the sap) framsuaveolen$or the Yaegl community. These

investigations would also add to the scientific wiexige of this important Australian plant.

This chapter describes the antibacterial, antamfhatory and antioxidant activities of the
leaves of L. suaveolensand identification, isolation and characterisatioh bioactive
constituents.

3.2. Experimental

3.2.1. General experimental procedures

All the solvents used for extraction and chromaapgic separations were of analytical HPLC
grade. Analytical normal phase thin layer chromedpgy (TLC) was performed on
fluorescent Merck silica gel,k plates (Germany) and reversed phase TLC on Meida S
gel 60 RP-18 Js4s plates. Size exclusion chromatography (SEC) wasedaout using
Sephadex LH-20 (Sigma-Aldrich). The TLC plates weisualised using UV light (254 nm

and 365 nm) and different spray reagents. Revepbede (@) solid phase extraction was
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carried out using Waters Sep Pak Vac 35cc (2g ay)l€artridges. Preparative TLC (PTLC)
was carried out using Uniplate preparative TLC gdaiSigma-Aldrich). ThéH, **C, HSQC,
COSY and HMBC NMR spectra were recorded on a Brékeance AMX 400 and Bruker
DRX600K 600 MHz NMR Spectrometer (Germany) usingnsdiard pulse sequences.
Chemical shifts were calculated relative to theoosform ¢H & 7.24 and*C § 77.2), acetone
(*H & 2.09 and™C & 205.8 and 30.6), methandH(s 3.31 and™C & 49.0) and DMSO'd &
2.50 and™*C § 39.51) solvent signals. A Shimadzu LC 10 AVP HP&@tem was used for
chromatographic separations and a Shimadzu 201M&Gystem was used for electrospray
ionisation mass spectrometry (ESI MS) analysis. nfadzu GC-17 system was used for
electron impact mass spectrometry (EIMS) analysiStuart Scientific melting point detector
(UK) was used for determining melting points. Higdsolution mass spectrometry (HRMS)
was determined using a Bruker Apex 3 instrumentulBec acid (90%) was purchased from
Sigma-Aldrich.

3.2.2. Plant material

Fresh mature leaves bbphostemon suaveolengre collected by the author with the help of
IBRG ethnobotanist Mr David Harington from the cariof Angourie road and Deering street,
Yamba, NSW 2464 (29°26'32.85", 153°21'06.23") orny MA11. A voucher specimen was
lodged at the Macquarie University Herbarium andnidied by Mrs Alison Downing

(voucher specimen number 73009156).

3.2.3. Preparation of extracts

Freshly collected leaves &f suaveolensvere chopped with a Waring heavy duty blender
(John Morris scientific) to give coarse plant matesuitable for extraction. Fresh plant
material was extracted separately with water (nmethjoand into four different fractions using

solvents of increasing polarity (sequential solvexttaction, method 2).

Method 1 (preparation of water extract): Freshly chopped. suaveolendeaves (100 g)

were extracted with water (3x300 mL) at 25 °C 4P h with agitation. After every 24 h, the
extracts were decanted and filteiedvacuothrough Whatman No. 1 filter paper (Whatman,
UK) and the residual solid plant material furthettracted in water (for a total of three
extractions). The filtered extracts were combinedncentrated using a Buchi rotary

evaporator (Germany) with a water bath at 40-42R@€ the residue subsequently freeze dried
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(Labconco (USA) freeze dryer) to remove the renmgjinwater. This provided the water
extract LS-water (yellowish green solid, 2.03 @3®ow/w).

Method 2 (preparation of sequential solvent extrad): Freshly chopped.. suaveolens
leaves were sequentially extracted witthexane, dichloromethane (DCM), ethyl acetate
(EtOAc) and methanol (MeOH). In bridf, suaveolenteaves (1003 g) were extracted with
hexane (3x2 L) at 25 °C with agitation (80 rpm) 2de-1 h. After every 24 h, the extracts were
decanted and filtereth vacuothrough Whatman No. 1 filter paper (Whatman, UKhe
residual solid plant material was then extractedrindentical manner with DCM, followed by
EtOAc and MeOH. The filtered extracts of the santdvent system were combined,
concentrated using a Buchi Rotary evaporator (Gey)neith a water bath at 40-42 °C and
the residues subsequently freeze dried to remogerdabidual water. This afforded tme
hexane, DCM, EtOAc and MeOH extracts LS-Hex (yelloiy 9.42 g, 0.9%w/w), LS-DCM
(dark green solid, 24.08 g, 2.4%6w), LS-EA (dark green solid, 16.51 g, 1.6%w) and LS-
MeOH (blackish green solid, 32.76 g, 3.2¥w), respectively.

Long term storage of all the dried extracts wasedom -20 °C freezer.

3.2.4. Bioassays: methods and materials

3.24.1. Selection of microorganisms for antibacterial stugl
Extracts, fractions and pure compounds isolatesnfla suaveolenswere assayed for
antibacterial activity against a number of pathageGram-positive and Gram-negative
bacteria (Table 3.2.1).

The use of all microbial strains (Table 3.2.1) vegproved by the Macquarie University
Biosafety Committee (Approval References 08/06/LABN180512BHA). All cultures were
kindly provided by Dr John Merlino (Department ofidvbbiology, Concord Hospital,
Sydney). The inoculum sizes (cfu/mL) at optical €ign0.08 { 600 nm) were estimated using
the spread plate colony count (Willey al, 2011) (Table 3.2.1). In this technique 0.1 mL of
bacterial suspension was placed in the centre af plgte. Streaking was performed using a
sterilised bent glass rod back and forth acrosspthte. Streaking was also performed by
turning the plate 90 and 45 degrees. The plateceasred and was placed in an incubator for

incubation. Colonies were counted using a platetsu
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Table 3.2.1: Bacterial strains used in antibadtsgeeening assays.

Organism Strain® Characteristics cfu/mL
(Aseo= 0.08)
Escherichia coli £-) ATCC 2592  plactamase negati- sensitive  2.54 x 1(
to common antibiotics

Escherichia coli +) ATCC 3521f plactamase positi 5.32x 1(
Pseudomonas aeruginc ATCC 2785.  sensitive to common antibiot 6.97 x 1(
Salmonelleser. Typhimuriurr clinical isolatt 8.59 x 1(
Streptococcus pyoget clinical isolatt 3.70 x 1(

Staphylococcus aureus (M ATCC 2921 sensitive to common antibiot 9.62 x 1(

Staphylococcus aureus (Ch  ATCC BAA community acquired methicilli ~ 6.38 x 1(’
1026 resistansS. aureugMRSA)

Staphylococcus aureus (MC wild multidrug resistan 3.76 x 1¢
(MDRSA) clinical isolate

aAmerican Type Culture Collection strain designatidmere applicable’The inoculum sizes (cfu/mL) at optical
density 0.08 X 600 nm) were estimated using the spread platengatount (Willeyet al, 2011). These cell
counts were used for the agar based disc diffusssay and diluted one hundred fold for use in tleeadilution

assays

3.2.4.2.  Disc diffusion assay for antibacterial activity

Dried plant extracts and antibiotics were dissolre@0% DMSO/HO to get a concentration
of 100 mg/mL for extracts and 0.1 mg/mL for a solgaantibiotic [vancomycin (Amresco,
Ohio) for Gram-positive bacteria and gentamycin (Asco, Ohio) for Gram-negative
bacteria]. Filter sterilisation of solutions wasrfpemed by passing through 0.4%m
sterilisation filters (Sartorius Stedim Biotech, t@igen). 20 pL of plant extract or antibiotic
was applied on sterile discs (6 mm) (Whatman, Maitks) resulting in a final concentration
of 2 pg of antibiotic or 2 mg of plant extract pdisc. Negative control discs were also
prepared as above with 20 pL of 20% DMSEIHAII discs were dried for half an hour after

application of the material. All tests were perfedrin duplicate.

Overnight cultures of organisms in Mueller Hintdn(MHII) broth (Bacto Laboratories Pty
Ltd) were swabbed over MHII agar (for all testedteaa excepS. pyogengsor horse blood
agar (only forS. pyogengsdried discs were placed on the agar plates hadlkates were
incubated overnight at 37 °C. Antibacterial acyiwitas evaluated by measuring the diameter

(including 6 mm disc) of the zone of inhibition.
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3.2.4.3.  TLC bioautography
TLC bioautography was conducted based on the médth&hhalison (Rahaliscet al, 1991),
with minor modifications. Normal phase silica gekfaluminium backed TLC plates were
UV sterilised for half an hour. The samples (50-1@f) were spotted on the TLC plates with
appropriate solvent systems in aseptic conditiares biosafety cabinet. 5 pug of antibiotic was
also spotted on the same TLC plate as a positinga@and a solvent spot acted as a negative
control. The chromatograms were dried with a hejedfor complete removal of solvents. All
TLC plates were run in duplicate, one of them beisgd as the reference chromatogram.
Compounds visible under UV light (254 nm) and byagng were detected and recorded on
the reference chromatogram. The duplicate chromaiog were placed on agar plates (12x12
cm) with the silica gel facing upwards. An inoculwh bacteria (methicillin sensitive and
resistant strains db. aureuswas prepared with MHII broth by overnight incubat After
incubation, optical density (OD) of the culture wagasured and was adjusted to 0.08 by
diluting with the molten MHII agar (40-45 °C). Agpimately 20 mL (depending on the size
of the TLC plate) of the inoculum was rapidly distited over the TLC plate (10x10 cm).
After solidification of the medium, the agar platgh TLC plate was incubated overnight at
37 °C. The bioautogram was covered with 1-2 mL amdlic solution (2.5 mg/mL) of MTT
(methyl thiazolyl tetrazolium bromide) (from Sigmddrich) by gently adding the MTT
solution with a sterile micropipette, and then inated for 1 h at 37 °C. Antibacterial activity

was observed as a clear zone, against a purplgtoacid.

3.2.4.4.  MTT microdilution (turbidity and MTT) assay
The microdilution assay was primarily based on thethod outlined by Appendino
(Appendinoet al, 2008) with minor modifications done in our labory (Packer, 2012).
Dried plant extracts were dissolved in 20% DMS&Ho make a concentration of 10 mg/mL
for each extract and 1 mg/mL for a suitable antibiGvancomycin for Gram-positive bacteria
and gentamycin for Gram-negative bacteria). Usinglear, flat-bottom 96-well microtitre
plate (well volume 340 uL), 20 uL of MHII broth wdsspensed into wells 2-11, 40 uL of the
filter sterilised test sample or appropriate awofilsi was dispensed into well 1 and serially
diluted across the plate, omitting well 11 for grewth control. The final volume (20 uL) was
dispensed into well 12, which, being free of bdateserved as the sterile control. 175 pL of
inocula (Asoo = 0.08 diluted 1/100 in MHII broth) were addedwells 1-11. 175 pL of sterile
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medium was added to well 1A DMSO control was also included@he plate was read aisoo
to control for prencubatior turbidity of the sampleand the plates were incubated fo h at

37 °C. After this step, the procedure was diffefenthe turbidity and MTT assa.

a) For turbidity, absorbance of the microtitre plate after 18 lulbation was measured
600 nm using a microplate reader (Spectramax). géreentage oantimicrobial

activity (ICqg) was determined using the following equa:
|nh|b|t|0n (%) :[1 - (Asamp|e‘Ab|ank)/aVerage Aﬂture contd* 100

b) Forthe MTT assay, after the 18 h incubatiopL of a methanolic solution (5 mmL)
of MTT was added to each 1l and the plate was further incubated at 37 °Clfbrto
detect the bacterial grow. A blue colour in the wells meant bacterial growtid
yellow or no colour meant no bacterial growth. Thi@imum inhibitory concentratio
(MIC) values were defined athe lowest concentration of the test samples
inhibited the visible growth of microorganisms gfiwell in decreasing concentrati

with no blue coloul.

Decreasing concentration of test material (serial dilution)

Figure 3.2.1:MTT microdilution assay plate. Ml is shown as the lowe
concentration of the test sample that inhibitedagino(yellow well) of organism.

The absorbance of the working cultures was readgusa U\V-Mini 1240 UV-Vis
Spectrophotometer (Shimadzu). Filter sterilisatmfnsolutions was perfmed by passing

through 0.45um sterilisation filters (Sartorius Stedim Biote@ottingen.
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c) Bactericidal and bacteriostatic effect determinatio

Plant extracts having antibacterial activity ased®ined by the MTT assay were assessed for
their bacteriostatic or bactericidal propertiesdwpculturing onto fresh agar after the assay
(Karamanet al, 2003). 5 pL from wells of interest were takennfrthe MTT test plates and
spotted onto MHII agar plates. Plates were inveatediincubated overnight at 37 °C. Aliquots
taken from yellow (no growth) wells of the MTT agsa&xhibiting microbial growth after
subculture, were considered to result from the tpdaatracts’ bacteriostatic activity. Aliquots
that did not produce colonies were deemed to haen laffected by the plant extract by a
bactericidal mechanism. This assay was generalljoppeed on at least two separate
occasions and an average was taken of the mininaatedcidal concentration (MBC), as the

last well showing no further growth.

3.2.4.5.  Anti-inflammatory and antioxidant assays
3.2.4.5.1 Cytotoxicity assay

Cytotoxicity in RAW264 murine leukemic monocyte maghages (ATCC, Manassas, VA,
USA) was assayed in 96-well plates using the AT@dssay kit (PerkinElmer, Glen Waverly,
Australia). The well known cytotoxic drug, chlorandd (Sigma C0253) (Habtemariam,
1995), was used as a positive control. Cells wevevg in clear 96-well microtitre plates. The
growth medium consisted of colour free Dulbecco'sdified Eagle’s medium containing
10% (v/v) foetal bovine serum (FBS; Interpath, Hdérg, Australia)L-glutamine (2 mM),
sodium pyruvate (1 mM), penicillin (200 U/mL) antreptomycin (200 pg/mL) (all from
Invitrogen, Mulgrave, Australia). Cells were plat@da concentration of 30,000 cells/well (90
puL of cell suspension/well). Test and control coompis were dissolved in DMSO at six
concentrations and further diluted 20-fold in thedwm. These were added to the cell
suspension at 10 pL/well. Initial concentration éxtracts and fractions was 20 mg/mL and
for pure compound was 2.5 mg/mL, leading to coregioins of 100, 33.3, 11.1, 3.7, 1.2 and
0.4 pg/mL for extracts and fractions in the assallsnand 12.5, 4.1, 1.3, 0.46, 0.15 and 0.05
png/mL for the pure compounds. The plate was inadait 37 °C with 5% COfor 24 h.
Following incubation, cell lysates were assayed AGiP as per the kit manufacturer’s
instructions. Briefly, all kit components were ddwated to room temperature. Mammalian
cell lysis solution (50 pL) was added to each wélihe cell culture microplate, the plate was
shaken on an orbital microplate shaker (500 rpmmjry, then substrate solution (50 pL/well)
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was added, and the plate was further shaken (5@05pnin). The plate was dark adapted for
10 min, and luminescence measured on a Wallac Mis@obeta luminescence counter
(Wallac, Turku, Finland). Half-maximum inhibitory oocentration (IG) values were

calculated using GraphPad prism version 4 (La J&&, USA). Samples were assayed in

triplicate.

3.2.4.5.2Nitric oxide inhibitory assay

RAW264 cells were cultivated as described for timtoxicity assay. Cell suspension (120
uL/well, 1€ cells/mL) was added to the wells of a 96 well miitre plate and incubated for
20 h (37 °C, 5% C¢), after which test compounds (dissolved in DMS@ &rther diluted
20-fold in the medium) were added to the cell sosfa at 10 pL/well. Extracts were tested
from 0.294 pug/mL to 71.4 pg/mL and pure compoundseviested from 0.04 pg/mL to 8.93
pg/mL. Following incubation for 1 h, lipopolysacclige (LPS) solution (10 upL/well, 10
png/mL) was added and the plate incubated for &dur20 h. Following this incubation, the
plate was centrifuged (1500 g, 3 min), and 90 pthefsupernatant was transferred to a clear
flat bottom assay plate (ParkinElmer, Glen Waverl&C, Australia) and assayed
immediately for nitrite. Nitrite standards (0-108Mpwere prepared in the medium. Then 90
puL of each standard and cell supernatant werefegaed to a flat-bottom 96-well microtitre
plate (well volume 340 pL) (Greiner Bio-One, Friokausen, Germany) and 90 pL of Griess
reagent (0.1%N-1-naphthylethylenediamine dihydrochloride, 1% anific acid in 5%
phosphoric acid) was added to each well, followgdnicubation at 23 °C for 20 min on an
orbital shaker. Following incubation, the absoran@s read at 550 nm in a Wallac Victor 2
plate reader (Wallac, Turku, Finland). In this gssédexamethasone was used as a positive

control.

Standard curves were plotted for nitrite standarts R values determined to verify linearity.
Mean and standard deviations were calculated fdrceges. The nitric oxide (as measured by
nitrite) production in the sample wells was caltedaas a percentage of that produced in

solvent control wells.

3.2.4.5.3TNF-a Assay

RAW?264 cells were prepared as described in thetayitmty assay (Section 3.2.4.5.1). Cells

were incubated overnight to allow adherence be$armaples were added. All samples were
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tested at sub-cytotoxic levels in the presenceasgnce of LPS. Solvent control wells were
also included. Following 1 h pre-incubation withmgdes, LPS was added to the wells, and
cells were further incubated for approximately 2B °C, 5% C@. Following incubation,

the plate was centrifuged at 1500 g for 3 min. $ugants were collected and frozen (-80 °C)

until measurement of TNE-concentration at a later time.

TNF-o was quantified using a Quantikine Mouse T&lklmmunoassay kit (R&D Systems,
Minneapolis, MN, USA) according to the manufactigénstructions. Briefly 50 puL of assay
diluent was added to all wells on the immunoasdajepA TNFea standard curve with a
range of 0-1500 pg/mL was prepared in calibratbredits provided in the kit. Samples were
diluted prior to the addition to the immunoassagt@l Samples tested in the absence of LPS
were diluted 1/10 in calibrator diluents (10 pL sden+ 90 pL calibrator diluents). Samples
tested in the presence of LPS were diluted 1/1000(ih calibrator diluents, 1/10 in media).
50 pL of diluted samples, standards and kit contrerle added in triplicate to the assay plate.
100 pL/well of mouse TNIe- conjugate solution was added to the plate, foltbveg 2 h
incubation. After washing the plate with the waspervided in the kit, 100 pL of substrate
solution/well was added to the plate followed blg Excubation. After washing the plate, 100
pL/well stop solution was added followed by 30 rmoubation in the dark. Absorbance was
read at 450 nm on a Wallac Victor 2 multilabel ceur{Wallac, Turku, Finland). Absorbance
at 550 nm was also read and Afgsubtracted from Ahsgyto correct for optical imperfections
in the plate. A TNFe standard curve was constructed and the BNffeduction in sample

wells was calculated as a percentage of the primdtuict solvent control wells.

3.2.4.5.4PGE, Assay

3T3 Swiss albino mouse embryonic fibroblast ce$¢C, Manassas, VA, USA) were used
for the PGE inhibitory activity assay. Cells were grown at%®7in the presence of 5% G@
Dulbecco’s modified Eagle medium containing 10% FES6 newborn calf serumi,-
glutamine (2 mM), sodium pyruvate (1 mM), peniall(50 U/mL) and streptomycin (50
png/mL). Cells were seeded into 96-well cell cultypkates (Interpath, Heidelberg, VIC,
Australia) at a concentration of 27*16ells/well in the medium as for the maintenance
medium without phenol red. Cells were allowed touimate overnight. Test samples dissolved
in DMSO were added to the cells and incubated fara® 37 °C in the presence of 5% £0O
The DMSO concentration was 0.5% in all wells. Qaiciionophore A23187 (0.5 mM, 10
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puL/well) (Sigma-Aldrich, St Louis, MO, USA) was aeldl to the wells to stimulate PGE
production and the cells were incubated for a frtt6 min. Culture plates were centrifuged
(1500 g, 3 min), and the supernatant was sepagatddstored at -80 °C until assayed for
PGE. Cayman chemical prostaglandin ionoclonal EIA kit (Cayman chemical company,
Ann Arbor, MI, USA) was used according to the mautdirer's protocol for the
determination of PGE The cell culture supernatant was diluted 81-folthe kit assay buffer
before determination of PGEontent. A standard curve was plotted, and theecwas fitted

to a four-parameter logistic equation using Grapbd-FPrism software. The percentage of
inhibition of PGE production by each sample (assayed in triplicats calculated relative to
the DMSO control.

3.2.4.5.5 Sdlectivity | ndex

The index was calculated as the ratio of the camagon that reduces cell viability to 50%
divided by the IGo value for inhibition of NO, TNFe or PGE synthesis (Cogt al, 2001,
Jabitet al, 2009).

3.2.4.5.6 ORAC assay

This assay was carried out in black-well fluoreseeassay plates (Interpath, Heidelberg, VIC,
Australia). All samples were diluted by combining gL of samples in DMSO (20 mg/mL)
with 960 pL of phosphate buffer (75 mM, pH 7.4)diwe a concentration of 0.8 mg/mL.
Further 2-fold serial dilutions were performed & MM phosphate buffer/2% DMSO to give
a range of eight sample concentrations. Based mplsaconcentrations that gave area under
the curve (AUC) values within the range of the dro(Fluka) standard curve (12.5-100 pM),

two or three concentrations were repeated in swigsg@ssays.

Fluorescein (Sigma-Aldrich) solution (10 pL, 5 puM)Q pL of sample, Trolox standard,
epicatechin, or solvent control solution, and AARH2'-azobis-2-methylpropanimidamide
dihydrochloride) solution (170 pL, 20 mM) were addeto each well. Immediately after
addition of the AAPH solution the assay plates wdeeed in a Wallac Victor 2 plate reader
(Wallac, Turku, Finland) and the fluorescence weaorded at 37 °C every minute for 35 min.
The fluorescence readings were referenced to sohlank wells. Final ORAC values were
determined using a regression equation for Trolomcentration versus net area under the

fluorescein decay curve. Antioxidant activity waased on the mean value for two sample
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concentrations and expressed in micromoles of Xrelguivalents per gram of sample. All
assays were performed in quadruplicate. Epicate(higma-Aldrich, St Louis, MO, USA)

was used as a positive control in this assay.

3.2.5. Preliminary phytochemical screening

Crude extracts (LS-Hex and LS-DCM) bf suaveolenseaves were tested on TLC plates for
the preliminary detection of terpenoids, steroidasaturation and alkaloids. An iodine
chamber, and vanillin-sulphuric acid, Dragendorfésisaldehyde and permanganate spray
reagents were used to detect steroids, alkal@dsenoids and unsaturated compounds. TLC

chromatograms were developed on normal phase pilites in different solvent systems.

3.2.5.1. Preparation of staining agents for TLC plates
Vanillin-sulfuric acid (Johnssonet al, 2007): Vanillin-sulfuric acid is a universal spray
reagent that can detect a wide range of compouhags prepared by mixing 6 g vanillin
(Sigma-Aldrich) with 2.5 mL HSO, in 250 mL ethanol. After spraying the plate widmilin-
sulfuric acid, plates were heated at 100 °C for . Many terpenes give a red or blue

colour and steroids stain pink or purple (Gibb&tx)5).

Permanganate: Permanganate spray reagent was prepared by miging K¥CO; with 6 g
KMnO4 in 600 mL of water, followed by addition of 5 mlf @0% NaOH. Permanganate
solution is useful for detection of unsaturated poonds, which appear as brown spots on a

pink background (Munavalli and Pannella, 1988).

Anisaldehyde (Simpson, 2011)Anisaldehyde reagent was composed of 95 mL ethal
mL acetic acid, 2.5 mL sulphuric acid and 0.5 misaldehyde. Terpenoids appear as purple

coloured spots with anisaldehyde reagent.

Dragendorff’s reagent (Appendinoet al, 2008, Gibbons, 2004): Dragendorff’'s reagent is a
traditional method for alkaloid detection. It isepared by adding 10 mL of a 40% aqueous
solution of KI to 10 mL of a solution of 0.85 g histh subnitrate in acetic acid (10 mL) and
distilled water (50 mL). The resulting solution wdituted with acetic acid and water in the

ratio 1:2:10. Alkaloids appear as dark orange drsots with Dragendorff's reagent.

lodine chamber: An iodine vapor chamber was made by adding a nextdiriodine crystals

powdered with dry silica gel in a sealed glass a@imetr. After developing the TLC plate,
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solvents were evaporated and the plate was insttethe chamber. Compounds with double

or triple bonds appear as brown spots on the Tla@pl

3.2.6. GC-MS analysis

Analytical gas chromatography (GC) was carried a@m a Shimadzu GC17A gas
chromatograph with a BP-5 column (a silicone statry phase in which 5% of the silicon
atoms have a phenyl group attached and other 98%nathyl group) (30 mx0.25 mmx25
pm) that was programmed from 35-250 °C at 3 °Chwith helium as the carrier gas. The
injector and detector were both programmed at Z203TC integrations were performed on a
SMAD electronic integrator. GC-MS was carried out @ Shimadzu GCMS-QP5000 mass
spectrometer operating at 70 eV ionisation enegpme analyses were also carried out by
GC-MS on a BP-20 column (carbowax column, statipnainase is polyethylene glycol,
molecular weight 20,000) (60 mx0.25 mmx0.25 pmyppammed from 50-220 °C at 3 °C/min
with helium as the carrier gas. Mass spectra wagerded in electron impact (El) mode at 70
eV, scanning the 41-45én/z range. Compounds were identified by their matchi®dg
retention times and retention indices relative-mkanes (Hnawi&t al, 2012) by comparison
of their mass spectra with either known compoundgublished spectra (Adams, 2007,
Joulain and Konig, 1998, Stenhagsral, 1974, Swigar and Silverstein, 1981).

3.2.7. Chemical study methods and materials

3.2.7.1.  Isolation of bioactive compounds from LS-DCM extrat

3.2.7.1.1Small scale fractionation of LS-DCM extract

The DCM extract (2.6 g) ol. suaveolensLS-DCM, was subjected to size exclusion
chromatography (SEC) with a Sephadex LH-20 colud®0 (g, 45%3.5 cm), eluting with
MeOH. This yielded eight major fractions on theibad their normal phase TLC profiles;
LSS-1 (10 mg, yellow solid), LSS-2 (13 mg, yellowlid), LSS-3 (782 mg, greenish yellow
solid), LSS-4 (135 mg, green solid), LSS-5 (286 gmgen solid), LSS-6 (116.8 mg, blackish
green solid), LSS-7 (115 mg, yellowish green scéiddl LSS-8 (96 mg, green solid), in order
of elution from the column. TLC bioautography (n@ainphase TLC platey-hexane:EtOAc,
2:1) against antibiotic sensitive and resistanttdrée (MS, MRSA and MDRSA) identified
bioactive compounds in the LSS-4 and LSS-5 frastion
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LSS-4 was subjected to normal phase preparative Ihyier chromatography (PTLCh-(
hexane:EtOAc, 3:1). Compounds were UV inactive wede visualised by spraying on one
vertical edge of the plate with anisaldehyde speggent. Compound LS-29 (20 mg) was
isolated as a white solid with minor impurities.rther purification by recrystallisation with
MeOH affordedLS-29 (10 mg)as white needle-like crystals (R 0.28 inn-hexane:EtOAc,

3:1, normal phase).

Purification of LSS-5 (200 mg) was performed usimogmal phase silica gel (141 g) column
chromatography. The column was eluted using a gradifn-hexane:EtOAc (100:0 to 0:100)
and finally with EtOAc:MeOH (100:0 to 0:100). Frewts were combined to afford 4 major
fractions on the basis of their TLC profiles-ffexane:EtOAc, 1:1, normal phase); LSS-5-I
(12.5 mg, light yellow, solid), LSS-5-1I (11.1 mgteen solid), LSS-5-111 (55 mg, gray solid)
and LSS-5-1V (8.7 mg, yellow solid), in order otigbn from the column. Bioactive fraction
LSS-5-1II (55 mg) showed a single spot on the TU&te (R = 0.5, n-hexane:EtOAc, 2:1,
normal phase) that was visualised by UV light (2i54) and stained blue with anisaldehyde
spray reagent (indicating terpenoids), with addiompurities. Further normal phase PTLC,
eluting with n-hexane and EtOAc (1:1), yielded a mixture LSS#B-lIwith Rt 0.4 {-
hexane:EtOAc, 2:1, normal phase) (~3.0 mg, whitevdey) that stained blue with

anisaldehyde reagent. This mixture was not funpleified.

3.2.7.1.2 arge scale fractionation of LS-DCM extract

LS-DCM (8 g) was dissolved in DCM (7 mL) and therxed with silica gel (6-8 g) and
evaporated to dryness by rotary evaporation atC4® ‘make a free flowing sample. The solid
mixture was then applied to the top of a normalsghsilica column (270 g) (with initial
solventn-hexane). The column was eluted using a gradient-leéxane:EtOAc (100:0 to
0:100) and finally with EtOAc:MeOH (100:0 to 0:10@ccording to TLC profiles, similar R
fractions were combined to afford 12 major subifoas; LSL-1 (12 mg, pale yellow solid),
LSL-2 (353 mg, yellow solid), LSL-3 (212 mg, gresmiyellow solid), LSL-4 (160 mg, light
green solid), LSL-5 (120 mg, green solid), LSL-6 ¢hg, green solid), LSL-7 (210 mg, green
jelly), LSL-8 (369 mg, green solid), LSL-9 (50 migackish green solid), LSL-10 (768 mg,
green solid), LSL-11 (674 mg, brown solid), LSL-{2234 mg, brown solid), in order of
elution. Among these 12 sub-fractions, six fractighSL-4, LSL-5, LSL-7, LSL-10, LSL-11
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and LSL-12) were selected for further purificatiaccording to the bioactivity results of the

TLC bioautography and MTT microdilution assays.

LSL-11 (360 mg), which was one of the most actiagbacterial fractions, was subjected to
column chromatography using Sephadex LH-20 (961d)MeOH as the eluting solvent. This
yielded five sub-fractions according to their TLCGofiles (h-hexane:EtOAc, 1:1, normal
phase); LSL-11-I (~10 mg, pale yellow solid), LSL-I1 (40 mg, pale yellow solid), LSL-11-
[l (~30 mg, brown solid), LSL-11-1V (10 mg, greshiyellow) and LSL-11-V (10 mg, brown
solid), in order of elution. While concentrating IL-31-11 using rotary evaporation, a white
solid was deposited on the bottom of the rounddpotflask. This was separated from the
liquid by decanting the liquid and washing withraadl amount of MeOH (1 mL). This white
solid (~10 mg collected) was checked by TLC biogtaphy, but it was inactive against
bacteria. The remaining liquid portion was furtleeaporated to give a brownish white solid
(~25 mg), LSL-11-1l, which was active by TLC bioagtaphy. Further separation using
normal phase PTLCnf(hexane:EtOAc, 2:1) yielded a compound mixture L3EHA (R; =
0.45 inn-hexane:EtOAc, 2:1, normal phase) as a white galisl mg). LSL-11-11A was found
to be inactive by TLC bioautography. Other actikections of LSL-11 (LSL-11-1V and LSL-

11-V) were not further purified.

LSL-12 (700 mg) was subjected to column chromatoigyausing Sephadex LH-20 (96 @),
eluting with MeOH. This yielded four sub-fractiorecording to their TLC profilesn{
hexane:EtOAc, 1:1, normal phase); LSL-12-1 (101 grgenish yellow solid), LSL-12-11 (50
mg, pale white solid), LSL-12-Ill (150 mg, brownlisp and LSL-12-1V (100 mg, brown
solid) in order of elution. LSL-12-Il was active @y C bioautography and showed a single
spot on TLC g-hexane:EtOAc, 1:1, normal phase) visualised by @%6 nm), with minor
impurities. The spot also appeared blue with adedatde reagent. Further normal phase
PTLC with n-hexane:EtOAc (1:1) yielded a mixture, LSL-12-IAR;(= 0.6 in n-
hexane:EtOAc, 1:1, normal phase) as a white sdli8 (ng), which was active by TLC

bioautography against methicillin sensitive andstastS. aureus

Repeated column chromatography of LSL-5 using Sagshd H-20 (90 g) with MeOH
yielded LS-22 as yellow crystals (5 mg) with mimmpurities. LS-22 was further purified by
recrystallisation using MeOH and DCM to afford well crystals of compoundS-22 (3 mg,
R; = 0.5,n-hexane:EtOAc, 1:1, normal phase).
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Washing the jelly like material of LSL-7 (210 mg)jtivn-hexane (6x5 mL) yielded a white
solid (170 mg). Repeated recrystallisation of thetevsolid (170 mg) with MeOH (4 times)
afforded LS-29 (115 mg) as white needle-like crystals (R 0.28, n-hexane:EtOAc, 3:1,

normal phase).

3.2.7.2.  lIsolation of bioactive compounds from LS-Hex extrat
LS-Hex (3.3 g) was dissolved in petroleum ether. @p60 °C) (5 mL) and applied to the top
of a normal phase silica column (260 g) prepareith wetroleum ether. After application of
the sample and elution with petroleum ether (50,ralyellowish waxy solid was deposited on
the top of the column. The waxy solid, LS-Hex-A,snseraped out from the column and dried
under high vacuum to give 400 mg of a pale yelloaxysolid. The waxy material was
initially washed with petroleum ether (6x5 mL) thescrystallised with MeOH (3 times) to

yield LS-22 (15 mg) as a yellow crystalline solid.

The fraction remaining adsorbed on the silica calumas collected by eluting with-hexane
and DCM (1:1). Evaporation of the solvents usinigunp evaporation at 40 °C and subsequent
removal of the remaining solvent under high vacuaffprded LS-Hex-B (2.3 g). Further
normal phase silica gel column chromatography (@p@f LS-Hex-B (2.3 g) starting with
petroleum ether:DCM (100:0 to 0:100) and finallyttwiEtOAc:MeOH (0:100 to 100:0)
yielded 6 major sub-fractions according to the TiuGfiles to give Hex-1 (15 mg, orange oil,
R = 0.8-0.9, petroleum ether:DCM, 3:1, normal phabtx-2 (30 mg, light yellow oil, R=
0.7-0.9, petroleum ether:DCM, 3:1, normal phase&x-d (50 mg, yellow solid, R= 0.3-0.6,
petroleum ether:DCM, 3:1, normal phase), Hex-4 (frif) greenish yellow solid, R 0.2-
0.4, petroleum ether:DCM, 3:1, normal phase), H€X5D mg, dark green solid; R 0.2-0.7,
petroleum ether:DCM, 2:1, normal phase) and He#& (mg, blackish green solid R 0.2-
0.8, petroleum ether:DCM, 3:1, normal phase). Qidx-3, Hex-4 and Hex-5 were active by
TLC bioautography. Further washing of Hex-5 (140) wgh n-hexane (3x5 mL) afforded a
light green-yellow solid and recrystallisation aftard with MeOH (3 times) afforded yellow
crystals ofLS-22 (31.0 mg, R= 0.5, hexane:EtOAc, 1:1, normal phase). NormakphPTLC
(petroleum ether:DCM, 2:1) of Hex-3 yielded an impuioactive compound mixture, LS-
Hex-15 (2 mg, yellow oil, R= 0.6, petroleum ether:DCM, 3:1, normal phase) skeined blue

with anisaldehyde reagent.
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4’,7-Dimethoxy-6,8-dimethyl-5-hydroxyflavone (LS-22):Yellow crystals; mp 184-186 °C
(lit. 184-185 °C) (Courtneyet al, 1983). HRESIMS:m/z 326.1154 for GyH;150s5 (calcd.
326.1154). IR (neatymax (cm™): 3077, 2918, 2838, 1650, 1634, 1607, 1471, 144P5,
1317, 1254, 1214, 1122, 1030, 892, 828 NMR (600 MHz, CDCJ): § 12.85 (1H, s, 5-OH),
7.86 (2H, dJ = 8.8 Hz, H-2, 6"), 7.02 (2H, dJ = 8.8 Hz, 3, 5), 6.60 (1H, s, H-3), 3.87 (3H,
s, 4-OCHs), 3.77 (3H, s, 7-OCh), 2.37 (3H, 8-CH), 2.19 (3H, s, 6-Chk). °C NMR (150
MHz, CDCk): 6 183.5 (C-4), 164.1 (C-2), 162.8 (C-9), 162.8 ((;,-457.5 (C-5), 153.1 (C-7),
128.2 (C-2, 6"), 124.1 (C-1), 114.8 (C-3,5), 114.2 (C-6), 109.0 (C-8), 107.5 (C-10), 104.3
(C-3), 60.6 (C-7-OCHh), 55.8 (C-4-OCHg), 8.8 (C-8-CH), 8.5 (C-6-CH).

Betulinic acid (LS-29): White crystals, mp 283-285 °C (lit. 282-285 °C) (&t al, 2003).
[a]p?*° +5° (0.05 g/100 mL, 10% GJDH in CHCE) (lit. [o]p +4° (CHCE) (Koudouet al,
1994). IR (neatymax (cmY): 3440, 2868, 1682, 1447. HRESIM®z 455.3526 for GoH4703
(calcd. m/z 455.3525). ESI MS (-n/z455 [M-H]. *H NMR (600 MHz, DMSOek): & 4.68
(1H, d,J = 2.4 Hz, H-29b), 4.55 (1H, d, = 2.4 Hz, H-29a), 4.25 (1H, d, = 5.2 Hz, H-3-
OH), 2.21 (1H, dddJ = 3.6, 12.7, 12.7 Hz, H-13P.93 (1H, m, H-19), 2.96 (1H, m, H-3),
1.64 (3H, s, H-30), 0.92 (3H, s, H-27), 0.867 (3HH-26), 0.864 (3H, s, H-24), 0.76 (3H, s,
H-25), 0.64 (3H, s, H-23)3C NMR (150 MHz, DMSOdg): & 177.3 (C-28), 150.2 (C-20),
109.7 (C-29), 76.8 (C-3), 55.3 (C-17), 54.9 (C49,8 (C-9), 48.4 (C-18), 46.5 (C-19), 42.0
(C-14), 40.1 (C-8), 38.5 (C-4), 38.1 (C-1), 37.618), 36.6 (C-10), 36.2 (C-22), 33.9 (C-7),
31.7 (C-16), 30.1 (C-21), 29.2 (C-15), 28.1 (C-ZH),2 (C-2), 25.1 (C-12), 20.3 (C-11), 18.8
(C-30), 17.9 (C-6), 15.8 (C-25), 15.7 (C-23), 18624), 14.4 (C-27).

3.3. Results and discussion

3.3.1.  Preliminary screening and extraction ofLophostemon suaveolens
leaves

As described earlier (Chapter 2), 80% aqueous eth@tOH) and water (kD) extracts
(room temperature) of the leaves lof suaveolengollected from northern NSW by Packer
(Packer, 2012) exhibited good antibacterial agtiegainst a methicillin sensitive strain of
Staphylococcus aureusnd moderate activity againBt aeruginosa For this study, fresh
leaves ofL. suaveolensvere also collected from northern NSW. To enshey thad relevant
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antibacterial activity, a water extract (LS-watef}he leaves (100 g) was made (method 1) in
an analogous manner to the water extract of th&dPatudy (LS-water JP) and screened for
antibacterial activity using the disc diffusion adTT microdilution assays against
methicillin sensitive and resistant strainsSiaphylococcus aureus, Streptococcus pyogenes
and E.coli. The disc diffusion assay was performed along wlitat of the water extracts
(which had been stored for one year at °8) from Packer’s studies. LS-water JP and LS-
water were found to have identical assay resulthéydisc diffusion assay, with both samples
giving 10 mm diameter zones of inhibition (at 2 tig¢) againssS. aureugFigure 3.3.1).
However, some differences were noted in the astw/iof LS-water JP and LS-water in the
MTT microdilution assay. In this assay, LS-watershi®wed better activity (g 188 pg/mL)

in Packers study (Packer, 2012) than LS-watepo(DO0 pg/mL) againstaphylococcus
aureusand LS-water showed modest activity agai@septococcus pyogenegereas LS-
water JP did not show activity agairtreptococcus pyogenébable 3.3.1). However, LS-
water showed similar antibacterial activities tattfound previously by Packer against MRSA
and MDRSA (Packer, 2012) (Table 3.3.1).

—— Antibiotic

LS-water
LS-water

A o o

Figure 3.3.1: Comparison of two water extracts (t&8er JP and LS-water, 2
mg/disc) by disc diffusion method agai&taureusVancomycin (2 pg/disc) was
used as a positive control.
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Table 3.3.1: Comparison of antimicrobial activifywater extracts among different
collection batches.

Water extracts IC g0 (Mg/mL)
o Staphylococcus. | MRSA | MDRSA Streptococcus E. coli (8+)
L. suaveolens aureus pyogenes & ()
LS-water JI 18¢ 100C 100( ne ne
LS-Watel 100(¢ 100(¢ 100(¢ 100(¢ ne

LS-water JP represents water extract of leaves of Packerlection batch (Packer, 2012) and LS-water
represents water extract of leaves of the authwlkection batch. MIC was determined as the welhwhe
lowest concentration of sample that displayed nloweblue colour change of MTT and also by turbyjdit
(absorbance). Two repeats were performed; valles\arage of observed results. na: Not active agtested
bacteria.

Following the finding of antimicrobial activity ithe water extract of fresh leaves lof
suaveolensa large scale extraction (1003 g) was conductedssist fractionation and
bioassay guided isolation of bioactive compoundssli leaves of. suaveolengvere ground
and sequentially extracted withthexane, DCM, EtOAc and MeOH (Houghton and Raman,
1998) to afford four different extracts (LS-Hex,-D&M, LS-EA and LS-MeOH). Table 3.3.2
summarises the yields and characteristics of teesacts, along with the water extract LS-

water.

Table 3.3.2: Yieldsw/w %), appearances and TLG\Rlues of extracts df.

suaveolens
Extracts Percent Physical appearanc Rs
yield (w/w) (normal phase TLC)
LS-watel 2.0% Yellowish greer 0.1-0.2
powder (n-hexane:EtOAc, 1:1)
LS-Hex 0.9% Yellow oily gurr 0.2-0.¢
(n-hexane:EtOAc, 1:1)
LS-DCM 2.4% Dark greersolid 0.2-0.€
(n-hexane:EtOAc, 1:1)
LS-EA 1.6% Dark green soli 0.1-0.3, 0.:-0.€
(n-hexane:EtOAc, 1:1)
LS-MeOH 3.2% Blackish green sol 0.1-0.2
(n-hexane:EtOAc, 1:1)
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3.3.2.  Antibacterial screening of extracts ofL ophostemon suaveolens

3.3.2.1.  Disc diffusion assay

The extracts from the sequential solvent extrac{ib8-Hex, LS-DCM, LS-EA and LS-
MeOH) and LS-water (2 mg/disc) were tested forkaatierial activity using the disc diffusion
assay. A range of Gram-positive and Gram-negata&eia including antibiotic sensitive
strains . aureus S. pyogenes, S. typhimurium, P. aeruginasa E. coli (# lactamase
negative) and also antibiotic resistant strains AR MDRSA andE. coli (§ lactamase
positive)] (Table 3.3.3) were used in this assayesk bacteria used in the present study are
representative of pathogens important in humarciities. The diameter of zone of inhibition
was measured in millimetres (mm) including the 6 whiaameter of the disc. Comparing the
published literature of disc diffusion assay, estisa(2 mg/disc) were considered as having
‘good’ (>16 mm), ‘moderate’ (10-15 mm) or ‘low’ (81Imm) levels of antimicrobial activity
(Kirmizigul et al, 1996, Rabe and van Staden, 1997, ¢fral, 1999). The highest activity
against the Gram-positive organisms was demondtiayelL S-DCM, followed by LS-Hex,
LS-EA and the LS-water extracts. The LS-MeOH esttraas inactive against all the tested

Gram-positive and Gram-negative organisms (Tal#e33.
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Table 3.3.3: Antibacterial activity &f. suaveolengxtracts by disc diffusion assay.

Extracts Diameter of zone of inhibitior (mm)
(2.5 mg/disc) S. aureus | MRSA MDRSA S. pyogenes | S. typhimurium, P.
aeruginosa, E. coli
(B+) & (B-)
LS-Hex 15 17 16 13 na
LS-DCM 17 17 17 11 na
LS-EA 13 14 13 ne na
LS-MeOH ne ne ne ne na
LS-watel 10 10 10.t ne ne
Vancomycir (2 u¢) 12 12.t 11k 16 ne
Gentamycin (2 ¢ 17,12, 15, 17

*Two repeats were performed on at least two separassiots. Zone of inhibition was determined by dianet
of complete inhibition, including 6 mm disc diametéalues are average of two results. na: not aciyainst the
tested bacteridValues are diameters of zone of inhibition agafhstyphimuriumP. aeruginosa, E. co[p+) &
(B-), respectively.

3.3.2.2.  MTT microdilution assay

Antibacterial activities of LS-Hex, LS-DCM, LS-EAnd LS-MeOH extracts were also
evaluated by the MTT microdilution method (Apperalet al, 2008, Cherigeet al, 2009).
As described previously (Chapter 2), this assays uke tetrazolium salt (MTT), which is
converted from yellow to the blue formazan by metalally active bacteria (Martiret al,
2005). According to Rios and Recio (Rios and Re2@)5) and Gibbons (Gibbons, 2004),
crude plant extracts having MIC values below 10@0mL are considered worthy of further
investigation. In the present study, a plant extveith an I1G, of <50 pg/mL was considered
as having good (***) antimicrobial activity, thoséth ICyo of 50-125 pg/mL were considered
as having moderate (**) antimicrobial activity atitbse with 1Gy of 126-1000 pg/mL were

considered as having low (*) levels of antimicrdlaietivity.

In the MTT microdilution assay, LS-Hex and LS-DCMtracts showed significant
antimicrobial activity against all tested sensiti@ed resistant strains &. aureusand S.
pyogenes(ICyo <125 pg/mL) (Table 3.3.4) (Figure 3.3.2). Althoud!S-EA showed

antibacterial activity (13 mm) in the disc diffusi@ssay at a concentration of 2 mg/disc, it
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showed no activity at a concentration of 1000 pgimthe MTT microdilution assay. It was
observed on the TLC plate that there was some ayvel components in both the LS-DCM
and LS-EA extracts (Table 3.3.2). Therefore, somadtive components of LS-DCM are also
likely to be present in the LS-EA extract and mawtdbute to its antibacterial activity in the
disc diffusion assay. LS-MeOH did not show any\afstiin the disc diffusion or MTT
microdilution assays. The active extracts (LS-He%;DCM, LS-EA and LS-water) were also
tested for their bactericidal (killing of bacteriay) bacteriostatic (prevention of multiplication
of bacteria without killing them) effects (Hnawe al, 2012, Vagelos, 1991). LS-Hex, LS-
DCM and LS-water were found to have bactericidéaé on the tested bacterfa. @ureus
MRSA, MDRSA andS. pyogengs(Table 3.3.4). It was also revealed from thisdgtthat
promising antibacterial activity was observed isslgolar extracts (LS-Hex and LS-DCM),
whereas the more polar extracts (LS-EA and LS-Me€idwed less or no activity in the disc
diffusion or MTT assays. The separately preparedva&r extract also showed less activity
than the less polar extracts (LS-Hex and LS-DCMj(€ 3.3.4) (Figure 3.3.2). Accordingly,
LS-Hex and LS-DCM extracts of. suaveolensvere selected for further chemical and
antibacterial bioassay guided investigations.
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Table 3.3.4 Antibacterial activityof extracts oL. suaveolenby the MTT microdilutior
assay and bacteriostatic or bactericidal ef.

Extracts of MIC and IC g, values (ug/mb
L ophostemon
suaveolens | S-aureus MRSA MDRSA S. pyogenes | S. typhimurium,
P. aeruginosa, E.
coli (f+) & (B-)
LS-Hex 31.28* (C) | 31.28** (C) | 31.28** (C) | 15.62*** (C) ne
LS-DCM 1.¢** (C) 1.¢** (C) 1.6 (C) | 62.2** (C) ne
LS-EA ne ne ne ne ne
LS-MeOH ne ne ne ne ne
LS-Watel 100¢* (C) 100¢* (C) 100¢* (C) 100¢* (C) ne
Vancomycir 1.25%* 1.25%** 1.25%* 0.31%** ne
(©) (©) (©) (©)

***|C 99 <50 pg/mL, **ICyo 5C-125 pg/mL, *1Ge 126-1000 pg/mLC: bactericidal effect on the microorganisi
MIC was determined as the well with the lowest @mration of sample thdisplayed no yello-blue colour
change of MTTand also byturbidity (absorbance)Two repeats were performed on at least two ste
occasions; values are average of observed r. na: not active against the testetteria at 1000 umL.

LS-Hex
L5-Hex

Ls-DCM
Ls-ocmi'-"g- SRR s T

LS—\.'.rater_‘fl'\_q". "

Figure 3.3.2 MTT microdilution assay plate oL. suaveolensextracts against
MDRSA. First well sample concentratic for LS-Hex, LS-DCM, LS-water,
vancomycin and DMSO control were 500, 500, 1000p.@/mL and 2% DMSO/HO,
respectively. MIC was determinas the well with the lowest concentration of san
thatdisplayed no yello-blue colour change of MTT.
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3.3.3. Phytochemical screening

The antibacterial extracts LS-Hex and LS-DCM warbjeacted to preliminary phytochemical
screening using specific tests on TLC plates to aetinitial idea about the types of
compounds present. Preliminary screening is ofedpftl in selecting methods for isolation
of targeted compounds. The staining agents used: wanillin-sulfuric acid, anisaldehyde,
permanganate, iodine and Dragendorff's reagentilifasulfuric acid is an universal spray
reagent that can detect steroids (pink or violet)spnd terpenes (blue or red coloured spot)
(Gibbons, 2005). Anisaldehyde reagent is usefuld&tecting terpenoids (blue or green spot)
(Wagner, 1996), while permanganate and iodine asfulifor detecting monoterpenes and
other unsaturated compounds (Davies and JohnsOi).2Dragendorff's reagent is useful for

detecting the presence of alkaloids (dark orangedcspot) (Gibbons, 2005).

Figure 3.3.3 shows the distinctive staining seeth &nisaldehyde reagent, with blue-green
colouration suggesting the presence of terpenayispink, blue and green spots observed
with vanillin stain suggesting the presence of éegs and steroids (b); and yellow-brown
spots on a pink plate when sprayed with permangagsttin indicating the presence of
monoterpenes and unsaturated compounds (c). Batacex (LS-Hex and LS-DCM) did not
show any orange or red spots upon spraying witlg&@rdorff's reagent (Table 3.3.5). These
results indicate the presence of terpenes, tergensieroids and unsaturated compounds and
absence of alkaloids in the LS-Hex and LS-DCM estgafL. suaveolens

Table 3.3.5: Preliminary phytochemical study of H8x and LS-DCM extracts df.
suaveolens

Bioactive extracts | Terpenoids | Steroids Alkaloids | Unsaturated
of L. suaveolens compounds
LS-Hex v v X v

LS-DCM v v X v
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(a) Anisaldehyde reagent; (b) Vanillin-sulfuric acid | (c) Permanganate spray,
hexane:EtOAc (2:1), normal phase | stain,n-hexane:EtOAc hexane:EtOAc (2:1),
TLC, LS-Hex (left), LS-DCM (right). | (2:1), normal phase TLC, | normal phase TLC, LS-
LS-Hex (left), LS-DCM Hex (left), LS-DCM

(right). (right).

Figure 3.3.3: TLC Chromatograms of LS-Hex and LSND&xtracts after spraying
with spray reagents.

3.3.4. GC-MS analysis of LS-Hex extract ofLophostemon suaveolens

Following the promising antibacterial activity, th&-Hex extract was selected for further
investigation to identify the components resporesibk its bioactivity. TLC of the yellow oil

of the LS-Hex extract upon spraying with permangarsain (which is useful in detecting
monoterpenes e.g. limonene, carvone) (Davies amhsdm, 2007) showed most of the
components as yellow-brown spots against a purglekdround, indicating the possible

presence of monoterpenes.

A GC-MS study on the volatile oil composition hagported the presence of a number of
monoterpenes in the leaves of all four speciehefliophostemon genuk.(suaveolens, L.
confertus L. grandiflorusand L. lactifluug (Brophy et al, 2000). Therefore, the LS-Hex
extract was examined by GC-MS. The GC-MS analysis performed at two places (Organic
Geochemistry Laboratory, Macquarie University, S3gland School of Chemistry, University
of New South Wales). Percentages of identified comepts were determined at University of

New South Wales (UNSW). Data analysis at Macqubkiéversity was performed by the
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author with the help of Prof. Simon George and da@ysis at UNSW was performed by Dr
Joe Brophy.

Sixteen phytochemicals were identified from the borad GC-MS analyses (Table 3.3.6 and
Figure 3.3.4). These compounds were identified dypmaring their GC retention times and
retention indices relative to-alkanes (6Cys) and also by comparison of their mass spectra
with either known compounds or published spectrdafAs, 2007, Joulain and Konig, 1998,
Stenhageret al, 1974, Swigar and Silverstein, 1981). Results iobth from the GC-MS
analysis are presented in Table 3.3.6. The majostitaents identified in the LS-Hex extract
of L. suaveolensleaves were aromadendrene (15.4%), spathulenol4@%®), allo-
aromadendrene (7.04%), globulol (4.47%), t-calamen(8.15%), epiglobulol (2.69%), phytol
(2.84%), p-caryophyllene (2.53%)¢-humulene (1.52%) and ledol (1.22%) (Figure 3.3.4)
(Table 3.3.6). As described in Section 3.3.2, thbexane extract (LS-Hex) showed
remarkable antibacterial activity (MIC values wéess than 50 pg/mL againSt pyogenes
and sensitive and resistant strainSSofaureusin the MTT microdilution assay (Table 3.3.4).
According to the literature, aromadendrene (Dormeamd Deans, 2000), spathulenol
(Bougatsoset al, 2004), B-caryophyllene (Ozturlet al, 2009), a-humulene (Dorman and
Deans, 2000), globulol (Taet al, 2008), phytol (Rajalet al, 1998) andx-pinene (Inouyeet
al., 2001, Dorman and Deans, 2000) have good antitigr@roperties. The antimicrobial
activity of the LS-Hex extract of. suaveolenss therefore likely to be associated with the
high percentage of these bioactive componeatbBlumulene andB-caryophyllene were
reported for having cytotoxic effects on cancerl deles (Sylvestreet al, 2007), while
spathulenol has immunomodulatory effects and hss ladéen reported to inhibit proliferation
of the lymphocytes and induce apoptosis (Ziteal, 2011).p3-caryophyllene has also been
reported to have good anti-inflammatory activitythe NO inhibition assay (Tungt al,
2008).
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Figure 3.3.4: GC-MS total ion chromatogram (TIC}lé LS-Hex extract df.
suaveolensising a BP-20 column. The compounds labelled irckitematogram
correspond to the Arabic numerals given in TabBe63as peak positions.



Table 3.3.6: GC-MS analysis of LS-Hex extract ofuaveolensising BP-20 and DB-5 columns.

S. Compounds Peak Retention LRI Methods of % of
No. Position | time (min) Values identification identified
®Published compounds
(BP-20 (BP-20 (BP-5 literature data* | (BP-20
column) | column) column) | b Ry index column)
1 a-Pinene 2 8.52 - a 0.67
2 a-Cubebene 10 27.41 1351 a,b 0.49
3 a-Copaene 14 28.92 1377 a, b 0.46
4 B-Caryophyllene 21 3341 1411 a,b 2.53
5 Aromadendrene 25 34.06 1442 a,b 15.47
6 Allo- 30 35.68 1460 a,b 7.04
Aromadendrene
7 a-Humulene 34 36.98 1453 a,b 1.52
8 Bicyclogermacrer | 42 39.3¢ 149¢ a, k 0.9C
9 Cadino-1,4 diene 47 41.30 1535 a,b 0.91
10 t-Calamenene 49 43.34 1524 a,b 3.15
11 Benzyl alcohol 50 43.91 - a 0.15
12 Epiglobulol 68 50.022 - a 2.69
13 Ledol 69 50.59 1594 a,b 1.22
14 Globulol 75 52.20 1585 a,b 4.47
15 Spathulenol 80 53.88 1579 a, b 12.46
16 Phytol 122 70.67 - a 2.84

*(Adams, 2007, Joulain and Konig, 1998, Stenhagtead, 1974, Swigar and Silverstein, 1981), NIST andewil
library data. -: LRI (linear retention indices) ualcould not be determined. a: confirmed at UNSW an
Macquarie University. b: determined at UNSW. S.:Nerial number.
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aromadendrene spathulenol
allo-aromadendrene

OH

t-calamenene epiglobulol
globulol
H
H
[-caryophyllene 0.-humulene ledol

OH

Phytol

Figure 3.3.5: Structures of major components oHe-extract identified by GC-
MS analysis.
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3.3.5. Bioassay guided isolation of bioactive compoundsdm LS-Hex and
LS-DCM

Following on from finding potent antibacterial adty in the LS-DCM and LS-Hex extracts
with the disc diffusion and MTT microdilution assayifferent chromatographic techniques
were performed to isolate bioactive components ftbase extracts. The MTT microdilution
assay and TLC bioautography were used to detecactwity. From the preliminary
phytochemical screening, it was inferred that tegaés, flavonoids and steroids might be the
principal components in the LS-Hex and LS-DCM estsa TLC bioautography is a widely
used method for its ability to detect antimicrobadtivity rapidly (already discussed in
Chapter 2). It helps in targeted compound isolatol also helps to detect antimicrobial
activity of extracts, fractions or pure compoundsng small amounts of sample (Gibbons,
2005). Several procedures have been publishedefdonming the TLC bioautography. In this
study, some of these methods were trialled andlyirzan optimised method was obtained.
This optimised method was used extensively to déieactive fractions and compounds from
the LS-DCM and LS-Hex extracts (Section 3.3.5.1d afso for studies witlA. excelsgsee
Chapter 4).

3.3.5.1.  Optimisation of TLC bioautography
As already described in Chapter 2 (Section 2.8),.1TLC bioautography is a useful
technique for bioassay guided isolation of bioactempounds and gives an idea about which

compound/fraction on a TLC plate to target befoigets isolated and identified.

The basic principle of this method is extractsracfions or pure compounds are run on two
TLC plates under identical conditions with an ampiate developing solvent system or
without developing with a solvent (in cases whexé&raets or fractions do not give good
separation on the TLC plate). One of these platassualised under UV light and/or stained
to observe the compounds. This TLC plate is thead s a reference chromatogram. After
drying the solvents, the plate is covered with@gh medium containing the microorganism.
After incubation, a detecting agent is added. M&Tcélourless to pale yellow compound) is
commonly used as the detecting agent and is cad/énto the blue MTT formazan in the
presence of viable microorganisms. Therefore, arckpot on the TLC plate indicates

compounds or fractions in that region having antrobial activity.
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Several procedures have been published for penigriiLC bioautography. In the present
study, three methods were trialled and finally rodtd, which is a slight modification of the

method developed by Rahaliseh al. (Rahalisonet al, 1991) was decided on as the most
effective and reproducible method for the detectibthe antibacterial activity of extracts and

fractions in this study. The methods that werdlétibare described below.

Method 1: This method was originally described by Hambuiayss Cordell (Hamburger and
Cordell, 1987) To perform this method, extracts, fractions orgpgompounds were run on
TLC plates with an appropriate developing solvekxtsuspension of microorganisms in a
suitable broth was applied to the developed TLQeglausing a sterile pippette. The TLC
plates were incubated overnight in a box contaimg @otton wool. Incubation in a humid
atmosphere permits the growth of the bacteria. rAfteubation, zones of inhibition were
visualised by adding the MTT reagent (2.5 mg/mL Me6€blution). While performing this
method it was observed that although bioactive @amgds were visible on the TLC plate,
often, an uneven growth of bacteria was observetheTLC plate, especially in the middle
of the TLC plate, leading to difficulties in obtaig reproducible results. Figure 3.3.6 shows

the TLC bioautography performed by method 1.

Figure 3.3.6: TLC bioautography (method 1). Yellaswow indicates less bacterial
growth.

Method 2: TLC bioautography was also tried by the method desd by Gibbonset al.
(Gibbons, 2005). Extracts or fractions or pure courus were run on TLC plates with an

appropriate developing solvent (as described bgfdka inoculum of bacterian Mueller
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Hinton broth llwas prepared and then 7.5 g/l nutrient agar wasdattnl the broth to thicke
the medium. The final titre of the prepared inoculwas typically 1° cfu/mL. The TLC
plates were then placed on the agar base, silieaug, and covered th the inoculum. Afte
overnight incubation, inhibition zones were vissatl by adding the MTT solution for 15 m
Although this method was successful in detectirg dhtibacterial compounds on the T
plate, it was seen that while working with the ainium backed TLC plates, the silica ¢
sometimes swelled and cracked, making it diffidoltdetermine the antibacterial acti\
(Figure 3.3.7).

Figure 3.3.7.TLC bioautography (iethod 2) Yellow arrow indicates the crack
area.

Method 3: To overcome the difficulty of the above mods, another method described
Rahalisoret al. (Rahalisoret al, 1991) was tried. In this methoan overnight culture of th
microorganism wagrepared in a suitable broth. The molten avaskept in a water bath
45 °C to maintain the molten state. The final titretoé microorganisnwas adjusted to an
ODeoo= 1 in the molten solid medium. The developed TLCQgs werethen placed on a hi
plate at 35C, and the inoculum rapidly distributed over thatgs. After solidification of the
medium, the TLC plates wethen incubated overniglin a box lined with wecotton wool.
The inhibition zones wergsualisedusing MTT solution (as described before). Generthliy
method was very good for the detection of the antimbial components on the TLC pla
However, while using this method was observed that sometimes the agar dried an

bacterial growth on the TLC plate was not unif (Figure 3.3.8) To overcome this difficulty
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slight modificationswere made in our laborato The modified TLC bioautography (meth
4) proved to be a very useful and reproducible wektfor bioassay guided isolation

bioactive compounds.

Figure 3.3.8TLC bioautography (method 3). Redrows indicate the arewhere
the agar dried up, the bacteria did not grow aedMi T did not convert into th

blue formazan.

Method 4: For the present study, the method as described inl in the materials and
methods 8ction was use(This is very similar to the method described by &igbnet al. (as
described aboveith the exception that, instead of placing the Thl@tes on the hot plat
the developed TLC plates weres placed on an agée phd then the inocim was added.
This provided a perfect environment for the growatibacteria and an even growth of bact
was observed all over the plates. It also gaveodkmible resull (Figure3.3.9). This method
was used for all subsequent TLC bioautography assgported in thiChapter, along with the
majority of the TLC bioautography assays reporteChapter 4 foA. excels.

Figure 3.3.9TLC bioautography (lethod 4).The bacteria grew evenly all over t
plate and thelear area indicates no bacterial grc due tothe presence of
antibacterial compounds.
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3.3.5.2.  Isolation of bioactive fractions and compounds fronLS-DCM
LS-DCM was the most active extract among the sdtplesolvent extracts of. suaveolens
(Table 3.3.3 and Table 3.3.4). A small scale skusion column was performed using 2.6 g
of LS-DCM. This yielded 8 major fractions (LSS-11t8S-8) according to their normal phase
TLC profiles. Antibacterial activities of these 8ajor fractions were determined by TLC
bioautography using methicillin sensitive (MS) amethicillin resistant strains . aureus
(MRSA and MDRSA) to assist targeted compound igmtatOnly LSS-4 and LSS-5 were
active by TLC bioautography against MS, MRSA and REA. Further purification of LSS-4
using normal phase PTLC and recrystallisation weldhe pure compoundS-29. Further
fractionation of LSS-5 (200 mg) using normal phasiea gel afforded four major fractions
(LSS-5-1, LSS-5-II, LSS-5-Ill, LSS-5-1V), in ordeof elution and according to their TLC
profiles. Among them, LSS-5-lll and LSS-5-1V weretige by TLC bioautography against
MS, MRSA and MDRSA. On the normal phase TLC platéhngxane:EtOAc, 2:1) LSS-5-III
showed one main component and some other minorritigguat the baseline and near the
solvent front. Further normal phase PTLC of LSSt5dmoved the greenish impurities near
the baseline and solvent front. This gave what aggaeto be a single spot by TLC, LSS-5-
lIA (3.0 mg), but was found to be a mixture, asedéed by'H and**C NMR. The compound
mixture was non UV active and gave a positive testerpenoids (with anisaldehyde spray
reagent)’H NMR also showed features consistent with theqares of terpenoids (unresolved
upfield methyl and methylene protons) along witmemther characteristic groups (doublet of
doublets at 2.8 ppm and multiplet at 5.2 ppm, Hitet suggesting the presence of a double
bond). Normal phase preparative HPLC might purlig fraction, but was not available.
Moreover, the amount of sample was also very smhkmal and reversed phase TLC of
LSS-5-IV showed the presence of several componeuitisin a very close R region
(difference from each other was 0.1-0.2). Revensegise HPLC (using #:CH;CN from
90:10 to 10:90) also showed the presence of at é&gist compounds. Purification of LSS-5-
IV was not carried out due to time constraints #rellimited quantity and complexity of the

sample.
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L3-DCM

(2.6 )
Small scale SEC (2 9) a
Lss-1 L55-2 L55-3 LS54 Ls5-5 LSS5 Ls5-7 L55-2
(L0 mg) {L3img} (732 mg) {135 mg) {286mg) {117 mg) {115 mg) {96 mg)
na na na a a na na na
LS20¢10mg Maormal phase silica gel
column chromato graphy
L55-5-] L55-5-11 L55-5-11 L55-5-1v
{12.5 mg) {11.1 mg} (55 mgl (3.7 mgl
na na a a

Camp. mixture

{“3Imgl

Figure 3.3.10 Small scale fractionation of L®CM extract. a: active in TL(
bioautography against methicillin sensitive andstesit strains 0S. aureusna:
not active in TLC bioautograp.

Large scalenormal phasesilica gel column chromatography was conductedhenlts-DCM
extract (8.0 g) after finding that components watable on a normal phase silica gel TLC
plate (Leonarckt al, 2017). This afforded 12 fractions (LSL-+to LSL-12) based on their TLC
profiles. Antimicrobial activity of the fractions as determined by the MTT microdilutic
assay and TLC bioautographTable 3.3.7 and Figure 3.3.1Fractions LS-10 to LSL-12
showed the most promising antibacterial activitgiagt allthe tested Grar-positive bacteria
(methicillin sensitiveS. aureu, MRSA, MDRSA) andS. pyogenefCgyo <50 pug/mL) (Table
3.3.7). Fractions LSI4 and LSI-5 exhibited moderate to low levels of antibacteaelivity
(ICg0 125-1000 pg/m) All major fractions (LSF1 to LSL-12) were inactive against tl
tested Gram-egative bacteriiS. typhimuriumP. aeruginosa, E. col(f lactamase positive)
andE. coli (# lactamase negativin the MTT microdilution assayr@ble3.3.7). The fractions

were also examined for their bactericidal or bacgtatic effec.

It wasfound that fractions LS-4, 5, 10, 11 and 12 (active fractionthe MTT microdilution
assay) were bactericidal agaiS. pyogeneand methicillin sensitive and resistarrains ofS.

aureus(Table 3.3.7. MIC values of fractions L-7 and LS8 could not be determined becal
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of forming a gel in 20% DMSO/}D during sample preparation. Even after sonicaéind
vortexing, gelling occurred in the well, makingntpractical to pipette the sample in the assay
plate for serial dilution. However, antibacteriatigities of those fractions (LSL-7 and LSL-8)

as well as of the other fractions were also evatliasing TLC bioautography (Figure 3.3.12).

Fractions LSL-1 to LSL-12 were tested for antibaeteactivity by TLC bioautography. LSL-
4,5, 7, 10, 11 and 12 showed antibacterial agti@gainstS. aureusMRSA and MDRSA
(Figure 3.3.12). Only methicillin sensitive andistant strains of. aureusvere selected for
testing by TLC bioautography as none of the ex¢ractfractions oL. suaveolensvere active
against the tested Gram-negative bacteria in tediffusion or MTT microdilution assays.
pyogenesvas not used for TLC bioautography as the bload agquired for its growth would

interfere with the colour change in the MTT assay.

The most promising fraction, LSL-11, was subjed@dize exclusion chromatography. This
yielded five sub-fractions, LSL-11-I to LSL-11-Vabed on their similarity in normal phase
TLC profiles fi-hexane:EtOAc, 1:1). LSL-ll, LSL-IV and LSL-V werecttve by TLC
bioautography. While concentrating LSL-11-Il usirgary evaporation, a white solid (~10
mg) was deposited on the bottom of the round boflask. This white solid was separated
and checked by TLC bioautography against Gram-pes#&nd Gram-negative bacteria (MS,
MRSA, MDRSA,E. coliandP. aeruginosa The solid was found to be inactive againsttal t
bacteria. The remaining portion (~25 mg) was a msgte solid and was active by TLC
bioautography. It did not show any separation werged phase TLC and exhibited a tailing
in reversed phase solvents systems (e.gQBEH,O or MeOH:HO in different ratios). On
normal phase TLC it showed a single spot (uponyapgawith anisaldehyde reagent) along
with some impurities near;Region 0.8 ii-hexane:EtOAc, 2: 1) and near the baseline. Normal
phase PTLC r(-hexane: EtOAc, 2:1) removed the impurities near lbhseline and other
impurities and yielded LSL-11-1IA (2.5 mg) (R 0.45 in n-hexane:EtOAc, 2:1, normal
phase)H NMR and LC-MS showed that this was a mixture. MS-(ESI MS) (negative ion
mode) showed the presence of at least three comfso@z456, 368 and 541). The sample
with massm/z 456 was the major component, and was consisteht beitulinic acid, which
was also found in the fractions LSS-4 and LSL-2 (Section 3.3.7.2). TH&l NMR spectrum
was also in agreement with the presence of betulwid, along with a complex aliphatic

mixture, as seen by the complex clutter of unremblsignals in the aliphatic region (0.5-3.0
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ppm). LSL-11-1IA was found to be inactive by TLCobutography against methicillin
sensitive and resista®. aureusNone of the other fractions of LSL-11 (IV and $Howed
any distinctive separation by TLC using normal ghsifica with a variety of solvents (e .
hexane:EtOAc, CHGIMeOH, without and with 0.1% formic or acetic adid the solvent
system) and reversed phase ¢CN:H,O with and without adding formic acid). These

fractions always appeared with major tailing onTihe€ plate.

LSL-12, which also showed good antimicrobial atyivivas also subjected to size exclusion
chromatography. This afforded four sub-fractiond 412-1, LSL-12-II, LSL-12-IIl and LSL-
12-1V, in order of elution according to similar TL&@ofiles. Only LSL-12-Il and LSL-12-IV
were active by TLC bioautography. Attempted puafion of LSL-12-II using normal phase
PTLC yielded another mixture LSL-12-11A (1.5 mg)hieh was visible by UV light (254 nm)
and showed a single spot by TLC under various stlggstems (e.gr-hexane:EtOAch-
hexane:DCM). LSL-12-1IA was active by TLC bioautaghy against methicillin sensitive
and resistar®. aureus'H NMR showed one phenolic hydroxyl group or cardapup (13.0
ppm), several aromatic hydrogens (6.8-8 ppm), ancbmaplex clutter of signals in the
aliphatic region (0.8-2.6 ppm). Therefore, purifioa of LSL-12-11A (1.5 mg) was not carried
out any further. Although LSL-12-IV was active by @ bioautography, even after trying
different normal and reversed phase solvent sys{arhsexane:EtOAc, petroleum ether:B6t
CH3CN:H,O or MeOH: HO) compounds in that fraction were tailing on theCTplate,

instead of separating into discrete spots.

Purification of LSL-5 using Sephadex LH-20 providegellow crystalline substance (5 mg).
Further recrystallisation using MeOH yielded puoempoundLS-22 (3 mg) (eucalyptin) as
yellow needles (Section 3.3.7.1). Eucalyptin (L§-22s already been reported in the literature
for having antibacterial activity against methialksensitive and resistant strainsSfaureus
(Takahashet al, 2004). Eucalyptin appeared as a bioactive comgppomrthe TLC plate in the
TLC bioautography assay. The MIC of eucalyptin @8-could not be determined in the
MTT assay at 100 pg/mL. During sample preparatidgth #0% DMSO/HO (v/v) for the
assay, the eucalyptin formed a suspension. The asss still conducted, but eucalyptin was
seen as a cloudy suspension in the wells of theygsate and did not exhibit any inhibition in

the MTT microdilution assay.
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Washing of the gel like material of L-7 (Figure 3.3.11) withn-hexane and repeat
recrystallisation with MeOHyielded further L-29 (betulinic acid) (115 mgThe isolated
compoundLS-29 (betulinic acid) was found to be inactive in botle fALC boautography (at
100 pg) and MTT microdilution assay (at 250mL).

Figure 3.3.11: LSL¥ fractior, which formed a gel when DMSO/8 mixtures
were added. ‘a’ represents the gel formation of -7 in a testube after columi

chromatographyand ‘b’ represents a small portion LSL-7 in the DMSO/H,O
mixture.

Fractionation of LSL-4 and LSILO was not carried out as both of them showed paraéon
by TLC in normal or reversed phase syste(n-hexane:EtOAc,petroleum ether:)O,
CH3CN:H,O or MeOH:HO) and time was limited. Future work can be carrietl @uthese
fractions by trying other methods of separatisuch as MCI gel®r normal phase HPL.
MCI gel CHP 20P can bespeciallyuseful for isolation of terpenoid&éshiwadi et al, 1998,
Fujiokaet al, 1994, Xiacet al, 2017).
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LS-DOM(B.0g)

Large scale silica gel colummn chromatography

L5L-1 LsL-2 L5L-3 L5L-4 L5L-5 L5L-6 L5L-7 LSL-8 L5L-9 L5L-10 L5L-11 L5L-12
12mg 353mg 212mg 160mg 120mg 10mg 150 mg 369 mg S0mg TEEmg 674 mg 1234 mg
na na na WIC= 500 MIC = 1000 na a na na I e WIC
pgfel  pghml <32 pghml| =2 pghal | <4 pgiml
a a a
a a
Ls-22 Ls-29
Im 115 mg
E SEC
LSL-11-1 LSL-11-1l LSL-11-111 LSL-11-1v LSL-11-Y
lomg 40mg 30mg 10mg 10mg
A
na a a
a
LSL-11-11A . SEC
2.5 mg (mixtura)
na
L5L-12-1 L5L-12-11 L5L-12-111 LSL-12-1V
101 mg S0mg 150mg 1o0mg
na a na a
LSL-12-11 A

1.5 mg {mixture}

a

Figure 3.3.12:Large scale fractionation of FDCM extract. a: active in TL(
bioautography against methicillin sensitive andstesit strains 0S. aureusna:
not active in TLC bioautographMIC represents 16 value in MTT microdiluion
assay against methicillin sensitive and resistaatrs ofS. aureu.

3.3.5.3.  Isolation of bioactive compounds from LSHex extract

2D TLC showed LS4ex was stable to normal phase silica gel. Theegefio§-Hex (3.3 g) was
attempted to be purified by normphase silica chromatography. After application loé

sample with petroleum ett (Bp. 40-60 °C)and elution with petroleum ether, a yellow
waxy solid was deposited on the top of the coluAm.a result, the solvent was not able
pass through the calin and the column got dried and cracked. The wakd,sLS-Hex-A

(~400 mg) was scraped out from the column and doeda vacuum pumgWashing the
separated waxy material wipetroleum etheand recrystallisation witMeOH provided pure
LS-22 (15 mg).

After removing the waxy substance, the remainin¢-Hex-B extract (2.3 g) was furth
subjected to silica gel chromatography. This yidldex major fractions (He-1 to Hex-6, in
order of elution) Figure3.3.13). Hex-3, Hex-4 and Heéxwere active by TLC bioautograp
against antibiotic sensitive and resistant strairS. aureusWashing of He-5 with n-hexane
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and recrystallisation witMeOH also yielded_S-22 (31 mg).Normal phase PTLC of anoth
bioactive fraction, Hexs, yielded an impure compound mixture-Hex-15 (2 mg). This wa
visible at 254 nm and showed up as a blue spot gpoaying with anisaldehyde reage
Normal phase PTLC removed the impurities nea baseline and showed as a single spc
the TLC plate (R= 0.6, petroleum ether:DCM, 2:1). However, it appéaas a mixture ¢
compounds byH NMR. In the'H NMR spectrum, there were well definsignals at ~10
ppm, consistent with aldehydic protonst there was no distinct separationsignals in the
aliphatic region (0.8 ppm), which appeared as a complex mixture. LBt&€® bioautograph»
revealed LS-Hex5 to be inactive against methicillin sensitive amdistantS. aureus

Purification of Hex-3%0 mg) was not performed because of time conss.

. LS-Hex{3.3 g)
Separation of wary
material
Silica gel column (2.3 )
Washing and
recrystallisation Hex-1 Hex-2 Hex-3 Hex-4 Hex-5 Hex-G
15mg 30mg 50 mg 110 mg 150 mg 400 mg
na na a a a J/ na
L3-Hex-15 1.8-12
Ls-22 2mg 3lmg
15mg na a

a

Figure 3.3.13:solation of bioactive fractions from l-Hex extract. a: active i
TLC bioautography against methicillin sensitive aedistant strains (S. aureus
na: not active in TLC bioautograg.
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Table 3.3.7: MIC of large scale column chromatobsapartitioned fractions from the
DCM extract ofL. suaveolensy MTT microdilution assay and bacteriostatic or
bactericidal effect.

Fractions from MIC values (pgmL)
LS-DCM
S. aureus MRSA MDRSA S. pyogenes | S. typhimurium,
P. aeruginosa, E.
coli (B+) & (8-)

LSL-1 ne ng ne ne ne
LSL-2 ne ng ne ne ne
LSL-3 ne ng ne ne ne
LSL-4 500* (C) 500* (C) 500* (C) 125** (C) ne
LSL-5 1000* (C) 1000* (C) ne 15.6*** (C) ne
LSL-6 ne ng ne ne ne
LSL-7 # # # # #
LSL-8 # # # # #
LSL-9 ne ng ne ne ne
LSL-10 31.25%* (C) | 31.25** (C) | 7.8*** (C) | 0.98** (C) ne
LSL-11 1.9 (C) 1.9%* (C) | 1.9%* (C) | 0.24** (C) ne
LSL-12 1.9 (C) 3.9%* (C) | 1.9 (C) | 0.49** (C) ne
LS-22 # # # # #
LS-29 # # # # #
Vancomycit 1.25** (C) 1.25%* (C) | 1.25** (C) | 1.25*** (C) ne
DMSO (2%) ne ne ne ne ne

*F*¥|C 99 <50 pg/mL, **ICyo 50-125 pug/mL, *1Gy 126-1000 pg/mL. C: bactericidal effect on the maganisms.
MIC was determined as the well with the lowest @mration of sample that displayed no yellow-bloar
change of MTT and also by turbidity (absorbanc&oTepeats were performed on at least two separate
occasions; values are average of observed resaltaot active against the tested bacteria at L@@®L. # MIC
could not be determined because of forming gelpfusion in initial 20% DMSO/O.
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3.3.6. Summary of bioassay guided studie

A summary of bioassay guided studies and isolatbnbioactive compounds fronL.

suaveolensave been presentedFigure 3.3.14.

| Freshleaves of L. suavealens (1003 g)

Ls-22
15 mg
Sequential extraction Preparation ofwater extract
Separation
ofwax and [100 MZ J, l
puifizafion LS-Hex Ls-DCM LS-EA L5-MeOH LS-Water
942g 2408 g 16451 g 3276 g 203 g
23g El 2
Small seale SEC (2.6 2)
16 compounds \L l/ l/ l/ J/ l/ l/ l/
identified by GC-MS2 Lss-1 Lss-2 L55-3 1554 Lss-5 155-6 155-7 LS5-8
10mg 13mg 732mg 135 mg 286 mg 117 mg 115 mg 96 mg
Silica gel na na na a a na na na
cc
Large scale Silicagel CC L§29(10ma
&g
L5L-1 L5L-2 L5L-3 L5L-4 L5L-5 L5L-6 L5L-7 L5L-8 L5L-9 LSL-10 L5L-11 L5L-12
12mg 353mg 212 mg 160 mg 120mg 10mg 210mg 359 mg S0mg 7EEmg 674 mg 1234 mg
na na na a a na @ |prog ™ na a a a
BEC & Recrystallisation recrystallisation
Ls-22 L5229
3mg 115mg
Hex-1 Hex-2 Hex-3 Hex-4 Hex-5 Hex-6
15 mg 30mg S0mg 110mg 150 mg 400 mg
na na a a a na

L5-22{3L mg)

Figure 3.3.14: Bioassayuided isolation of bioactive compounds friL.
suaveolensa: active in TLC bioautography againsethicillin sensitive ant
resistant strains 8. aureu. na: not active in TLC bioautography.
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3.3.7. Characterisation of bioactive compounds

The structures of the bioactive compounds LS-22 1889 (Figure 3.3.15, Figure 3.3.18)
were elucidated by 1D and 2D NMR and mass spectrgnamd also by comparison with

reported data. The structure elucidation is desdritelow.

3.3.7.1. 4, 7-Dimethoxy-6,8-dimethyl-5-hydroxyflavone (LS-22)

Figure 3.3.15: 47-Dimethoxy-6,8-dimethyl-5-hydroxyflavone.

Compound LS-22 was isolated from the LS-DCM andHe& extracts, with the greatest
quantity being from the LS-Hex extract (5.7%w) as yellow crystals (184-185 °C). The
molecular ion peak of compound LS-22 by HREIMS atsvz 326.1154. This is consistent
with a formula of G¢H180s5 (calcd. 326.1154). Its EIMS (Figure 3.3.16) showdb
significant fragment ions ah/z 311 andm/z 296, which is characteristic of the loss of £H
groups. The IR spectrum showed a highly conjugegedony! stretching band at 1650 tm
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ID:24473 08:27:31
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Figure 3.3.16: EIMSragmentatiorof LS-22.

The 'H NMR spectrum gavsignal: for two CHs groups aby 2.37 andsy 2.19, consistent
with attachment to an aromatic ri and two OCH groups aby 3.77 andy 3.87, a hydrogen
bonded hydroxyl proton aiy 12.85 and n olefinic proton aby 6.60. Acharacteristicpara
disubstitutionpattern in the aromatic regioby 7.86, d,J = 8.8 Hz andy 7.02, d,J = 8.8 Hz)

was also seen in tHel NMR.

The **C NMR spectrunmshowet a total of 17 signals for 19 carbons. TH2 spectrum an
DEPT 135 NMR identifiegignals for . carbonyl carbon at¢ 183.5, two methyl carbes ©c¢
8.5 anddc 8.8) andwo methoxy carbonsdc 55.8 andc 60.6).

The **C NMR along with HSQC data identifii ten quaternary carbons &t 1621 (C-2),8¢
183.5 (C-4)5c 157.5 (CB), 8¢ 114.2 ((-6), 6¢ 153.1 (C-7)pc 109.0 (C8), ¢ 162.¢ (C-9), 8¢
107.5 (C-10),6c 124.1 (C-1) and 6c 162.8 (C4’). The presence of a very deshiel
resonance of a hydrogen bonded hydroxyl protody 12.85 (50H), suggeste that it was
peri to the carbonyl group ac 183.! (C-4). Two aromatic methyl protons &4 2.19 (s, 6-
CHs) andéy 2.37 (s, 8-Ch) showed HSQC correlatis tothe signals aéc 8.5 anddc 8.¢,
respectively. The methyl group éy 2.19 (6-CH) was assignedrthoto the hydroge-bonded
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hydroxyl group (5-OH) and the methoxy group (7-QfHccording to its’Jcy HMBC
correlation (Figure 3.3.17) witbc 157.5 (C-5) andc 153.1 (C-7). While the methyl group at
81 2.37 (8-CH) was assigned as at C-8 amntho to 7-OCH due to*Jc4 HMBC correlations
with 8¢ 153.1 (C-7) andc 162.8 (C-9).

Two aromatic protons appeareddat7.86 (2H, dJ = 8.8 Hz, H-2, H-6") and two protons at
oy 7.02 (2H, dJ = 8.8 Hz, H-3, H-5") with a characteristipara disubstitution pattern. These
protons showed HSQC correlations to the signads 428.2 (C-2and C-6) anddc 114.8 (C-
3" and C-5), respectively. In the HMBC spectrum, both aromatiotons showed correlations
with each other and also with a carbor@tl62.8 (C-4). The singlet aéy 6.60 was assigned
to an olefinic proton (H-3) and this was confirm&dm the observation of an HMBC
correlation withoc 164.1 (C-2),6c 124.1 (C-1) and 6¢c 107.5 (C-10). The NMR data is
presented in (Table 3.3.8).

The HMBC spectrum also showed correlations of tieégms aty 7.86 (H-2 and H-6) to the
carbon signal aéc 164.1 (C-2), confirming the phenyl group attachtm® C-2 of a C ring
flavonoid skeleton. Other positions were confirmed HSQC and HMBC data, which are
presented Table 3.3.8 and Figure 3.3.17.

Figure 3.3.17: HMBC correlations of ’,Z-dimethoxy-6,8-dimethyl-5-
hydroxyflavone.
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Comparison of the melting point of LS-22 with tiedtthe published literatur@it. mp. 184-
185 °C), also confirmed LS-22 as’,Zdimethoxy-6,8-dimethyl-5-hydroxyflavone or
eucalyptin (Hug and Misra, 1997, Courtretyal, 1983).

C-Methylated flavones (methyl group directly coneelcto carbon, e.g. in eucalyptin, €H
connected with C-6 and C-8) are relatively rareapipears that C-methyl flavones are
distributed throughout both sub-families of the Kgeae: the Myrtoidea&(ginia, Myrcig
and Leptospermoidea@r(gophora, eucalyptyisand they are quite distinctive of the whole
family (Courtneyet al, 1983, Sarkeet al, 2001). This is the first report of isolation and
characterisation of ‘47-dimethoxy-6,8-dimethyl-5-hydroxyflavone froin. suaveolensand

thus adds new phytochemical data of chemotaxonsigitficance.

Table 3.3.8: NMR data of #-dimethoxy-6,8-dimethyl-5-hydroxyflavone or eugatin
(LS-22).

Position oc &y multiplicity Carbon HMBC
multiplicity
2 164.1 C
3 1043 6.60 ¢ CH C-10,C17,C-2
4 1835 C
5 157.t C
5-OH 12.85: C-5, C-6, C-1C
6 1142 C
6-CHs 8.t 2.19:¢ CH; C-5, G-6, C-7
7 1531 C
7-OCH; 606 3.77 ¢ CH;
8 10¢.0 C
8-CH; 8.8 2.3is CH; C-8, C-7,C-9
9 1628 C
10 1075 C
1 124.] C
12€.2 7.€6, d,J = 8.8 H: CH C-3,5,C2, ¢4
3,5 1148 7.02,d,J=8.8 H: CH c-2,6,C1,C4
4 1628 C
4’-OCH; 55.¢ 3.87 ¢ CH; cC4

Data acquired in CDGB00 and 150 MK for *H and~C NMR, respectively.
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3.3.7.2.  Betulinic acid (LS-29)

Figure 3.3.18: Betulinic acid.

Compound LS-29 was isolated from the LS-DCM extetwhite crystals with mp 283-285
°C. The molecular ion peak of compound LS-29 by HNRE (negative ion mode) was at/z
455.3526. This is consistent with a formula ofoH;0O3 (calculatedm/z 455.3525) and
supports the molecular formulagd84s0s. Electrospray ionisation mass spectrometry (ESI
MS) (negative ion mode) indicated a deprotonatetecutar ion atm/z455 [M-H], which is
also consistent with the formulagdEl4s0s. EIMS also showed a molecular ion peakrdk
456.

The'*C NMR data confirmed the presence of 30 carbon stamsluding a carboxyl carbon at
d¢c 177.26 and an olefinic methylene carbow@109.66. DEPT 135 showed eleven (11),CH
and a total of twelve (12) CH and @Hroups. Therefore, the remaining 7 carbons obdearve

the™*C NMR spectrum should be quaternary carbons.

The'H NMR spectrum showed the molecule contains six{édhyl groups ady 0.64 (s, 3H,
CHj), 64 0.76 (s, 3H, Ch), 61 0.864 (s, 3H, CkJ, 4 0.867 (s, 3H, CH), 64 0.92 (s, 3H, Ch)
anddy 1.64 (s, 3H, Ch). These exhibited HSQC correlationsétl5.7,6¢ 15.8,6c 15.6,6¢
28.1, 8¢ 14.4 andoc 18.8, respectively. In combination with the DEP351analysis, this

confirmed the presence of six (6) €&hd six (6) CH groups. The characteristic chensbét
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in the®*C NMR spectrum aic 177.3 (C=0, C-28) was assigned to a carboxyl carbbe IR
spectrum gave absorption bands at 2939 ¢strong, -COO-H) and 1682 ¢ch{strong, G-O),

confirming a carboxylic acid group present in thelesule.

The chemical shifts abc 109.7 (=CH, C-29) anddc 150.2 (=C, C-20) in thé’C NMR
spectrum were assigned to olefinic carbons. Thenyhejroup atoy 1.64 (s, 3H, Chl 6c
18.93) in the'H NMR spectrum is characteristic of a methyl dikectttached to a double
bond. Two doublets & 4.55 (d, 1HJ = 2.4 Hz),04 4.68 (d, 1HJ = 2.4 Hz) were consistent
with two asymmetric protons on the same carbon aduble bond. HSQC confirmed baih
4.55 anddy 4.68 are connected to a carbondgt109.7 (CH in DEPT 135, C-29). The
connectivity of CH=C(CH)- was further confirmed by HMBC experiments in aithedy
1.64 ¢c 18.8, H-30) exhibited strong correlationsst946.5 (CH, C-19)§c 109.7 (=CH, C-
29) andd¢c 150.2 (=C, C-20), as well as a weak correlatiob:t80.1 (CH, C-21).

The 'H NMR and**C NMR DEPT 135 showed no aromatic rings or furttleuble bonds
present in the molecule. A calculation of index lofdrogen deficiency (IHD) for the
molecular formula of (esH4503), however, gave a total IHD of 7 [N=(30x2+2-48)/2fter
subtracting two unsaturated bonds (C=C and C=@),rédmaining number of IHD in the
molecule is 5. The presence of six (6) CH carbarm$ an additional ten (10) GHstrongly

suggested the presence of five rings to accourthéoremaining for 5 IHD.

The assignments of the five rings were largely dase HMBC correlations and the direct
bonding of C-H as seen by HSQC. The starting pdortassigning the ring E (C-17, C-18, C-
19, C-21, C-22) were the already assigned funcktigraups, namely —COOH (C-28) and —
CH(CHz)C=CH, (C-19, C-30, C-20, C-29) (Figure 3.3.20).

In the HMBC spectrumdy 2.93 ¢c 46.5, m, 1H, CH, H-19) correlated stronglyd© 150.2
(C, C-20),6c 48.4 61 1.51, CH, C-18)9c 109.7 fn 4.55, 4.68, Chl C-29),6¢ 30.1 64 1.31,
1.78, CH, C-21),5¢c 18.8 ¢y 1.64, CH, C-30) anddc 37.6 ¢4 2.2, CH, C-13). The signal
with the chemical shift ady 1.78 (m, 1H, CH H-21) correlated téc 36.2 ¢y 1.42, 1.78,
CHy, C-22),8¢c 46.5 61 2.93, CH, C-19)pc 48.4 61 1.51, m, CH, C-18) and. 55.3 (C, C-
17). From COSY, W-21 @y 1.78,J = 11.5 Hz) was assigneais to H-19 ¢4 1.78) and H-21
(6n 1.31,J = 11.5 Hz) was assignédhnsto H-19 ¢y 1.78). The signal with the chemical shift
at 6c 55.3 (C, C-17) is consistent with a carbon adjadena carboxylic acid group.
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Collectively, these data allowed the assignmeningf E containing C-17, C-18, C-19, C-21
and C-22 as shown in Figure 3.3.20 (a) (Table .3.9

The assignments of the chemical shifts for thensembered ring D (C-13, C-14, C-15, C-16,
C-17, C-18) adjacent to the ring E were made basetthe correlations of H-18, H-13 and H-
27. The signal with the chemical shift & 1.51 ¢c 48.4, CH, H-18) showed HMBC
correlations tad¢c 18.8 ¢y 1.64, CH, C-30),0c 31.7 ¢n 2.1, 1.36, CH C-16),6c 37.6 6n
2.21, CH, C-13)pc 42.0 (C, C-14)Hc 46.5 6w 2.93, CH, C-19)§c 55.3 (C, C-17)pc 150.2
(=C, C-20) andbc 177.3 (C=0, C-28). The chemical shiftat 2.21 §c 37.6, CH, H-13)
showed HMBC correlations t&: 14.4 ¢y 0.92, CH, C-27),6c 25.1 ¢y 1.60, 0.97, CH C-
12), ¢ 42.0 (C, C-14), 55.3 (C, C-17) and 48.4 ¢y 1.51, CH, C-18). The signal with the
chemical shift aty 0.92 ¢c 14.4, CH, H-27) correlated téc 29.2 ¢4 1.35, 1.4, CH C-15),
oc 37.6 6y 2.21, CH, C-13)pc 40.1 (C, C-8) andc 42.0 (C, C-14). These collectively gave
the connectivity of the ring D containing C-13, €;1C-15, C-16 and C-17 and its
connectivity to C-18, C-12 and C-27, as shown guFe 3.3.20 (b) (Table 3.3.9).

The IR spectrum gave an absorption band at 3449(strong, broad), which is characteristic
of an alcohol —OH group. Using the -OH group asdfagting point, the A ring containing C-
1, C-2, C-3, C-4, C-5 and C-10 and the associatetthyhgroups C-23, C-24 and C-25 were
assigned. In th&C NMR spectrum, the carbon & 76.77 was assigned to the carbon directly
attached to the —OH group. In the HMBC experimtrd,proton of the -OH & 4.25 (dJ =

5.2 Hz) correlated téc 76.8 ¢n 2.96, CH, C-3)pc 38.5 (C, C-4) andc 27.2 ¢y 1.42, CH,
C-2). The signal with the chemical shiftaat2.96 ¢c 76.8, CH, H-3) correlated @& 15.7 ¢n
0.64, CH, C-23) andb¢c 15.6 ¢4 0.864, CH, C-24, beingis to OH). The methyl groups &
0.64 anddy 0.864 were found to be directly attached¢dl5.7 and¢ 15.6 by HSQC. They
showed strong HMBC correlations & 76.8 ¢4 2.96, CH, C-3) and téc 54.9 6n 0.62 m,
CH, C-5) and were assigned &s15.7 ¢y 0.64, CH, C-23) and¢ 15.6 64 0.864, CH, C-
24, beingcis to OH). The signal with the chemical shift &t 0.62 m §c 54.9, CH, H-5)
showed HMBC correlations @& 15.7 ¢y 0.64, CH, C-23),6c 15.6 ¢4 0.864, CH, C-24),6¢
15.8 oy 0.76, C-25) and¢c 17.9 64 1.44, 1.3 m, Ch C-6). These gave the connectivity of
the A ring and the methyl groups at C-23, C-24 @n2b, as shown in Figure 3.3.21 (c) (Table
3.3.9).
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The six-membered B ring containing C-5, C-6, C-78,&-9 and C-10, the methyl groups on
the ring at C-25 and C-26, and their connectivitthvC-8 and C-11, were assigned using the
connectivity of H-5, H-6, H-9, H-25 and H-26 withet carbons.

The signal with the chemical shift& 0.76 ¢c 15.8, CH, H-25) showed HMBC correlations
to 8¢ 15.6 6 0.864, CH, C-24),56¢ 28.1 ¢ 0.867, CH, C-26),5¢ 36.6 (C, C-10)dc 38.1 6y
1.55, 0.82, CH C-1),3c 49.8 ¢n 1.23, CH, C-9) andc 54.9 ¢n 0.62 m, CH, C-5). The
signal with the chemical shift &t 1.23 ¢¢ 49.8, CH, H-9) correlated @& 15.8 ¢4 0.76, CH
C-25),56¢ 20.3 61 1.3, 1.23, CH C-11),5¢ 36.6 (C, C-10) andc 40.1 (C, C-8). The signal
with the chemical shift aiy 0.867 §c 28.1, CH, H-26) correlated téc 33.9 ¢4 1.34, CH,
C-7), 6c 40.1 (C, C-8),0c 49.8 64 1.23, CH, C-9) andc 42.0 (C, C-14). These gave the
connectivity of the B ring, the methyl groups inething at C-25 and C-26 and their
connectivity with C-8 and C-11, therefore assigning final six-membered C ring containing
C-8, C-9, C-11, C-12, C-13 and C-14, as shown gufé 3.3.21 (d) (Table 3.3.9).

The EIMS showed significant fragment ionsnaz 189 (84.7% relative abundance) and 207
(37.14% relative abundance) (Figure 3.3.19). THeagment ions have been reported as
characteristic fragmentations of betulinic acid athker lupane-type triterpenes (Rgt al,
1992, Maciaset al, 1998) also supported the assignment of compousi®9_as betulinic
acid.
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Figure 3.3.19EIMS fragmentation of L-29.

Betulinic acid is a well known arinflammatory, anticancer and &-HIV compound
(Nguemfo et al, 200¢, Tsai et al, 2011, Fulda, 2009, Vijiet al, 2011, Potterat and

Hamburger, 2008)Betulinic acid was previously isolated from tharlo of the white bircl

(Betula pubescefsfrom which it gets its name and also from the ber trZiziphus

mauritang, selfheal Prunella vulgari), jambul Syzygium formosant), flowering quince
(Chaenomeles sinenyiand rosemar(Gaoet al, 2003, Taret al, 200, Zucoet al, 2002).

This is the first report of isolation of betuliracid fromL. suaveolen.
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Figure 3.3.20: HMBC of compound LS-29 (a and b).
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Figure 3.3.21: HMBC of compound LS-29 (c and d).
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Table 3.3.9: NMR data assignments of compound L&®Bcommercially available

betulinic acid.
Position °C (Bet. “C (LS- 8y multiplicity Carbon HSQC data HMBC
acid)* 29) multiplicity
1 38.1 38.1 CH 1.55m, 0.82 m
2 27.1 27.2 Chi 1.42
76.8 76.8 296 m CH 2.96m C-23,C-24
3-OH 4.25dJ=5.2 Hz - - C-2,C-3,C-4
385 385 qc ;
54.8 54.9 0.62m CH 0.62m C-23, C-24,C-25, C-6
17.9 17.9 CH 1.44m,1.3m
33.9 33.9 CH 1.34m
40.2 40.1 qC -
49.8 49.8 CH 1.23m C-25, C-11, C-10, C-8
10 36.6 36.6 qC
11 20.4 20.3 CH 1.3m,1.23m
12 25.1 25.1 CH 1.60m, 0.97 m
13 37.6 37.6 2.21 ddd € 3.6 Hz, CH 2.21 ddd C-27, C-14, C-18, C-
12.7 Hz, 12.7 Hz) 17,C-12
14 41.9 42.0 qc -
15 29.2 29.2 CH 1.4m,1.35m C-16, C-17,C-14
16 31.7 31.7 CH 2.10m, 1.36 m
17 554 55.3 qC
18 48.4 48.4 CH 1.51m C-13, C-14, C-16, C-
17, C-19, C-30, C-20,
C-28
19 46.5 46.5 293 m CH 293 m C-20, C-29, C-18, C-
13, C-30, C-21
20 150.3 150.2 qC -
21 30.1 30.1 CH 1.78m, 1.31 m C-22,C-19, C-18, C-
17
22 36.2 36.2 CH 1.42m,1.78 m
23 15.8 15.7 0.64 (s) GH 0.64 (s) C-24,C-4,C-5,C-3
24 15.7 156 0.864 (s) GH 0.86 (s) C-23,C-5,C-25
25 15.8 15.8 0.76 (s) GH 0.76 (s) C-24, C-26, C-10, C-
1,C-9,C-5
26 28.1 28.1 0.867 () GH 0.86 () C-7,C-8, C-9, C-14
27 143 14.4 0.92 (s) GH 0.92 (s) C-15, C-13, C-8, C-14
28 177.3 177.3 qC -
29 109.7 109.7 455 dE 2.4 Hz) CH, 455d,4.68d C-30, C-19, C-20
and 4.68dJ=2.4
Hz)
30 18.8 18.8 1.64 (s) GH 1.64s C-19

*Commercially available betulinic acid (Sigma-Aldhi). Data acquired in DMS@s 600 MH;,.
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3.3.8. Evaluation of anti-inflammatory and antioxidant activities of L.
suaveolens

As described earlier, the finding of antibacteraiti-inflammatory and antioxidant activities
in the leaves oL. suaveolensould provide a more accessible source of meditiaeleaves,
rather than the sap) for the Yaegl community far tleatment of skin infections, sores and
wounds. Following the determination of antibacteaativity in the LS-Hex and LS-EA
extracts and fractions of fresh leaves lof suaveolensthese were examined for anti-
inflammatory and antioxidant activities, along witle active fractions LSL-5, 7, 10, 11 and
12 and the isolated compound eucalyptin. While yamalof all the extracts and fractions
would have been ideal, these samples were choseheas assays are very laborious to
conduct and there was only a limited timeframe labée for these to be run. Anti-
inflammatory activity was performed using the NONH-a and PGE inhibition assays and
antioxidant activity was performed using the ORAESay. The basic principles of each assay
have been described in Chapter 2. The assays wdm@mped by the author at Southern Cross
University under the guidance of Prof. Hans Wohimanhd with the help of Mr Dane

Renshaw and Dr Joshua Smith of the same university.

3.3.8.1. NO inhibition and cytotoxicity assay using RAW264 mcrophages
LS-Hex, LS-DCM and LS-water extracts, along witke #emi-purified fractions LSL-5, 7, 10,
11 and 12 and pure compound eucalyptin were teftedNO inhibition using the NO
inhibition assay (Chapter 2) in RAW264 cells. Theracts and fractions were tested at a
concentration range of 0.294 to 71.4 pg/mL. Eudalypas tested at a concentration range of
0.04 to 8.93 pg/mL. Well recognised anti-inflammgtalrugs (indomethacine, curcumin,
ibuprofen) possess <10 pg/mL (Brouet and Ohshima, 1995). Eucalyptirs waable to be
tested at a higher concentration due to limitedparavailability. In the cytotoxicity study,
LS-Hex, LS-DCM and LS-water, and the semi-purifiexttions LSL-5, 7, 10, 11 and 12 were
tested at a concentration range of 0.05 to 100 pglytotoxicity was tested at a higher
concentration range (0.05-100 pg/mL) than the Ni@bition testing range to check whether
extracts/fractions or eucalyptin had any toxic efethat could contribute to NO inhibition in
the RAW264 cells.

LS-Hex and LS-DCMextracts inhibited the synthesis of nitric oxidetlre LPS stimulated
RAW264 macrophages in a dose dependent mannere(B&hlLO and Figure 3.3.23) withsiC
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values of 43.9 pg/mL and 4.6 pg/mL, respectivelgg€t al, 2001). Plant extracts, fractions
or compounds that are claimed to have anti-inflatonyaactivity possess Kg <100 pg/mL
(Ren and Chung, 2007, Shet al, 2012). Although both extracts (LS-Hex and LS-DCM)
showed good anti-inflammatory activity in the NOhiioition assay, the LS-Hex extract
showed a lower cytotoxic concentration {@€ytotoxicity 5.1 pg/mL) than the NO inhibition
concentration (16 43.9 ug/mL) in this assay. Therefore the seldgtividex of LS-Hex was
less than 1 (meaning cytotoxic) (Table 3.3.10). Sélectivity index (SI) can be defined as the
ratio of the concentration that reduces cell vigbilo 50% divided by the 1§ value for the
inhibition of nitric oxide (Coset al, 2001, Shotet al, 2012, Jabiet al, 2009).a-Humulene
(1.53%) andp-caryophyllene (2.52%) were present as major compnin the LS-Hex
fraction, as identified by GC-MS analysis. Thesenpounds have been reported to have
cytotoxic activities on cancer cell lines (Sylvestt al, 2007) ang-caryophyllene is reported
to have NO inhibitory activity in RAW cells (Tunet al, 2008). It can be assumed that the
presence of these components might contributegt@mii-inflammatory and cytotoxic activity

of the LS-Hex extract.

The 1G5 value for the cytotoxic concentration ¢3.7 pg/mL) of LS-DCM was twice that for
the NO inhibition (IGo 4.6 pg/mL), therefore, the Sl for LS-DCM was mohnart 2 in the
present assay. LS-water did not show any NO inbibitor cytotoxicity in the tested

concentration range (Table 3.3.10).

Bioactive fractions from the silica gel column d&{DCM (.e. LSL-5, 7, 10, 11 and 12), were
also tested for NO inhibition and for cytotoxici#ll these fractions were found to haves§C
values <12 pg/mL in the NO inhibition assay. FractiSL-5 was the most promising among
the tested fractions (Kg 3.7 pg/mL). Eucalyptin (LS-22) was isolated frohme tLSL-5
fraction. There appears to be no reports on wheashert eucalyptin has anti-inflammatory
activity; therefore testing of its NO inhibitory tagty was of particular interest. However,
eucalyptin was unable to be dissolved initially2d8 mg/mL with 100% DMSO for the stock
solution. Vortexing and sonication also did notphiel dissolving. Later the stock solution was
diluted (200 fold) with media and cell culture tivgythe highest tested concentration of 12.5
pa/mL for the cytotoxicity study. This gave a clgususpension of eucalyptin, which was
used in the cytotoxicity assay and NO inhibitorysags Nitric oxide (NO) inhibition by
eucalyptin was not found in this study at the @st@encentration range 0.04-8.93 pg/mL. It is

108



possible that the apparent lack of activity of éyatan in the assays is attributable to its poor

solubility, but it could also be due to not havanrgy NO inhibitory activity.

Fraction LSL-7 also showed good NO inhibitory aigyi\(ICso 7.1 pg/mL) with cytotoxicity
(ICs0 6.0 pg/mL) in RAW264 macrophages. Betulinic acidsvthe major compound of the
LSL-7 fraction. Betulinic acid and its analoguesvdéaeen reported to have good NO
inhibitory activity (Hondaet al, 2006, Reye®t al, 2006, Ryuet al, 2000), and other anti-
inflammatory activity (Nguemfet al, 2009, Tsaket al, 2011, Vijiet al, 2011). Betulinic acid
is also known to have anticancer properties (Pethed, 1995, Fulda, 2009). Because the NO
inhibitory activity of betulinic acid is known, iwas not tested further for anti-inflammatory

activity.

The NO inhibitory activity and cytotoxic activitytugly results and selectivity index for
extracts, fractions and eucalyptin (LS-22) are gtow Table 3.3.10, Figure 3.3.22, Figure
3.3.23 and Figure 3.3.24.

The order of anti-inflammatory potential among tested extracts and fractions in the NO
inhibition assay was: LSL-11 > LSL-5 > LSL-12 > II¥5M > LSL-10 > LSL-7 > LS-Hex.
LS-Hex was the most toxic among the tested sampiths a selectivity index less than 1,
which indicates the effective concentration is leigithan the cytotoxic concentration. LS-
water did not show any cytotoxicity (up to a cortcation of 100 pg/mL) or NO inhibition
(up to a concentration of 71.4 pg/mL).
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Table 3.3.10: Cytotoxicity and nitric oxide syntiseimhibitory activity of extracts,
fractions and eucalyptin from &f suaveolens.

Sample: Cytotoxicity Inhibition of NO synthesis Selectivity inde»
(ng/mL) (ng/mL)

LS-Hex 5.1 (3.46.7) 43.9 (23.-83.6 0.1
LS-DCM 9.7 (7.213.0 4.6 (2.67.5) 2.1
LS-Watel >10C >71.2 -

LSL-5 23.4 (13.-42.0 3.7 (2.45.7, 6.2

LSL-7 6.0 (5.:-6.8) 7.1(4.5-11.2 0.8t

LSL-1C 22.4 (9.0-56.0 11.6 (8.-16.6 1.9¢

LSL-11 81.6 (33.- 100 7.0 (4.¢11.7 11.€

LSL-12 24.95 (21.-29.5 8.9 (5.-15.2 2.8
Eucalyptir # # -

Dexamethasot - 0.006: (0.002:-0.015) -
Chlorambuci 8.0 (5.¢11.1 - -

Inhibition was measured ass%95% confidence intervals); - not relevant, #@alues could not be found in
0.04 pg/mL to 12.5 pg/mL concentration range faotxicity study, 0.04 pg/mL to 8.93 pg/mL concatin
range for NO inhibitory activity and also samplesiid not be dissolved properly during sample prafbain.
Dexamethasone and chlorambucil were used as posibintrols for NO inhibition assay and cytotoxictydy,
respectively. n=3 for both cytotoxicity and NO ihhion inhibition activity study.
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Figure 3.3.22: Cytotoxic effects of LS-Hex, LS-DCM;-water and the positive
control chlorambucil on RAW264 cells.
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Figure 3.3.23: Inhibition of nitric oxide syntheasRAW264 cells; dose response curves
for LS-Hex, LS-DCM, LS-water and dexamethasone.
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Figure 3.3.24: Inhibition of nitric oxide syntheasRAW?264 cells; dose response
curves for fractions (LSL-5, 7, 10, 11and 12).

3.3.8.2. Inhibition of TNF- a production

LS-Hex, LS-DCM and LS-water extracts and the fiawdi LSL-5, LSL-7, LSL-10, LSL-11
and LSL-12 were tested for TN#E-inhibitory activity in LPS-stimulated RAWZ264
macrophages. According to the published literatasgracts, fractions and pure compounds
that are considered as having T fahibitory activity possess Kg<100 pg/mL (Wang and
Mazza, 2002, Baet al, 2004). Bioactive extracts and fractions wereetegsit a concentration
range of 0.29 to 71.4 pg/mL. Eucalyptin was tested concentration range of 0.04 to 8.93
png/mL. Negligible inhibition of TNFe was seen for all the tested samglégure 3.3.25).
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Figure 3.3.25: Effect of extracts bf suaveolensn TNFe production in LPS-
stimulated RAW264 macrophages.

3.3.8.3. Inhibition of PGE , synthesis
LS-Hex, LS-DCM, LS-water and the fractions LSL-5,1ID, 11 and 12 were also tested for

PGE inhibitory activity in calcium ionophore stimulaeT3 cells using a prostaglandin E
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monoclonal EIA kit. The concentration range used Wadl to 100 pg/mL. Indomethacin
(ICs0 78.1 nM) was used as a positive control in thimpstndomethacin is a well known
PGE, and cyclooxygenase inhibitor and is widely usedaapositive control for PGE

inhibition assays (Delameret al, 1994, Kalgutkaret al, 2000). LS-Hex and LS-DCM
showed limited inhibition of PGEsynthesis and a standard curve could not be prodiace

calculate the Igp values.

Although the crude extracts LS-Hex, LS-DCM and L&av did not show any activity in the
PGE inhibitory assay in stimulated 3T3 cells, fracgonSL-5, 10, 11 and 12 showed good
inhibition (ICso 2.8-19.7 pg/mL) of PGEproduction in the assay (Table 3.3.11) (Figure
3.3.27). LSL-5 was the most promising fraction amdime tested samples ¢€2.8 pg/mL).
According to the published literature, extractsfi@ctions that inhibit PGEby 50% at a
concentration<10 pg/mL are claimed as potent PGEhibitors (Wohlmuthet al, 2010).
None of the extracts (LS-Hex, LS-DCM and LS-water)fractions (LSL-5, 10, 11 and 12)
exhibited cytotoxic effects in the 3T3 cells atomcentration of 100 pg/mL.

Table 3.3.11: PGHnhibitory activity of extracts, fractions and alyptin fromL.
suaveolens

Extracts/ Cytotoxicity 3T3 Inhibition of PGE ,
fractions/ (ug/mL)* synthesis 3T3 (ug/mL)*
compounds

LS-Hex ne ne
LS-DCM ne ne
LS-watel ne ne

LSL-5 ne 2.8(2.-3.6)

LSL-7 ne ne

LSL-1C ne 19.7 (13.-28.0

LSL-11 ne 7.3 (5.69.5)

LSL-12 ne 11.5 (6.%-20.4
Eucalyptir # #

Indomethacin ne 78.1 nM (59.-101.8

*Cytotoxicity and PGE inhibitory activity were expressed ass§@95% confidence intervals) values in
pa/mL except indomethacine which was expressed/inna: not active. # samples could not be
dissolved in 0.5% DMSO/media (v/v), n=3
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Figure 3.3.26: PGHEnhibitory activity of extracts of. suaveolens
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Figure 3.3.27: Inhibition of PGEactivity in 3T3 cells; dose response curves for
active fractions oL. suaveolens

3.3.8.4. ORAC assay
The ORAC assay, which is described in Chapter 2, wed to test the antioxidant activity of
the antibacterial extracts and fractions. Except-LS all the other tested extracts and
fractions showed antioxidant activity in the ORA€S5ay. However, all the tested extracts and
fractions showed antioxidant activity that was muolwer than for the positive control

epicatechin (2.98xf0uM TE/g), and were therefore considered to haveeasbantioxidant
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activity (Table 3.3.12). Antioxidant activity is psessed as Trolox equivalents per gram
(TE/g). The LS-water extract showed the highesibaittant activity (2.66x19TE/g) among
the tested extracts and fractions and the antioxidetivity in decreasing order was was: LS-
water > LSL-5 > LSL-11 > LSL-12 > LS-DCM > LS-HexL:SL-10 (Table 3.3.12).

Table 3.3.12: Antioxidant activity of extracts ainactions ofL. suaveolens

ORAC assay.
Samples ORAC Assay
mean + SD uM TE/g

LS-Hex 9.83 + 1.61x1C
LS-DCM 1.32 + 0.06x1C°
LS-Wate! 2.66 + 0.34x1C°
LSL-5 2.08 £ 0.46x1C°

LSL-7 ne
LSL-10 1.81+ 0.30x1C°
LSL-11 1.58 + 0.03x1C°
LSL-12 1.55+0.12x1¢
Epicatechil 2.9¢ + 0.40%1(*

na = not active. Antioxidant activity is expressedmicromoles of Trolox equivalent per gram.
n=4

3.3.9. Concluding remarks

L. suaveolenss a plant that is important to the Yaegl eldeesjihg been used customarily for
treatment of skin diseases, infections and fotrggtment of ringworm. While the leaves have
not been customarily used for sores, wounds arettiohs, the elders requested them to be
examined. EtOH and 1@ extracts of leaves of this plant showed potetibacterial activity
against methicillin sensitive and resistant stramfisS. aureusand againstS. pyogenesn
preliminary antimicrobial screening (Chaper 2) (Rac 2012). A review of the literature
showed that there is only one report on volatilecomposition of the leaves (Broptet al,
2000) and no biological studies has so far beeorteg on this native Australian medicinal

plant. The water extract of Packer’s collection éimel author’s collection showed promising
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antimicrobial activity. Leaves of this plant wergdested for detailed chemical and biological
studies. Sequential solvent extraction yielded fextracts (LS-Hex, LS-DCM, LS-EA and
LS-MeOH). Among these, LS-Hex and LS-DCM showedepbtantibacterial activity (16
<50 pg/mL) in the MTT assay. The TLC bioautograjimg disc diffusion assay results also
confirmed the antibacterial activity of LS-Hex ah&-DCM. Therefore, LS-Hex and LS-
DCM were selected for phytochemical analysis amd$say guided isolation of antibacterial
compounds. GC-MS analysis of the LS-Hex fractioentified 16 phytochemicals, including
aromadendrene (15.4%), spathulenol (12.46%)Garyophyllene (2.53%),a-humulene
(1.52%), globulol (4.47%), phytol (2.84%) anepinene (0.67%). These compounds are well
reported in the literature for having antibacteaetivity. Using bioassay guided isolation with
various chromatographic and antibacterial assaynigoes, two bioactive compounds,
betulinic acid and eucalyptin, were isolated frdme LS-DCM and LS-Hex extracts. They
were characterised using NMR and mass spectromeélig. is the first report of isolation
betulinic acid and eucalyptin frorh. suaveolensA number of promising antibacterial
fractions (LSL-10, 11 and 12) (with 4£<50 pg/mL agains& pyogenesand methicillin

sensitive and resistant strain®faureuswere also isolated.

Bioactive extracts, fractions and pure compoundeevadso tested for anti-inflammatory and
antioxidant activities. LS-Hex and LS-DCM showedi-amflammatory activity in the NO
inhibition assay, but LS-Hex had greater cytotoaativity than NO inhibitory activity on
RAW264 cellsa-Humulene angs-caryophyllene, which were identified in the LS-Hexract
(by GC-MS analysis), have reported cytotoxic atyiv(Sylvestre et al, 2007). The
antibacterial fractions (LSL-5, 7, 10, 11 and 1®pashowed good NO inhibitory activity. LS-
Hex and LS-DCM extracts were inactive in the B@thibition assay, while LSL-5, 10, 11
and 12 displayed good PgHnhibitory activity (IGo 2.8-19.7 pg/mL). No bioactive
compounds could be isolated from LSL-11 and 12tifsas using different normal phase,
reversed phase and size exclusion chromatograpboegure. Because of time constraints
further exploration of these fractions was not perfed. However, further chemical studies
could be carried out in future to explore the btn@ccomponent(s) from the antibacterial and
anti-inflammatory fractions (LSL-10, 11 and 12).deépt for LSL-7, all the tested extracts
(LS-Hex, LS-DCM and LS-water) and fractions (LSLA, 10, 11 and 12) showed modest

levels of antioxidant activity in the ORAC assay.fliture it would be worthwhile to examine
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other extracts (LS-EA and LS-MeOH) or fractions (E& Hex-3, 4 and 5) for anti-

inflammatory and antioxidant activities.

This is the first report of bioactive compound &an and bioactivity studies &f suaveolens
and thus extends the current knowledge of thistivelg unexplored Australian plant.
Although promising findings in this study cannot lbgked directly with community use of
leaves, the selection of this plant was made bagettie traditional use of another part of the
plant in the treatment of skin infection and asaatiseptic. The selection was also dictated by
community interest. The finding of the various bukal activities in the leaf extracts that are
relevant to application for skin infections, somsd wounds, suggests thiat suaveolens
leaves could provide a more accessible source diame (.e. leaves, rather than the sap) for
the Yaegl community.
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CHAPTER FOUR

Chemical and
biological studies on
Alphitonia excelsa

This Chapter describes different methods of extvacnd bioassays as well as isolation of
bioactive components from the bioactive extractlphitonia excelsa.
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4.1. Introduction

Alphitonia excelsais a native Australian plant that is well docunsghtas an Aboriginal
medicinal plant (Brock, 2001). It is commonly usad a medicinal plant by the Yaeg|
community of northern NSW as an antiseptic handhwaghereby leaves of the plant are
rubbed between the hands with a little water (Pa@@12, Brouwer, 2006) (see Section 2.5).
Yaegl elders expressed a particular interest is giant being investigated scientifically.
Previous preliminary antibacterial (fluorescein cditate assay) and anti-inflammatory
screening (COX inhibitory assay method) performgdbouwer showed that EtOH and®l
extracts ofA. excelsdeaves collected from northern NSWéd good antibacterial (agairist
aureusandE. col)) and anti-inflammatory activity (Section 2.1). Alomgth its use by the
Yaegl community, as already described in ChapteiotBer Aboriginal communities of
Australia have used the leavesfofexcelsdor the treatment of headaches and sore eyes and
the bark and wood for the treatment of body paimd taothache. According to the literature,
very few chemical and biological studies have sd&en performed oA. excelsgBranchet

al., 1972, Guiseet al, 1962, Rogerset al, 2000). There have also been no reports of
antimicrobial, anti-inflammatory and antioxidant tigity studies and the chemical
investigations done so far have not been guidathéyraditional uses of this native Australian
medicinal plant. Thus, given the lack of previowsestific investigations, the finding of
biological activity in preliminary studies by thBRG, and the requests of the Yaeg! elders for
further investigationsA. excelsavas examined to evaluate antimicrobial, anti-infhaaory

and antioxidant activity of leaf extracts and tolade bioactive compounds.

This Chapter describes the antibacterial, antamfhatory and antioxidant activities of the

leaves ofA. excelsand identification, isolation and characterisatidfioactive constituents.

4.2. Experimental

4.2.1. Reagents and equipment

All the solvents used for extraction, chromatogregeparations and for HPLC were HPLC
grade. Organic solvents were evaporated using &iBotary evaporator. Analytical normal

phase thin layer chromatography (TLC) was performedluorescent Merck silica gebdz
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plates (Germany) and reversed phase TLC on MeritaSiel 60 RP-18 ks plates. Size
exclusion chromatography was carried out using LH®POSephadex LH-20 (Sigma-Aldrich).
The TLC plates were visualised using UV light (25% and 365 nm). Reversed phases)C
solid phase extraction was carried out using Wasag Pak Vac 35cc (2 g) cartridges. A
Shimadzu LC 10 AVP HPLC system was used for chrographic separations. THe (400
MHz), *C (100 MHz), HSQC, COSY and HMBC NMR spectra wereorded on a Bruker
Avance AMX 400 using standard pulse sequences. €aéshifts were calculated relative to
the chloroform {H & 7.26 and**C 5 77.2), methanol' 5 3.31 and**C 5 49.0) and DMSO
(*H & 2.50 and™*C § 39.51) solvent signals. A Shimadzu 2010 LC MSeystvas used for
ESI MS analysis. A Shimadzu GC-17 system was usedsC analysis. A Stuart Scientific
melting point detector (UK) was used for determgnimelting points. A Labconco (USA)
freeze dryer was used for removal of water.

4.2.2. Plant material

Fresh leaves oRflphitonia excelsawere collected by the author with the help of IBRG
ethnobotanist Mr David Harrington from Cumberlandat& Forest, Sydney, Australia
(33°4439, 151°226") in August 2008. The voucher specimen was depbsitédVlacquarie

University Herbarium (voucher specimen number MQUBXB7).

A second collection ofA. excelsaleaf material was made in March 2009 from Lake
Boulevard, Yamba, NSW 2464. The voucher specimemfrer NSW792677) and details of
plant location (29°289", 153°2117") were recorded and lodged at the Macquarie

University Herbarium, Sydney.

4.2.3. Preparation of extracts

Freshly collected leaves @&f. excelsavere chopped with a Waring heavy duty blender (John
Morris scientific) to obtain coarse plant matesaitable for extraction. Fresh plant material
from the the 2008 collection (first batch) was agted with solvents of increasing polarity
using accelerated solvent extraction (ASE; methpd®4 h repeated (3 times) extractions at
room temperature and atmospheric pressure (meth@h® also extracted separately with
water (method 3).
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Freshly choppedA. excelsaleaves from the 2009 collection (second batch) weamnéy
extracted with solvents of increasing polarity gssequential solvent extraction at room
temperature and atmospheric pressure. A wateratxtras also prepared separately with the

second batch d&. excelsa

Method 1 (ASE sequential solvent extraction method)Accelerated solvent extraction
(ASE) was performed with a Dionex ASE 300 instrut@ionex, USA) equipped with a
solvent controller. The parameters were: prehea i min; static extraction per cycle 5 min;
flush 100% solvent of cell volume; purge 120 sethwiitrogen; temperature 70 °C; pressure
120 bar. In the present experiment 100 mL samgle (tbe highest available size for Dionex
ASE 300) were used to perform ASE. Freshly choppedxcelsdeaves (175 g, ~15 g plant
material for each of 12 sample cells) was mixedhvwsand (~4 g per sample cell) and
sequential solvent extraction was performed startiuith n-hexane and followed by DCM,
EtOAc and MeOH. 2 | of each solvent was requireddach individual solvent extraction
cycle. The combined extracts for each solvent wawacentrated using a Buchi rotary
evaporator (Germany) with a water bath at 40-42ah@ the residues subsequently freeze
dried (Labconco freeze dryer, USA) to remove thmai@ing water. This afforded the-
hexane, DCM, EtOAc and MeOH extracts, ASE-Hex @elbdense solid, 0.88 g, 0.584w),
ASE-DCM (green solid, 4.8 g, 2.7%/w), ASE-EA (dark green solid, 2.0 g, 1.14%w) and
ASE-MeOH (dark green solid, 8.9 g, 5.08%w), respectively.

Method 2 (room temperature sequential solvent extretion method): FreshlychoppedA.
excelsdeaves (1447 g) were extracted witthexane (3x2 1) at 25 °C with agitation (80 rpm)
using an orbital mixture incubator for 24+1 h. Afewvery 24 h, the extracts were decanted and
filtered in vacuothrough Whatman No. 1 filter paper (Whatman, Ut)ce. The residual
solid plant material was then extracted in an idahimanner with DCM, EtOAc and MeOH.
The filtered extracts of the same solvent systemewembined, concentrated using a rotary
evaporator with a water bath at 40-42 °C, and theeat was evaporated under vacuum and
subsequently freeze dried to remove the remainiatgmw This afforded the-hexane, DCM,
EtOAc and MeOH extracts, (yellow dense solid, 5.0.8% w/w), Aex-DCM (green solid,
10.1 g, 0.7%w/w), Aex-EA (dark green solid, 10.7 g, 0.73%w) and Aex-MeOH (dark green
solid, 22.4 g, 1.5%/w), respectively.
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Freshly chopped\. excelsdeaves (303 g) collected from northern NSW (secowitection)
were also extracted sequentially (method 3, asehasing 3x1 | of each solvent at 25 °C with
agitation (80 rpm) for 24+1 h. After every 24 hetbxtracts were decanted and filtered
vacuothrough Whatman No. 1 filter paper. The filteredracts of the same solvent system
were combined, concentrated using a Buchi rotagpesator with a water bath at 40-42 °C
and the residues subsequently freeze dried to renim@/remaining water. This afforded tine
hexane, DCM, EtOAc and MeOH extracts, Aex-NSW-Hgdlow dense solid, 0.87 g, 0.28%
w/w), Aex-NSW-DCM (green solid, 1.19 g, 0.39#%6wn), Aex-NSW-EA (dark green solid, 3.1
g, 1.02% w/w) and Aex-NSW-MeOH (dark green solid, 7.7 g, 2.5%bw) extracts,
respectively.

Method 3 (preparation of water extract): Freshly chopped\. excelsdeaves (262 g) from
the first collection was extracted with water (3840L) at 25 °C for 24+1 h with agitation (80
rpm). After every 24 h, extracts were decanted fdteted in vacuothrough Whatman no. 1
filter paper twice and residual plant material vilagher extracted in water (3 times in total).
The filtered extracts were combined, concentratgitigua Buchi rotary evaporator with a
water bath at 40-42 °C and the residues subsegueatize dried to remove the remaining
water. This afforded Aex-water (greenish yellow plew 1.3 g, 0.5%v/w).

Chopped leaves (110 g) from the second collectiatttbwere also extracted with water
(3%x400 mL) following the same procedure as forftist collection batch. This provided Aex-
NSW-water extract (greenish yellow powder, 2.6.8%2w/w).

Long term storage of all the dried extracts waa 20 °C freezer.

4.2.4.  Bioassays: methods and materials

4.2.4.1.  Selection of microorganisms for antimicrobial activty
Extracts, fractions and pure compounds isolatednfrA. excelsawere assayed for
antimicrobial activity against a number of pathagesrganisms. The bacteria used have been
described (in Section 3.2.4.1). In additi@gndida albicangclinical isolate) was provided by
Dr John Merlino, Department of Microbiology, Conddflospital, Sydney. The inoculum size
of C. albicanswas 4.56 x 10cfu/mL at a spectrophotometric absorbance of Ow8/élength
of 600 nm). The use of all microbial strains wagraped by the Macquarie University
Biosafety Committee (Approval Reference 08/06/LABN180512BHA).
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4.2.4.2.  Disc diffusion assay for antibacterial activity

Dried plant extracts of. excelsavere tested for antimicrobial activity by the diéfusion
assay using the same protocol and assay procedsrdescribed in Section 3.2.4.2. Potato
dextrose agar (PDA, Oxoid, Basingstoke, UK) ancc®f Sabouraud dextrose broth (SAB)
was used to grovC. albicans Fluconazole was used as a positive controlCfomlbicans
Dried plant extracts and antibiotics were dissolned20% DMSO/HO (v/v) to get a
concentration of 100 mg/mL for extracts and 0.1migfor a suitable antibiotic [vancomycin
(Amresco, Ohio) for Gram-positive bacteria, gentamyAmresco, Ohio) for Gram-negative

bacteria and fluconazole (MP Biomedicals, Franoeandida albicank

4.2.4.3. MTT microdilution assay for antibacterial activity
MIC of extracts and pure compounds Af excelsausing MTT microdilution was also

performed using the same protocol and assay proeg@ds described in Section 3.2.4.4.

4.2.4.4.  Anti-inflammatory and antioxidant assays
Anti-inflammatory activity was evaluated using amdmnation of COX, NO, TNF, PGE
inhibition and cytotoxicity assays. Antioxidant iadly was performed using the ORAC assay.
The anti-inflammatory (NO, TNk; PGE inhibition and cytotoxicity) and antioxidant
(ORAC) assays were performed by the author at ®owtlCross University under the
guidance of Prof. Hans Wohlmuth and with the hdigVio Dane Renshaw and Dr Joshua
Smith. The COX assay was performed by the authoMatquarie University with the

assistance of Unnikrishnan Kuzhiumparambil.

4.2.4.4.1COX inhibition assay

The COX inhibition assay was performed according th@ manufacturer's (Cayman
Chemicals, USA) protocol. All extracts (Aex-Hex, ABCM, Aex-EA, Aex-MeOH and Aex-
water extract) were tested at two different coneiains (100 pug/mL and 50 pg/mL). In this
assay, COX 1 and COX 2 were incubated separatély tive plant extracts and controls in a
reaction buffer (100 mM Tris-HCI buffer, pH 8.0)rdaining 1uM heme, for 10 min at 37 °C.
Arachidonic acid was added (final concentration16D uM) to initiate the reaction. HCI
solution (1 M) was added after 2 min to termindte teaction, followed by addition of
saturated Snglsolution to reduce the reaction products to RGFhe amounts of PG

produced in the COX reactions were quantified usingenzyme immunoassay. P& BEnd
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PGE-acetylcholine esterase tracer were added to adbplate coated with mouse anti-
rabbit IgG and the specific antibody (rabbit an@f3, and PGE) was added. The plate was
incubated for 18 h at room temperature. After tihmibation period, the plate was washed 5
times with 10 mM potassium phosphate buffer coimgir0.05% Tween 20 to remove any
unbound reagents. Ellman’s reagent was added toveelt and the plate was developed in the
dark for about 60 min and absorbance was read atnd0. The samples were tested in
duplicate. Ibuprofen and celecoxib were used agralsn(Selvamet al, 2004). Ibuprofen was
purchased from Sigma-Aldrich and celecoxib was iobth as a gift from Ranbaxy Lab,

Mumbai, India. A Spectramax spectrophotometer veasl dor absorbance measurements.

4.2.4.4.2NO0 inhibitory and cytotoxicity assay using RAW264 macrophage

NO inhibitory and cytotoxicity assays of extractsfo excelsavas performed using RAW264
macrophages. The assay method and protocol usethdse studies were similar to the
methods described in Sections 3.2.4.5.1 and 3.2.45r the cytotoxicity study, extracts Af
excelsa(Aex-EA, MeOH and Aex-water) were tested at 0.41@0 pg/mL concentration
range. For the NO inhibitory assays, the extradex{EA, MeOH and Aex-water) were tested
from 0.294 pg/mL to 71.4 pg/mL.

4.2.4.4.31nhibition of TNF-a

Inhibitory activity of A. excelsaextracts (Aex-EA, MeOH and Aex-water) on TNF-
production in RAW264 cells was determined using $saene protocol and assay method
described in Section 3.2.4.5.3.

4.2.4.4.41nhibition of PGE, synthesis

PGE inhibitory activity of A. excelsaextracts (Aex-EA, MeOH and Aex-water) using 3T3
Swiss albino mouse embryonic fibroblast cells wasfqgmed using the assay method
described in Section 3.2.4.5.4.

4.2.4.4.5 Selectivity | ndex

The selectivity index was calculated as the comeéioh that reduces cell viability to 50%
divided by the 1G, value for inhibition of NO, TNFe or PGE synthesis (Cogt al, 2001,
Jabitet al, 2009).
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4.2.4.4.6 ORAC assay

Antioxidant activity of Aex-EA, MeOH and Aex-wat@xtracts were determined using the
ORAC assay. The assay method has been descrilsettiion 3.2.4.5.6.

4.2.5. Preliminary phytochemical screening

Crude extracts oA. excelsdeaves were tested on TLC plates for the prelinyinketection of
terpenoids, steroids, unsaturation and alkaloidanilliin-sulphuric acid (Johnssost al,
2007), Dragendorff's reagent (Gibbons, 2004), dde&syde (Wagner, 1996) and
permanganate spray reagents (Davies and Johns@d) 2@ere used to detect steroids,
alkaloids, terpenoids and unsaturated compound€& plates were developed on normal
phase silica plates witlthexane and EtOAc. Methods of preparation of thrayspeagents are
described in Section 3.2.5.1.

4.2.6. Chemical study methods and materials

The Aex-EA fraction ofA. excelsa2.6 g) was subjected to size exclusion chromafdgy
(SEC) with Sephadex LH-20 using MeOH as an elusiolyent. Fractions with similar TLC
profiles in the solvent system (DCM:EtOAc, 1:1, mat phase) were combined to get 14
major fractions, in order of elution, Aex-1 (213 ngyeen solid, 8.2%v/w), Aex-2 (3 mg,
green solid, 0.1%w/w), Aex-3 (101.4 mg, dark green solid, 3.9%w), Aex-4 (330.2 mg,
greenish brown solid, 12.7%/w), Aex-5 (228.6 mg, yellowish green solid, 8.¥%w), Aex-6
(269.4 mg, greenish brown solid, 10.28anv), Aex-7 (235.3 mg, greenish brown solid, 9.7%
wi/w), Aex-8 (50 mg, greenish brown solid, 1.994n), Aex-9 (309.8 mg, brown solid, 11.8%
w/w), Aex-10 (201.5 mg, yellowish green solid, 7.75%w), Aex-11 (251.0 mg, greenish
yellow solid, 9.6 %w/w), Aex-12 (13.04 mg, yellow solid, 5.01%/w), Aex-13 (14 mg,
yellow solid, 0.5%w/w) and Aex-14 (3.4 mg, brownish yellow solid, 0.13¢). The major
fractions (Aex-1 to Aex-14) were tested for antileai@l activity by TLC bioautography (as

described in Section 3.2.4.3) against methicilénsstive and resistant strains@faureus

Purification of Aex-11 (200 mg) by normal phase ETwith DCM:EtOAc (1:1) yielded pure
compoundAE72 (9 mg, yellow powder, R= 0.5 in DCM:EtOAc, 2:1, normal phase TLC).
Washing Aex-13 (14 mg) with MeOH (1.5 mLx3) yield&&#81 (10 mg, yellow powder, &
0.2 in DCM:EtOAc, 2:1, normal phase TLC) as a prompound.
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Bioactive fraction Aex-5 (150 mg), which was a mid of at least three components, as seen
on reversed phase TLC plate €R0.2-0.7, CHCN:MeOH, 4:1), was subjected to solid phase
extraction (SPE) (Water Sep packs@ g) using gradient elution of MeOH:GEN (100:0 to
0:100) to give 14 fractions. Fractions with simiR profiles (reversed phase) were further
combined to give 3 major fractions Frl (50 mg, gelisolid, R= 0.3 in CHCN:MeOH, 4:1,
reversed phase TLC), Fr2 (23 mg, greenish yellold,s&; = 0.4 in CHCN:MeOH, 4:1,
reversed phase TLC) and Fr3 (20 mg, blackish gsedid). Frl and Fr2 were active against
methicillin sensitive and resistaBt aureudy TLC bioautography. Further purification of Frl
was attempted using reversed phase HPLC usingraa8iiu HPLC system consisting of a
LC-10-AVP photodiode array detector and an autosam@hromatographic separation was
performed at 23-25 °C on a Synergi 10 u Hydro RPA86olumn (250x3 mm i.d., 4 H,
Phenomenex). The mobile phase consisted & tA) and CHCN (B) and was eluted in a
step gradient mode (0.01 min - 90% A, 10 min - 7R%35 min - 50% A, 45 min - 20% A
continued until 50 min). The injection volume wa&3 (1L (10 mg/mL) and run time was 50
min at a flow rate of 1.0 mL/min. Overlapping peaksHPLC and a mixture of compounds in
LC-MS were noted.

Kaempferol (AE72): Yellow amorphous powder, mp. 278 °C (lit. 278-279 (Ali et al,
2010). UV (MeOH):Amax 266 and 366 nm. ESI MB/z 287 [M+H]". *H NMR (400 MHz,
DMSO-dg): 6 12.45 (1H, br s, 5-OH), 8.03 (2H, 3~ 8.8 Hz, H-2, 6'), 6.91 (2H, dJ = 8.8
Hz, H-3,5), 6.41 (1H, d,J = 1.9 Hz, H-8), 6.17 (1H, d] = 1.9 Hz, H-6).*C NMR (100
MHz, DMSO-&): 6 177.3 (C-4), 165.7 (C-7), 162.7 (C-5), 160.6 (¢-458.5 (C-9), 148.0
(C-2), 137.3 (C-3), 123.8 (C1. 130.7 (C-26"), 116.5 (C-35"), 104.4 (C-10), 99.4 (C-6),
94.5 (C-8).

Quercetin (AE81): Yellow amorphous powder, mp. 318 °C (lit. 316-303 {Li and Xu,

2008). UV (MeOH):Amax 258 and 362 nm. ESI MB/z 303 [M+H]". *H NMR (400 MHz,

DMSO-dg): 6 12.48 (1H, br s, 5-OH), 9.4 (3H, br s,8, 3-OH), 7.66 (1H, dJ = 2.2 Hz, H-

2), 7.53 (1H, ddJ = 8.4, 2.2 Hz), 6.87 (1H, d,= 8.4 Hz, H-5), 6.39 (1H, dJ = 2.04 Hz, H-

8), 6.17 (1H, d,J = 2.04 Hz, H-6)2*C NMR (100 MHz, DMSOd,): 5 175.8 (C-4), 164.1 (C-
7), 160.7 (C-5), 156.0 (C-9), 147.7 (O4146.7 (C-2), 145.0 (C-R 135.7 (C-3), 121.8 (C-
17, 119.8 (C-6), 115.4 (C-5), 115.0 (C-2), 102.9 (C-10), 98.2 (C-6), 93.2 (C-8).
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4.3. Results and Discussion

As described in Chapter 2. excelsais very well known to the Yaegl community and its
leaves have been commonly used for washing woumdigilgo for treatment of cuts and sores
(Packeret al, 2012). The leaves have also been reported tede for pain and inflammatory
conditions (Lassak and McCarthy, 2008). These etteaticinal uses suggested the possibility
of antimicrobial, anti-inflammatory and antioxidaattivities of the leaves. Previous studies in
the IBRG laboratory by Brouwer showed thatCHextracts (extracted at 80 °C) and 100%
EtOH extracts of the leaves (extracted at room &¥atpre) had good antibacterial activity
against the common pathogenic bact&iaaureusandE. coli (using the disc diffusion and
FDA assays) and also had good cyclooxygenase tohybactivity (Chapter 2, Section 2.1)
(Brouwer, 2006).

4.3.1. Extraction of A. excelsa leaves using sequential solvent extraction
method

Following on from the findings of antibacterial a@DX inhibitory activity in leaf EtOH
extracts by Brouwer and also in accordance withYthegl elders’ requests to examine this
plant further, fresh leaves @&. excelsawere extracted for detailed biological and cheinica
investigations. To assist in fractionation of bitdae compounds for further bioassay guided
isolation of compounds of interest, two differextraction methods, both using increasing
solvent polarity were employed: accelerated solexitaction (ASE) at higher temperature
(method 1) and pressure and sequential solvenaatxdn at room temperature and pressure
(method 2).

In this PhD study, a ‘traditional preparation’ wasxtract (Aex-water) was also prepared at
room temperature to mimic the use of the leaveshkyYaegl community as an antiseptic
hand wash where they simply rub fresh leaves betwssr hands with a little water (Packer,
2012).
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4.3.2. Comparison of efficiency between ASE (method 1) angbom
temperature sequential extraction (method 2)

Plants are complex matrices and produce a rangee@ndary metabolites with different
functional groups and polarities, e.g. fatty aciéspenoids, steroids, essential oils, phenolics,
alkaloids and glycosides (Seidel, 2006). The ektacprocess often affects the ease of
isolation and bioactivity of plant extracts. Thenef choosing the right extraction process is an
important part of the bioassay guided isolationcpss. Sequential solvent extraction with
solvents of increasing polarity is often regardedaiseful method for the initial separation of
bioactive components according to their polarityofs 1998, Simpsoret al, 2011). In the
present study, sequential solvent extraction wasopeed by two methods: accelerated
solvent extraction (ASE), which employs high tengpere and pressures (method 1) and
sequential solvent extraction at room temperataceadmospheric pressure (method 2).

Accelerated solvent extraction (ASE) is a relagvecent extraction technique (Basaloal,
2006). This extraction technique in principle owanes some of the drawbacks such as long
extraction time, labour intensive manual procedurelsitively high solvent consumption and
the unsatisfactory reproducibility of traditionadteaction methods currently in use (Bentlein
al., 1999). ASE uses solvents at elevated pressurdesnplerature in order to increase the
efficiency of the extraction process. Increasedpenature accelerates the extraction kinetics
and elevated pressure keeps the solvent in thédlistate, thus enabling safe and rapid

extractions (Kaufmann and Christen, 2002).

ASE sequential extraction of 175 gAf excelsdeaves (starting from low polar to high polar
solvents) using-hexane, DCM, EtOAc and MeOH (method 1) afforded ftifferent extracts
ASE-Hex (yellow dense solid, 0.88 g, 0.5%w), ASE-DCM (green solid, 4.8 g, 2.7%¢/w),
ASE-EA (dark green solid, 2.0 g, 1.14#b6n) and ASE-MeOH (dark green solid, 8.9 g, 5.08%

w/w), respectively.

This ASE method was found to be relatively quick doing the extraction on a small scale
(e.g. 100-200 g plant material), taking only 24H&r the sequential extraction (using four
different solvents) with three repeats for eaclvesal. However, some difficulties were also
observed for the ASE method. For example, for #udify available, it was not possible to put

any more plant material (more than 175 g) in ongecyOne of the important requirements of
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ASE is it needs material to be free flowing as o#l&e the solvent cannot pass through the
material resulting in poor extraction. To make fregant material free flowing, it needs to be
mixed with sand and therefore a large scale extradbecomes difficult. Moreover, the
sample cells also require cleaning and utltrasdioicaafter each extraction cycle. The
preparation of sample, loading samples into thep$amell, operation of the extraction
process and cleaning afterwards took about 48 h.th® ASE facility available, several
extraction cycles (multiple repetition using frgslant material) are required for doing large
scale (more than 1 kg) extraction. After performgagjuential solvent extraction by ASE with
fresh crushed leaves @&f excelsait was observed that the method was not very eoient

for large scale extraction.

Sequential solvent extraction at room temperatund atmospheric pressure was also
performed on a large scale (1447 g of fresh lea¥es. excelsastarting from low polar to
high polar solventsnthexane, DCM, EtOAc and MeOH, 363 h and 6 | forheaolvent)
(method 2). This yielded four extracts, Aex-Hexliy® dense solid, 5.4 g, 0.3% w/w), Aex-
DCM (green solid, 10.1 g, 0.7% w/w), Aex-EA (dartegn solid, 10.7 g, 0.73% w/w) and
Aex-MeOH (dark green solid, 22.4 g, 1.5% wi/w). DOespsing more solvent and taking
longer than the ASE method, the author found tkisaetion procedure to be more convenient
than the ASE method. Table 4.3.1 provides the giedddd appearances of the extracts
following both extraction methods. The advantaged disadvantages of the two sequential
extraction methods observed during working wittslfiréeaves oA. excelsare summarised in
Table 4.3.2.
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Table 4.3.1: Percentages of yields and appearafidist collection batch extracts #f.

excelsaobtained by two sequential solvent extraction roésh

Extracts Extraction Percent Physical R;
method* yield (w/w) | appearance | (normal phase TLC)
ASE-Hex Method1 0.50% Yellow dense 0.7-0.€
solid (n-hexane:EtOAc, 1:1)
Aex-Hex Method : 0.30% Yellow dense 0.€-0.€
solid (n-hexane:EtOAc, 1:1)
ASE-DCM Method1 2.70% Dark greer 0.5, 0.&0.€
solid (n-hexane:EtOAc, 1:1)
Aex-DCM Method?2 0.70% Dark greer 0.2-0.5, 0.°-0.¢
solid (n-hexane:EtOAc, 1:1)
ASE-EA Method1 1.14% Dark greer 0.2,0.°-0.€
solid (DCM:EtOAC, 1:1)
Aex-EA Method2 0.73% Dark greer 0.1-0.4, 0.¢0.€
solid (DCM:EtOAC, 1:1)
ASE-MeOH Method1 5.08% Blackish 0.2-0.€
green solid (DCM:EtOAC, 1:1)
Aex-MeOH Method2 1.50% Blackish 0.2-0.€
green solid (DCM:EtOAC, 1:1)

*Method 1 refers to ASE sequential solvent ext@attimethod 2 refers to room temperature

sequential solvent extraction.
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Table 4.3.2: Advantages and disadvantages

of thesdguential extraction methods

(ASE and room temperature sequential solvent etidrgcfor A. excelsdeaf extracts.

ASE sequential solvent extractionmethod

Room temperaturesequentialsolvent
extraction method

Advantages

Suitable for small scale extraction with 0

solvent.

More suitable for dry powdered plant material
this system requires free flowing material
better separation.

It can perform small scale extraction with O
solvent quickly.

No need to do filtration after extraction.

Yield of extract is higher than room temperat
sequential solvent extraction method.

Advantages

n8uitable for both small and

extraction.

large sc

&uitable for fresh as well as dry plant materi

or
It is performed at room temperature, theref

safe for thermolabile compounds.

ne
For sequential extraction with large scale

plant material, this method is easy to set up

ure

e

ore

of

Disadvantages

It involves extraction at higher temperature (
70 ©°C), therefore some compounds might
degraded during the extraction process.

For sequential extraction with large scale of fr
plant material, this method is more laborious

time consuming as compared to the ro
temperature sequential solvent extraction meth

Result of initial separation of fresh plant mate
using the ASE method was not good as comp
to the room temperature sequential solv
extraction method.

Disadvantages

5@ requires filtration at every step and is m
kbour intensive.

For small scale plant material, this meth
esbguires more time than the ASE method.
and

om

od

ria
ared
ent

bre

od
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4.3.3. Bioactivity studies of ASE and room temperature segential solvent
extracts

Following the extraction of the fresh plant mateoallected from Cumberland State Forest,
Sydney (first collection batch), by the ASE methaad the room temperature sequential
extraction method, antimicrobial activity was penfied using the disc diffusion assay (2
mg/disc). Extracts from the ASE sequential sohexitaction method (ASE-Hex, ASE-DCM,
ASE-EA and ASE-MeOH) and extracts from the room gerature sequential solvent
extraction methods (Aex-Hex, Aex-DCM, Aex-EA andxAdeOH) were tested against the
common pathogenic strair® aureusE. coli and P. aeruginosaFor the ASE method, the
methanol extract (ASE-MeOH) contained all the amttbrial activity, with a 12 mm diameter
of zone of inhibition agains$. aureusFor the room temperature/normal atmospheric press
extraction method, both the EtOAc extract (Aex-Eskd the MeOH extract (Aex-MeOH)
showed antibacterial activity. Aex-EA was the mastive extract, with a 10 mm diameter of
zone of inhibition agains$. aureugTable 4.3.3), while Aex-MeOH showed a 9 mm zohe o
inhibition againstS. aureus.Despite the higher yield in the ASE method, thessults
suggested greater separation of different bioaatm@pounds into different fractions using
the room temperature extraction method (Table 4a8d Table 4.3.3). Moreover, on normal
phase TLC plates, better separation was seen hbetihee different extracts in the room
temperature sequential extraction method verseé&8te method. Therefore, considering the
poorer separation and difficulty of the large scaktraction in the ASE method, the room
temperature sequential solvent extracts were chtmefurther assays and bioassay guided

isolation of bioactive compounds.
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Table 4.3.3: Antibacterial activity of sequentigbB and sequential room
temperature extracts in disc diffusion assay.

Extracts Diameter of zone of inhibitior (mm)

(2 mg/disc) S. aureus E. coli P. aeruginosa

Extracts of ASE sequential solvent extraction metha

ASE-Hex ne ne ne
ASE-DCM ne ne ne
ASE-EA ne ne ne
ASE-MeOH 12 ne ne

Extracts of room temperature sequential solvent exéction method

Aex-Hex ne ne ne
Aex-DCM ne ne ne
Aex-EA 1C ne ne
Aex-MeOH 9 ne ne
Vancomycir (2 u¢) 12 ne ne
Gentamycin (2 J¢ ne 12 12

*Two repeats were performed on at least two separassiocts. Zone of inhibition was determined by
diameter of complete inhibition, including 6 mmaliiameter. na: not active against the tested bacte

4.3.4. MTT microdilution assay

Initially antibacterial activity of the room tempure sequential solvent extracts, Aex-Hex,
Aex-DCM, Aex-EA and Aex-MeOH were evaluated by thisc diffusion method. Later, the
extracts were tested for the determination of mimiminhibitory concentration (MIC) using
the MTT microdilution method (this method has beéescribed in Chapter 2 and 3). The disc
diffusion assay is often useful for initial qualitee screening, but it is not capable of
determining MIC and antimicrobial activity in theésd diffusion assay depends on the test
samples capacity to diffuse into the agar. Theegfoo determine the MIC of the room
temperature sequential extracts, MTT microdilutwas used. According to Rios and Recio
(Rios and Recio, 2005) and Gibbons (Gibbons, 20frdge plant extracts having MIC values
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below 1000 pg/mL are considered worthy of furtmeistigation. In the present study, a plant
extract with an 1Gy of <50 pg/mL was considered as having good (*rimicrobial activity,
those with IGo of 50-125 pg/mL were considered as having modefgeantimicrobial
activity and those with 165 value of 126-1000 pg/mL were considered as halomg (*)

levels of antimicrobial activity.

Initially, the disc diffusion assay was performeghimst three bacterial strainS.(aureusP.
aeruginosaand E. col) that are known to be susceptible to common aottds. The MTT
microdilution assay was performed using an extendede of medically important Gram-
positive and Gram-negative bacteria including aotib sensitive strains§, aureus S.
pyogenes, S. typhimurium, P. aeruginesaE. coli lactamase negative) and also antibiotic
resistant strains (MRSA, MDRSA aififl coli # lactamase positive). The bacteria used in the

present study are representative of pathogens anpwt human infections.

The EtOAc extract, Aex-EA, showed the highest dtgti{ICoo 31.25 pg/mL againss.
pyogenesand 500-1000 pg/mL against methicillin sensitivd assistansS. aureuy followed

by the MeOH extract, Aex-MeOH, (§62.5 pg/mL againsE. pyogeneand 1000 pg/mL
against methicillin sensitivB. aureul(Table 4.3.4). The Aex-Hex and Aex-DCM extradts d
not show any antimicrobial activity at 1000 pg/mhdanone of the extracts showed any
activity against the tested Gram-negative bactamid fungi. The antimicrobial extracts Aex-
EA and Aex-MeOH were also tested for their bacigalcor bacteriostatic effects and both

extracts were found to have bactericidal effectthertested bacteria (Table 4.3.4).
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Table 4.3.4: Antibacterial activity of extractsAfexcelsdy the MTT microdilution
assay and bacteriostatic or bactericidal effects.

Extracts MIC values (ugmL)

S. aureus MRSA MDRSA S. pyogenes | S.typhimurium,

P. aeruginosa, E.

coli (f+) & (8-),

C. albicans

Aex-Hex ne ne ne ne ne
Aex-DCM ne ne ne ne ne
Aex-EA 500* (C) 1000* (C 1000* (C | 31.25*** (C) ne
Aex-MeOH | 1000* (C ne ne 62.5** (C) ne
Vancomycir | 1.25** (C) | 1.25*** (C) | 1.25** (C) | 0.31*** (C) ne

*¥*C g9 <50 pg/mL, **ICy 50-125 pg/mL, *IG, 126-1000 pg/mL. C: bactericidal effect on the
microorganisms. MIC was determined as the well wlith lowest concentration of sample that displayed
yellow-blue colour change of MTT and also by tuityidabsorbance). Two repeats were performed deast
two separate occasions; values are average ofvauseesults. na: not active against the testedebacat

1000 pg/mL.

4.3.5.

The ethnomedicinal use @&. excelsdeaves for treatment of cuts and sores (Paekel,
2012) and for pain and inflammatory conditions @adsand McCarthy, 2008) suggests the
possibility of anti-inflammatory and antioxidanttizdty. Moreover, a previous study in this
laboratory using the COX assay (performed by Brayuwescribed in Chapter 2) showed that
EtOH and HO extracts ofA. excelsaleaves had good cyclooxygenase (COX) inhibitory
activity. Therefore, extracts &. excelsavere tested for anti-inflammatory and antioxidant
activities. Initially, the extracts Aex-Hex, Aex-DEC Aex-EA and Aex-MeOH and the
‘traditional preparation’ i(e. water extract; Aex-water) were tested for antianfmatory
activity by the author using the Cayman COX intubjtassay kit. However, it was reasoned
that a combination of different anti-inflammatonydaORAC antioxidant assays could be very
useful for investigatingA. excelsafor compounds of relevance for the treatment ah sk

infections, sores and wounds (Chapter 2). Thergfamé-inflammatory activity of Aex-EA,
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Aex-MeOH and Aex-water was investigated using otivell recognised anti-inflammatory

assays, including NO, TN&-and PGE inhibition assays and the antioxidant activity was
investigated using the ORAC assay. Although, amalykall the extracts was ideal, only Aex-
EA, Aex-MeOH and Aex-water were chosen, as thesayasare very laborious to conduct
and there was only a limited timeframe available floese to be run. The assays were
performed by the author at Southern Cross Uniwensitder the guidance of Prof. Hans
Wohlmuth and with the help of Mr Dane Renshaw and@hua Smith.

4.3.5.1.  Anti-inflammatory activity using COX inhibitory ass ay

Extracts ofA. excelsavere tested initially for COX inhibitory activitysing the commercially
available Cayman COX inhibitory assay kits (Selvamad Jachak, 2004), which test for COX
1 and COX 2 inhibition. According to the literaturrude extracts of plants are generally
screened for COX anti-inflammatory activity at centrations between 0.1 and 10 mg/mL
and those extracts that exhibit activities at catregions <2 mg/mL are generally considered
to be worthy of further investigation (Lindsey al, 1998, Palombo and Semple, 2001). The
results of this screening @&. excelsdeaf extracts (Aex-Hex, Aex-DCM, Aex-EA and Aex-
MeOH) are presented in Table 4.3.5. It was fourat #ex-DCM showed the most potent
activity, inhibiting COX 1 and COX 2 by 81% and 70DBéspectively, at 50 pg/mL, whereas at
100 pg/mL the inhibition observed was 99% and 82%30X 1 and COX 2, respectively.
Aex-water, Aex-MeOH and Aex-EA also showed prongsi@OX 1 inhibitory activity
(inhibited 94%, 85% and 81%, respectively, at 5@mLlg and 100% for all extracts at 100
png/mL) (Table 4.3.5). All tested extracts (excepgxADCM) showed negligible COX 2
inhibitory activity (Table 4.3.5) and Aex-Hex wdwetleast active extract in the COX inhibitor
screening assay. For positive controls, ibuprofes wsed as a selective inhibitor for COX 1

and celecoxib was used as an inhibitor for COX 2.
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Table 4.3.5: COX inhibitory activities of extracbA. excelsdeaves.

Extracts Conc. % Inhibition of
hg/mL cox 1 COX 2
Aex-Hex 50 63 41
100 72 21
Aex-DCM 50 81 70
100 99 82
Aex-EA 50 81 27
100 100 na
Aex-MeOH 50 85 2.7
100 100 49
Aex-water 50 94 21
100 100 na
Ibuprofen 6 80
Celecoxib 1.8 100

Assay was performed in duplicate and values areageeof two results.

4.3.5.2. Nitric oxide (NO) inhibition and cytotoxicity assay

Antibacterial and anti-inflammatory extracts (AeREAex-MeOH) and the ‘traditional
preparation’ extract (Aex-water) were tested for M@ibitory activity in RAW264 cells. The
extracts were tested at a concentration range ©d284 pg/mL to 71.4 pg/mL for NO
inhibitory activity. All extracts (Aex-EA, Aex-MeOHand Aex-water) were tested at a
concentration range from 0.05 pg/mL to 100 pg/miLdgtotoxicity study. Cytotoxicity was
tested at a higher concentration range (0.05-10thgthan the NO inhibition testing range
to check whether the extracts/fractions or compeuhdd any toxic effects that could
contribute to NO inhibition in the RAW264 cells.

In the NO inhibition assay, Aex-EA showed promisengi-inflammatory activity (16 10.7
pg/mL) in comparison to its cytotoxic concentrat{®@so 60 Lg/mL) and the selectivity index
was 5.6 (Table 4.3.6, Figure 4.3.1 and Figure %.32x-MeOH also showed moderate NO
inhibitory activity (G 30 pg/mL) and did not produce any cytotoxic eemh the RAW264
cells even at 100 pg/mL. Aex-water was consideredtive in the NO assay as it did not
produce any inhibition at the highest concentratiested (71.4 pg/mL) (Table 4.3.6 and
Figure 4.3.2).
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Table 4.3.6: Cytotoxicity and nitric oxide synthesihibitory activity of extracts of
A. excelsa

Sample: Cytotoxicity Inhibition of nitric oxide | Selectivity
(ng/mL) (NO) synthesis (ug/mL) index
Aex-EA 60 (44.2-80.8 10.7(6.2-18.5 5.€
Aex-MeOH >10( 30.£(19.€-47.4 -
Aex-watel >10C >71.2 -
Chlorambuci 8.C - -
Dexamethasor - 0.006: (0.002:-0.0159) -

Inhibition was measured asj#{X95% confidence intervals); -: not relevant; Dexsinasone and
chlorambucil were used as positive controls for iNRbition assay and cytotoxicity study, respediive
n=3 for both cytotoxicity and NO inhibition inhiligin activity study.

100+ )

®  Chlorambucil

754 A Aex-Ea
g v Aex-Water
= 504 + Aex-MeOH
2
=
£ 254
2 3

0 r -

1 2 6
-254 Conc log ng/mL

Figure 4.3.1: Cytotoxic effects of extracts (Aex-Efex-MeOH and Aex-water)
and cytotoxic drug chlorambucil on RAW264 cells.
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Figure 4.3.2: Inhibition of nitric oxide synthesisRAW264 cells; dose response
curves forA. excelsaxtracts.

4.3.5.3. Inhibition of TNF- a production
Aex-EA, Aex-MeOH and Aex-water were tested for ThHRnhibitory activity in LPS-
stimulated RAW264 macrophages. A range of conctotr® (0.29 pg/mL to 71.4 pg/mL)
was tested to in an attempt to establishl@alues (Figure 4.3.3). However negligible
inhibition of TNF-a production was observed from the tested extraosts dose response

curves could not be produced to calculate Malues (Figure 4.3.3).

50~
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) 25 30 85 @O0 45 50 55 -
prer} ®
=
= -50+ (] %
: y
> .100-
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Figure 4.3.3: Effects of extracts @&. excelsaon TNFa production in LPS-
stimulated RAW264 macrophages.

4.3.5.4. Inhibition of PGE , synthesis
Aex-EA, Aex-MeOH and Aex-water were tested for BGHEhibition using the PGE
inhibition assay in calcium ionophore stimulated33’Ells using a PGEmonoclonal EIA kit.
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The concentration range used was 0.41 pg/mL topdL. All the tested extracts showed

limited inhibition of PGER synthesis.

4.35.5. ORAC assay
Aex-EA, Aex-MeOH and Aex-water were tested for axilant activity by the ORAC
(oxygen radical absorbance capacity) assay. All ttsted samples showed reasonable
antioxidant activity in this assay (Table 4.3.7)exAEA showed the highest activity of
3.70x10 pM TE/g, which is considered modest in comparisonthe positive control
epicatechin (2.98xTQuM TE/g). Although Aex-water did not show any aatiterial or anti-
inflammatory activity in the present study, Aex-efashowed reasonable antioxidant activity
in the ORAC assay (1.6x1QiM TE/q).

Finding of antioxidant activity in the Aex-water teact also proves that lack of activity in

certain assays (antimicrobial and anti-inflammaYatges not necessarily mean that it is not
effective in the customary way. Antioxidant actvif the Aex-water extract provides some
support for the traditional use of the plant iratreent of inflammatory conditions and wounds

by the Indigenous community.

Table 4.3.7: Antioxidant activity of extracts Af excelsan ORAC assay.

Sample: ORAC assa)
(mean + SD uM TE/qg)

Aex-EA 3.70 + 0.36x1C
Aex-MeOH 7.50+0.28x1(
Aex-watel 1.6 +0.23x1C
Epicatechil 2.9¢ + 0.40x1(*

Antioxidant activity is expressed as micromole§ oflox equivalent per gram, n=4
4.3.6. Phytochemical screening

The preliminary antibacterial study showed that BFH®Ac extract Aex-EA had the highest
activity amongst the tested extracts against th@r3ositive organisms methicillin sensitive
S. aureusMRSA, MDRSA andS. pyogenesTherefore, Aex-EA was selected for further

studies to isolate bioactive compounds. To assisidentifying the types of compounds
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present, Aex-EA was subjected to preliminary phlyenical screening using specific tests on
TLC plates (as described in Section 3.2.5). Prelary screening is often helpful in detecting
types of compounds present in extracts or fractinitglly. The staining agents used for the
detection of the types of compounds presentAinexcelsawere: vanillin-sulfuric acid,
anisaldehyde, permanganate, iodine and Dragensloréfagent. Figure 4.3.4 shows the
distinctive staining seen with anisaldehyde reagsith blue-green colouration suggesting the
presence of terpenoids (a) (Wagner, 1996); and mrdaue and green spots observed with
vanillin-sulfuric acid suggesting the presenceespénes (b) (Gibbons, 2005) and yellow spots
on a pink plate when sprayed with permanganaten siadicating the presence of
monoterpenes and unsaturated compounds (c) (DavidsJohnson, 2007). These results
suggested the presence of terpenes, terpenoidsidstand unsaturated compounds in the
EtOAc extracts oA. excelsaAex-EA did not show any orange or red spot ugmayng with
Dragendorff's reagent, indicating the absence kdlalds.

(a) (b)

Anisaldehyde Vanillin-sulfuric acid stain, | Permanganate spray,
spray. DCM:EtOAc| DCM:EtOAc (1:1), normal | DCM:EtOAc (1:1),
(1:1), normal phase| phase TLC. normal phase TLC.
TLC.

Figure 4.3.4: TLC chromatograms of Aex-EA afteragfing with spray reagents.
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4.3.7. Bioassay guided isolation of bioactive compoundsdm Aex-EA

Size exclusion chromatography (SEC) using the lgaporganic resin Sephadex LH-20 is a
commonly used method for the purification of flaeals, steroids and some other classes of
compounds. It separates on the basis of molecidarad the separated molecules do not
interact or form bonds with the Sephadex resin.i@ally high recovery of compounds is
obtained using Sephadex (Gutzeital, 2007, Flaminiet al, 2001, Lo and Cheung, 2005,
Carret al, 1971). According to the literature, chemical ddoents so far isolated frorm.
excelsdeaves are alphitolic acid, betulinic acid, sdlcpcid and ceanothic acid (described in
Section 2.5.3). All these compounds have eitheydrdxyl group (OH) or a carboxyl group
(COOH) or both. The silica gel surface consistseaposed silanol groups and polar
compounds containing carboxylic acids, amines andl@s can be strongly adsorbed on to
silica gel in normal phase silica gel chromatogyafReid and Sarkar, 2006). Therefore, it
was decided to do size exclusion chromatograph¥§3& the initial separation of Aex-EA.
SEC of Aex-EA vyielded 14 major fractions based &CTR; profiles. These were subjected to
TLC bioautography to assist isolation of targetechpounds (Sections 3.2.4.3 and 3.3.5.1).

The major fractions obtained from SEC (Aex-1 to Aek in order of elution) were tested for
antibacterial activity by TLC bioautography againgtthicillin sensitive and resistant strains
of S. aureusOnly these strains were used in this assay as nbthe extracts were active
against the Gram-negative bacteria ugeth¢tamase positive and negative strain&otoli
andP. aeruginospor the fungus. albican3. S. pyogenewas also not used in this assay as
the blood agar required for its growth would inéeef with the colour change in the MTT
assay. For TLC bioautography, 100 ug of fractiomsenspotted on the TLC plate and then
run with an appropriate solvent system for a gogphsation. The fractions that did not give
good separation on the TLC plate were also testexttty for antibacterial activity after

spotting 100 pg of sample on the TLC plate and auithrunning with a solvent system.

Aex-4 to Aex-7, Aex-9, Aex-11, Aex-12 and Aex-13osled antimicrobial activity against
antibiotic sensitive and resistant strainsSofaureuqS. aureusMRSA and MDRSA) in the

TLC bioautography assay. Among these active frastidex-11, Aex-12, Aex-13 and Aex-5
were the most promising regarding separation onTih& plate and antimicrobial activity.

These active fractions were therefore selectefufther purification.
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Further fractionation of Aex-11 (200 mg) by nornpdase preparative TLC yielded a pure
bioactive compound)E72, as a yellow amorphous powder (9 mg). Washinefsolid Aex-
13 (14 mg, light greenish yellow) with MeOH yieldadpure bioactive compoundE81 (10

mg, yellow powder).

The bioactive fraction Aex-5 (150 mg) on a normalage silica gel TLC plate showed
overlapping spots with tailing in different solvesyistems (different ratios afthexane:EtOAc,
CHCI3:MeOH or DCM:EtOAc with and without 0.1% formic acetic acid). However, on a
reversed phase TLC plate it showed three sepaspte$s when eluted with GBN:MeOH
(4:1). Reversed phase f solid phase extraction (SPE) of Aex-5 yieldede¢éhmajor
fractions Frl (50 mg), Fr2 (23 mg) and Fr3 (5 m@ply Frl and Fr2 were active by TLC
bioautography against methicillin sensitive andistast S. aureus Further attempts at
purification of Frl using reversed phase HPLC akd@N and HO mixtures with 0.1% TFA
(90:10 to 20:80) did not show any distinct peakd also showed a mixture of poorly resolved
compounds in LC-MS (reversed phase). LC-MS showwd tnajor peaks and each
corresponded to a mixture of several compounddy ®Bl MS (negative mode) showing
masses an/z502, 458, 365, 301 and 25H NMR showed many unresolved peaks in the 0.2-
2 ppm region, indicating the presence of aliphatimpounds. Further purification could not
be performed due to time constraints. Fr2 did hotsany separation on normal or reversed
phase TLC plates and LC-MS (ESI MS) (negative ioode) showed a mixture of several
componentsr/z485, 469, 455, 243, 227 and 213).

Fraction Aex-4 did not show any distinct separabonnormal or reversed phase TLC plates
using normal rf-hexane:EtOAc, CHGIMeOH or DCM:EtOAc) and reversed phase solvent
systems (CECN:H,O or MeOH:HO with and without 0.1% formic or acetic acid). It

consistently showed tailing on TLC plates.

Fractions Aex-6, Aex-7 and Aex-9 showed little emtirobial activity and were not explored
any further. Figure 4.3.5 shows the antibacter@iviy of Aex-5, 6, 7 and 9 against
methicillin sensitiveS. aureusby TLC bioautography (method 1, unoptimised method
described in Section 3.3.5.1) after spotting 1000fidgractions on the TLC plate (without

running with solvent system).
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Figure 4.3.5 TLC bioautography of fractions cA. excels against methicillin
sensitiveS. aureu.

A summary of the bioassay guided studies from extraction dolation of antibacteric

compounds ipresented i Figure 4.3.6.

4.3.8. Summary of bioassay guided studie
‘ Fresh Leaves of Alphitonia excelsa (1884 g)
Sequential extraction using ASE Sequential extraction at room temyp.
Traditional prepration
ASE (175 g Water extract Bequential extraction
(0.51% w/) na (1447 &)
ASE-Hex (0.5% ARE-DCM ARE-EA(1.14% ARE-MeOH
wiw)na DD (2.7% wiw) - wiwina DD - (5.08% wiw) aDD
na DD
Aex-MeOH hex-EA Aex-DCM ’ Aex-Hex
o wiW)
(1.5% win) (0.73% win) (0. 7% win) (0.3% w
aDD aDD naDD naDD
Size exclusion chromato graphy
Lex-1 Lex-2 bex-3 Bex-4 Bex-5 bex-f bex-T Lex-8 Lex-9 Lex-10 || Aex-11 | hex-12 bex13 || Aex-14
B2% 0.1% 30% 127% 2% 10.2% 0.1 19% 118% T 6% 501% 0.5% 0.13%
i Wi Wi Wi Wi wh W Wi Wi Wi Wi Wi Wi Wi
ha na Ta a a a a na a na a a a a
AF72 (9 mg) AES1 (10mg)

{kaempferol) a

(quercetin) a

Figure 4.3.6 Extraction flowchart otA. excelsaa: active in TLCbioautography
against methicillin sensitive and resistS. aureusna: not active against the tes
bacteria in TLC bioautographa DD: active in disc diffusion assay agaiiS.

aureus na DD: not active in disc diffusion as: againstS. aureu.
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4.3.9. Characterisation of bioactive compounds

Two antibacterially active compounds, AE72 and AE&&re isolated from Aex-EA. Their
structures (Figure 4.3.7 and Figure 4.3.10) weteiéated by 1D and 2D NMR and mass
spectrometry and also by comparison with reportath.dThe structure elucidations are
described below.

4.3.9.1. Kaempferol (AE72)

Figure 4.3.7: Kaempferol (AE72).

AE72 was obtained from the Aex-EA extract as aoyelpowder (9.0 mg, 1.44%/w, mp 278
°C). ESI MS (positive ion mode) indicated a protedamolecular ion am/z 287 [M+H]
consistent with the molecular formulas8,00s. Electron impact MS (EIMS) also showed the
molecular ion peak ah/z286. The UV spectrum showeg.xat 266 and 366 nm, indicative
of a flavonoid type molecule (Xiaet al, 2006).

The **C NMR along with HSQC antH NMR data identified 15 carbon atoms in agreement
with one carbonyl and two aromatic rings (6 methjr@ quaternary carbons). Th¢ NMR
spectrum (recorded in DMS@y) also confirmed the presence of 6 aromatic proténsroad
downfield proton was seen &t 12.45 (1H, s). This is typical of the hydrogen ted 5-OH
group of flavonoids (Markham, 1982). A broad dowidishifted peak of two protons was

also seen &ty 10.06, showing the presence of two other hydrgxglps.

One of the aromatic rings contained only two aracngtoton signals, aiy 6.41 (1H,d, J =
1.9 Hz, H-8) andby 6.17 (1H,d, J = 1.9 Hz, H-6), with characteristimeta coupling ( =
~2Hz). Since there were no other proton signalshanring, this suggested the aromatic ring

was tetrasubstituted. Both protons showed HMBCetations to the quaternary carbonsat
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104.4 (C-10) andc 165.7 (C-7) (Table 4.3.8 and Figure 4.3.8). Addglly, the proton ady
6.17 (H-6) showed a correlation to a quaternarpaarmatoc 162.7 (C-5), while the proton at
oy 6.41(H-8) showed a correlation to the carbon dighéc 158.5 (C-9).

Similarly, coupled resonances&t 8.03 (2H, dJ = 8.8 Hz, H-2, 6') andéy 6.91 (2H, dJ =
8.8 Hz, H-3, H-5) were typical of H-26’and H-3/5" of the flavonoid B-ring, respectively
(Harborne, 1993). These protons showed HSQC ctioetato the signals atc 130.7 (C-2
and C-6) anddc 116.5 (C-3and C-5), respectively, and along with their HMBC corredat

to the signal abc 160.6 (C-4), were consistent with a-éxygenated phenyl group of the B
ring of a flavonoid. The HMBC spectrum showed clatiens of the protons at; 8.03 (H-2
and H-6) to the carbon signal & 148.0 (C-2), confirming the phenyl group attachtrte C-

2 of ring C of the flavonoid skeleton. There wasHMBC connectivity between the A and C
rings. The presence of a very deshielded resonainaehydrogen bonded hydroxyl proton at
oy 12.45 (5-OH), suggested that it waeri to the carbonyl group aic 177.3 (C-4). Other
positions were confirmed by HSQC and HMBC data,clvhare presented in Table 4.3.8 and
Figure 4.3.8.

Therefore, by comparing the melting poitti, NMR and**C NMR data of compound AE72
with the published literature (Veitatt al, 2005, Aliet al, 2010), and also by comparing the
EIMS spectrum with NIST (National Institute of Stamds and Technology) library data
(>99% match) (Figure 4.3.9), the isolated pure coumol AE72 was assigned as kaempferol.
This is the first report of isolation of kaempfefadm A. excelsa

Figure 4.3.8: HMBC correlations of kaempferol (ABR72
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Table 4.3.8’H and™*C NMR data of Compound AE72 (kaempferol).

Position oc oy multiplicity HMBC
2 14¢.0
3 137.c
4 177.2
5 1627
5-OH 12.45 .
6 99.£ 6.17d J=1.CHz) C-5,C-7,C8, C-1C
7 1657
8 94.t 6.41dJ=1.CHz) C-6, C-7,C-9, C-1C
9 1585
1C 104.¢
1 1238
2,6 1307 8.03d J=8.8 Hz c4,C2,6,C2
3,5 1165 6.91dJ=8.8Hz C-1,C3,5,C4
4 1606
3,4-0OH 10.06 br

* recorded in DMSGdg
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4.3.9.2. Quercetin (AE81)

Figure 4.3.10: Quercetin (AE81).

Compound AE81 was isolated from the Aex-EA extext yellow powder (10.0 mg, 1.52%
w/w, mp 318 °C). ESI MS (positive ion mode) showedaqgnated molecular ion peakratz
303 [M+H]", consistent with the molecular formula of AE81CagH,00. EIMS also showed
a molecular ion peak at/z302. The UV spectrum show@g.x at 258 and 362 nm, indicative

of a flavonoid type molecule (Li and Xu, 2008).

The*C NMR along with HSQC antH NMR data identified 15 carbon atoms in agreement
with one carbonyl and two aromatic rings (5 methjr quaternary carbons). Thé NMR
spectrum (recorded in DMS@) also confirmed the presence of 5 aromatic proténsroad
downfield-shifted peak of three protons that did sttow any correlations in HSQC data was
also seen aiy 9.4 (br, s), indicating the presence of phenojdrbxyl groups.

Like compound AE72 (kaempferol), one of the aromaitngs contained only two aromatic
proton signals, aiy 6.39 (1H, dJ = 2.0 Hz, H-8) andy 6.17 (1H, dJ = 2.0 Hz, H-6), with
characteristienetacoupling (§ = 2 Hz), implying the presence of a 5,7-dihydravtbne in an
A ring (Markham, 1982). Both protons showed HMBGretations to the quaternary carbons
at 6c 102.9 (C-10) andc 164.1 (C-7). Additionally, the proton &t 6.17 (H-6) showed
correlations to a quaternary carbor@tL60.7 (C-5), while the proton & 6.39 (H-8) showed
a correlation to the carbon signaldat156.0 (C-9). Additionally, the proton &t 6.17 (H-6)
showed a HMBC correlation to a quaternary carbascdt60.7 (C-5), while the proton &g
6.39 (H-8) showed a correlation to the carbon dighéc 156.0 (C-9). ThéH NMR spectrum
also showed resonances of a hydrogen bonded hydooipn (5-OH, o4 12.48), suggesting
that it wasperi to the carbonyl carbon group (Table 4.3.9).
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The second aromatic ring showed a doublei;a.87 (1H, dJ = 8.4 Hz, H-5), a doublet of
doublets aby 7.53 (1H, dd, = 8.4, 2.2 Hz, H-§ and amrmetacoupled doublet & 7.66 (1H,

J = 2.2 Hz, H-2), consistent with a 1,3,4-trisubstitution pattefhe carbon resonanceséat
145.0 andbc 147.7 (C-3and C-4) and a broad peak of three protonga.4 ppm suggested
the presence of three hydroxyl group at C3-4and C-3 positions. The HMBC spectrum
showed correlations of the protonsat7.53 (H-6) anddéy 7.66 (H-2) to the carbon signak
146.7 (C-2), confirming that the aromatic ring veaached to C-2 of ring C of the flavonoid
skeleton. Although, there was no HMBC connectiviitgtween the A and C rings, the
characteristic signal aic 102.9 (C-10) supported its connectivity to theboayl carbon of a
flavonoid. A characteristic fragment i@’z 153 (A+1)" in the EIMS spectrum also supported
a dihydroxylated A ring of a flavonoid (Hedin anhilRps, 1992) (Figure 4.3.12).

HO 0O

C——OH
OH
m/z 153 (A, T 1)

Other positions were also confirmed ¥y and**C NMR, along with HSQC and HMBC data,
which are presented in Table 4.3.9 and Figure 4.3.1

Therefore, by comparintH, *C NMR data and melting point of the isolated pusenpound
AES81 with that of the published literature and atsocomparing EIMS data of AE81 with
NIST library data (>99% match) (Figure 4.3.12), thelated compound AE81 was assigned
as quercetin (Li and Xu, 2008, Fathiazgdal, 2006, Kang, 1981). This is the first report of
isolation of quercetin from. excelsa

151



Figure 4.3.11: HMBC correlations of quercetin (AE81

Table 4.3.9’H and"*C NMR data of compound AE81 (quercetin).

Position oc &y multiplicity HMBC
2 146.7
3 1357
4 1758
5 160.7
5-OH 12.48 br s
6 98.2 6.17,d,J=2.0 Hz C-5, C-7, C-8, C-10
7 1641
8 932 6.39,dJ=2.0 Hz C-6, C-7, C-9, C-10
9 1560
10 1029
1 1218
2 1120 7.66,d,J=2.2 Hz C-3,C-4,C-6,C-2
3 145.(
4 1477
5 115. 6.87,d,J=8.4 Hz C-1,C-3,C-4
6 119.8 7.53,ddJ=8.4,2.2Hz C-4C-5,C-2
3'.4’, 3-OH 9.4, brs
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4.3.10. Determination of MIC of isolated compounds using MTT

microdilution assay

Both isolated pure compounds AE72 (kaempferol) AB81 (quercetin) are widely reported
for their antibacterial properties against a raofj&ram-positive and Gram-negative bacteria
including S. aureusBacillus subtilis, B. cereus, Proteus vulgaaisd E. coli using different
direct TLC
bioautography assays) (Calderon-Montagtoal, 2011, Li and Xu, 2008, Hamburger and

antibacterial activity studies (e.g. broth micratibn, disc diffusion,
Cordell, 1987, Kangt al, 2006). In the present study, antibacterial aistiof kaempferol and
quercetin were evaluated using the MTT microdiluti@ssay along with bacteriostatic or

bactericidal determination assays.

Both compounds showed good antibacterial activityh wCgqo <100 pg/mL againstS.
pyogenesnd methicillin sensitive and resistant strainSoaureugTable 4.3.10). They also
showed bactericidal activity on the tested bactet®s MRSA, MDRSA and5. pyogeneand
did not show any antimicrobial activity against thested Gram-negative bacteri®. (
aeruginosag lactamase positive and negative straing.ofoli). Antibacterial activity of both
isolated compounds supports the reported antibaceetivity of these compounds and also
supports the antibacterial activity of the fracdofAex-11 and Aex-13) observed by TLC
bioautography.

Table 4.3.10: MIC of isolated pure compounds (A&Ad AE81) in MTT microdilution
assay.

Compounds MIC values (png/mL)
S. aureus MRSA MDRSA S. pyogenes | P. aeruginosa, E.
coli (B+) & (B-)
AET7 62.5* (C) | 62.5*(C) | 625 (C) | 31.5%*(C) ne
AE82 62.5** (C) 62.5** (C) 62.5** (C) | 31.5**(C) ne
Vancomycir | 1.25%* (C) | 1.25%** (C) | 1.25**(C) | 0.31*** (C) ne

***|C g9 <50 pg/mL, **1Gy 50-125 pg/mL, *1Gy 126-1000 pug/mL. C: bactericidal effect on the migganisms.

MIC was determined as the well with the lowest @mration of sample that displayed no yellow-blamar
change of MTT and also by turbidity (absorbanc@oTepeats were performed on at least two separate
occasions; values are average of observed resaltsot active against the tested bacteria at 25@lu

154




Kaempferol and quercetin were not tested for arftaimnmatory activity (COX, NO, TNfe-
and PGE inhibition) due to limited quantities of the sampl However, there have been
several reports in the literature in support osthéwo compounds possessing NO inhibitory
and other anti-inflammatory activity (Bootst al, 2008, Comaladat al, 2006, Garcia-
Mediavilla et al, 2007, Martinez-Florest al, 2005, Linet al, 2003).

Both compounds (kaempferol and quercetin) wereabt# to be tested for antioxidant activity
due to sample limitations. They have been repoitethe literature for having antioxidant
properties (Calderon-Montanet al, 2011, Rice-Evanst al, 1995, Silvaet al, 2002,
Sivasothyet al, 2013) and their presence in Aex-EA (kaempferdd% w/w and quercetin
1.52%w/w) might explain some of the antioxidant activitytoé Aex-EA extract. The finding
of antioxidant activity provides some support fbe ttraditional use of. excelsdeaves in

wounds and infection related conditions.

4.3.11. Phytochemical and antimicrobial activity comparisonof two extracts
of A. excelsa leaves from different locations and seasons

The first collection ofA. excelsaleaves was performed in August 2008 from Cumbdrlan
State Forest, NSW. The leaves were found in damegedition (extensive herbivory, evident
by numerous holes and other damage in the leatpladterature also reports that leaves are
often seen to be ‘moth-eaten’ as a result of inadetk(Lassak and McCarthy, 2008, Cribb
and Cribb, 1984). A second batchAfexcelsdeaveswas collected in March 2009, when the
leaves were in a fresh condition without any obsigwsect attack. This collection was from
Lake Boulevard, Yamba, northern NSW. Freshly groleagdes (303 g) oA. excelsafrom the
northern NSW collection, were extracted by the rotemperature sequential solvent
extraction method, similarly to the first colleatidbatch. This provided Aex-NSW-Hex, Aex-
NSW-DCM, Aex-NSW-EA and Aex-NSW-MeOH extracts. Tab#.3.11 summarises the
yields and characteristics of the extracts fromhhmillections. The appearances were similar
for extracts from both of the collection batchest the percentage yields were greater for the

second collection.
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Table 4.3.11: Percentages of yields and appearaficesjuential solvent extracts
of A. excelsdrom different collection batches.

Extracts* Collection Percent Physical appearanc
batch?® yield (w/w)
Aex-Hex First 0.30% Yellow dense soli
Aex-DCM First 0.70% Dark green soli
Aex-EA First 0.73% Dark green soli
Aex-MeOH First 1.50% Blackish green sol
Aex-watel First 0.51% Yellowish green fluffy
powder
Aex-NSW-Hex Secon 0.28% Yellow dense soli
Aex-NSW-DCM Seconi 0.39% Dark green soli
Aex-NSW-EA Seconi 1.02% Dark green soli
Aex-NSW-MeOH Seconi 2.50% Blackish green sol
Aex-NSW-watel Seconi 2.3% Yellowish green fluffy
powder

*Extracts were prepared using the room temperatoirgent extraction method (method 2),
except for Aex-water and Aex-NSW-water, which werepared by room temperature
extraction with waterfRefers to collection batches described in Sectiar24

The main reason for the second batch collectioh. @xcelsdeaves was to check whether the
bioactivity of leaves without insect damage was diffigrent to leaves in damaged condition.
It was also of interest to have a collection ofnplanaterial from the local region of the Yaeg|
elders. Extracts of both collection batches weoeest for about two years at -20 °C freezer
until tested for bioactivity. Disc diffusion and MTmcrodilution assays were performed using
a range of medically important Gram-positive andr@inegative bacteria including antibiotic
sensitive strains§. aureus S. pyogenes, S. typhimurium, P. aeruginesa E. coli
lactamase negative), antibiotic resistant straM&%$A, MDRSA andE. coli g lactamase
positive) and a pathogenic funguS. albicans The bacteria used in this study are

representative of pathogens important in humarciitfes.

The extracts were checked by disc diffusion asgaysg/disc) againsg. aureusMRSA,
MDRSA, S. pyogenesS. typhimurium, P. aeruginosa, E. cdlilactamase positive and
negative andC. albicans The EtOAc extracts, Aex-EA and Aex-NSW-EA, wehe tmost
active extracts (10-12.5 mm zone of inhibition agaitested Gram-positive bacteria) in both
batches of collection (Table 4.3.12). Aex-NSW-EAtln¢ second batch showed slightly larger

zones of inhibition than the Aex-EA of the firstttla (from Cumberland) against the antibiotic
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resistant strains 0. aureusand no activity against Gram-negative bacteria i@ a&h3.12).

Aex-MeOH extract also showed antimicrobial actiVi9 mm zone of inhibition) against the

Gram-positive bacteria.

Table 4.3.12: Comparison of antibacterial actiatyextracts ofA. excelsay disc

diffusion method.

Name of extract:

Diameter of zone of inhibition (mm’

Fluconazole2 pg/disi)

(2 mg/disc) S.aureus | MRSA MDRSA | S.pyogenes | S. typhimurium, P.
aeruginosa, E. coli
(B+) & (5-). C.
albicans
Extracts from Cumberland
Aex-Hex na na na na na
Aex-DCM na na na na na
Aex-EA 10 11 12.0 11 na
Aex-MeOH 8 9 10 10 na
Aex-water na na na na na
Extracts from northern NSW
Aex-NSW-Hex ne ne ne na ne
Aex-NSW-DCM na na na na na
Aex-NSW-EA 10 11.5 125 11 na
Aex-NSW-MeOH 8 9 11 10 na
Aex-NSW-water na na na na na
Vancomycin (2 pg/dis 11 115 11 16 -
Gentamycin (2 pg/dis - - - - 17, 12, 15, 15
s

*Two repeats were performed on at least two sepacai@sions. Zone of inhibition was determined tanuter
of complete inhibition, including 6 mm disc diametéalues are average of two results. na: not aciyainst the
tested bacteria'Diameters of zone of inhibition againSt typhimuriumP. aeruginosa, E. coliptr) & (f-),
respectively. Diameter of zone of inhibition againGt albicans
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The MICs of the extracts (Aex-Hex, Aex-DCM, Aex-EAex-MeOH, Aex-NSW-Hex, Aex-
NSW-DCM, Aex-NSW-EA, Aex-NSW-MeOH) from the two lohies ofA. excelsacollected
were determined using the MTT microdilution assggiast the methicillin sensitive and
resistant strains 0§. aureus(S. aureus MRSA, MDRSA), S. typhimurium 8 lactamase

positive and negative strains®f coli, P. aeruginosandC. albicans

Table 4.3.13 summarises the results from thesegyaséax-Hex, Aex-DCM and Aex-water
from the first and second collection batches showedactivity in the MTT microdilution
assay. The EtOAc extract was the most active ih bollections. However, the EtOAc extract
of the second batch (Aex-NSW-EA) showed bettewvagtihan the first batch (1§ of Aex-
NSW-EA against MRSA was 500 pg/mL, whereaspl@f Aex-EA was 1000 pg/mL. The
EtOAc and MeOH extracts (Aex-EA, Aex-NSW-EA, Aex-UE and Aex-NSW-MeOH)
showed the highest activity agair&t pyogenefiCqp 31.25 pg/mL and 62.5 pg/mL for Aex-
EA and Aex-MeOH, respectively). Antibacterial extsa(EtOAc and MeOH extracts) were
also found to have bactericidal effects on theetkdiacteria (Table 4.3.13). None of the

extracts showed any activity against the testeandragative bacteria ar@@andida albicans
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Table 4.3.13: Comparison of antimicrobial actistef extracts oA. excelsaollected
from Cumberland State Forest and northern NSWerMi'T microdilution assay.

Extracts MIC values (ugmL)

S. aureus | MRSA MDRSA S. pyogenes | S. typhimurium,
P. aeruginosa, E.

coli (B+) & (B8-),
C. albicans
From Cumberland
Aex-Hex ne ne ne ne ne
Aex-DCM ne ne ne ne ne
Aex-EA 500* (C) | 1000* (C) | 1000*(C) 31.25*** (C) | ne
Aex-MeOH 1000* (C) | ne ne 62.5** (C) ne
Aex-watel ne ne ne ne ne
From northern NSW
Aex-NSW-Hex ne ne ng ne ne
Aex-NSW-DCM | ne ne ne ne ne

Aex-NSW-EA | 500* (C) | 1000* (C) | 500*(C) 31.25** (C) | ne

Aex-NSW-MeOH | 1000* (C) | ne ne 62.5** (C) ne

Aex-NSW-watel | ne ne ne ne ne

Vancomycin 1.25%** 1.25%** 1.25%** 0.31*** ne
(C) ©) (©) ©)

***|C 99 <50 pg/mL, **1Cy 50-125 pg/mL, *1Go 126-1000 pg/mL. C: bactericidal effect on the miganisms.
MIC was determined as the well with the lowest @mration of sample that displayed no yellow-blaomar
change of MTT and also by turbidity (absorbanc&oTepeats were performed on at least two separate
occasions; values are average of observed resaltsot active against the tested bacteria at L@DAOL.
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Direct TLC comparison of Aex-NSW-EA to Aex-EA (ugiDCM:EA (1:1), normal phase)
was also conducted with vanillinpBO,, anisaldehyde, permanganate, iodine and
Dragendorff's reagent. Figure 4.3.13 shows thenstgiseen with anisaldehyde reagent (a),
vanillin-sulfuric acid (b) and permanganate staip These results suggested the presence of

similar components in both of the EtOAc extracts.

(@) (b) ©

Anisaldehyde spray. Vanillin-H,SO, stain, Permanganate spray,
DCM:EtOAc (1:1), DCM:EtOAc (1:1), normal DCM:EtOAcC (1:1),
normal phase TLC. Left:;| phase TLC. Left: Aex-EA normal phase TLC. Left:
Aex-EA extract, right: extract, right: Aex-NSW-EA Aex-EA extract, right:
Aex-NSW-EA extract. extract. Aex-NSW-EA extract.

Figure 4.3.13: TLC chromatograms of Aex-EA and AW-EA extracts after
spraying with spray reagents.

Aex-EA and Aex-NSW-EA were also compared by TLCahitmgraphy using methicillin
sensitive and resistai®. aureus TLC bioautography has been used to detect thextetif
collection time on antimicrobial activity of plamixtracts (Buwa and Van Staden, 2007).
Figure 4.3.14 shows the TLC chromatogram for Aex-&#d Aex-NSW-EA and the TLC
bioautography assay plate. Both extracts were pedpalentically, with 100 pg of each
sample spotted (dissolved in EtOAc and dried afded)being placed on the same plate and
eluted with DCM:EA (1:1). The solvent system DCMXAc (1:1) was used in the TLC
bioautography, as it was observed while doing tleadsay guided isolation of bioactive

compounds from Aex-EA extract (Section 4.3.7) timatst bioactive compounds were visible
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on the normal phase TLC plate in this solvent sgs®imilar R components were seen on the
TLC plate, as visualised by UV light and spray ex@g for both EtOAc extracts. The northern
NSW extract (Aex-NSW-EA) gave larger and more didtizones of inhibition in the TLC
bioautography against methicillin resistéht aureugMRSA and MDRSA), indicating that
Aex-NSW-EA had a higher percentage of some actweponents (Figure 4.3.14).

Both EtOAc extracts showed similar components (withilar R values) and similar staining
properties in the preliminary phytochemical scragn{Figure 4.3.13). The different activity
results could be due to the different locationshef plant collections, season or quality of the
plants — the latter collection having visibly bettgiality leaves. Many studies in the literature
support the fact that location and seasonal vanattan affect biological activity and
composition of plant extracts (Celiktat al, 2007, Hussairet al, 2008, Buwa and Van
Staden, 2007). In future it would be interestingdst more rigourously, the effect of visible
leaf quality, seasonal variations, different gepbreal locations or long term storage on the

chemical composition or bioactivity of leaves ofthlant.
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Figure 4.3.14: TLC bioautography of EtOAc extrauft®\. excelsdeaves.

c ' d

a, b, c and d: left two TLC chromatograms are @A« extract from the first collectic
batch (Aex-EA) and the right two chromatogramsairetOAc extract from the second
collection batch (Aex-NSW-EA). Solvent system waBNDEA (1:1). a: Viewed directly; b:
Under UV lamp (254 nm); c: TLC bioautography asagginst MRSAATCC BAA 1026);
d: TLC bioautography against MDRSA (clinical is@&atThe red arrows indicate the positi
of bioactive components at a higher percentageesixlSW-EA extract and the yellow
arrows indicate lower percentage of bioactive conagpds in Aex-EA extract.
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4.4. Concluding remarks

Alphitonia excelsais the most widely used medicinal plant of the Yaegmmunity of
northern NSW. Leaves have been used by the comyniamithe treatment of wounds, sores
and inflammation. Preliminary antimicrobial andianflammatory screening (performed by
Brouwer) showed that extracts of the leaves hain@rbbial activities agains$. aureusand

E. coliand anti-inflammatory activity in COX assays (Bram2006). A literature review on
this plant also showed that only limited chemicatl iological studies have so far been
reported on this native medicinal plant of Austaalilherefore, leaves d&k. excelsawere
selected for more detailed chemical and biologgtablies to investigate the antimicrobial,
anti-inflammatory and antioxidant potential of tipkant and to begin to identify compounds
responsible for those activities.

In the present study, sequential extraction oflfaes with increasing polarities of solvent,
i.e. n-hexane, DCM, EtOAc and MeOH, were examined usiagnr temperature and
atmospheric pressure extraction (stirring 24 hedract) and accelerated solvent extraction
(ASE) at higher temperature and pressure. Due tterbgeparation of bioactive fractions and
convenience, the extracts from the room temperaxaraction method was chosen for further
studies to isolate bioactive compounds.

Antimicrobial screening of extracts (Aex-Hex, AexcBl, Aex-EA and Aex-MeOH) obtained
from the sequential solvent extraction using digtusion and MTT microdilution assays
revealed that Aex-EA was the most promising amdmggtested extract®\. excelsdeaves
have been commonly used by the Yaegl communitytfeatment of wounds and sores.
Leaves are also reported to be used in inflammatoryditions by the Yaegl and other
communities (Lassak and McCarthy, 2008, Cribb antlC 1984, Brouwer, 2006, Packetr
al., 2012). Therefore, the extracts Aex-Hex, Aex-DCMex-EA and Aex-MeOH and the
‘traditional preparation’ (water extract; Aex-wgtewere tested for COX, NO, TNé&-and
PGE inhibition all measures of anti-inflammatory adtyv Aex-DCM showed good activity
in the COX assay (81% and 70% inhibition of COXntl £0X 2, respectively, at 50 pg/mL).
Aex-water, Aex-MeOH and Aex-EA also showed pronasi@OX 1 inhibitory activity
(inhibited 94%, 85% and 81%, respectively, at 50mlg. Aex-Hex showed negligible COX
inhibitory activity.
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Aex-EA, Aex-MeOH and Aex-water were also testedN@, TNFa and PGEinhibition and
antioxidant activity (ORAC assay). Aex-EA showedbdd\O inhibitory activity (1Gp 10.7
png/mL) in comparison to its cytotoxic concentrat{®@so 60 pg/mL) and a modest antioxidant
(3.70x1G pM TE/g) activity. Aex-MeOH showed mild NO inhilih (ICsp 30 pg/mL)
without showing any cytotoxicity on RAW264 cellst (800 pg/mL). None of the tested
extracts showed any inhibition of TNFor PGE production. The ‘traditional preparation’
extract, Aex-water, showed a modest activity in@GHRAC assay (1.6xEquM TE/g).

The most promising antibacterial and anti-inflamongtextract, Aex-EA, was subjected to
size exclusion chromatography and gave a numbdbiadctive fractions. Two bioactive
compounds, kaempferol and quercetin, were isol&t@th two bioactive fractions (Aex-11
and Aex-13), following detection by TLC bioautogngpagainst methicillin sensitive and
resistant strains &. aureuslCgygVvalues for both of the compounds we2.5 pg/mL against
methicillin sensitive and resistant strainsSfaureusand againstS. pyogenes the MTT
microdilution assay. Both compounds are very wealbwn for having antimicrobial, anti-
inflammatory and antioxidant properties. This ie fhist report of the isolation of kaempferol
and quercetin fronA. excelsaNo more bioactive compounds could be identifiezhr this
plant due to the complexity in separation of compusu in fractions and due to time
constraints.

As described above, Aex-water was inactive in thtévacrobial studies, but it showed modest
antioxidant activity and COX 1 inhibitory activityThe finding of antioxidant and anti-
inflammatory activity (COX assay) supports the ttiadal use ofA. excelsan inflammatory
conditions by the Yaegl and other Indigenous comitiasn Aex-DCM showed good anti-
inflammatory activity in the COX assay and no atyivn the antimicrobial assays. This
extract was not tested for NO, TNFand PGE inhibition or antioxidant activity. Anti-
inflammatory and antioxidant activities of the ABGM extract are worthy of future
investigations. Future work on the bioactive fraci Aex-4 to Aex-7 of the Aex-EA extract

and fractionation of the MeOH extract would be afue.

Leaves ofA. excelsaappear different during different times of the yégammerous holes and
other damage to the leaf blade possibly due toneite herbivory during August-September;
mostly undamaged leaves during March-April). Twodlemtions (first in August from

Cumberland, State Forest, Sydney and second iniMesm northern NSW) were compared
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following sequential solvent room temperature esttoa. It was found from this study that
similar compositions were seen in the TLC profifeegtracts from both batches of collection,
but higher antimicrobial activity was observed witte EtOAC extract of the leaves from
northern NSW (Aex-NSW-EA) when compared to the E@éxtracts from the Cumberland
collection batch (Aex-EA). TLC bioautography suggesthat some active components were
present in a higher quantity in visibly undamageaves collected from northern NSW. In
future it will be interesting to know whether seaab variations, different geographical
locations or long term storage have any impacthencomposition or bioactivity of this plant.
This could be done by collecting the plant matefian different locations and in different
seasons and doing the extraction and bioassayg udentical methods, both directly
following extraction of the plant material and afs¢orage. Although ASE was not found to be
very convenient for large scale extractionAof excelsaeaves, it may be useful in such a
comparative study as it is possible to maintainnidal conditions and parameters for

extraction by this method.

The antimicrobial, anti-inflammatory and antioxidaativities of extracts oA. excelsdeaves
and the isolation of two known antimicrobial, amflammatory and antioxidant flavonoids
(kaempferol and quercetin) support the traditiamsg of this plant in wounds and infection

related conditions by the Yaegl community.
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CHAPTER FIVE

Ethical engagement
with communityand
capacity strengthening

This Chapter describes the community engagemeettaspthis PhD project, which is a vital
part of an ethnopharmacological based research paoy
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5.1. Introduction

In general, community engagement refers to thega®of collaborative work with relevant
partners who share common goals and interests jiale et al, 2009). It involves building
authentic partnerships, including with mutual res@ad active, inclusive participation, power
sharing and equity (Zakus and Lysack, 1998, Tind=tnal, 2007). According to Dickent
al., the four ethical goals of community engagementesearch are: enhancing protection,
enhancing benefits, creating legitimacy and sharesponsibility, all facilitated through the
incorporation of community views and the commursitgarticipation in research (Dickert and
Sugarman, 2005).

This PhD study was guided by the use of medicidahtp customarily (traditionally and
contemporarily) used by the Yaegl Aboriginal elddsst ethical practice for such research
that encompasses Indigenous knowledge needs tochesive of the Indigenous community
and be responsive to their needs. This Chapteeptesome of the issues relevant to best
ethical practice and benefit sharing approaches wie Indigenous communities. It also
describes how this research project has been cedlusing best ethical practice with the
Yaegl people and their local (Maclean) communityl atetails the capacity strengthening
educational opportunities the author provided te thaegl/Maclean community and to

Indigenous youth from other communities.

5.2. Recognition of the importance of traditional medicnal plant
knowledge

Traditional knowledge developed from experiencengdiover time and adapted to a local
culture and environment has always played, antlligpkying, an important role in the daily
lives of the majority of people globally (Cragg addwman, 2002). It is also an essential part
of cultural identity. Traditional knowledge is Mitéo the health of millions of people in
developing countries (O'Connor, 2003). In many t&yag countries, traditional medicines
provide the only affordable treatment availabléh® poor people (Maroyi, 2013). Traditional
medicinal knowledge based treatments are also pojpuldeveloped countries (Zollman and
Vickers, 1999, Molassiotiget al, 2005). A study has shown that in 2007, Americgpent
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about US $14.8 billion to purchase non vitamin aath mineral natural products (Nahin,
2010). Another study has shown that about 36% oltsith the USA used complementary and
alternative medicine in 2002, and among these sdl#.9% used natural products (Barees
al., 2004). Traditional medicinal plant knowledge f®so been a source of many modern
medicines (O'Connor, 2003, Butler and Newman, 2008¢ valuable drug leads provided by
the study of traditional knowledge save time, morend investment for the modern
pharmaceutical industry in any research and proderceélopment. Therefore, it is essential to
acknowledge and assign the share of benefits tddieators” and “holders” of traditional
knowledge.

Protection and recognition of traditional knowleduygs also gained the attention of several
International communities, for example, the Worltellectual Property Organization (WIPO)
and the United Nations Educational, Scientific a@dltural Organization (UNESCO)
(O'Connor, 2003). In Australia, several medicini&np research collaborative ventures have
been established between organisations and Indigefostralian communities to protect and
recognise traditional medicinal plant knowledgetloé Aboriginal people. For example, the
IBRG (Indigenous Bioresources Research Group) o€duarie University and the Yaegl|
Aboriginal community of northern NSW (Packetral, 2012, Brouweet al, 2005, Gaikwad

et al, 2008); the University of South Australia and Clamgun Aboriginal corporation
Kaanju medicinal plant project (Simpsoet al, 2010) and Griffith University and
Jarlmadangah Buru Aboriginal community (Quinn andllgyl 2009). The collaborative
partnership between the IBRG of Macquarie Univgraiid the Yaegl Aboriginal community
of northern NSW was established in 2004 with thelg®f preservation and recognition of
their customary medicinal plant knowledge, condwgthemical and biological investigations
of Yaegl medicinal plants and ensuring capacitergithening opportunities for the Yaeg|

elders and their local (Maclean/Yaegl) community.

5.3. Best ethical practice with the Yaegl community

It is imperative for the research community to egeggavith Indigenous people in a spirit of
cooperation, consultation and support. Therefdne, iesearcher must follow best ethical
practices by conforming to rigorous ethical prinegoand developing trust in relationships

with the individual communities. Guidelines on besactices have been developed by the
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international community (UN, 1994). The participgtaction research methods published by
UNESCO and the NH&MRC (Tuxill and Nabhan, 2001, NMRC and AVCC, 2007) have
been adopted by the IBRG for developing relatigmshand trust with the Aboriginal
communities. For the Yaegl community (and similaidy other communities the IBRG has
engaged with), the following steps were followedtihy IBRG.

» Meetings were held on a regular basis with commumiémbers who constituted the

appropriate authorising persons to discuss thegtroj
» Authorisation to proceed with the project was afedi from the community.

» Meetings were held with community members to desiggearch activities and to

identify interested participants.
» The study plan was implemented with the participant
» Data was summarised with input from participants preserved.

» Discussions were held for possible expansion optbgct and community advice was
sought as to how best to provide in kind supportsgies to the community as
recompense for their efforts.

» Meetings were held to find the most appropriate whgtoring and transmitting the

information to the greater community as deemed@pfate by the elders.

» Presentations were made by the IBRG to the commum#mbers to update the latter
with the ongoing research work and to discussuhaé directions with them.

In Australia, strategies of best practice of cadiaive work with Indigenous community
groups have also gained attention in recent yedise Aboriginal plan’ developed by
traditional owners of the Wet Tropics Natural ReseuManagement (WTNRM) region, with
support from various government and non-governnagganisations, was established to
address issues of cultural and natural resourceagesment in that region. As a part of the
collaborative and benefit sharing approach, strasegnd aspirations of the community were
documented. One of the strategies aimed to “devat@pimplement programs and projects
that document knowledge and facilitate the transimmsof cultural knowledge and practices”.

The following action points were recommended frémns teport (WTAPPT, 2005).
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 Record and document knowledge of counitg books, databases and CDs (with

appropriate intellectual and cultural property tggprotection).

» Develop educational materials (books, CDs, interet) for both Aboriginal people

and the broader community.

» Develop and implement cultural programs, includtagnps, to bring elders and young
people together on country to facilitate transnmoissiof knowledge and cultural

practices.

The IBRG have been highly committed to workingnuet collaborative partnership with the
Yaegl community, and other communities, in accocgawith the national and international
protocols of working with Indigenous people on ttiathal knowledge systems. For this PhD
project, all stages of the project were performetth wollaborative participation of the Yaeg|
community and all stages were approved by the Hufatics Committee at Macquarie
University for human research and for collaboratigeearch work with Indigenous people
(HE27JUL2007-R05361 and 5201200763).

5.4. Participation in community engagement and capacitgtrengthening
with the Yaegl community

As a member of the IBRG, the author actively pgréited in different activities as a part of
community engagement and capacity strengthenin thié Yaegl community of northern
NSW. Some of these activities are detailed below.

* The author was introduced to the Yaegl elders i@82&nd discussed with them the

plans and goals for exploring their medicinal ptaais part of her project.

* The author presented her research findings to atatemeeting with the Yaegl elders
during a visit of the elders at Macquarie Universih mid 2009. This meeting
involved presentations by all members of the IBR&t about their research activities
and discussions with the elders on ongoing reseantlhvities, future plans and
expected outcomes of the project. The author alsiithted a laboratory visit by the
Yaeg! elders, along with two Aboriginal youth fravaclean, in 2009 (Figure 5.4.1).

This laboratory visit was filmed and contributed ® story on the IBRG-
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Yaegl/Maclean research partnership as part of am@#&or Country special broadcast
by ABC television channel's ‘Message Stick’ prograhine story was broadcast on
ABC National Television on 28 August 2010. Durimgt laboratory visit, the author
described in layman’s terms about the laboratorgkwath the Yaegl medicinal plants

to give the elders and youth a better idea ab@uh#émds-on research.

Figure 5.4.1: Extraction and purification proceduveere shown to the elders and
youth of the Yaegl/Maclean community by the cantiida 2009.

The author also participated in a workshop that aresnged by the IBRG in Maclean
with the community members in 2011. A photo-collagk the extraction and
purification process of the medicinal plants waoahown to give the participants of
the workshop an update of the biological and chalmnalyses being conducted by
the author at Macquarie University.

The author made an oral presentation to Yaegl camtgnmembers at the Yaegl Local
Aboriginal Land council meeting (April 2013) to pide information on the medicinal
plant research that had been done to date by thdidzde and to introduce possible
partnership opportunities to enhance the reseaFibure 5.4.2). This included
discussion on the value of collaboration with Pkéins WohIimuth’s research group at
the Southern Cross University for anti-inflammatagd antioxidant activity. The
Yaeg! elders present were happy for this collabanawith Prof. Wohlmuth to develop

and provided in principle verbal agreement. Writegreement for this partnership



with Prof. Wohlmuth was provided subsequently onela, 2013, following a formal
meeting in Maclean of the Yaegl elders with Profohihuth and IBRG leaders

A/Profs Joanne Jamie and Subra Vemulpad.

Figure 5.4.2: The author presenting updated reseamrk at the Yaegl Local
Aboriginal Land council meeting (April 2013). Photmurtesy: A/Prof Subra
Vemulpad.

Finally in August 2013, the author presented heeaech findings as a whole in front
of the Yaegl elders who came to Sydney to take jpatihe National Indigenous
Science Experience program (NISEP) at the Redfeomr@unity Centre during

National Science Week 2013 (Figure 5.4.3).

Figure 5.4.3: The author along with the Yaegl eddand the NISEP Co-Director
A/Prof Joanne Jamie during National Science Weekg\August 2013.
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As indicated by the above examples, the autholbtgely participated in several events and
programs during the whole course of this PhD stddlythe activities with the author were
performed as a part of the collaborative reseandgram of the IBRG with the Yaeg|
community, in which both parties were regularlyormed of the research taking place and

their outcomes and discussed together on the foggesarch directions.

5.5. Benefit sharing and capacity strengthening

The Convention of Biological Diversity (CBD), adegtat the 1992 Earth Summit in Rio de
Janeiro, Brazil, aims to guarantee the conservadimh sustainable use of biodiversity by
ensuring that its traditional custodians are rewdydand hence encouraged to promote
conservation (Schroeder, 2009). The term “bendfdariag”, in the context of traditional
knowledge, was popularised by CBD. It is a reldyiveew idea in international law. The
Hoodia case is a classic example of benefit shaaimjrecognition of traditional knowledge
of the San people. The San tribe is one of thesbldemmunities in South Africa and they are
holders of traditional knowledge on the uséHobdia gordonij which is found in the Kalahari
Desert. Historically, the San people consumed thatgo stave off hunger during times of
famine, low food supply or long nomadic hunting$i The San people were initially unaware
that the South African Council for Scientific amdlustrial Research (CSIR) had been granted
a patent for the research work on “an appetite rggant derived from the extractkdbodia
gordonif’. Later, with the involvement of NGOs, the San peapid CSIR negotiated one of
the first benefit sharing agreements, which gives $an people as holders of the traditional
knowledge, a share of royalties derived from thie sd patented products fromdoodia

gordonii (Moyer-Henry, 2008).

Capacity building (or capacity strengthening, which becoming the more accepted
terminology) goes hand in hand with benefit shari@gpacity building has been defined by
Chaskin (2001) as “the interaction of human capitejanizational resources, and social
capital existing within a given community that da@ leveraged to solve collective problems

and improve or maintain the well being of the comityi (Chaskin, 2001).

The IBRG of Macquarie University is fully aware dfenefit sharing and capacity

strengthening and the importance of the recognitérthe custodians of the traditional
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medicinal knowledge aspects of this project. THiB Pesearch was based right from its onset
on collaboration and two-way exchange of knowledgjills and benefits. Collaborative
research partnership agreements were co-developededn the IBRG and the Yaegl
community (with the Yaegl Local Aboriginal Land Quauil as the authorising body). Both
parties (Yaegl community members and IBRG) stritblyowed the terms and conditions of
the agreements. The IBRG and the Yaegl elders amdbars of the Maclean community also
developed several initiatives towards capacity ngftieening opportunities for the
Yaegl/Maclean community. A few examples of thesayhich the candidate also particapted,

are presented below.

5.5.1. Co-authorship in publications

The IBRG acknowledge the ownership of the custonkaigwledge of the Yaegl elders and
from the commencement of their collaborative progteve been committed to documenting
this through co-authorship on relevant publicatitimst arise from work on their medicinal

plants (Packeet al, 2012, Brouweet al, 2005, Packeet al, 2011b).

5.5.2. Integration of medicinal knowledge and research fidings into an
online database (CMKb)

Considering the importance of documenting and awisg the medicinal plant knowledge
possessed by Indigenous communities, the IBRG kaslabed an online database that is
known as the Customary Medicinal Knowledgebase (BMICMKb was initially established
for collating, disseminating, visualising and armsahg public domain data on customary
medicinal plants. The database can be accessedeoati http://biolinfo.org/cmkb/. The
database stores information related to taxonomytoghemistry, biogeography, biological
activities of customary medicinal plant speciesvasl as images of individual species
(Gaikwad et al, 2008). The database also stores literature irdbom on the use and
preparation of customary medicines. The CMKb alss la private password protected
component for community members that allows docuatem of their medicinal plant
preparations and uses, along with media files amdiomisual recording clips from the
interviews of elders (with written consent). Thismamunity specific component of the
database is currently being updated in consultatiith the Yaegl elders to ensure the

information is presented in an appropriate manrgr their community use. They are
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particularly keen to use this information towarde teducation of their youth on their
customary practices. Information obtained firstdh&om communities will remain password
accessible to only community members, unless corntgnuelders request for public
availability. The author has provided her resediodings on the two medicinal plants,
Alphitonia excelsaand Lophostemon suaveolerfer the CMKb database. This will not only
help to conserve the valuable medicinal plant keolgé of the Yaegl elders, but it will also

help in contributing to science and to the yourggreration.

5.5.3. Cultural immersion program

The cultural immersion program was designed toselthe gap’ of information exchange
between the Yaegl elders, Maclean High School siisdand teachers, and the IBRG in a
sustainable and integrated format. The main aintoincourage Maclean High School
students to gain a greater understanding of tbeallculture. The cultural immersion program
between the IBRG, Maclean school staff and Yaetgrsl commenced in 2010 in a true spirit
of collaboration. This program constitutes a sewésexcursions for the Maclean school
students to go with the elders out on to countrgxperience storytelling about their culture,
including bush food and medicines. Resources fsrglogram were developed jointly by the
IBRG and the Yaegl elders. The elders take theesitsdto sites that have an important
cultural value, including quarries for stone todish traps and hunting sites. The students are
also taught traditional Indigenous sports and gafieis has run annually since 2010 and has

become very popular amongst the students, schafblestd elders.

5.5.4. Indigenous Science Education Program

According to the Australian Bureau of Statisticsemarkable discrepancy exists between the
high school completion rates of Indigenous versus-imdigenous students. The high school
completion rates for year 10 have increased forgbmbus students by more than ten
percentage points in 10 years from 2001 to 2019986, nearing the perfect completion rates
of non-Indigenous students (Australian Bereau atiStcs, 2013). However, there remains a
large discrepancy in the final year (year 12) catiph rates between these two groups, with
81% of non-Indigenous students completing theilfigear of high school, while the
completion rate of Indigenous students was only 492011 (Australian Bereau of Statistics,
2013). In 2007, only 32% of the NSW Indigenous papon stayed in school until year 12,
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compared to 72% of the non-Indigenous populatisogiession to tertiary education was also
disproportionately low, with nationally only 6% bfdigenous 20-24 year olds engaged in full
time university study, compared with 24% of the +hodigenous population (Longt al,
20009).

Concerned by the alarmingly low numbers of localigenous students completing their
secondary education and higher education, the Yalegtiginal elders requested the IBRG to
assist with strategies to enhance the educationmlomes of their Indigenous youth. In
particular they hoped that the IBRG and others iwittiacquarie University could help to
motivate the younger generation of Aboriginal peojl their community to engage in their
formal schooling and increase their exposure toh&rr education and career options. To
achieve this goal, the IBRG with the collaboratairAboriginal communities and high school
staff of northern NSW established a program in 2€8lted the Indigenous Science Education
Program (ISEP) (available online on facebook and utyloe at
http://www.facebook.com/NISEP.MQ and http://www.yale.com/user/mgNISEP). The
ISEP, now known as National Indigenous Science &iilut Program (NISEP), has been
running science shows and other science and temimdiocused activities since 2005.
Initiatives of NISEP include interactive scienceowfs encouraging secondary student
including Indigenous youth involvement in demonstra of ‘household’ science to their
peers, junior students and local community. Theomaim of this was to provide these
secondary student demonstrators with leadershlfs sid the confidence and motivation to
complete their high school studies and a pathwatertitary education. Additionally, having
direct interaction with the NISEP University stadihd undergraduate and postgraduate
students, coordinating these shows, the schoolestadare exposed to the opportunities

available to them through tertiary education.

As an active member of the IBRG team, the autha maolved with arranging and running

the science shows from 2008 to 2013 at Maclearttedearby Casino High school, Western
Sydney Schools and Macquarie University (Figureld.5he author also participated in other
events with Indigenous students from Maclean, @aaimd Western Sydney High Schools, as
part of NISEP. These includes during National SmelVeek events in Sydney in 2012 and
2013, Macquarie University Open Days in 2011 anti2Z2@long with several other events
performed by NISEP from 2008 to 2013.

177



The main responsibilities performed by the autlbo™NISEP included:
* Preparation of reagents for chemistry science slamivgities.
* Organising necessary items required for runningsthence shows.
» Setting up the science show activities at the seiesmow event venue.

« Participating as a demonstrator and also trainie\y demonstrators — the secondary

school students - for running the science showpttm 200 junior students per event.

This education work was also approved by the Maggubiniversity ethics committee
(Human ethics approval number HE27JUL2007-R053801300891).

N

Figure 5.5.1: The author’s participation in a sceershow with an Indigenous
demonstrator. Photo courtesy: Erin Rozgonyi.

5.5.5. Outcomes of NISEP

The activities of ISEP/NISEP, especially the sceesbows, have been successful and popular
activities among the student demonstrators andestuparticipants, elders and teachers as
well as the participating Macquarie University vaieers. These shows helped to establish a
good relationship of trust among the Indigenous saidntific community. It also helped the
Indigenous students demonstratorstor grow in cenfié (Figure 5.5.4 and Figure 5.5.5) and

want to enhance their educational outcomes. Thegkersts became role models for junior
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Indigenous students who saw them as leaders, aavéis enhanced by the excellent me

coverage om national and international level of these yowthducting thesactivities.

5.5.5.1.  Impact on Indigenous student
An analysis and consolidation of revent student demonstrator surveys and sur
completed posevent by the participating students and tees on the impact of the activitis
on the student demonstrators indicated that thegémdus students overcame their ini
nervousness and left with positive impressions.r@wgere significant impacts of tINISEP

activities among theverall Indigenou community members.

Accordingto the data from students five schools (who participated in the NISEP prog!
from 2007 to 2013), before participating in theiaties, 65% of the participating studet
intended to finish school in years 10 or 12 ancdo TAFE; 36% intended to go to universi
Postevent surveys (after participation in the NISEP resk revealed that 42% stude
intended to go to university. Approximately 6% sats reported a new intention to atte
university. These students had viously intended to finish school in years 10/12i/an go
TAFE. The survey results are presented in theviolig chart(Figure5.5.2).
70% Pre-Event mPost-Event

60%

50% 0
o 45 6400/0 420/0
40% 36%
30%
20%
12% 9%
10% 4% 5% - ' 4% 4%
DO/D T - T T T T -—\
Finish schoolin  Finish school in Go to TAFE Go to University Other
Year 10 Year 12

Figure 5.5.2 Accumulative pr- and poskvent surveys on intention to undert:
further studies among school studewho participated irNISEP program fron
20072013. n=30.
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NISEP also encouraged the participating studemtaris science. About 81% of all stude
surveyed reported an increased interest in sciaaa@result of the program (28% reporte
great increase, 53% reported iglsl increase) from 2007 to 20 (Figure 5.53).

100%
oo 81%
80%
70%
60%
50%
40%
30%

20% 1 80/0
]
10% 1 0/0
0%
Decreased Not Changed Increased

Figure 5.5.3:Accumulative pr- and post-event sueys on interest in scien
among school students that participated in the RIPEOgram as demonstrat
from 2007-2013. n=314.

Most telling has been the remarkable changes thehé&rs and Aboriginal Educati
Assistants have seen in the students involas demonstratorgén the NISEP activities
especially the student demontratcTeachers and Aboriginal Education Assistant eys in
the months following NISEP activities noted clearprovements in student learning ¢
engagement, with positive changes in concentradiod behaviour up 60% and 61
respectiely; completion of work up 68%and motivation, willingness to work w others and
enthusiasm for learning up 73%, 73% and 80%, résede It was also noted that several

the students had significantly improved on thegegsment scor.

“... Iis definitely more motivated and more positivmat his schoolin ... devoting mre time,
at home in particular, to work

“There has been a definite improvement in behavamoar attitud: ... showing more intere:

and making aerious attempt to complete w”.

MacleanHigh school is one of e participating schools that habeen invcved with the
NISEP program from the beginning (2005). Macleaghchool is located in the area wh
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the Yaegl community members reside. NISEP has fggnily influenced the Indigenous
students of Maclean High School towards higher atioic and learning science. The Former
Head Science teacher and Deputy Principal of Mackigh School commented in 2010 on
the impact of the programi ‘have noticed a dramatic change in perception lef whole
school community who now see Indigenous studentscademic role models within the
school”.

Figure 5.5.4: Student demonstrators from MacleaghtHschool with the NISEP
Co-Director A/Prof. Joanne Jamie, 2013. Photo esyrtJoanne Packer.

Figure 5.5.5: Jordan Walker (an Indigenous studdgr)onstrating the properties
of carbon dioxide to the Australian Chief Scientitofessor Penny Sackett
(2010). Photo courtesy: Teresa Malewska.
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5.5.6. Media exposure

The IBRG and the Indigenous community establishedollaborative model of research

between an academic institution (Macquarie Univgrsind the Yaegl Aboriginal community.

It has also gained media attention locally, nafigrend internationally. Some examples are:
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TV coverage: Australian Broadcasting Corporation (2009) Indigenhdviedicine —
NSW. Message Stick Documentary — (05 min 28 semesed on ABC National
Television, 28 August 2010.

TV coverage: King, S. (2009) Indigenous Students Make Science. F01 min 13

sec) screened on NBN News local television (Northivers), 02 June 2010.

Print media coverage: Students learning science can be fun, Express Heami
Casino, NSW; 26 August 2009.

Print media coverage: Brady, E. (2010) Yaegl project success, Daily Exami
Grafton, NSW; 03 February 2010.

Online media coverage:Yaegl research collaboration hits new heights, Maceg

University Newsroom, www.mg.edu.au, 01 February®01

Online media coverage:Modernising the magic of Indigenous medicine, Matic

Observer, www.medicalobserver.com.au, 08 Februaiy2

Online media coverage:Researchers develop Australian traditional herbjgné&se

Radio International, www.english.cri.cn, 19 JulylR0

Online media coverageTraditional Healing, euro news, www.euronews.nét.Jaily
2010.

Print media coverage:Indigenous science program helps enhance learNioighern
Rivers Echo, Lismore, NSW; 04 August 2011.

TV coverage: Indigenous science education. Screened on ABCoNtiTelevision
program - Catalyst, http://www.abc.net.au/catadgeties/3576726.htm, 30 August
2012.



* Print media coverage:Collins, S, Medicine goes native, The Age Natip@al March
2013.

These types of media coverage helped to publibseatience activities and the bush medicine
project, as well as helped to acknowledge the aehients of the Yaegl community members
and boost their self-confidence.

5.6. Conclusions

The present PhD study is based on the ethnometimmavledge of the Yaegl Aboriginal
community of northern New South Wales. This studgswperformed in a collaborative
manner by bringing Indigenous communities and mesescientists together on one platform.
This Chapter presented the ethical approach folowee strengthen the relationship and
highlighted the capacity strengthening activitiesovided to the community and the
candidate’s role in these activities. In futureg IBRG team (including the author) plans to
explore making some simple preparations (e.qg. gtiis soap or a decoction from leaves) that
the community can market, backed by the collabegatiesearch findings. This type of
collaborative and co-operative partnership betwibenlBRG and the Yaegl community will
also help to motivate other research groups to wuath Indigenous communities for the
preservation and utilisation of valuable mediciplaint knowledge, which can aid discovery of
new medicines, and can provide capacity strengtigempportunities for the community.
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CHAPTER SIX

Conclusios and
future directios
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This PhD project was based on a collaborative releaartnership between the Indigenous
Bioresources Research Group (IBRG) of Macquarievélsity and the Yaegl Aboriginal
community of northern NSW. It followed on from prews IBRG research by Drs Brouwer
and Packer who documented first-hand knowledge ediomal plants used for treatment of
wounds, sores and infection by the Yaegl Aboriginemmunity of northern NSW and
undertook preliminary screening of some of thesentsl This PhD study focused on
identifying and isolating bioactive compounds frowo Yaegl medicinal plants used for the
treatment of wounds, sores and skin infectionsloWohg a bioassay guided isolation
approach.

Chapter 1 described the importance of medicinal plant regeancthe process of drug
discovery guided by ethnomedicinal use. The speaiims of this PhD project were also
described.

Chapter 2 described the rationale for selecting the twouatustralian medicinal plants,
Lophostemon suaveoleasd Alphitonia excelsafor chemical and biological investigations.
The selection was made on the basis of communigrest, a detailed literature review on
chemical and biological studies undertaken on tlaegt medicinal plants, and preliminary
biological screening results. This Chapter alsahlighted the selection of biological and
chemical methods chosen to evaluate the antimiakobhnti-inflammatory and antioxidant

activities.

Chapter 2 summarised preliminary antimicrobial andi-inflammatory screening results
conducted by Drs Brouwer and Packer on the Yaeglicmal plants used for treatment of
wounds and skin infections. This led to the idecdiion of eight medicinal plants,
Lophostemon suaveolens, Syncarpia glomulifera, Calrea rosea, Alocasia brisbanensis,
Alphitonia excelsa, Hibbertia scandens, Duboisiaporoidesand Ipomoea pes-capragith

promising biological activities. A detailed reviefthe chemical and biological investigations

previously reported assisted in the selectiob.@uaveolenandA. excelsdor further studies.

Leaves ofA. excelsahave been widely used by the Yaegl community aardiseptic hand
wash. They are also used for sores and an upseasioby other communities. Preliminary
screening results of Brouwer showed promising actdrial and anti-inflammatory activities

of EtOH and HO extracts of leaves @&. exclesaAccording to the literature, there have been
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limited chemical studies oA. exclesaand no antimicrobial or anti-inflammatory activity

studies.

L. suaveolenss an important medicinal plant for the Yaegl efdeAsh from the bark and
milky sap ofL. suaveolensre used by the Yaegl community for skin diseasésctions and
for the treatment of ringworm. There have been eqorts of biological activity studies for
any part of this plant in the published literatarel only one chemical study of examining the
volatile components of the leaves has been repo8agd could not be collected in sufficient
quantity for testing, but the elders requestedehges be investigated. Preliminary screening
by Packer found that EtOH and,®l extracts of leaves df. suaveolenglisplayed potent
antimicrobial activity againss. pyogeneand antibiotic sensitive and resistant strain$Sof

aureusand moderate activity agair®t aeruginosa

Thus, the leaves of both. excelsaand L. suaveolensvere selected for antimicrobial, anti-
inflammatory and antioxidant activity studies, tolled by bioassay guided isolation of
bioactive compounds, as described in Chapters 3 4ndntimicrobial screening was
performed against a range of pathogenic bacteSimegtococcus pyogenesnethicillin
sensitive, resistant and multidrug resistant s¢rash Staphylococcus aureug lactamase
positive and negative strains Bscherichia coli, Salmonella typhimuriuamd Pseudomonas
aeruginosa and a pathogenic yeasCandida albicans using disc diffusion, TLC
bioautography and MTT microdilution assay methddsti-inflammatory activity was tested
using COX, nitric oxide, TNFt and PGE inhibtion assays. Antioxidant activity was tested

using the ORAC assay.

Preliminary screening studies and the literatuvéere of plants used by the Yaegl community
also revealed tha&yncarpia glomuliferandHibbertia scandensvould be worthy of further

exploration biologically and chemically.

Chapter 3 described the chemical and biological studies Laphostemon suaveolens.
Sequential solvent extraction bf suaveolenyielded four extracts)-hexane, DCM, EtOAc
and MeOH extracts. A water extract (LS-water) wis® aeparately prepareahexane (LS-
Hex) and DCM (LS-DCM) extracts showed significantibacterial activity with MIC (1)
<50 pg/mL againsBtreptococcus pyogenasd antibiotic sensitive and resistant strain$.of
aureus Five major bioactive fractions (LSL-5, 7, 10, 11dat?) obtained from fractionation
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of LS-DCM, showed potent antimicrobial activity C<50-1000 pg/mL range against
Streptococcus pyogeneand methicillin sensitive and resistant strains Sif aureug
Fractionation and purification of the LS-Hex and-DEM extracts led to the isolation of two
bioactive compounds, betulinic acid and eucalypiime structures were elucidated by 1D and
2D NMR and mass spectrometric data. This is tst feport of isolation of betulinic acid and
eucalyptin fromL. suaveolensBoth of these isolated compounds have been epas
having antibacterial and anti-inflammatory actieti

GC-MS analysis of the-hexane extract (LS-Hex) identified 16 compoundsesk included
the well known bioactive compounds aromadendreBetfa), spathulenol (12.46%), globulol
(4.47%), epiglobulol (2.69%), phytol (2.84%f;caryophyllene (2.53%) and-humulene
(1.52%). These compounds have earlier been repfotdthving antibacterial properties. The
significant antimicrobial activity of the oilym-hexane extract of.. suaveolengnight be

associated with the presence of these well knowadiive compounds.

The antibacterially active extracts LS-Hex, LS-D@Md LS-water and fractions (LSL-5, 7,
10, 11 and 12) were also tested for anti-inflammyaémd antioxidant activity using NO, TNF-
a inhibition (in RAW264 cells), PGEinhibition (in 3T3 mouse fibroblast cells) and ORA
(for antioxidant activity) assays. Both the LS-Hamd LS-DCM extracts of. suaveolens
showed NO inhibitory activity (LS-Hex Kg 43.9 pg/mL and LS-DCM 16 4.6 pg/mL).
Although the selectivity index for LS-Hex was legn 1 (toxic), LS-DCM was more
promising with a selectivity index >2. The fractsowith antibacterial activity (LSL-5, 7, 10,
11 and 12) showed promising NO inhibitory £&12 pg/mL) and PGEinhibitory (<20
png/mL) activity. The ORAC assay also revealed swhe extracts and fractions (LS-DCM,
LS-water, LSL-5, 11 and 12) had modest antioxidanivity (1000-2700 uM TE/g). None of
the tested extracts, fractions or pure compound#/atl any activity in the TNk-inhibition
assay. Betulinic acid, which was isolated from LBLshowed good anti-inflammatory
activity. Betulinic acid is well known for its aAtflammatory and cytotoxic activities.

p-Caryophyllene (identified by GC-MS in LS-Hex) hagebh reported to have anti-
inflammatory activity and may contribute to the ianflammatory activity of the LS-Hex
extract.p-Caryophyllene, along with-humulene and spathulenol (also identified by GC-MS
in LS-Hex) are also known to be cytotoxic and mhgreéfore contribute to the cytotoxic

activity of the LS-Hex extract. This is the firgport of chemical and biological studiesLof
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suaveolens Although the promising findings of this study oah be linked directly with
community use of leaves, the selection of this {plaais made based on the traditional use of
another part of the plant in the treatment of sSkfections and as an antiseptic. The selection
was also dictated by community interest. The prieBedings also suggest that suaveolens
leaves could provide a more accessible source diame (.e. leaves, rather than the sap) for
the treatment of skin infections and wounds forYlaegl community.

Due to time constraints and complexity of the sa®plseveral of the fractions that had
antibacterial, anti-inflammatory or antioxidant ieittes (LSL-4, 10, 11 and 12) were not
further investigated for their bioactive compoundbere is therefore a potential to isolate

more bioactive compounds frolm suaveolengaves in future studies.

Chapter 4 described the chemical and biological studiesgoeréd onAlphitonia excelsa

Fresh leaves oA. excelsawere initially extracted by two different methods;celerated

solvent extraction (ASE) and sequential solventragtion at room temperature and
atmospheric pressure to compare the efficiency athemethod. TLC, along with disc
diffusion assays, indicated that better initialcfranation of bioactive components occurred
using room temperature sequential extraction rathan the ASE sequential extraction
method. Due to this better separation and conveajethe room temperature sequential

solvent extraction method was chosen for furthediss to isolate bioactive compounds.

Large scale sequential solvent extracts were te&iedantibacterial activity by the disc
diffusion and MTT microdilution assays. The EtOAdract (Aex-EA) was the most active
extract in the disc diffusion assay (10-12 mm digeneone of inhibition at 2 mg/disc against
S. pyogenesnd antibiotic sensitive and resistant strainsSofaureuy and in the MTT
microdilution assay (with MICs (I§g) of 500-1000 pg/mL against sensitive and resistant
strains ofS. aureusand MIC <100 pg/mL again§. pyogengs The MeOH extract (Aex-
MeOH) also displayed antimicrobial activity in th&TT microdilution and disc diffusion
assays. Further bioassay guided isolation of Aexl&dto the isolation of two bioactive
flavonoids, kaempferol and quercetin §&62.5 pg/mL againsé. aureusMRSA, MDRSA
and S. pyogengs Both isolated compounds are well known for thamntibacterial, anti-
inflammatory and antioxidant properties. This i tlirst report of isolation of these two

bioactive flavonoids fromh\lphitonia excelsa
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To evaluate anti-inflammatory activity, all extracfAex-Hex, Aex-DCM, Aex-EA, Aex-
MeOH and Aex-water) were tested using a COX inluhitassay. It was observed that Aex-
DCM and Aex-MeOH had good COX 1 inhibition (>80%hiipition at 50 pg/mL
concentration and 100% inhibition at 100 pg/mL)xA&A showed potent nitric oxide (NO)
inhibition (ICsp 10.7 pg/mL) with a high selectivity index (>5). %&A also showed modest
antioxidant activity in the ORAC assay (3.70%1M TE/g). This study is the first report of
antibacterial, anti-inflammatory and antioxidantiaty for A. excelsa

While only two compounds (kaempferol and quercetweye isolated from Aex-EA (EtOAc
extract ofA. excelsg its promising activity, as well as that of thiher extracts and several

fractions warrants further studies on this plarfutare.

Leaves ofA. excelsappeared different during different times of tharygiumerous holes and
other damage to the leaf blade possibly due toneite herbivory during August-September;
mostly undamaged fresh leaves during March-Apfilyo collections (first in August from
Cumberland State Forest, Sydney and second in Meyohnorthern NSW) were performed.
Similar compositions were seen in the TLC profileks extracts from both collections.
However, higher antimicrobial activity was obserwsith the EtOAc extract from northern
NSW (Aex-NSW-EA) than the extracts from Cumberla8gidney (Aex-EA) in both the disc
diffusion and MTT microdilution assays agait&t pyogengsmethicillin sensitive, resistant
and multidrug resistant strains f aureusTLC bioautography suggested that some bioactive
components were present in a higher quantity invikibly undamaged leaves collected from
northern NSW. In future it will be interesting tamdw whether seasonal variations, different
geographical locations or long term storage hayeimpact on the composition or bioactivity
of this plant. This could be done by collecting tilant material from different locations and
in different seasons and doing the extraction aisédsays using identical methods, both
directly following extraction of the plant materiahd after storage. Although ASE was not
found to be very convenient for large scale exitoactf A. excelsdeaves, it may be useful in
such a comparative study as it is possible to rasintlentical conditions and parameters for
extraction by this method.

A water extract (Aex-water) foh. excelsavas also prepared to reflect the Yaegl customary
preparation of the plant — leaves are rubbed betwhee hands with a small amount of water.

The extract was tested for antibacterial, antiamfinatory and antioxidant properties. It
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showed modest antioxidant activity (>1000 uM THfg)he ORAC assay and good inhibition
against COX 1 (94% inhibition at 50 pg/mL).

The antimicrobial, anti-inflammatory and antioxidaativities of extracts oA. excelsdeaves
and the isolation of two known antimicrobial, amilammatory and antioxidant flavonoids
(kaempferol and quercetin) support the traditiaumsg of this plant in wounds and infection

related conditions by the Yaegl community.

Chapter 5 focused on ethical engagement and capacity strenigtg opportunities with the

Yaegl community and more broadly. Best ethical pdwes were followed towards

relationship building with the Yaegl community. @Gagy strengthening and benefit sharing
approaches included co-authorship in publicationssolidating the research findings into an
online database and encouraging Indigenous stutiectsmplete their secondary studies and
consider higher education. The author’s particgpatand contribution to these relationship
building and benefit sharing activities were detdiin this Chapter. In future, the IBRG is
planning to develop some preparations (e.g. antsspaps made from leaves or decoction
from leaves) with the Yaegl community to providettier tangible benefits for the community

following this medicinal plant study.

In conclusion, this PhD study has achieved the gmnygoal of conducting chemical and
biological investigations on two endemic Australiaredicinal plants used by the Yaegl
community for the treatment of wounds, sores and sKections. This study identified the
presence of bioactive fractions and compounds Waaterial, anti-inflammatory and
antioxidant) in the two selected medicinal plants §uaveolensand A. excelsaq and
contributed to the understanding of the chemistng @iological properties of these
underexplored Australian flora. This study was aleaducted with best ethical practices and

provided capacity strengthening opportunities soYlaegl elders and their local community.
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Appendix | (NMR/MS supporting data for compounds LS22 and LS-29).
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1. Compound LS-22'H NMR (CDCl 5, 600 MHz) spectrum
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2. Compound LS-22"C NMR (CDCl3, 150 MHz) spectrum
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4. Compound LS-22 high resolution MS

Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 5.0 PPM / DBE: min =-1.5, max = 20.0
Selected filters: None
Monoisotopic Mass, Odd and Even Electron lons
42 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:
C:0-50 H:0-50 0:0-10
RAB-LS22/AJ AutoSpec Premier 26-Feb-2013
1D:24473 08:36:56
HROD94AFAMM 81 (3.228) Magnet El+
326.1154 3.04e4

100

%
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Minimum: -1.5
Maximum: 5.0 5.0 20.0
Mass Calc. Mass mDa PPM DBE i-F1T Formula
326.1154  326.1154 0.0 0.0 1300 3.5 €19 H18 05
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5. Compound LS-29'H NMR (DMSO, 600 MHz) spectrum
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6. Compound LS-29"C NMR (DMSO, 150 MHz) spectrum
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8. Compound LS-29 high resolution MS

Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 3.0 PPM / DBE: min = -1.5, max = 20.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

18 formula(e) evaluated with 1 results within limits (all results (up to 1000) for each mass)
Elements Used:

C:0-50 H:0-50 ©:0-3

RAB-LS29/AJ KE375 04-Dec-2012 12:29:16
22572
1570 25 (1.121) Cm (25:29) 1: TOF MS ES-
2.98e+003
100 455.3526
Yo
456.3581
4352637 444.2013
436.2694 ah7ae0d 471.2488
428.0519 i E | 451.2493452.9223 i 461.2223 * 474.9601 483.2818.485.2637 487.2703
T T T T T T T T T T T T T o T T R T e e T P P P T T P T T e TR P T ey T T T T T T mi/z
430.0 435.0 440.0 445.0 450.0 455.0 460.0 465.0 470.0 475.0 480.0 485.0 490.0

Minimum: -1.5
Maximum: 5.0 3.0 20.0
Mass Calc. Mass mDa PPM DBE 1 Formula
455.3526 455.3525 0.1 0.2 P 5 25 C30 H47 03
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Appendix Il (Ethics approval letters)

1. Human Ethics Approval: An Ethnopharmacologicaldy of Medicinal
Plants in New South Wales.............oo e

2. Human Ethics Approval: An Ethnopharmacologicaldy of Australian
MedIiCINAl PIANTS.......uuiiiiiiiiiieiii it st e e

3. Human Ethics Approval: Engaging Indigenous Sdeoy Students in
Science and TECNNOIOY........cuuiuiiiiiiiiiie s
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1. Human Ethics Approval: An Ethnopharmacologidaidy of Medicinal Plants in New

South Wales.

1.

Ve

MACQUARIE )}
UNIVERSITY

13 January 2009

Associate Professor Joanne Jamie
Department of Chemistry and Biomolecular Sciences
Faculty of Science

Reference: HE27JUL2007-R05356

Dear Associate Professor Jamie,

Renewal Approved

Title of project: “An Ethnopharmacological Study of Medicinal Plants in New South Wales”

Thank you for your recent correspondence. Approval for renewal of the above application has been
granted, effective 1 October 2008.

The following are standard requirements attached to approval of all projects:

Approval will be for a period of twelve months. At the end of this period, if the project has
been completed, abandoned, discontinued or not completed for any reason you are required
to submit a Final Report on the project. If you complete the work earlier than you had
planned you must submit a Final Report as soon as the work is completed. This form is
available at:

hitp://www research.mq.edu.au/researchers/ethics/human_ethics/forms

However, at the end of the 12 month period if the project is still current you should instead
submit an application for renewal of the approval if the project has run for less than five (5)
years. This form is available at:

http:/lwww research.mq.edu.au/researchers/ethics/human_ethics/forms If the project has run
for more than five (5) years you cannot renew approval for the project. You will need to
complete and submit a Final Report (see Point 1 above) and submit a new application for the
project. (The five year limit on renewal of approvals allows the Committee to fully re-review
research in an environment where legislation, guidelines and requirements are continually
changing, for example, new child protection and privacy laws).

Please remember you must notify the Committee in writing regarding any alteration to the
project.

You must notify the committee immediately in the event of any adverse effects on participants
or of any unforeseen events that might affect continued ethical acceptability of the project.

At all times you are responsible for the ethical conduct of your research in accordance with
the guidelines established by the University
http:/iwww.research.mq.edu.au/researchers/ethics/human_ethics

Yours sincerely

A LA

Dr Shirley Wyver
Acting Chair, Ethics Review Committee (Human Research)

ETHICS REVIEW COMMITTEE (HUMAN RESEARCH)
MACQUARIE UNIVERSITY
Level 3, Research HUB, Building C5C

Secretary: Ph: (02) 9850 6848 Fax: (02) 9850 4465 E-mail: ethics.secretariat@vc.mg.edu.au

http://www.research.mq.edu.au/researchers/ethics/human_ethics
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2. Human Ethics Approval: An Ethnopharmacologidaldy of Australian Medicinal Plants.

Macquarie University Student Email and Calendar Mail - Approved- Et...

1 of 4

:SQR/%%‘H&I\F ‘)}} TARANNUM NAZ <tarannum.naz@students.mq.edu.au>

Approved- Ethics application- Jamie (Ref No: 5201200763)

4 messages

Ethics Secretariat <ethics.secretariat@mq.edu.au> Thu, Jan 24, 2013 at 3:07 PM
To: AlProf Joanne Jamie <joanne.jamie@mgq.edu.au>

Cc: A/Prof Subramanyam Vemulpad <subramanyam.vemulpad@mg.edu.au>, Mr David Harrington
<david.harrington@mg.edu.au>, Prof Shoba Ranganathan <shoba.ranganathan@mq.edu.au>, Dr Joanne Michelle
Packer <joanne.packer@students.mq.edu.au>, joanne.packer@mgq.edu.au, Mrs Tarannum Naz
<tarannum.naz@mg.edu.au>, Mrs Kaisarun Akter <kaisarun.akter@students.mg.edu.au>

Dear A/Prof Jamie

Re: "An Ethnopharmacological study of Australian Medicinal plants” (Ethics
Ref: 5201200763)

Thank you for your recent correspondence. Your response has addressed the
issues raised by the Human Research Ethics Committee and you may now
commence your research.

This research meets the requirements of the National Statement on Ethical
Conduct in Human Research (2007). The National Statement is available at
the following web site:

http://www.nhmrc.gov.aw_files_nhmre/publications/attachments/e72. pdf.
The following personnel are authorised to conduct this research:

AlProf Joanne Jamie

A/Prof Subramanyam Vemulpad
Mr David Harrington

Mrs Kaisarun Akter

Mrs Tarannum Naz

Ms Joanne Michelle Packer
Prof Shoba Ranganathan

NB. STUDENTS: IT IS YOUR RESPONSIBILITY TO KEEP A COPY OF THIS APPROVAL
EMAIL TO SUBMIT WITH YOUR THESIS.

Please note the following standard reguirements of approval:

1. The approval of this project is conditional upon your continuing
compliance with the National Statement on Ethical Conduct in Human Research
(2007).

2. Approval will be for @ period of five (5) years subject to the provision
of annual reports.

Progress Report 1 Due: 24 January 2014
Progress Report 2 Due: 24 January 2015
Progress Report 3 Due: 24 January 2016
Progress Report 4 Due: 24 January 2017
Final Report Due: 24 January 2018

NB. If you complete the work earlier than you had planned you must submit a
Final Report as soon as the work is completed. If the project has been
discontinued or not commenced for any reason, you are also required to
submit a Final Report for the project.

27/08/2013 2:43 PM

https://mail google.com/mail/w/0/ui=2&ik=3e15136375&view=pt&q=...
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3. Human Ethics Approval: Engaging Indigenous Sdeoyn Students in Science and
Technology.

MACQUARIE

UNIVERBITY ~ SYDNEY

3 October 2007

Dr Neil Harrison
School of Education
Australian Centre for Educational Studies

Reference: HE27JUL2007-R05361
Dear Dr Harrison

FINAL APPROVAL

Title of project: EJ ing Indi; dary students in science and technology - a pathway to higher education

Thank you for your recent correspondence. Your responses have satisfactorily addressed the outstanding issue raised by the
Committee. You may now proceed with your research.

Please note the following standard requirements of approval:
1. Approval will be for a period of twelve months. At the end of this period, if the project has been
LRSS At

comp 4. discontinued or not commenced for any reason, you are required to submit a Final Report
on the project. If you complete the work earlier than you had planned you must submit 2 Final Report  as

soon as the work is completed. The Final Report is available at

http://www.ro.mq.edu.au/ethics/human/forms
2. However, at the end of the 12 month period if the project is still current you should instead submit an
application for renewal of the approval if the project has run for less than five (5) years. This form is
available at http://www.ro,mq.edu,au/ethics/human/forms. If the project has run for more than five (5) years you
cannot renew approval for the project. You will need to complete and submit a Final Report (see Point 1 above) and
submiit a new application for the project. (The five year limit on renewal of approvals allows the Committee to fully
re-review research in an environment where legislation, guidelines and requirements are continually changing, for
example, new child protection and privacy laws).
Please remember the Committee must be notified of any alteration to the project.
You must notify the Committee immediately in the event of any adverse effects on participants or of any
unforeseen events that might affect continued ethical acceptability of the project.
5. Atail times you are responsible for the ethical conduct of your h in d with the guideli

established by the University (http:/fwww.ro.mq.edu.au/ethics/human).

&

If you will be applying for or have applied for internal or external funding for the above project it is your responsibility
to provide Macquarie University's Research Grants Officer with a copy of this letter as soon as possible. The Research
Grants Officer will not inform external funding agencies that you have final approval for your project and funds will not be
released until the Research Grants Officer has received a copy of this final approval letter.

Yours sincerely

P

Dr Margaret Stuart
e-e Director of Research Ethics
Chair, Ethics Review Committee [Human Research]

J1LTROL.! : CRO File: 07/892 ETHICS REVIEW COMMITTEE (HUMAN RESEARCH) Portrait (85%)
MACQUARIE UNIVERSITY (E11A)
SYDNEY, NSW, 2109 AUSTRALIA
Secretary: Ph: (02) 9850 7850 Fax: (02) 9850 4465 E-mail: ethics.secretariat@ve.mg.edu.au
http:/iwww.ro.mq.edu.au/ethics/human
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