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ABSTRACT
The tropical rain forests of Borneo are global hotspots for plant biodiversity which also

harbour diverse chemical compounds and play an important role in folk medicine. Such

phytochemicals have potential medicinal properties including as antibacterials. The

search for new and novel antibacterials and resistance-modifying compounds is

urgently required as the overuse or abuse of antibiotics has rendered many ‘last line of

defence’ antibiotics ineffective. This study attempted to screen plant extracts from 5

selected plant families from Borneo for antibacterial activities. In addition to isolating

and elucidating the structures of the compounds, bio-guided assay (broth dilution assay

and agar dilution assay) were used to screen the plant extracts as well as the potency

of the bioactive compounds isolated. Various chromatographic and spectroscopic

techniques were employed to isolate the bioactive compounds from the extracts and to

elucidate their structures respectively. Investigations were also undertaken to

understand the mechanisms of action through various selected assays (accumulation,

inhibition of biofim formation assay, and plate conjugation assays). This study led to the

isolation of mainly phenolic compounds (e.g. xanthones, coumarins and styryllactones)

but also some terpenoids (e.g. iridiod and diterpenes) and an alkaloid. They were either

broad spectrum against different strains of both Gram-positive and Gram-negative and

acid-fast bacilli or specific against one type of bacteria. Styryllactones and an alkyl

benzoic acid isolated from Goniothalamus longistipetes exhibited broad-spectrum

activities against Gram-positive, Gram-negative and acid-fast bacteria. Prenylated

xanthones (STP10) isolated from Garcinia celebica gave the best activities against

Gram-positive bacteria including the resistant strains with activities of between 1-4

µg/mL while STP10 also showed the best activities against Mycobacterium bovis BCG

at 1.98 µg/mL This was followed by a diterpene (STP19) at 3.91 µg/mL while a

styryllactone isomer (STP7), a pyranone (STP11) and a diterpene (STP18) all displayed
an MIC of 7.81 µg/mL. Additionally, the diterpene (STP19) showed the best activities in

inhibiting both bacterial efflux pumps and Inhibition of biofim assay. The alkyl benzoic

acid (STP6) also inhibited the transfer of the bacterial plasmid pKM101 in plate

conjugation assay with a 70% reduction. One of the styryllactones (STP8) screened
exhibited the best activities against liver cancer (Hep G2) cell lines with IC50 at 0.986

µg/mL All the bioactive compounds followed the Lipinski’s rule of 5 for druglikeness.
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IMPACT STATEMENT
Ever since the serendipitous discovery of penicillin, antibiotics have remained the

mainstay of modern medicine. The activity of antibiotics can, however, be limited by

antibiotic resistance which causes an antibiotic to lose its ability to inhibit bacterial

growth causing bacterial infections that are difficult to treat. The overuse and abuse of

antibiotics, in both humans and agriculture, is hastening the ongoing natural process by

which antibiotic resistance develops.

The detection of bacterial strains that are resistant to multiple classes of antibiotics

including ‘the last line of defence antibiotics’ such as colistin and carbapenem as well as

the extensively drug-resistant Mycobacterium tuberculosis strains (XDR-TB) worldwide

has made the current situation even more worrying. Such levels of antibiotic resistance,

which threatens to make many antibiotics obsolete, is already taking its toll clinically,

economically and socially and can hinder the progress and development of a country.

Drug discovery from natural products as presented in this study, if successful, will

contribute to lessening the burden caused by such impacts, which are immeasurable

and often difficult to assess.

Apart from a more responsible use of existing antibiotics, new and novel antibiotics or

antibiotic-resistant-modifying compounds are urgently needed to combat the resistance

problem. According to the World Health Organisation (WHO), a lack of new classes of

antibiotics in the pipeline is one of the many reasons for the problem. Moreover, WHO

also noted that many new drugs currently under development are just modifications to

existing classes of drugs. Pharmaceutical companies also shy away from antibiotic

research due to an assumption that there is a limited return on investment and partly

due to regulatory problems. The research undertaken here as well as a continuation of

the work in future may contribute to the search for new antibacterials, especially as drug

hits from amongst those bioactive compounds. Besides, this study also included the

screening for inhibitors for the various classes of resistance determinants (efflux pumps,

biofilm and conjugation), which can contribute to hits for new classes of antibacterials.
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Borneo is endowed with diverse plant species, which in turn harbour a practically infinite

library of phytochemical compounds, many of which, could be novel and medicinally

useful. The interaction between plants and bacteria over millions of years provided

evolutionary pressure on plants to produce many useful compounds for protection

against microbes in their environment. This is the first comprehensive screening effort

for antibacterials ever done with access to the plant resources from Borneo. These

findings, when published, will generate more interest in the search for a ‘cure’ for

diseases (antibacterials included) amongst Borneo’s plants. Moreover, our results might

also indirectly create awareness and encourage the promotion for the conservation of

the ancient tropical rain forests and the biodiversity they carry.
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INTRODUCTION
Natural products from plants and animals as well as microorganisms were traditionally

the main source of all medicinal preparations (Orhan, 2014) and, more recently, natural

products have continued to enter clinical trials as drug candidates or to provide leads for

compounds that have reached clinical trials against various types of diseases that affect

human being (Dias et al., 2012).

The search for and the use of drugs derived from natural sources has furnished

mankind with a rich and important source of therapeutic agents. For instance, Newman

et al., (2016) reported that from 1981 to 2002, 60% of all anticancer drugs and 75% of

all the anti-infective drugs approved for use were derived from natural sources.

Additionally, 61% of all new chemical compounds introduced globally as drugs during

the same period were derived from, or were inspired by natural products (Lewis and

Elvin-Lewis, 1995).

With the emergence of infectious diseases and the problem of multi-drug resistance in

both bacteria and mycobacteria, the search for new and more effective cures is

imperative (Gupta et al., 2005). Resistance to antimicrobials is a growing and significant

problem and affects treatment options (Chambers, 2006). As many existing antibiotics

are mainly isolated from microorganisms or their synthesized derivatives become

ineffective as a result of resistance, antimicrobials and other compounds derived from

plants can offer an alternative and novel source (Cowan, 1999). Another reason for the

interest in antimicrobials from plants has been the loss of plant species resulting in the

loss of useful phytochemicals (Lewis and Elvin-Lewis, 1995). Deforestation and forest

degradation can cause a large number of potentially useful natural products to be at risk

of being lost forever (Boris, 1998).
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A B

C

Figure 1.1 Anti-HIV Type 1 compounds –(+)-calanolide A (A) and (+)-calanolide B (B )
isolated from the trees Calophyllum lanigerum var. austrocoriaceum and Calophyllum
teysmannii var. inophylloide respectively and the anti-cancer compound (protein
synthesis translation inhibitor) silvestrol (C) isolated from the tree Aglaia foveolata.

Plants from Borneo (Sarawak) have traditionally been used for medicinal purposes

(International Tropical Timber Organisation and Forest Department Sarawak, 2000).

Recently, plants from Sarawak have been screened for anti-HIV (Currens et al., 1996)

and anti-cancer (Kim et al., 2007) activities, culminating in the discoveries of anti-

human-immunodeficiency-virus type 1 (HIV1) compounds – (+)-calanolide A and (+)-

calanolide B from Calophyllum lanigerum var. austrocoriaceum and Calophyllum

teysmannii var. inophylloide respectively (Currens et al., 1996) and the anti-cancer

compound – silvestrol from Aglaia foveolata (Kim et al.,2007) as shown in Figure 1.1
(±)-Calanolide A and B were also shown to display activity against Mycobacterium

tuberculosis while silvestrol also showed in vitro activity against the Ebola virus

(Biedenkopf et al., 2016) and other viruses (Grünwelle, and Hartmann, 2017) by
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inhibiting their replication. However, so far, little work has been reported on the

screening of plants from Borneo for activity against microorganisms, particularly the

antibiotic-resistant bacteria.

1.1 Antibiotic resistance and multi-drug resistant bacteria

Antibiotic resistance is the capacity of a microorganism to tolerate the effects of an

antibiotic (Levy, 2002) and resistance to antibiotics has turned into a serious problem for

over half a century (Simões et al., 2012). Antibiotic resistance has given rise to an

urgent and pressing public health problem within our lifetime (Levy, 2002). Resistance

against the ‘last line of defense’ antibiotics such as colitis (Liu et al., 2015) and

carbapenem (Codjoe and Donkor, 2018) or a combination of them has already been

detected. An American woman recently contracted a bacterial infection during

hospitalisation that was resistant to all available antibiotics (Mackenzie, 2017).

Furthermore, total drug-resistant tuberculosis (TDR-TB) has already been detected in

both Europe (Migliori et al., 2007) and Asia (Udwadia et al., 2011). An increase in the

mutation rate is a natural stress response, which can be a mechanism for drug-

resistance (Stix, 2006).The chance for the emergence of antibiotic-resistant mutants is

complex. Martinez and Baquero (2000) highlighted the genetics, physiology and the

dynamics between antibiotics and bacterium, the behavioural aspect of bacterial

populations, as well as the nature of the selective medium employed, among other

conditions.

The abilities of microorganisms to make use of the various strategies to oppose

antimicrobial compounds are all genetically encoded (Gang and Jie, 2016; Wright,

2010). Due to a growing usage of antibiotics over the past decades, bacteria have

reacted to the situation by producing progenies that are no longer susceptible to such

antibiotics (Levy, 2002). The abuse in and misuse of antibiotics has made multidrug

resistant (MDR) strains much more common, with a crucial need to develop new and

novel antibiotic agents (Cantrell et al., 2001).

Resistance mechanisms permit bacteria to tolerate and survive even in the presence of

toxic conditions. Such resistance may be intrinsic or may be brought about by mutation

or the acquisition of resistance genes from other microorganisms by plasmids (Tenover,

https://www.ncbi.nlm.nih.gov/pubmed/?term=Codjoe%20FS%5BAuthor%5D&cauthor=true&cauthor_uid=29267233
https://www.ncbi.nlm.nih.gov/pubmed/?term=Donkor%20ES%5BAuthor%5D&cauthor=true&cauthor_uid=29267233
https://en.wikipedia.org/wiki/Mutation_rate
http://aac.asm.org/search?author1=J.+L.+Martinez&sortspec=date&submit=Submit
http://aac.asm.org/search?author1=F.+Baquero&sortspec=date&submit=Submit
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gang%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=27806928
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jie%20F%5BAuthor%5D&cauthor=true&cauthor_uid=27806928
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2006; Fajardo et al., 2008). There are numerous ways bacteria can become resistant to

drugs as shown in .Figure 1.2

In addition to decreased uptake, some bacteria demonstrated intrinsic resistance by

inactivating and biodegrading antimicrobial products through natural evolutionary

mutations, leading to modifications in proteins configuration (Dantas et al., 2008;

Nishihara et al., 2000; Sussmuth et al., 1979).

The differences in cellular permeability as well as the intrinsic resistance of the different

microorganisms can also be due to differences in the thickness and composition of the

outer layers of Gram-positive, Gram-negative and acid-fast bacteria as shown in Figure
1.3. Gram-negative bacteria have a relatively thin peptidoglycan layer that is surrounded
by an outer membrane whilst Gram-positive bacteria do not have the outer membrane

but have a much thicker peptidoglycan layer, which is decorated with lipoteichoic acids

(LTA) (Brown et al., 2015). The absence of an outer membrane makes Gram-positive

bacteria more susceptible to penicillins and many other antibiotics (Brown et al., 2015).

The outer layer of Gram-negative bacteria is a lipid membrane consisting mostly of

lipopolysaccharide (LPS) otherwise known as endotoxin (Wang and Quinns, 2010).

In mycobacteria, the peptidoglycan layer is surrounded by arabinogalactan

polysaccharide and branched, long-chain fatty acids called mycolic acids (Alderwick et

al., 2015). This mycolyl-arabinogalactan-peptidoglycan (mAGP) complex provides a

thick and less penetrable upper layer required for the viability of mycobacteria

(Alderwick et al., 2015). Because of their thick cell wall structure, infections caused by

mycobacteria are among the most difficult microorganisms to treat although long-term

abuse or misuse of antibiotics, also causes serious resistance among the Gram-positive

and Gram-negative bacteria too.
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Figure 1.2 Evolutionary development of the mechanisms for antimicrobial resistance in bacteria
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Another method for microorganisms to develop intrinsic resistance is by means of

physiological adaptation (Russell, 2003). The main example of physiological

adaptation is formation of biofim and this is one of the most significant sources of

bacterial resistance to antimicrobials (Borges et al., 2015). Microorganisms can

attach to surfaces (either biotic or abiotic). This is in order to increase its population

and to embed themselves into a slimy extracellular matrix, which leads to the

formation of biofilms (Borges et al., 2015). It is a well-recognised fact that bacteria

embedded in biofilms have different characteristics than their planktonic cells since

microorganisms within biofilms display more resistance to antimicrobials (Davies

2003; Simões et al. 2009).

1.1 Intrinsic resistance

Intrinsic resistance is the innate kind of resistance expressed by many strains of a

particular bacterial species and is naturally coded (Cox and Wright, 2013).

Examples of intrinsic resistance are anaerobes that are intrinsically resistant to the

aminoglycosides (Rasmussen et al., 1997); Gram-negative bacteria that are

intrinsically resistant to vancomycin (Quintiliani and Courvalin, 1995); Enterococci

species intrinsically resistant against cephalosporin (Vesić and Kristich, 2012) and

Mycobacterium tuberculosis that is intrinsically resistant to clarithromycin (Andini

and Nash,2006).

Intrinsic resistance to antimicrobials occurs naturally in bacteria and is often due to

cellular impermeability wherein the outer layers restrict the uptake of antimicrobials

(Fajardo et al., 2008). The mechanisms of reduced permeability are known to

cause resistance to several families of antibiotics (Nguyen and Gutmann, 1994). A

decrease in cell wall permeability to antibiotics such as changes in the number of

porins (proteins embedded in the cell membrane with a pore or channel that

permits smaller ions and molecules to penetrate the cell membrane) in Gram-

negative bacteria can reduce the diffusion of antibiotics into the cell, thereby

causing drug resistance (Bennett, 2008). Mutants of Mycobacterium smegmatis,

http://amrls.cvm.msu.edu/microbiology/molecular-basis-for-antimicrobial-resistance/resolveuid/f6692571d629a6dbfd0edd8a1ba85f14
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cox%20G%5BAuthor%5D&cauthor=true&cauthor_uid=23499305
javascript:;
http://aac.asm.org/search?author1=Du%C5%A1anka+Vesi%C4%87&sortspec=date&submit=Submit
http://aac.asm.org/search?author1=Christopher+J.+Kristich&sortspec=date&submit=Submit
http://aac.asm.org/search?author1=Nadya+Andini&sortspec=date&submit=Submit
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which have the major porin MspA gene deleted showed an increase in minimum

inhibitory concentrations (MICs) of β-lactam antibiotics (ampicillin and cefaloridine)

as well as an increase in the MICs of vancomycin, erythromycin and rifampicin (Da

Silva. and Palomino, 2011).

In Gram-negative bacteria, in addition to porins located in the outer membranes,

the very high intrinsic resistance can also be associated to the presence of

Multidrug Resistance (MDR) proteins or efflux systems which limit the diffusion of

antimicrobials into the cells (McDonnell and Russell 1999). Multidrug resistance

(MDR) proteins that expel antibiotics from the cell may be located in the inner

membrane alone or in both membranes (Pages et al., 2008).

In addition to decreased uptake, some bacteria demonstrated intrinsic resistance

by inactivating and biodegrading antimicrobial products through natural

evolutionary mutations, leading to modifications in proteins configuration (Dantas et

al., 2008; Nishihara et al., 2000; Sussmuth et al., 1979).

The differences in cellular permeability as well as the intrinsic resistance of the

different microorganisms can also be due to differences in the thickness and

composition of the outer layers of Gram-positive, Gram-negative and acid-fast

bacteria as shown in Figure 1.3. Gram-negative bacteria have a relatively thin

peptidoglycan layer that is surrounded by an outer membrane whilst Gram-positive

bacteria do not have the outer membrane but have a much thicker peptidoglycan

layer, which is decorated with lipoteichoic acids (LTA) (Brown et al., 2015). The

absence of an outer membrane makes Gram-positive bacteria more susceptible to

penicillins and many other antibiotics (Brown et al., 2015). The outer layer of Gram-

negative bacteria is a lipid membrane consisting mostly of lipopolysaccharide (LPS)

otherwise known as endotoxin (Wang and Quinns, 2010).

javascript:;
javascript:;
javascript:;
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In mycobacteria, the peptidoglycan layer is surrounded by arabinogalactan

polysaccharide and branched, long-chain fatty acids called mycolic acids

(Alderwick et al., 2015). This mycolyl-arabinogalactan-peptidoglycan (mAGP)

complex provides a thick and less penetrable upper layer required for the viability

of mycobacteria (Alderwick et al., 2015). Because of their thick cell wall structure,

infections caused by mycobacteria are among the most difficult microorganisms to

treat although long-term abuse or misuse of antibiotics, also causes serious

resistance among the Gram-positive and Gram-negative bacteria too.

Another method for microorganisms to develop intrinsic resistance is by means of

physiological adaptation (Russell, 2003). The main example of physiological

adaptation is Inhibition of biofim assay and this is one of the most significant

sources of bacterial resistance to antimicrobials (Borges et al., 2015).

Microorganisms have to surfaces (either biotic or abiotic). This is in order to

increase its population and to embed themselves into a slimy extracellular matrix,

which leads to the formation of biofilms (Borges et al., 2015). It is a well-recognised

fact that bacteria embedded in biofilms have different characteristics than their

planktonic cells since microorganisms within biofilms display more resistance to

antimicrobials (Davies 2003; Simões et al. 2009).

1.1.2 Mutations

Some antimicrobial resistance can be due to mutation to the existing genes. If

mutation gives rise to more than one resistance gene, it is called multi-resistant or

a superbug (Strausbaugh et al., 2006). Sometimes antimicrobial resistance is

caused by a few changes in the bacterial genome. For example, mutations in the

katG gene, which encodes a catalase, inhA gene that is the target for isoniazid,

and the oxyR gene and aphC gene and their intergenic region are responsible for

resistance to isoniazid in Mycobacterium tuberculosis (Seifert et al., 2015).

Unlike Gram-positive and -negative bacteria, where acquired drug resistance is

generally mediated through horizontal transfer of genetic materials, for M.

tuberculosis, acquired drug resistance is caused mainly by spontaneous mutations

http://benthamscience.com/journal/render-search-results.php?cx=partner-pub-2685163628273835%3A7983360493&cof=FORID%3A10&ie=UTF-8&q=Anabela%20Borges
http://benthamscience.com/journal/render-search-results.php?cx=partner-pub-2685163628273835%3A7983360493&cof=FORID%3A10&ie=UTF-8&q=Anabela%20Borges
https://www.ncbi.nlm.nih.gov/pubmed/?term=Seifert%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25799046
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in chromosomal genes (Gillespie, 2002). Studies have demonstrated that for most

of the main anti-TB drugs, the mutation rate happens at a rate of 10−9mutations for

each cell division and because of this, anti-TB drugs are given in combination

therapies (Gillespie, 2007).

Efflux pumps can be due to both intrinsic and acquired resistance (Hernando-

Amado et al., 2016). Bacteria may acquire efflux pumps that expel the antibacterial

agent from the cell before it can reach its target site and exert its effect (Tenover,

2006) and multidrug-resistance may also occur by the increased expression of

genes that code for multidrug efflux pumps (Li and Nikaido, 2009; Hernando-

Amado et al., 2016).

Drug resistance can also be the result of changes or alterations to target sites of

the antibiotic (Tenover, 2006; Bennett, 2008). Some resistant bacteria evade

antimicrobials by altering critical target sites to avoid recognition. Because of that,

and with the presence of an active antimicrobial compound, no binding or inhibition

will happen. Examples of this phenomenon are Enterococci that are resistant to

vancomycin due to alteration in the cell wall precursor components that decrease

the binding of vancomycin. Others examples are some species of Staphylococcus

that are resistant to methicillin and other β-lactams due to changes or acquisition of

different PBPs that do not sufficiently bind β-lactams to inhibit cell wall synthesis.
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Figure 1.3 Cell walls of bacteria. (a) Gram-negative (b) Gram-positive and (c)
Mycobacteria or acid-fast bacteria. Images as presented are modified from Brown
et al., 2015.

Another mechanism that causes drug resistance in bacteria is the deactivation of

antibiotics by enzymes. This occurs when the bacteria have the ability to produce

enzymes to destroy the antibacterial drug (Tenover, 2006; Bennett, 2008).

Microorganisms may acquire genes that produce enzymes (e.g. β-lactamases) that

destroy the antimicrobial agent before it can have an effect (Tenover, 2006;

Bennett, 2008). Bacteria can also produce an alternative metabolic pathway that

https://en.wikipedia.org/wiki/Antibiotic_resistance
https://en.wikipedia.org/wiki/Antibiotic_resistance
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bypasses the action of the drug (Tenover, 2006) and such mechanisms include

interference with cell wall synthesis (e.g., β-lactams and glycopeptide agents).

1.2 Phytochemicals against drug resistant microbes

Natural products can provide very important sources of lead products for mankind

in the search for new and novel antimicrobials (Clardy and Walsh, 2004; Guzman

et al., 2012). Furthermore, plants too can also be useful sources of antimicrobials

since they have been used traditionally for centuries to treat microbial infections

(Cowan, 1999; Simões et al., 2012). Plants produce a large range of secondary

metabolites to guard themselves against microbial infections and these compounds

are largely unexplored, and may be useful in the treatment of microbial infections in

both humans and animals (Cowan, 1999; Dixon, 2001). This enormous diversity of

phytochemicals is partly related to the evolutionary selection for defence

mechanisms against a wide array of organisms in their environment (Dangl and

Jones, 2001).

However, only a small percentage of the known plant species have been screened

for the presence of antimicrobial compounds, and thus it is necessary to increase

the efforts in collecting and screening plants for the development of useful and

novel antimicrobials (Cowan, 1999; Stein et al., 2005). Verpoorte (2000) estimated

that less than 1–10% of the global plant biodiversity has been screened for

phytochemicals and their respective pharmacological activities for medicinal

purposes.

Plant families used in current study

1.3.1 ANNONACEAE

The Annonaceae is a pan tropical flowering family of trees, shrubs, or climbers

with approximately130 genera and 2500 species that are found predominantly in

lowland tropical regions; about 900 species are Neotropical, 450 are Afrotropical,

https://en.wikipedia.org/wiki/Tree
https://en.wikipedia.org/wiki/Shrub
https://en.wikipedia.org/wiki/Neotropic
https://en.wikipedia.org/wiki/Afrotropic
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and the other species Indomalayan (Richardson et al., 2004). Several genera

produce edible fruits, most notably Annona, Anonidium, Asimina, Rollinia, and

Uvaria.

1.3.1.1 Traditional uses

Goniothalamus macrophyllus and G. velutinus are used for the treatment of fever

and malaria (Chai et. al., 2006). Fresh stem and leaves from both species are

mixed and pounded and the mixture is boiled in water to make a tea; while for fever

in babies, ash from the bark is used to massage the body. A concoction of the

roots of G. tapisoides together with fennel seed (Foeniculum vulgare) and shallot

(Allium cepa) is drunk daily for cancer prevention and is believed to be effective

against early-stage cancers. Dried bark of G. roseus and G. uvaroides are burnt as

mosquito repellents. The Kelabit people in Sarawak (Borneo) drink a decoction of

the roots of G. tapis and G. dolichocarpus Merr. (Chai, 2006), while the Kedayan

people use the leaf stalk of G. andersonii to relieve stomach-ache (Chai, 2006).

The Iban and Kayan peoples use the juice from young leaves of G. dolichocarpus

to relieve stomach-ache and diarrhoea (Chai, 2006) whilst the sap from G.

velutinus is used to treat snake bite.

1.3.1.2 Phytochemistry and pharmacology

Styryllactones and acetogenins are characteristic of the Annonaceae and the

genus Goniothalamus specifically. Some examples of styryllactones are goniodiol

8-monoacetate [6R-(7R,8R-dihydro-7-hydroxy-8-acetoxystyryl)-5,6-dihydro-2-

pyrone] (1-i), goniotriol (1-ii), diacetylgoniodiol (1-iii) from Goniothalamus amuyon

Wu et al., (1992); goniodilactone (1-iv) and gonioheptenolactone (1-v) from

Goniothalamus cheliensis (Zhu et al., 2012) as well as goniomicin A (1-vi),
goniomicin B (1-vii), goniomicin C (1-viii) 9-deoxygoniopypyrone (1-
ix),andpterodondiol (1-x) from Goniothalamus tapisoides (Kim et al.,

2013).Examples of acetogenins are giganin (1-xi), gigantrionenin (1-xii) and

annomontacin (1-xiii) (Fang et al., 1993) as well as goniothalamicin (1-xiv)

https://en.wikipedia.org/wiki/Indomalaya
https://en.wikipedia.org/wiki/Annona
https://en.wikipedia.org/wiki/Anonidium
https://en.wikipedia.org/wiki/Asimina
https://en.wikipedia.org/wiki/Rollinia
https://en.wikipedia.org/wiki/Uvaria
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(Alkofahi, et al., 1998) from Goniothalamus giganteus. The structures of the

styryllactones and acetogenins mentioned are illustrated in Figure 1.4 and Figure
1.5.

goniodiol 8-monoacetate [6R-(7S,8R-

dihydro-7-hydroxy-8-acetoxystyryl)-

5,6-dihydro-2-pyrone] (1-i),

goniotriol (1-ii),

diacetylgoniodiol (1-iii)

goniodilactone (1-iv)

gonioheptenolactone (1-v) goniomicin A (1-vi)
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goniomicin B (1-vii) goniomicin C (1-viii)

9-deoxygoniopypyrone (1-ix) pterodondiol (1-x)

Figure 1.4 Some examples of styryllactones from the genus Goniothalamus
(Annonaceae)

goniot

halamicin (1-xiv)

gi

ganin (1-xi)
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gigantrionenin (1-xii)

annomontacin (1-xiii)

Figure 1.5 Some examples of acetogenins from the genus Goniothalamus
(Annonaceae)

Other compounds isolated are alkaloids e.g. goniomicin D (1-xv), tapisoidin (1-xvi)
and liriodenine (1-xvii) from Goniothalamus tapisoides (Kim et al., 2013) and

flavonoids e.g. 3,5,7,3',4' pentamethoxyflavone (1-xviii) and 5,3',4-trihydroxy-3,7-

dimethoxyflavone (1-xix) from Goniothalamus tenuifolius. Carboxylic acid

derivatives have also been isolated from Goniothalamus tapisoides, benzamide

(1-xx) and cinnamic acid (1-xxi) (Kim et al., 2013). The structures of the alkaloids,

flavonoids and carboxylic derivatives are shown in Figure 1.6 Some examples of

compounds isolated from the genus Goniothalamus (Annonaceae) other than

styryllactones and acetogenins - alkaloids, flavonoids and carboxylic derivatives.

goniomicin D (1-xv) tapisoidin (1-xvi) liriodenine (1-xvii)
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5,7,3'4' pentamethoxyflavone

(1-xviii)

5,3',4-trihydroxy-3,7-

dimethoxyflavone (1-xix)

benzamide (1-xx)

cinnamic acid (1-xxi)

Figure 1.6 Some examples of compounds isolated from the genus Goniothalamus
(Annonaceae) other than styryllactones and acetogenins - alkaloids, flavonoids and
carboxylic derivatives.

The majority of the biological activities shown by styryllactones and acetogenins

are cytotoxic against cancer cell lines. For styryllactones isolated from

Goniothalamus amuyon, goniodiol 8-monoacetate (1-i) demonstrated cytotoxicity

with ED50, values of 71.35µM (KN), 6.12 µM (P388), 4.79 µM (A-549), 14.50 µM

(HT-29) and 6.72 µM (HL-60),respectively (Wu et al., 1992),while diacetate

goniodiol (1-iii) showed cytotoxicity with ED50 values of 21.15 µM (KB), 19.06 µM

(P-388),15.31 µM (A-549), 18.17 µM (HT-29) and 8.58 µM (HL-60) (Wu et al.,

1992). The compounds goniodilactone (1-iv) and gonioheptenolactone (1-v)
exhibited significant cytotoxicities in a panel of human cancer cells, including DU-

145, PC-3, MCF-7, A-549, KB and KBvin, (GI50 values in the range of 4.54-16.40

μM) from Goniothalamus cheliensis (Zhu et al. 2012).
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The acetogenin giganin (1-vi) isolated from Goniothalamus giganteus was not

significantly toxic in the simple brine shrimp assay (BST LC50 1533.24 µM) but it did,

however, exhibit good cytotoxic activities against human lung carcinoma (A-549

ED50 0.0341 µM), human breast carcinoma (MCF-7 ED50.1.77.0 µM), and human

colon adenocaminoma (HT-29 ED50 0.0181 µM) (Fang et al., 1993).

Other activities shown by phytochemicals from this genus are anti-insecticidal and

as an inhibitor to crown gall tumours. The compound goniothalamicin (1-xiv) from
Goniothalamus giganteus was found to be cytotoxic and insecticidal apart from

inhibiting the formation of crown gall tumours on potato discs (Alkofahi et al., 1998).

The acetogenin goniomicin B (1-vii) gave the highest antioxidant activity in the

simple DPPH assay among all compounds tested, with an IC50 value of 0.207 µM.

(Kim et al., 2013).

1.3.2 APOCYNACEAE

The Apocynaceae sensu lato (including Asclepiadaceae), is one of the ten largest

angiosperm families with approximately 4000 species in about 425 genera. It is

found throughout the world, although it is more diverse in the tropics (Royal

Botanic Gardens Edinburgh, 2015). This family include trees, shrubs, herbs, stems,

succulents, and creepers; and members of the family are native to Europe, Asia,

Africa, Australia,and the American tropics and subtropics, with some temperate

members (Endress and Bruyns, 2000). Many species of the family produce a sticky

latex.

1.3.2.1 Traditional uses

The white latex from the fresh plant of Willughbeia sarawakiensis is applied

externally to treat shingles and other skin diseases (Chai, 2006). Similarly, white

latex from Alstonia angustiloba is smeared on affected parts to treat ringworm and

other skin diseases in man (Chai, 2006).

https://en.wikipedia.org/wiki/Tree
https://en.wikipedia.org/wiki/Shrub
https://en.wikipedia.org/wiki/Herb
https://en.wikipedia.org/wiki/Stem_succulent
https://en.wikipedia.org/wiki/Stem_succulent
https://en.wikipedia.org/wiki/Australia
https://en.wikipedia.org/wiki/Tropics
https://en.wikipedia.org/wiki/Subtropics
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1.3.2.2 Phytochemistry and Pharmacology

The major phytochemicals from the Apocynaceae are alkaloids. Alkaloids such as

the monoterpenoid indole alkaloids e.g. 6,7-epoxy-8-oxo-vincadifformine (2-i), 11-
acetyl-6,7-epoxy-8-oxo-vincadifformine (2-ii), 11-hydroxy-6,7-epoxy-8-

oxovincadifformine (2-v) and 11-hydroxy-14-chloro-15-hydroxy-vincadifformine (2-
iii), perakine N1,N4-dioxide (2-iv) from Alstonia rupestris Kerr. (Zhang et al., 2014)

and bisindole alkaloids e.g. ochrolifuanine A (2-vii) from Dyera lowiana (Mirand et

al., 1983). The structure of the alkaloids mentioned are illustrated in Figure 1.7

6,7-epoxy-8-oxo-

vincadifformine (2-i),

11-acetyl-6,7-epoxy-8-

oxo-vincadifformine (2-

ii),

11-hydroxy-6,7-epoxy-

8-oxovincadifformine (2-

v)

11-hydroxy-14-chloro-15-

hydroxy-vincadifformine (2-iii)
perakine N1,N4-

dioxide (2-iv),

vinorine N1,N4-

dioxide (2-vi)

ochrolifuanine A (2-vii),

Figure 1.7. Some examples of alkaloids from the Apocynaceae.
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A fatty acid ester of a triterpenoid, 3-docosanyl lupeol (2-ix), was isolated as a

major component along with the well-known triterpenoids, lupeol (2-x) and acetyl

lupeol (2-xi) from the stems of Willughbeia firma (Subhadhirasakul et al., 2000).

Saponins are also usually present in Willughbeia coriacea (Mawardi et al., 1985),

while phytochemical screening of 80% ethanolic extracts showed the presence of

terpenoids, tannin, saponins, glycosides and alkaloids in the bark of Willughbeia

tenuiflora (Berna et al., 2012). Other compounds isolated are flavonoids for

exampletricin-4′-O-β-L-arabinoside (2-xi) and myricetin-3′-rhamnoside-3-O-

galactoside (2-xiv) flavonoid glycosides such as vitexin (2-xiii) from Alstonia

macrophylla (Praveen et al., 2010). The structures of these compounds are

illustrated in Figure 1.8.

3-docosanoyl lupeol (2-ix)

lupeol (2-x)

acetyl lupeol (2-xi)

vitexin (2-xiii)
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tricin-4′-O-β-L-arabinoside(2-xii)

myricetin-3′-rhamnoside-3-O-

galactoside (2-xiv)

Figure 1.8 Some examples of non alkaloidal natural products isolated from the
Apocynaceae.

Among the activities displayed by compounds from the Apocynaceae are

cytotoxicities and antimicrobial action. The alkaloids 6,7-epoxy-8-oxo-

vincadifformine (2-i), 11-acetyl-6,7-epoxy-8-oxo-vincadifformine (2-ii), and 11-

hydroxy-6,7-epoxy-8-oxovincadifformine (2-v) from Alstonia rupestris Kerr. (Zhang

et al., 2014) showed significant cytotoxicities against all the tested tumour cell lines

of head and neck squamous cell carcinoma with IC50 values of less than 20 μM

(Zhang et al., 2014). Additionally they exhibited antimicrobial activities against two

fungi (Alternaria alternata and Phytophthora capsici) with poor MIC values of f640–

690 µM, 1370–1440 µM, 1800–1910 µM and 1550–1710 µM, respectively.

Alkaloids perakine N1,N4-dioxide (2-iv) and 11-hydroxy-6,7-epoxy-8-

oxovincadifformine (2-v) exhibited poor activity against the bacterium

Staphylococcus aureus (Zhang et al., 2014). The flavonoid and flavonoid glycoside

from Alstonia macrophylla also displayed activity against bacteria (Praveen et al.,

2010). With a concentration of 2470 µM, compound ochrolifuanine A (2-vii)
showed poor inhibitory activities against the growth of S. aureus, E. coli, S.

typhimurium and C. albicans. The results observed with respect to the zone of
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inhibition were S. typhimurium (20 mm), whilst E. coli 16mm) followed by S. aureus

(13 mm) and then C. albicans (12 mm).

Apart from the cytotoxicity and antimicrobial activities, the 80% ethanolic extract

from Willughbeia tenuiflora Dyer ex Hook f. inhibited α-glucosidase of bacteria with

an IC50 of 8.16 μg/mL (Elya et al., 2012), while in the hot plate method, the n-

butanol fraction of an ethanolic extract from Willughbeia edulis caused significant

(p<0.001) inhibition of a pain response in mice (64.65% and 77.32% at the doses

of 250 and 500 mg/kg body weight). It was found that the extract caused an

inhibition of the writhing response induced by acetic acid in mice in a dose

dependent manner. The extract of Willughbeia edulis produced a significant (P<

0.01) inhibition of the second phase response in mice in the acetic acid pain model,

comparable to diclofenac sodium, while two doses of the extract showed an

analgesic effect in the first phase (Haque et al., 2015).

1.3.3 GUTTIFERAE

The Clusiaceae or Guttiferae are a family of primarily tropical plants of trees and

shrubs, often with resinous and sticky sap (Gustafsson, 2002). Several trees of the

genus Garcinia produce valuable fruits, such as the mangosteen (G. mangostana)

and Asam Gelugor (G. atroviridis).

1.3.3.1 Traditional uses

The Bidayuh people in Sarawak use the bark of Garcinia myristicaefolia as a cure

for dysentery (Chai, 2006). Among the Iban peoples, a tincture of the bark of

Garcinia mangostana is taken to treat diarrhoea as well as to alleviate difficulties in

breathing while the Bidayuh drink a decoction of the bark for internal bleeding in

the stomach or the nose (Chai, 2006).

https://en.wikipedia.org/wiki/Family_%28biology%29
https://en.wikipedia.org/wiki/Plant
https://en.wikipedia.org/wiki/Sap
http://www.britannica.com/plant/Garcinia
http://www.britannica.com/plant/mangosteen
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The yellow latex of the cultivated mangosteen (G. mangostana) is rubbed on the

skin for skin diseases such as scabies (ITTO). The bark of G. myristicaefolia is

boiled as a tea for dysentery (Chai, 2006) and the mangosteenis similarly boiled for

stomach-ache (Chai, 2006). The yellow latex of another unidentified species of

Garcinia was rubbed on skin for the treatment of skin disease like scabies while

leaves were boiled for fever and malaria (Chai, 2006). G. forbesii is used for

treating stomach-ache, relief from cough and post-natal treatments by the Kedayan

ethnic group in Sarawak (Gerten et al., 2005).

1.3.3.2 Phytochemistry and Pharmacology

Phenolics including xanthones, coumarins and benzophenones are characteristic

phytochemicals for the Guttiferae. Xanthones were found in Calophyllum

caledonicum viz. caledonixanthone E (3-i), caledonixanthone F (3-ii),
caledonixanthone A (3-iii), caloxanthone G (3-iv), caledonixanthone B (3-v),
dehydroxycycloguanandin (3-vi), caledonixanthone C (3-vii) and caloxanthone F

(3-viii), asnanixanthone (3-ix), 6-deoxyisojacareubin (3-x), (-)-caledol 1 (3-xi) and
(-)-dicaledol 2 (3-xii) (Morel et al., 2002), in Calophyllum soulattri, viz. soulattrin (3-
xiii), caloxanthone C (3-xiv), macluraxanthone (3-xv), brasixanthone B (3-xvi) and
trapezifolixanthone (3-xvii) (Mah et al.,2012), in G. malaccensis, α-mangostin (3-
xviii) and β-mangostin (3-xix) (Taher et al., 2012), in G. linii, 1,7-dihydroxy-3-

methoxyxanthone (3-xx) and 1,5-dihydroxy-3-methoxyxanthone (3-xxii) (Chen et

al., 2006) and in G .cantleyana, 4-(1,1-dimethylprop-2-enyl)-1,3,5,8-

tetrahydroxyxanthone (3-xxiii), deoxygaudichaudione A (3-xxiv), gaudichaudione
H (3-xxv) and garbogiol (3-xxvi) (Shadid et al., 2007). The structures of the

xanthones mentioned above are illustrated in Figure 1.9.
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caledonixanthone E (3-i) caloxanthone F (3-ii) caledonixanthone A (3-iii)

caloxanthone G (3-iv)

caledonixanthone B (3-v)

dehydroxycycloguanandi

(3-vi)

caledonixanthone F (3-vii) caledonixanthone C (3-vii)

asnanixanthone (3-ix) 6-deoxyisojacareubin (3-x) (-)-caledol 1 (3-xi)
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(-)-dicaledol 2 (3-xii) soulattrin (3-xiii) caloxanthone C (3-xiv)

macluraxanthone (3-xv) brasixanthone B (3-xvi) trapezifolixanthone (3-xvii)

α-mangostin (3-xviii) β-mangostin (3-xix)
1,7-dihydroxy-3-

methoxyxanthone (3-xx)
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1,5dihydroxy-3-

methoxyxanthone (3-xxi)

4-(1,1-dimethylprop-2-

enyl)-1,3,5,8-

tetrahydroxyxanthone(3-

xxiii)

deoxygaudichaudione A

(3-xxiv)

gau

dichaudione H

(3-xxv)

garbogiol (3-xxvi)

Figure 1.9 Some examples of xanthones from the Guttiferae.

Xanthones from the Guttiferae also include the cage xanthones e.g. cantleyanone

A (3-xxvii), 7-hydroxyforbesione (3-xxviii), cantleyanones B–D (3-xxix) – (3-xxxi)
from Garcinia cantleyana (Shadid et al., 2007) as well as chromenoxanthones e.g.

rheediachromenoxanthone (3-xxxii), linixanthone A (3-xxxiii), linixanthone B (3-
xxxiv), globulixanthone D (3-xxxv), 1,5-dihydroxy-3-methoxyxanthone (3-xxxvi)
and 1,6-dihydroxy-5-methoxyxanthone (3-xxxvii) from Garcinia linii (Chen et al.,

2006). The structure of the cage xanthones and chromenoxanthones are

presented in Figure 1.10.



26

7-hydroxyforbesione (3-

xxviii)

cantleyanone A (3-xxvii) cantleyanones B (3-

xxix)

cantleyanones C (3-xxx) cantleyanone D (3-xxxi) rheediachromeno-

xanthone (3-xxxii)

linixanthone A (3-xxxii) linixanthone B (3-xxxiv) globulixanthone D (3-

xxxv)
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1,5-dihydroxy-3-

methoxyxanthone (3-xxxvi)

1,6-dihydroxy-5-

methoxyxanthone (3-

xxxvii)

Figure 1.10 Some examples of cage xanthones and chromenoxanthones from the
Guttiferae.

Numerous coumarins have been isolated from this family and taxon, namely,

mammea A/BA (3-xxxviii), mammea A/BB (3-xxxix), mammea B/BA (3-xl),
mammea B/BB (3-xli), mammea C/OA (3-xlii), mammea C/OB (3-xliii), mammea
B/BA cyclo F (3-xliv), mammea B/BB cyclo F (3-xlv), isomammeigin (3-xlvi) from
Garcinia brasilliensis (Reyes-Chilpa et al., 2004). The coumarins mentioned are

illustrated in Figure 1.11.

Other compounds including prenylated benzophenones were isolated from

Garcinia brasilliensis viz. 7-epiclusianone (3-xlvii) and guttiferone-A (3-xlviiiii)
(Naldoni et al., 2009); Others include the benzopyran:(S)-3-

hydroxygarcibenzopyran (3-xlix); biphenyls: garcibiphenyl C (3-l), garcibiphenyl D
(3-li), garcibiphenyl E (3-lii) and aucuparin (3-liii) ;the

benzaldehyde,syringaldehyde (3-liv), benzoquinone:α-tocopherylquinone (3-lv);
the phloroglucinols, garcinialone (3-liv) and isoxanthochymol (3-lv) from Garcinia

multiflorum (Chien et al., 2008); (S)-3-hydroxygarcibenzopyran (3-lvi) and triphenyl

lignan:macranthol (3-xlix) from Garcinia cantleyana (Shadid et al.,2007);

biflavonoid viz. amentoflavone (3-lx), protocatechuic acid (3-lxi) and shikimic acid

(3-lxii) from Garcinia brasilliensis (Reyes-Chilpa et al., 2004); flavonoids viz.

proanthocyanin (3-lxi) and flavononylflavone (3-lxii) were found in Garcinia indica

(Lakshmi et al., 2011); These structures are also illustrated in Figure 1.12
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mammea A/BA (3-xxxviii) mammea A/BB (3-xxxix) mammea B/BA (3-xl)

mammea B/BB (3-xli) mammea C/OA (3-xlii)

mammea C/OB (3-xliii)

mammea B/BA cyclo F

(3-xliv) mammea B/BB

cyclo F (3-xlv)
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isomammeigin (3-xlvi)

Figure 1.11. Some examples of coumarins isolated from the Guttiferae.

7-epiclusianone (3-xlvii) guttiferone-A (3-xlviii) (S)-3-hydroxygarci-

benzopyran (3-xlix)

garcibiphenyl C (3-l) garcibiphenyl D (3-li) garcibiphenyl E (3-lii)
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aucuparin (3-liii) syringaldehyde (3-liv) α-tocopherylquinone

(3-lv)

macranthol (3-lvi) amentoflavone (3-lvii) protocatechuic acid

(3-lviii)
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shikimic acid (3-lix) proanthocyanin (3-lx) flavononylflavone (3-lxi)

Figure 1.12. Examples of phenolic compounds isolated other than xanthones and
coumarins from the Guttiferae

Apart from the phenolics, there are also terpenoids isolated from this family of

plants. Among them are the triterpenoids - friedelin (3-lxii) and canophyllol (3-lxiii)
from G. brasilliensis (Reyes-Chilpa et al., 2004) ;i.e.glutin-5-en-3b-ol (3-lxiv),
squalene (3-lxv) and α-tocospiro B (3-lxvi) from G. linii (Chen et al., 2006);

sitosterol (3-lvii), stigmasterol (3-lxviii) from G. cantleyana (Shadid et al.,2007)

and cycloart-24-en-3β-ol (3-lxix) from G. malaccensis (Taher et al., 2012). There is

also a mixture of β-sitostenone (3-lxx) and stigmasta-4,22-dien-3-one (3-lxxi) as
well as a mixture of 6α-hydroxystigmast-4-en-3-one (3-lxxii) and 6α-

hydroxystigmasta-4,22-dien-3-one (3-lxxiii) from G. linii (Chen et al., 2006). The

structure of the previously isolated terpenoids are illustrated in Figure 1.13.

Three of the xanthones - deoxyisojacareubin (3-x), caloxanthone F (3-vii),
caledonixanthone E (3-i), isolated from Calophyllum caledonicum showed

significant antifungal activity against A. fumigates for deoxyisojacareubin (3-x) (an
MIC80 of 31 μg/mL), caloxanthone F (3-vii) (3.82 μM) and caledonixanthone E (3-I)
(24.38 µM). This latter xanthone was as potent as the positive control -

amphotericin B (a commercially available agent) with a similar MIC80 (Morel et al.,

2002).



32

friedelin (3-lxii) canophyllol (3-lxiii) glutin-5-en-3b-ol (3-lxiv)

squalene (3-xv) α-tocospiro B (3-lxvi) β-sitosterol (3-lxvii)
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stigmasterol (3-lxviii) cycloart-24-en-3β-ol

(3-lxix)

β-sitostenone (3-l)

stigmasta-4,22-dien-3-one

(3-li)

6α-hydroxystigmast-4-en-

3-one (3-lii)

6α-hydroxystigmasta-4,22-

dien-3-one (3-liii)

Figure 1.13. Some examples of terpenoids isolated from the Guttiferae

Compounds isolated from Guttiferae also exhibited cytotoxic and antimicrobial

activities. The coumarins from Garcinia brasilliensis were shown by Reyes-Chilpa

et al., (2004) to be cytotoxic against the K562, U251, and PC3 human tumour cell

lines, the highest activity was shown by mammea A/BA (3-xxxviii) with IC50 value

between 0.04 to 0.59 μM. The mixtures of mammea A/BA (3-xxxviii) + A/BB (3-
xxxix), mammea B/BA (3-xl) + B/BB (3-xli) and mammea C/OA (3-xlii) + C/OB (3-
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xliii) were also highly active (IC50 < 4.05 μM). However, the triterpenoid, friedelin

(3-lxiii) was cytotoxic only against the PC3 and U251 lines. Most of the isolated

compounds were also inactive against the fourteen bacterial strains with the

exception of mammea A/BA (3-xxxviii) - A/BB (3-xxxix), and mammea C/OA (3-
xlii) - C/OB (3-xliii) which poorly inhibited the growth of Staphylococcus aureus, S.

epidermidis and Bacillus subtilis (Reyes-Chilpa et al., 2004). Compounds (3-xii)–
(3-xvii) from Calophyllum soulattri exhibited good to moderate cytotoxic activities

(1.98-92.59 μM) against 9 cell lines - SNU-1, HeLa, Hep G2, NCI-H23, K562, Raji,

LS174T, IMR-32 and SK-MEL-28 (Mah et al.,2012).α-mangostin (3-xviii) from G.

malaccensis exhibited cytotoxic activity against HSC-3 cells with an IC50 value of

0.33 μM. β-mangostin (3-xix) and α-mangostin (xviii) showed activity against K562
cells with an IC50 of 0.40 μM and 0.48 μM, respectively (Taher et al.,2012).

Furthermore, α-mangostin (3-xviii) isolated from G. malaccensis was active

against Gram-positive bacteria, Staphylococcus aureus and Bacillus anthracis with

inhibition zones and MIC values of (19 mm; 0.06 µM) and (20 mm; 0.03 µM),

respectively (Taher et al., 2012). For G. brasilliensis, compound 7-epiclusianone

(3-xlvii) gave an MIC of 2.57 µM and 1.29 µM respectively against S. aureus and

B. cereus while compound guttiferone A (3-xlviii) gave an MIC of 5.94 µM and

5.94 µM, respectively against S. aureus and B. Cereus (Naldoni et al., 2009).

1.3.4 MYRISTICACEAE

The Myristicaceae consist of 19 genera and about 500 species of monoecious and

dioecious flowering plants with significant ecological importance throughout

lowland tropical rain forests (Gentry, 1982). A diagnostic feature of this family is

that when cut, the tree trunk exudes a red or yellow resin. Important spices such as

nutmeg and mace are obtained from the fruit of the Myristica fragrans.
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1.1.3.4.1 Traditional uses

Species of the Myristicaceae have been used by the different ethnic groups in

Sarawak, particularly from the genera Knema and Horsfieldia. A decoction of

Knema glaucescens has been used in Sarawak to treat abdominal discomfort

(Wiart, 2006). The Kedayan ethnic group in Sarawak uses the sap of Horsfieldia

grandis to heal injured lips while the arils of H. pallidicauda are pounded with water

and applied to remove lice (Chai, 2006). Poultices from the bark of H. grandis and

K. cinerea have been used among the Iban ethnic group in Sarawak to reduce

swelling on the body as well as to treat sprains and painful joints respectively (Chai,

2006). This could be due to the anti-inflammatory properties of the Myristicaceae,

as demonstrated in the studies using K. laurina, and associated with the release of

nitric oxide (NO) and interleukin (IL-6) (Häke et al., 2009), while a macelignan

compound has been shown to inhibit inflammatory reactions, by inhibiting the

production or expression of the inflammation mediators NO, iNOS, PGE2, COX-2

and TNF-α,coupled with treating or preventing inflammatory disease in vivo (Cuong

et al., 2011).

1.1.3.1.2 Phytochemistry and Pharmacology

Phenolics such as acylphenols, lignans, neolignans, diarylpropanoids and dimeric

diarylpropanoids are common in members of the Myristicaceae. Examples of the

lignans are erythro-1-(4-hydroxy-3-methoxyphenyl)-4-(3,4-methylenedioxyphenyl)-

2,3-dimethylbutane (4-i), rel-1-(4-hydroxy-3-methoxyphenyl)-4-(3,4-

methylenedioxyphenyl)-2,3-dimethylbutan-1-ol (myristargenol A) (4-ii), erythro-l,4-
di(4-hydroxy-3-methoxyphenyl)-2,3- dimethylbutane (meso-dihydroguaiaretic acid)

(4-iii) and rel-1,4-di(4-hydroxy-3-methoxyphenyl)-2,3-dimethylbutan-1-o1

(myristargenol B) (4-iv) isolated from Myristica argentea (Nakatani et al., 1998),

((8R,8'S)-7-(4-hydroxy-3-methoxyphenyl)-8'-methylbutan-8-yl)-3'-methoxybenzene-

4',5'-dio l(4-ix), erythro-(7S,8R)-7-(4-hydroxy-3-methoxypheny1)-8-[2’-methoxy-4’-

(E)-propenyl)phenoxy]propan-7-ol (4-x) and 7-(3’,4-methylenedioxyphenyl-8,8’)-

dimethyl-1-7-(3-4-dihdroxyphenyl)-butane (4-xxxi) from Myristica fragrans (Cuong

et al., 2011) and neolignans (7S)-8-(benzo[3’,4’]dioxol-1’-yl)-7-
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hydroxypropyl)benzene-2,4-diol (4-v), ((7S)-8’-(4’-hydroxy-3’-methoxyphenyl)-7-

hydroxypropyl)benzene-2,4-diol (4-vi), (+)-erythro-(7S,8R)-△8'-7-hydroxy-3,4,3',5'-

tetrarnethoxy-8-O-4'-neolignan (4-vii), and (+)-erythro-(75,8R)-△8'-7-acetoxy-

3,4,3',5'-tetramethoxy-8-O-4'-neolignan (4-viii) from Myristica fragrans (Cuong et

al., 2011).

Examples of previously identified acylphenols are malabaricone A (4-xi) from

Myristica fragrans (Cuong et al., 2011), malabaricone B (4-xii) malabaricone C (4-
xiii), 1-(2,6-dihydroxyphenyl) tetradecan-1-one (4-xxvii) and

Dodecanoylphloroglucinol (4-xxviii), 1-(2,4,6-trihydroxyphenyl)-9-phenylnonan-1-

one 9 (4-xxix) also isolated from Myristica fragrans (Orabi et al., 1991).

Other components previously identified are diarylpropanoids, such as

horsfiequinone A (4-xvi) and dimeric diarylpropanoids are 1,4-p-benzoquinone-

related compounds, horsfiequinones B–F (4-xv) - (4-xix) and combrequinone B (4-
xx), both from Horsfieldia tetrasepala (Ma et al., 2014).

The phenolic compounds isolated are flavonoids such as the flavans, myristinin A

(4-xxi), myristinin B (4-xxii), myristinin C (4-xxiii), myristinin D (4-xxiv) and

myristinin E (4-xxv) and myristnin F (4-xxvi) from Myristica cinnamomea

(Sawadjoon et al., 2002) and (+/-)-7,4'-dihydroxy-3'-methoxyflavan (4-xxx) from K.

glauca (Orabi et al., 1991).The structures of the phenolic compounds mentioned

are illustrated in Figure 1.14.
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erythro-1-(4-hydroxy-3-methoxyphenyl)-4-(3,4-

methylenedioxyphenyl)-2,3-dimethylbutane (4-i)

rel-1-(4-hydroxy-3-methoxyphenyl)-4-(3,4-

methylenedioxyphenyl)-2,3-dimethylbutan-1-o1

(myristargenol A) (4-ii)

erythro-l,4-di(4-hydroxy-3-methoxyphenyl)-

2,3-dimethylbutane (meso-

dihydroguaiaretic acid) (4-iii)

rel-1,4-di(4-hydroxy-3-methoxyphenyl)-2,3-

dimethylbutan-1-o1 (myristargenol B)(4-iv)

(7S)-8-(benzo[3’,4’]dioxol-1’-yl)-7-

hydroxypropyl)benzene-2,4-diol (4-v)

(7S)-8’-(4’-hydroxy-3’-methoxyphenyl)-7-

hydroxypropyl)benzene-2,4-diol (4-vi)

(+)-erythro-(7S,8R)-△8'-7-hydroxy-3,4,3',5'-

tetrarnethoxy-8-O-4'-neolignan (4-vii)

(+)-erythro-(75,8R)-△8'-7-acetoxy-3,4,3',5'-

tetramethoxy-8-O-4'-neolignan (4-viii)
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(8R,8'S)-7-(4-hydroxy-3-methoxyphenyl)-8'-

methylbutan-8-yl)-3'-methoxybenzene-4',5'-diol(4-ix)

erythro-(7S,8R)-7-(4-hydroxy-3-

methoxypheny1)-8-[2‘-methoxy-4’-(E)-

propenyl)phenoxy]propan-7-ol (4-x)

malabaricone A) (4-xi) malabaricone B (4-xii)

malabaricone C (4-xiii) horsfiequinone A (4-xiv)
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1,4-p-benzoquinone residue, horsfiequinones B–F

(4-xv-4-xix)

combrequinone B (4-xx)

myristinin A (4-xxi) myristinin B (4-xxii)
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myristinin C (4-xxiii) myristinin D (4-xxiv)

myristinin E (4-xxv) myristinin F (4-xxvi)

1-(2,6-dihydroxyphenyl) tetradecan-1-one (4-xxvii) Dodecanoylphloroglucinol (4-xxviii)
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1-(2,4,6-trihydroxyphenyl)-9-phenylnonan-1-one 9

(4-xxix)

(+/-)-7,4'-dihydroxy-3'-methoxyflavan (4-

xxx)

7-(3’,4-methylenedioxyphenyl-8,8’)-dimethyl-1-7-(3-4-dihdroxyphenyl)-butane (4-xxxi)

Figure 1.14. Some examples of phenolics isolated from the Myristicaceae.

There are also some alkaloids found in the Myristicaceae. These include 1,5-

dimethoxy-3-(dimethylaminomethyl) indole (4-xxxii) and N-methyltetrahydro-β-

carboline (4-xxxiii) from Gymnacranthera paniculata (Johns et al., 1967).

Terpenoids, especially the acyclic diterpene acid - glaucaic acid (4-xxxiv) were
also found in Knema glauca (Rangkaew et al., 2009). The structures of the

alkaloids and terpenoid mentioned above are illustrated in Figure 1.15
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1,5-dimethoxy-3-

(dimethylaminomethyl)

indole (4-xxxii)

N-methyltetrahydro-β-

carboline (4-xxxiii)

glaucaic acid (4-xxxiv)

Figure 1.15 Examples of compounds other than phenolics isolated from the
Myristicaceae.

The Myristicaceae displayed both cytotoxicity and antimicrobial activities.

Compound (4-xx) and the R/S mixture of (4-xv) – (4-xix) from Horsfieldia

tetrasepala were screened for their cytotoxic activity against five human cancer cell

lines (HL-60 promyelocytic leukeamic, SMMC-7721 liver cancer, A-549 lung cancer,

MCF-7 breast adenocarcinoma, and SW-480 colon carcinoma). The compounds

showed selective cytotoxic activity for HL-60 cells with compounds (4-xv), (4-xvi),
(4-xvii), and (4-xviii) exhibiting good activity with IC50 values of 4.28 ± 0.87,

3.18 ± 0.67, 4.46 ± 0.73, and 6.61 ± 0.08 µM, respectively (Ma et al., 2014).

The acylphenols (4-xxvii) to (4-xxix) from K. glauca displayed activity against

Mycobacterium tuberculosis (MIC values of 25, 50 and 100 µg/mL, respectively).

They also showed potent antiviral activity against herpes simplex virus type-1, with

compound (4-xxviii) as the most active compound (IC50 = 3.05 µg/mL). Compound

(4-vi) was also active against the malarial parasite Plasmodium in vitro (Rangkaew

et al., 2009).
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Compound erythro-l,4-di(4-hydroxy-3-methoxyphenyl)-2,3-dimethylbutane (meso-

dihydroguaiaretic acid) (4-x) from Myristica argentea showed moderate

antibacterial action with a minimal inhibitory concentration (MIC) of 25 µg/mL

against Streptococcus mutans (Nakatani et al., 1998). Compounds (4-xxi), the
mixture of (4-xxii) and (4-xxiii), and the mixture of (4-xxv) and (4-xxvi) from M.

cinnamomea exhibited antifungal activity against Candida albicans (IC50 values

ranging from 5.9 to 8.8 µg/mL) and selectively inhibited the enzyme

cyclooxygenase-2 (COX- 2 ) (Sawadjoon et al., 2002). Both acylphenol compounds

(4-xii) and (4-xiii) from M. fragrans exhibited strong antifungal and antibacterial

activities (Orabi et al., 1991). Compound(+)-erythro-(75,8R)-△8'-7-acetoxy-

3,4,3',5'-tetramethoxy-8-O-4'-neolignan (4-iii) from Myristica fragrans (Cuong et al.,

2011) showed potent inhibition (IC50 value of 2.3 µM) while (8R,8'S)-7-(4-hydroxy-

3-methoxyphenyl)-8'-methylbutan-8-yl)-3'-methoxybenzene-4',5'-diol (4-ix), erythro-
(7S,8R)-7-(4-hydroxy-3-methoxypheny1)-8-[2′-methoxy-4′-(E)-

propenyl)phenoxy]propan-7-ol (4-x) and(+)-erythro-(7S,8R)-Δ8′-7-acetoxy-3,4,3′,5′-

tetramethoxy-8-O-4′-neolignan(4-vii) showed moderate effects with IC50 values of

32.5, 25.0, and 24.5 µM, respectively. Compound 7-(3’,4-methylenedioxyphenyl-

8,8’)-dimethyl-1-7-(3-4-dihdroxyphenyl)-butane (4-xxxi) dose-dependently (0.1–10

µM) reduced the LPS-induced COX-2 and iNOS expression, but did not change α-

tubulin expression (Cuong et al., 2011). Further results showed that 7-(3’,4-

methylenedioxyphenyl-8,8’)-dimethyl-1-7-(3-4-dihdroxyphenyl)-butane (4-xxxi)
inhibited not only the iNOS and COX-2 mRNA expression, but also the iNOS and

COX-2 promoter activities in LPS-stimulated RAW264.7 cells, suggesting that this

compound could suppress LPS-induced iNOS and COX-2 expressions at the

transcription level (Cuong et al., 2011).

1.4.5 RUBIACEAE

The Rubiaceae is a family of shrubs, trees, herbs or lianes and is the 5th largest

family and distributed throughout the world (Manns et al., 2012). Economically

important taxa include Coffea, the source of coffee, Cinchona, the source of

https://en.wikipedia.org/wiki/Coffea
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quinine used to treat malaria, some dye plants (e.g. Rubia), and ornamental

cultivars (e.g. Gardenia, Ixora and Pentas).

1.4.5.1 Traditional uses

Some species of Rubiaceae have traditional uses among Sarawak communities.

Fresh leaves of Timonius lasanthoides leaves are pounded and used as a poultice

for cuts, wounds and skin diseases such as scabies (Chai, 2000), whilst the

Kelabit tribe uses crushed leaves that are heated over fire and smeared onto the

affected part, for all skin diseases and skin irritations (Christensen, 2002).

1.4.5.2 Phytochemistry and Pharmacology

The major compounds isolated from the Rubiaceae are alkaloids, terpenoids,

iridoids, and glycosides. A quinoline alkaloid, dihydrocupreine (5-xi), has been

isolated from Timonius kaniensis (Johns and Lamberton, 1970) while

Neolarmarckia cadamba provided indole alkaloids such as spirocadambine (5-ii),
dehydraisodihydrocadambine (5-iii), nitrocadambine A (5-iv), nitrocadambine B (5-
v) and isodihydrocadambine (5-vi) (Liu et al., 2013), neolamarckine A (5-vii) and
neolamarckine B (5-viii) (Qureshi et al., 2011), as well as monoterpenoid indole

alkaloids aminocadambine A (5-ix) and aminocadambine B (5-x) Liu et al. (2010).

Indole alkaloids such as vallesiachotamine (5-xi) and isovallesiachotamine (5-xii)
have also been isolated from Neonauclea reticulata (Espeso et al., 1996) as well

as cadambine (5-xiii) and α-dihydrocadambine (5-xiv) from Neonauclea purpurea

(Karaket et al., 2012). Additionally, bisindole alkaloid such typified byquadrigemine

B (5-xv) was isolated from Psychotria rostrata (Zurinah et al., 1993) .Some

examples of the alkaloids mentioned above are illustrated in Figure 1.16. Two new
triterpenes (3β,6β,23-trihydroxyoIean-1,2-en-28-oic acid (5-xvi) and

3β,6β3,19α,23-tetrahydroxyolean-12-en-28-oic acid (5-xvii)) have been isolated

from the leaves of Timonius timon (Khan et al., 2015). Triterpenes have also been

isolated from Gardenia aubryi (3,4-seco-cycloartanes), namely secaubryenol (5-

https://en.wikipedia.org/wiki/Quinine
https://en.wikipedia.org/wiki/Rubia
https://en.wikipedia.org/wiki/Gardenia
https://en.wikipedia.org/wiki/Ixora
https://en.wikipedia.org/wiki/Pentas
http://www.pubfacts.com/author/Netiya+Karaket
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xviii), secaubrytriol (5-xix) and secaubryolide (5-xx) (Grougnet et al., 2006). The
structures of these compounds are depicted in Figure 1.17.

dihydrocupreine (5-i) spirocadambine (5-ii)

dehydraisodihydrocadambine (5-iii) nitrocadambine A (5-iv)

nitrocadambine B (5-v) isodihydrocadambine (5-vi)

http://pubs.acs.org.libproxy.ucl.ac.uk/action/doSearch?ContribStored=Grougnet%2C+R
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neolamarckine A (5-vii) neolamarckine B (5-viii)

aminocadambine A (5-ix) aminocadambine B (5-x)

cadambine (5-xi) vallesiachotamine (5-xii)
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α-dihydrocadambine (5-xiii) quadrigemine B (5-xiv)

Figure 1.16. Some examples of alkaloids isolated from the Rubiaceae.

Among the cycloartanes isolated are 5α-cycloart-24-ene-3,23-dione (5-xxi), 5α-
cycloart-24-ene-3,16,23-trione (5-xxii) and methyl 3,4-seco-cycloart-4(28),24-

diene-29-hydroxy-23-oxo-3-oate (5-xxiii) from Gardenia obtusifolia (Tuchinda et al.,

2002). Iridoids such as plumieride B (1) (5-xxiv) and plumieride (5-xxv) have been

isolated from Neolarmarckia cadamba (Liu et al., 2010). The structures are

illustrated in Figure 1.18.

3β,6β,23-trihydroxyoIean-1 2-en-28-

oic acid (5-xvi)

3β,6β3,19α,23-tetrahydroxyolean-12-

en-28a-oic acid (5-xvii)
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secaubryenol (5-xviii) secaubrytriol (5-xix)

secaubryolide (5-xx)

Figure 1.17. Some examples of terpenoids from the Rubiaceae

5α-cycloart-24-ene-3,23-dione (5-

xxi)

5α-cycloart-24-ene-3,16,23-trione

(5-xxii)

methyl 3,4-seco-cycloart-4(28),24-

diene-29-hydroxy-23-oxo-3-oate (5-

xxii)
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plumieride B (5-xxivii plumieride (5-xxiv)

Figure 1.18. Some examples of cycloartanes and iridoids isolated from the
Rubiaceae other than alkaloids and terpenoids.

10-deoxysecogalioside (5-xxvii)

sessilifoside (5-xxviii)

7"-O-beta-D-

glucopyranosylsessilifoside (5-

xxix)
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neonaucleoside A (5-xxix)

neonaucleoside B (5-xxxi)
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neonaucleoside C (5-xxxii)

Figure 1.19. Some examples of glycosides isolated from the Rubiaceae.

Glycosides are another set of compounds previously isolated from the Rubiaceae.

Some examples are a new iridoid glycoside, 10-deoxysecogalioside (5-xxvii) from
Timonius timon (Erdelmeier et al., 1994); chromone-seco-iridoid glycosides like

sessilifoside (5-xxviii) and 7"-O-beta-D-glucopyranosyl sessilifoside(5-xxix) as well
as indole alkaloid glycosides such as neonaucleoside A (5-xxx), neonaucleoside B
(5-xxxi) and neonaucleoside C (5-xxxii), which have all been previously isolated

from Neonauclea sessilifolia (Itoh et al., 2003). Some of these glycosides are

illustrated in Figure 1.19.

5,7,4′-trihydroxy-3,8-

dimethoxyflavone (5-xxxvii)

5,7,4′-trihydroxy-3,8,3′-tri-

methoxyflavone (5-xxxviii)
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5,7,4′-trihydroxy-3,6,8-

trimethoxyflavone (5-xxxix)

5,4′-dihydroxy-3,6,7,8-

tetramethoxyflavone (5-xl)

5,3′-dihydroxy-3,6,7,8,4′-

pentamethoxyflavone (5-xli)

5-caffeoylquinic acid or chlorogenic

acid (5-xlii)

4-caffeoyquinic acid (5-xliii) 5-feruloyquinic acid (5-xliv)
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4,5-dicaffeoylquinic acid (5-xv) caffeoyl-feruloylquinic acid (5-xlvi)

3,4-dihydroxybenzoic acid (5-xlvii) scopoletin (5-xlviii)

cinnamamide (5-xlx)

cinnamamide (5-xlx)

3,4 dihydrobenzoic acid (5-xlxi) 2,6-dimethoxy-1,4-benzoquinone (5-

xlxii)

Figure 1.20. Some examples of phenolics (flavonoids, quinic acid esters,
coumarins, benzene derivatives and quinolines) isolated from the Rubiaceae.
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Other compounds are flavonoids5,7,4′-trihydroxy-3,8-3dimethoxyflavone (5-xxxvii),
5,7,4′-trihydroxy-3,8,3′-tri-methoxyflavone (5-xxxviii), 5,7,4′-trihydroxy-3,6,8-

trimethoxyflavone (5-xxxix), 5,4′-dihydroxy-3,6,7,8-tetramethoxyflavone (5-xl), 5,3′-
dihydroxy-3,6,7,8,4′-pentamethoxyflavone (5-xli) from Gardenia obtusifolia

(Tuchinda et al., 2002). Quinic acid esters from Pavetta owariensis var. owariensis

-caffeoylquinic acid or chlorogenic acid (5-xlii), 4-caffeoyquinic acid (5-xliii), 5-
feruloyquinic acid (5-xliv), 4,5-dicaffeoylquinic acid (5-xlv) and caffeoyl-

feruloylquinic acid (5-xlvi) (Baldé et al., 2015). Coumarins such as3, 4-

dihydroxybenzoic acid (5-xlvii) and scopoletin (5-xlviii) apart from benzene

derivatives such as benzaldoxime (5-xlix) cinnamamide (5-xlx) and 3,4-

dihydroxybenzoic acid (5-xlxi) were also isolated from Neonauclea griffithii (Kang

et al,. 2004).Quinoline compound i.e. 2,6-dimethoxy-1,4-benzoquinone (5-xlxii)
was isolated from Neonauclea purpurea (Karaket et al., 2012). Most of these

compounds are shown in Figure 1.20.

Compounds 5-xxiii - 5-xl and some of their derivatives from Gardenia obtusifolia

showed potent cytotoxic activities in several mammalian cell lines, especially

compound 5-caffeoylquinic acid or chlorogenic acid (5-xxxvii), which showed

potent cytotoxicities - P-388 (0.02μM); KB (0.25μM); BCA-1 (1.78μM); Lu-1

(0.78μM), ASK (1.98μM), its diacetate P-388: (0.57μM), KB: (0.13μM), BCA-1

(1.12μM and Lu-1 (1.04 μM) (Tuchinda et al., 2002). Compounds methyl 3,4-seco-

cycloart-4(28),24-diene-29-hydroxy-23-oxo-3-oate (5-xxiii), 5,7,4′-trihydroxy-3,8-

dimethoxyflavone (5-xxxiii), 5,7,4′-trihydroxy-3,8,3′-tri-methoxyflavone (5-xxxiv),
5,3′-dihydroxy-3,6,7,8,4′-pentamethoxyflavone (5-xxxvi) and some of the

derivatives displayed anti-HIV activity in the syncytium assay, but were either

inactive or weakly active in the HIV-1 reverse transcriptase assay; while compound

5α-cycloart-24-ene-3,16,23-trione (5-xli) exhibited activity in the HIV-1 reverse

transcriptase assay (99.9 % inhibition at μg/mL with cytotoxicity in the syncytium

assay (Tuchinda et al.,2002). Compound quadrigemine B (5-xiv), a major alkaloid

of Psychotria rostrata, was shown to be cytotoxic which was time- and dose-

http://www.pubfacts.com/author/Netiya+Karaket
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dependent against Hep-G2 cells and normal human lymphocytes (Zurinah et al.,

1993).

The cytotoxicities of the three compounds isolated from Gardenia aubryii were

evaluated against four widely-used tumour cell lines: Only compound

secaubryolide (5-xx), which possesses an exomethylene γ-lactone ring 13 system,

was found to exhibit very poor activity or IC50 values against MCF-7 (52 µM), MDA

(21 µM), PC-3 (35 µM), and HeLa (40 µM. Compounds secaubryenol (5-xviii) and
secaubrytriol (5-xix) displayed IC50 values of over 100 µM (Grougnet et al., 2006).

Significant antimicrobial activity was observed in ethanolic and aqueous extracts of

Neolarmarckia cadamba (Umachigi (et al., 2007). Amongst the test organisms

used, a dermatophyte Trichophyton rubrum (2.5 µg/disk) was found to be the most

sensitive, and in order of activity, Staphylococcus aureus (2.5 µg/disk), Proteus

mirabilis (2.5 µg/disk), Escherichia coli (2.5 µg/disk), Micrococcus luteus (10

µg/disk), Aspergillus niger (10 µg/disk), Klebsiella pneumonia (10 µg/disk),

Pseudomonas aeruginosa (100 µg/disk), Candida albicans (100 µg/disk),

Aspergillus nidulans (10 µg/disk), Aspergillus lavus (10 µg/disk), and Bacillus

subtilis (100 µg/disk) were demonstrated (Umachigi et al., 2007).

The MICs for the aqueous extract on the tested microorganisms wereTrichophyton

rubrum (10 µg/disk) apparently the most sensitive, S. aureus (100 µg/disk), P.

mirabilis (100 mµg/disk), E. coli (100 µg/disk), M. luteus (100 µg/disk), A. niger

(200 µg/disk), K. Pneumonia (100 µg/disk), P. aeruginosa (200 µg/disk), C.

albicans (100 µg/disk), A nidulans (200 µg/disk), A. lavus (200 µg/disk), and B.

subtilis (100 µg/disk) (Umachigi et al., 2007). Leaf and flower acetone extracts of

Tarenna asiatica (L.) O. Ktze. ExK. Schum. inhibited the growth of S. dysenteriae,

and B. subtilis and S. boydii were susceptible with an inhibition zone of 12 mm.

The MIC of the flower acetone extract was found to be 20 µg/mL against both B.

subtilis and S. boydi (Karthikkumaran, 2014). Antimicrobial studies showed that the

precipitate of Pavetta crassipes very weakly inhibited the growth of

Corynebacterium ulcerans, E. coli and P. aeruginosa at 6.25 mg/mL with

http://pubs.acs.org.libproxy.ucl.ac.uk/action/doSearch?ContribStored=Grougnet%2C+R
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corresponding minimum bactericidal concentration (MBC) of 12.5 mg/mL. This

extract also very weakly inhibited the growth of Streptococcus pyogenes, K.

pneumonia and Neisseria gonorrhoea at 12.5 mg/mL with a corresponding MBC at

25 mg/mL. There was, however, no inhibitory effect against S. aureus, B. subtilis, S.

typhii and C. albicans. (Asusheyi et al., 2014). Bactericidal activity was also

displayed by compound quadrigemine B (5-xiv) from Psychotria rostrata toward E.

coli and S. aureus (Zurinah et al., 1993).

Screening for antimalarial activities showed that compounds α-dihydrocadambine

(5-viii) and 2,6-dimethoxy-1,4-benzoquinone (5-xlxii) from Neonauclea purpurea

exhibited mild in vitro activity against Plasmodium falciparumstrain K1 (which is

chloroquine-resistant) with IC50 values of 6.6 µM and 11.3 µM, respectively.

Compounds cadambine (5-xi) and (α-dihydrocadambine (5-xiii) showed no

cytotoxicity to monkey (Vero) cells, but compound 2,6-dimethoxy-1,4-

benzoquinone (5-xlvii) showed weak cytotoxicity with an IC50 value of 1.19 µM

(Karaket et al, 2012).

Aswal et al. (1996) performed comprehensive screening using many assays on the

ethanolic extracts of Diplospora singularis Korth. They found that the extracts

showed antiviral activities (Newcastle disease virus and Vaccinia virus), anti-

implantation in hamsters, had effects on respiration, cardiovascular and heart

rates, as well as possessing effects on isolated guinea pig ileum and on isolated

rat uterus. They also had effects on the central nervous system and gross

behaviour; the extracts showed antifertility, anti-implantation effects in rats, and

they also had analgesic properties in the supramaximal muscle electroshock

seizure pattern test as well as showing diuretic activity.

1.5 Geographical location

The tropical rain forests of Borneo are biologically diverse and are home to more

tree species than the whole of North America, Europe and temperate Asia

http://www.pubfacts.com/author/Netiya+Karaket
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combined (Ricketts and He, 2016). The World Wildlife Fund for Nature (2018)

estimated the tree diversity of Borneo at 15,000 species and noted that it can rival

that for the whole continent of Africa. The northern part of Borneo (Sarawak, Sabah

and Brunei) harbours more species and endemism than the rest of Borneo due to

past geological and climatic histories. Such biological characteristics of the rain

forests also provide diverse and often novel chemicals with pharmacological

potential.

Specimens were collected from Sarawak which occupies the north-western part of

the tropical island of Borneo (Figure 1.21), the world’s third largest and second

largest tropical island. It lies between 0° 50’ and 5° 1’ North and longitudes 109°36’

and 115°40’ East with an area of approximately 124,449 sq km or 37.5% of

Malaysia’s total land mass.

Figure 1.21. Map of Southeast Asia showing Sarawak on the northern portion of
the island of Borneo (Source: Google Map)
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1.6 Rationale of this study:

The rationale of this study is as follows:

i. Phytochemicals are an important source of lead compounds for drugs

including antibacterials.

ii. Borneo (and Sarawak) is one of the global hotspots for plant diversity and

endemism. The diversity of plants in Sarawak also harbours

phytochemical diversity with pharmacological potential.

iii. It is estimated that less than 5 % of the tree species from Sarawak and

Borneo have been screened pharmacologically.

1.7 Aims of the study

The aims of this study were to:

i. To evaluate the pharmacological potential of phytochemicals from plants of

Borneo, as antibacterial agents.

ii. To screen the phytochemical potential from 5 different plant families

obtained from Borneo.

1.8 Objectives

The objectives of the study were as follows:

i. To screen plant species from 5 families (Annonaceae, Apocynaceae,

Guttiferae, Myristicaceae and Rubiaceae) collected from Sarawak for

antimicrobial activities;
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ii. To isolate the biologically active compound(s) from the extracts of the

plants used in the above screening using various chromatographic

methods (Chapter 3);

iii. To elucidate the structures of the bioactive compound(s) using various

spectroscopic techniques (Chapter 3);

iv. To evaluate the antibacterial properties through the pharmacological

characterization of the bioactive compounds isolated using various

biological assays (Chapter 3);

v. To investigate the mechanism of action of the bioactive compounds

isolated using accumulation, Inhibition of biofim assay and plate

conjugation assays (Chapter 4);

vi. To evaluate drug-like properties of isolated compounds.
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Chapter 2
MATERIALS AND METHODS

The equipment and chemicals were supplied by Sigma-Aldrich Company Ltd.

(Dorset, United Kingdom) unless otherwise stated.

2.1 Phytochemistry

2.1.1 Collection and preparation of plant materials

Field work was conducted to collect different plant parts (leaves, bark and wood)

from various species of 5 plant families (Annonaceae, Apocynaceae, Guttiferae,

Rubiaceae and Myristicaceae) in Sarawak. The plant materials were then air-dried

for 1-2 weeks and ground into powder. The two or three herbarium specimens

were collected for each species and authenticated by comparing with the

specimens at the Sarawak Forest Department’s Herbarium in Kuching, Sarawak.

One herbarium voucher specimen for each species was deposited at the Sarawak

Forest Department’s Herbarium whilst another was deposited at the Herbarium of

the School of Pharmacy, University College London.

2.1.2 Small scale extraction and screening

For preliminary work, small scale extraction was carried out to screen crude

extracts for phytochemicals as well as for biological assays before proceeding to

scale up for the extraction and isolation of compounds. For the small-scale

extraction, 10 g of each plant specimen were subjected to ultrasound-assisted
extraction (Grant ultrasonic XUB43 & XB22) using 500 mL of solvent of increasing

polarity (n-hexane, chloroform and methanol). After the sequential extraction, the

plant material was then extracted using 500 mL of 1M ammonia to the remaining
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plant material and then using back extraction with dichloromethane (DCM). All the

extracts were then dried under reduced pressure using a rotatory evaporator

(Buchi rotavapor K-205). The crude extracts were then spotted as a line on small

strips of silica sheet gel60 F254 TLC plates, run with a suitable solvent system and

then detected using the long 356 nm and short 254 nm ultraviolet (UV light (Camag

UV light), as well as using spray reagents (Vanillin sulphuric acid – phenolics;

Dragendorff’s reagent – alkaloids).

2.1.3 Large scale extraction

Figure 2.1 A Soxhlet set up showing flask with extract, plant material in the Soxhlet

chamber with the reflux-condenser at the top.
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From the results of the small-scale screening, extractions were carried out for

samples with activities by scaling up the extractions. A Soxhlet apparatus (Figure
2.1 ºwas used in place of a sonicator and extraction was done in similar way as the
small scale extraction using solvents of increasing polarity (n-hexane, chloroform

and methanol) as well as 1M ammonia extract using back extraction with

dichloromethane (DCM) for the residual plant materials. A quantity of

approximately 600 g each of the dried powered plant materials were used in this

study.

2.1.4 Acid-Base extraction

The acid-base extraction is a liquid-liquid extraction technique to separate

compounds from mixtures based on pH. The acid-base extraction from ammonia

extract was used in this study mainly for the extraction of alkaloids, due to some of

the taxa in this study being prolific producers of this class of natural product.

2.2 Isolation of compounds

The first step in the isolation of compounds was the use of fractionation to split the

crude extract into fractions with different polarity and then in the majority of cases

followed by preparative-TLC. Samples from all species were first fractionated using

VLC with the exception of samples from Gardenia costulata using SPE.
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Figure 2.2. A Solid Phase Extraction (SPE) setup.

2.2.1 Fractionation

For crude extracts of 3 g or less, solid phase extraction (SPE) was used for the

fractionation as shown in Figure 2.2. A Solid Phase Extraction (SPE) setup.whilst

vacuum liquid chromatography (VLC) was employed for crude extracts of more

than 3 g as shown in Figure 2.3 Vacuum Liquid Chromatography (VLC) of a

chloroform extract with the less polar compounds eluted first in the VLC.. The

crude extracts were fractionated into 13 fractions using a mixture of 2 solvents in

increasing order of polarity.
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Figure 2.3 Vacuum Liquid Chromatography (VLC) of a chloroform extract with the
less polar compounds eluted first in the VLC.

2.2.2 Preparative thin layer chromatography (prep TLC)

Thin layer chromatography (TLC) (Figure 2.4. Preparative Thin Layer

Chromatography (TLC prep) under long UV 356 nm wavelength (left) and short UV

light 254 nm wavelength (right).) is a technique for the separation of compounds

based on partitioning of the analyte between the stationary and mobile phases of

the solvent system and due to capillary action and adsorption. Preparative-TLC

(prep-TLC) was performed on all of the fractions based on the activities in the

biological assay using a full normal-phase silica sheet gel 60 F254 (Merck KGaA).

Depending on the polarity of the samples, normal- or reverse-phase silica TLC

plate was employed. For this purpose, the sample was dissolved in an appropriate

solvent and spotted as a line around 1 cm from the base of the TLC plate, using a

capillary tube. As for the small-scale TLC chromatography, the best solvent system

was used to obtain the best separation for the fractions into separate bands or
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compounds from each fraction The plate was then put into a chromatography

developing tank using the appropriate solvent system which migrated up the plate,

via capillary action, separating the mixture according to the polarity of the

compounds and their affinity for the adsorbent. The mobile phase was allowed to

travel up to 1 cm from the top of the plate and subsequently the plate was the air

dried in a flow hood. The TLC plate was then viewed under short UV 254 nm) and

long UV (356 nm) light (Camag), in order to locate the compounds with the aid of

their absorbance and fluorescence properties. The plates were then further

sprayed with an appropriate detection reagent to detect the characteristic

compounds. Phenolics and alkaloids were detected using vanillin: sulphuric acid

and Dragendorff’s spray reagents respectively. The respective bands were then

scratched off the plate and the compounds were recovered by desorption using an

appropriate solvent for the pure compounds. All compounds were isolated using

preparative TLC after fractionation by VLC/SPE with the exception of STP11.

2.2.3 High Performance Liquid Chromatography (HPLC)

High Performance Liquid Chromatography (HPLC) is a chromatographic

technique used to separate, identify, and quantify each component or compound in

a mixture. It applies pressure through pumps on the liquid solvent containing the

sample mixture through a column packed with a solid adsorbent material. Each

compounds in the sample mixture moves at different rate due to the interaction

with the adsorbent material thus leading to the separation of the compounds found

in the mixture. The HPLC used was an Agilent 1200 series instrument (Santa Clara,

CA, USA). The column used was a Phenomenex C18 Luna (150 mm x 3 µm

particle size, 100 A pore size) with a flow rate of 0.5 mL/min and a temperature

maintained at 25ºC. The solvent were a binary gradient mixture of water as eluent

A and acetonitrile as eluent B and the elution profile 0-10 min, 90-92% B; 10-20

min, 92-100% B. STP18 and STP19 were isolated using HPLC after a mixture

were obtained from preparative TLC.
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Figure 2.4. Preparative Thin Layer Chromatography (TLC prep) under long UV
356 nm wavelength (left) and short UV light 254 nm wavelength (right).

2.2.4 Sephadex chromatography

Sephadex chromatography or gel filtration chromatography makes use of a

cross-linked dextran gel to separate molecules based on their molecular weight.

Molecules with the highest molecular weight are eluted first and the molecules with

the lightest molecular weight last. There is also however, some separation

according to adsorption via affinity with the hydroxyls of the dextran polymer. In this

study we use the Sephadex LH20 gel beads (GE Healthcare). Sephadex

chromatography was only used for the isolated of compound STP11.

2.3 Determination of the location of double bonds in alkenyl chains and the
derivatization protocol

The Gas chromatography-mass spectrometry (GCMS) was used and the

instrument was fitted with a Trace 1300 gas chromatograph and a TriplePlus RSH

autosampler and connected to an ISQ single quadrupole mass spectrometer. The

GC column used was a TR-5MS universal, 30 m id 0.25 mm, 5% Phenyl

Polysilphenylene-siloxane. Helium is used as the mobile phase. EI ionisation

method was used with GC-MS.

In order to determine the location of a double bond in a long chain such as in

alkenyl phenols, there is a need to prepare a dimethyl disulfide derivative from the

compound.
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If a hydroxyl group is present, then there is a need to perform derivatization first as

the hydroxylated compound group has poor chromatographic properties in Gas

Chromatography (GC).

2.3.1 Preparation of dimethyl disulfide (DMDS) derivatives (adducts)

Figure 2.5. Preparation of dimethyl disulphide derivatives

1 mg of the compound of interest was dissolved in 200 μL of dimethyl disulfide, and

then 50 μL of iodine solution in diethyl ether (60 mg/mL) was added. The mixture

was stirred for 24 hours at room temperature. The following day, 5 mL of hexane

were used to wash the resulting reaction mixture (twice) and then dilute (0.01 N)

sodium thiosulfate was added. The organic phase was separated, filtered and then

dried by anhydrous sodium sulphate. The solvent was removed under vacuum or

evaporated to dryness under a gentle stream of N2 gas. The preparation of the
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dimethyl disulphide derivative is shown in Figure 2.5. Preparation of dimethyl

disulphide derivatives

2.3.2 Derivatisation of hydroxyl groups

Figure 2.6. Derivatisation of the hydroxyl groups

To the DMDS adducts, 200 μL of bis(trimethylsilyl)trifluoroacetamide and

trimethylchlorosilane (BSTFS-TMCS 99:1) were added. The mixture was left to

stand at room temperature for 30 minutes. It was then analysed using GC-MS. The

derivatisation of the hydroxyl group is shown in Figure 2.6. Derivatisation of the

hydroxyl groups

2.4 Spectroscopic methods and characterisation of isolated compounds

Spectroscopic methods are widely used to characterize the structure of a

compound in place of X-ray diffraction. Nuclear magnetic resonance and mass

spectrometry were used to elucidate the structure whilst infrared spectroscopy and

ultraviolet-visible spectroscopy were used to confirm the functional groups and

conjugation respectively.
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2.4.1 Nuclear magnetic resonance (NMR)

Nuclear magnetic resonance (NMR) is a spectroscopic technique that makes use
of the nuclear magnetic resonance to determine the chemical properties of nuclei

in molecules as well as correlations between the same nuclei (homonuclear

spectroscopy) and also different nuclei (heteronuclear spectroscopy). All spectra

were run on a Bruker Avance 400 mHz or 500 mHz NMR spectrometer and

processed using Topspin 3.2 pl 7 software.

After drying using nitrogen gas, the pure compounds isolated by prep-TLC were

ran using 1D (hydrogen and carbon) and 2D-NMR spectroscopy. Hydrogen and

carbon NMR spectra are 1D NMR. Heteronuclear Multiple Quantum Coherence
spectroscopy (HMQC) and Heteronuclear Multi-bond Correlation
spectroscopy (HMBC) are heteronuclear correlation 2-D NMR experiments, whilst

Correlation spectroscopy (COSY) and Nuclear Overhauser Effect spectroscopy

(NOESY) are homonuclear correlation 2-D NMR experiments.

The HMQC (Heteronuclear Multiple-Quantum Correlation) experiment determines
the direct spin-spin coupling between 1H and nuclei other than 1H (usually, 13C

and 15N). The HMBC (Heteronuclear Multiple Bond Correlation) experiment shows

couplings between carbons and hydrogens that are separated by two, three or

more bonds while direct one-bond couplings are not shown. COSY (COrrelation

SpectroscopY) shows spin-spin coupling between hydrogens that are in close

proximity to each via through bond coupling. NOESY (Nuclear Overhauser Effect

Spectroscopy) uses the dipolar interaction of spins for the correlation of hydrogens

and it depends on the spatially distance or proximity between hydrogens.

Pure compounds (< 5 mg) were dissolved in between 0.6 to 0.8 mL deuterated

NMR solvents (Chloroform-D or Methanol-D) (Cambridge Isotopes Laboratories

Inc.) depending on their solubility, and were transferred to NMR tubes for the NMR

run. 16-128 scans were used for NMR. Deuterated solvents also acted as internal

reference for calibration of the respective spectra (Table 2.1).
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Table 2.1 Chemical shifts of deuterated solvents used in this study.

Deuterated
solvent

Chemical
formula

1H-NMR chemical
shift

13C-NMR
chemical shift

Chloroform-D CDCl3 7.26 (1) 77.2 (3)

Methanol-D CD3OD 4.87(1), 3.31 (5) 49.1 (7)

The NMR spectra obtained were then processed using Bruker Topspin software

(calibration, integration and picking of peaks) and were then used for structure

elucidation. Various spectroscopic methods such as Electron Ionization (EI) mass

spectrometry (MS), IR and UV spectra were then used to confirm the structure.

2.4.2 Mass spectrometry

Mass spectrometry (MS) is an analytical technique that ionizes a sample (atom or

molecule) which may be solid, liquid, or gas into fragments or ions. The ions or

charged fragments are then separated by accelerating them (giving them the same

kinetic energy) and at the same time applying an electric or magnetic field since

electrically charged particles are affected by the field. The ionized molecules or

their fragments will deflect based on their mass-to-charge ratio, thus separating the

different molecules and their fragments. The ions are detected electrically by using

an electron multiplier. Results are obtained as spectra of the relative abundance of

detected ions in percentage (y-axis) against the mass-to-charge ratio (m/z) value

(x-axis). All samples were run under Electrospray ionization (EI) mode normally
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using 50% Acetonitrile in Water and 0.1% formic acid as solvent in positive and

negative mode.

High Resolution Mass Spectrometry (HRMS) for accurate mass determination (m/z

value up to 4 decimal places) was performed using Waters Quadrupole/Time of

flight (Q-ToF) premier Tandem Mass Spectrometer and Shimadzu LCMS-2020

which is a single quadrupole mass spectrometer with a mass range of 50 Da to

2000 Da,

2.4.3 Infrared spectroscopy (IR)

Infrared (IR) spectroscopy or vibrational spectroscopy makes use of the

interaction between infrared radiation and the compounds. Molecules absorb IR

frequencies that are characteristic of their structure and functional groups can be

determined using IR Spectroscopy (ElmerPerkins Spectrum100) based on the

vibrations of the functional group bonds. In general, the stretching frequency

(wavenumber) depends on the strength of the bond and the mass of the atoms.

2.4.4 Ultraviolet-visible spectroscopy (UV-Vis)

Ultra violet-visible (UV-Vis) absorption spectroscopy (Thermoscientific)

measures light absorption at different wavelengths in and near the visible part of

the spectrum (200 nm to 800 nm) when it passes through the compound. Since the

absorbance of a compound is proportional to the number of molecules that absorb

that particular wavelength, the absorbance value needs to be corrected in order to

provide uniformity to compare the spectra with those of other compounds and is

called "molar absorptivity".

Molar absorptivity (ε) is defined as:

Molar Absorptivity, ε = A / c l,
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Where (where A= absorbance, c = sample concentration in mol/L & l = length of

light path through the sample in cm).

2.5 Cryopreservation

Bacteria were grown to their mid-exponential growth phase and were

cryopreserved by suspending them in an equal volume of culture (250 µL) and

sterile aqueous glycerol (50:50% v/v) solution (250 µL). Murine macrophage cells

were preserved using cryoprotectant BMMBANKER Cell Freezing Media. 2 mL of

the mixture of both bacteria and murine macrophage cells were placed in 2 mL

cryovials and transferred into a -80°C freezer for long-term storage.

2.6 Bacterial growth

Optical density is a measurement of the turbidity which is the amount of light

absorbed by a bacterial culture and the OD is directly proportional to the cell

concentration of a bacterial culture. An increase in the turbidity or optical density of

a bacterial culture indicates an increase in the bacterial cell mass. Therefore,

optical density is a rapid and suitable method of measuring cell growth rate of a

particular species of bacterium. Optical density was measured using a

photospectrometer at a wavelength of 600 nm (OD600).

2.7 Bacterial growth techniques

For culture in liquid media, the growth curve for the bacteria was constructed by

taking the optical density readings at 600 nm every hour for 10 hours and plotting

the time on the x-axis against the optical density on the y-axis. The growth curve

obtained is known as sigmoid curve. The growth curve gave the doubling time for

the bacteria during the exponential phase as shown in Figure 2.7 Staining and
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various microbial culturing techniques for Gram-positive, Gram-negative and acid-

fast bacteria.

For culture in semi-solid agar, three culture techniques were used; streaking,

spreading or spotting.

2.8 Gram-staining and acid–fast staining to identify bacteria

Gram-staining is a common method used to differentiate and classify two major

categories of bacteria (Gram-positive and Gram-negative) based on the difference

in their cell wall constituents. Due to the thick peptidoglycan layer of the cell walls

in Gram-positive bacteria, it retains crystal violet when stained and is

not decolorized by alcohol. Gram-negative bacteria do not retain the violet colour

and are decolourised when washed with alcohol due to the thin peptidoglycan layer,

but stain pink when the counterstain safranin, is used (Figure 2.7 Staining and

various microbial culturing techniques for Gram-positive, Gram-negative and acid-

fast bacteria.

The Ziehl–Neelsen stain or the acid-fast stain is a special stain used to identify

acid-fast organisms, chiefly mycobacteria as they are endowed with a thick layer of

lipid substances (mycolic acid) within their cell walls. The constituents of the Ziehl–

Neelsen stain are carbol fuchsin, 1% hydrochloric acid, methanol, and methylene

blue. Acid-fast bacteria will be bright red after staining (Figure 2.7 Staining and

various microbial culturing techniques for Gram-positive, Gram-negative and acid-

fast bacteria.

The staining for Gram-positive (Staphylococcus aureus), Gram-negative (E. coli)

and mycobacterium (Mycobacterium smegmatis) are shown in Figure 2.7 Staining

and various microbial culturing techniques for Gram-positive, Gram-negative and

acid-fast bacteria.
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For growth curve, x-axis represents the time (in hour) and y-axis represents the O.D. in 600 nm. For
the growth curve of S. aureus, the x-axis shows an interval of 1 hour while the y-axis has an interval
of 0.2. For E. coli growth curve, the x-axis shows an interval of 1 hour while the y-axis has an
interval of 0.5. For M. smegmatis growth curve, the x-axis shows an interval of 5 hours while the y-
axis has an interval of 0.5

Figure 2.7 Staining and various microbial culturing techniques for Gram-positive,
Gram-negative and acid-fast bacteria.

STAINNING (X1000)
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Maintenance of bacterial strains and eukaryotic cell cultures

2.9.1 Preparation of bacterial strains

An inoculum from a bacterial stock was subcultured on to a nutrient agar slant and

incubated for between 18 to 20 hours at 37º C in order to achieve the log phase for

growth. After the incubation, an inoculum density of 5 x 105 Colony forming unit

(CFU) per mL of each strain was prepared in normal saline (0.9%w/v) by

comparison with a 0.5 MacFarland turbidity standard so that the visible turbidity

was equal to or greater than the 0.5 McFarland standard.5 strains of Gram-positive

bacteria and 3 strains of Gram-negative bacteria were used in this assay. The

bacterial strains were Staphylococcus aureus: SA25923 (susceptible strain),

XU212 (tetracycline-resistant), SA1199B (norfloxacin-resistant), eMRSA-15

(methicillin-resistant) and one Bacillus species: Bacillus subtilis (a susceptible

strain). The 3 Gram-negative bacteria were all susceptible strains: E. coli NCTC

10418, Pseudomonas aeruginosa and Klebsiella pneumoniae. NCTC 10662

2.9.2 Preparation of mycobacterial cultures

For mycobacteria, the MIC was determined using the Spot culture growth inhibition

(SPOTi) assay (Evangelopoulos & Bhakta, 2010; Danquah et al., 2016).

Mycobacterium smegmatis mc2155 (fast growing) and Mycobacterium bovis BCG

Pasteur ATCC35734 (slow growing) species were used in this study.

Mycobacteria (M. smegmatis and M. bovis Bacillus Calmette Guerin or M. bovis

BCG) were cultured in the liquid culture medium (MHB7H9) with the addition of

0.05% Tween-80 and 0.2% glycerol and supplemented with ADC 10% v/v. A

glycerol cryopreserved stock was thawed and 100 µL were diluted (1:100) in fresh

media. M. smegmatis was grown in a Falcon tube and passaged twice whilst M.

bovis BCG was grown in a 100 mL flask and placed on a roller (2 rpm) during

incubation as well as passaged twice before use. Growth was monitored by

monitoring the optical density at 600 nm.
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The isolated compounds and positive control (isoniazid) were prepared by

dissolving them in DMSO so that the amount of DMSO was not more than 0.1 per

cent of the total volume that was inclusive of the agar-based medium (Middlebrook

7H10 broth). The starting concentration for the compounds, where possible, was

not be less than 50 mg/mL while the starting concentration for isoniazid was 50

µg/mL The compounds in DMSO were then subjected to serial dilution in a 96-well

microtiter plate.

2.9.3 Preparation of mammalian cell culture

Mammalian cells (mouse macrophage RAW 264.7 (ATCC TIB71)) were supplied

by Professor Simon Gordon, University of Oxford and were used in the cytotoxicity

assay. A glycerol stock of the RAW 264.7 cell line was thawed at 37oC in a water

bath for 30 seconds. 500 µL of the thawed glycerol stock was added to 5 mL of

fresh complete RPMI 1640 media (pre-warmed to 37oC) in a culture flask (with a

filter in the lid of the RPMI flask for aeration). (Complete RPMI media was prepared

by adding one 50 mL aliquot of 10% heat-inactivated fetal bovine serum to the new

1 L RPMI flask). The flask was incubated at 37oC in humidified 5% CO2 conditions

until confluent growth was observed (about 3-4 days).

Once confluent distribution of cells was achieved in the tissue culture flask, media

was removed gently using a 10 mL pipette. The cells were then washed gently with

5 mL of 1X PBS twice. The 1X PBS was removed and a further 5 mL of 1X PBS

containing lidocaine/EDTA solution (10 mM lidocaine + 10 mM EDTA in 1X PBS)

was added. The cells were then incubated at room temperature for 10 minutes. A

scraper was used to detach the cells and 5 mL of fresh complete RPMI media were

then added to the suspension of the detached cells. The suspension (media and

cells) were then placed in a sterile 15 mL Falcon tube. The suspension was then

centrifuged at 1200 rpm for 5 min at room temperature using a centrifuge

(ThermoFisher Scientific). The pellet obtained was then resuspended in 5 mL of

fresh complete RPMI media (twice). The number of viable cells was counted using
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the Trypan blue assay. For the assay, 10 µL of culture and 10 µL of 0.4% Trypan

Blue (1:1 ratio) were mixed and left for 1 min at room temperature. A coverslip was

placed on the haemocytometer (Figure 2.8. Haemacytometer used for cell count

(source http://www.nexcelom.com/Products/Disposable-Hemacytometer.html) and

20 µL were added from the cell/dye mix. The viable (white) and non-viable (blue)

cells were then counted. The total number of cells in the four large corner squares

plus the middle were counted. (Each square has a surface area of 1 mm-squared

and a depth of 0.1 mm, giving it a volume of 0.1 mm3). RPMI medium and PBS

buffers were kept at 37⁰ C. The number of cells per mL was then adjusted using

the RPMI media to achieve an inoculum density 5 × 105 cells/mL.

The procedure was similarly carried out for Hep G2 (liver cancer) and PC3

(prostate cancer) cell lines.

Figure 2.8. Haemacytometer used for cell count (source
http://www.nexcelom.com/Products/Disposable-Hemacytometer.html)
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2.10 Preparation of antibiotics and compounds

The required amount or quantity of the test samples (extracts or pure compounds

or antibiotics as control) required to be dissolved in dimethylsulphoxide (DMSO)

(AppliChem Panreac) was calculated so that the concentration of DMSO was not

more than 0.1% of the total volume used in the assay depending on the starting

concentration required. DMSO was used as it does not have any inhibitory activity

against the bacterial growth even above 1% of the total volume in the assay (Jacob

and Herschler, 1985). For Gram-positive and -negative bacteria, norfloxacin or

tetracycline were used as control while for mycobacteria, isoniazid was used as

control.

2.11 Minimum Inhibitory Concentration Determination (MIC)

For the Gram-positive and -negative bacteria, the broth dilution assay was

employed (Andrews, 2006) whilst the Spot culture growth inhibition (SPOTi) assay

was used for mycobacteria (Danquah et al., 2016).

The MICs for norfloxacin for the respective bacterial strains used are shown in the

Table 2.2:

Table 2.2.The Minimum Inhibitory Concentrations (MICs) for control (norfloxacin
for Gram-positive and -negative bacteria and isoniazid for mycobacteria) used
against the various bacterial strains used in this study.

Bacteria strain MIC (µg/mL) MIC (µM)

Gram positive bacterial strains

SA25923 1 3.13

SA1199B 16-32 50.11-100.22

XU212 16 50.1

eMRSA-15 1 3.13
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Bacillus subtilis (susceptible) 0.05 0.16

Gram negative bacterial strains

E. coli NCTC 10418 <1 < 3.13

Klebsiella pneumoniae

NCTC10622

<1 < 3.13

Pseudomonas aeruginosa

(susceptible)

<1 < 3.13

Acid-fast bacterial strains

Mycobacterium smegmatis 6 43.75

Mycobacterium bogies BCG 0.01 0.07

2.11.1 Broth dilution/MTT assay (Gram-positive and Gram-negative bacteria)

A sterile 96-well microtitre plate (Greiner) with appropriate labelling was prepared

for this assay. 100 µL of Müller-Hinton nutrient broth were added to all the wells in

the plate except for those on the last column for sterility control (Figure 2.8).
Another 100 µL of each extract or compound dissolved in DMSO were added to

first well of the last 2 columns. Antibiotics (norfloxacin) dissolved in DMSO were

added to the first well in the last 2 columns as positive control (Figure 2.8). A serial

dilution was performed by using a multiple pipette and by drawing 100 µL from the

first column and transferring it to wells in the next column for mixing and so forth

until the 10th row and then the 11th row was skipped (for negative control) and the

100 µL from column 10 were transferred to the last (12th) row. Finally, 100 µL of

test organism or strain were added to all wells except those on the last (12th) row

(sterility control). The plate was then incubated at 37° C for 18-20 hours.

The results of the broth microdilution method are reported as the Minimum

Inhibitory Concentration (MIC), or the lowest concentration of the extracts that

inhibited bacterial growth. For the MIC determination, 20 µL of a 1 mg/mL solution
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of 3-[4,5-dimethylthiazol-2-yl]-2, 5-diphenyltetrazolium bromide (MTT)

(ThermoFisher Scientific) in methanol was added to each of the wells and

incubated for 20 minutes at 37° C. Bacterial growth was indicated by a colour

change from yellow to dark blue. The MIC was recorded as the lowest

concentration at which no growth was observed.

2.11.2 Spot Culture Growth Inhibition (SPOTi assay (mycobacteria)

2 µL of the compound and the positive control (isoniazid) from the serial dilution

were transferred to a new and sterile 96-well plate. 198 µL of warm molten agar

(MHB 7H10) supplemented with OADC 10% v/v were then dispensed with a by a

robot to each of the well and shaken to ensure homogeneity. 2 µL of the

mycobacteria from the culture were dispensed onto a pre-mixed mixture of the

agar medium together with a compound when they solidified using a robotic

dispenser. The 96-well plate was then incubated at 37°C for 3 days and 2-3 weeks

for M. smegmatis and M. bovis BCG respectively.

2.12 Eukaryotic Cell Cytotoxicity assay

The cytotoxicity assay was used to determine the extent of the cytotoxicity of a

compound against mycobacteria in relation to the mammalian cell (macrophage).

The RAW 264.7 cell line is a Abelson leukemia virus transformed peritoneal

macrophage from a male BALB/c mouse. In this assay, the RAW 264.7 cells were

used for the evaluation of toxicity against eukaryotic cells. Besides, macrophages

are an essential part of the innate immune system which offers a first line of

defense against many common bacterial infections.

The assay was performed in 96-well cell culture flat bottom plates in triplicate,

where possible, depending on the availability of the compounds. Firstly, 2 µL of the

50 g/L (250 µg/µL final concentration in first well) or 10g/L (100 µg/µL final

concentration in first well) stock solution of the compounds dissolved in DMSO

were added to 200 µL of complete RPMI-1640 medium in the first row and then a

https://www.ncbi.nlm.nih.gov/books/n/imm/A2528/def-item/A2921/
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two-fold serial dilution was done subsequently. To each well, 100 µL of the

macrophage cells (5 × 105 cells/mL; passaged twice before the assay) were added.

After incubating (in a CO2 incubator) for 48 hours, the monocytes were washed

twice with phosphate buffered saline (PBS) by means of a pipette and fresh

complete RPMI-1640 medium was added. The plates were then treated with 30 µL

of a freshly prepared 0.01% resazurin solution and incubated overnight at 37oC (in

the CO2 incubator). The following day the change a colour was observed

(ThermoFisher Scientific). The 90% growth inhibitory concentration (GIC90) was

determined and the selectivity index (SI), was determined as the ratio between the

GIC90 on RAW 264.7 mouse macrophages and the MIC on Mycobacterium

smegmatis was calculated for all tested drugs. For example, the SI = GIC90/MIC.

Cytotoxicity assay for cancer cell lines, HepG2 (liver cancer) and PC3 (prostate

cancer), was similarly carried out for the RAW 264.7 cell line. Paclitaxel was used

as control for assay and the respective IC50 for the control are shown in Table 2.3
below: Isoniazid was used as control for RAW 264.7 (IC90 > 500 µg/mL)).

Table 2.3. The IC50 for the controls (paclitaxel and isoniazid)against the various
cell lines (48 hours)

Cell line Cytotoxicity (IC50)

Control (paclitaxel)

HepG2 (liver cancer) 5.63 nM

PC3 (prostate cancer) 10.0 nM

CaCO-2 (colon cancer) 10.0 nM

Control (Isoniazid)

RAW 264.7 (mouse leukemic macrophage)  68.57µM
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2.13 Accumulation assay

Multidrug efflux pumps play a pivotal role in both intrinsic and acquired resistance

in bacteria. In this assay, ethidium bromide was used as it enters bacterial cells by

means of passive transport and leaves the cell by means of active transport

through efflux pumps. Another feature of ethidium bromide is that its fluorescence

is enhanced when it binds with DNA in the cell which permits its accumulation in

the cell to be detected and quantified by a plate reader.

Mycobacteria smegmatis mc2 122 cells were grown in 10 mL MB7H9 media in a

Falcon tube (Greiner) at 37C in an orbital shaker (180 rpm) and passaged twice

until an OD of approximately 0.8 was achieved. The cells were then adjusted to an

OD600 = 0.4 by taking equal volumes of media and bacterial suspension, i.e. 5 mL

of cells and 5.5 mL of media (0.5 mL was used for the OD check).Once the desired

OD was achieved, the cells were centrifuged at 3000 rpm, 25C for 5 minutes. The

supernatant was discarded and the pellet was resuspended in 10 mL of Phosphate

Buffered Saline (PBS, Fluka, cat no: 08057). The PBS was prepared by dissolving

the tablet in 500 mL of water and autoclaved.

Verapamil (final working concentration of 12.5 mg/mL) and chlorpromazine (final

working concentration of 2.5 mg/mL) were used as the positive efflux pump

inhibitory controls together with a drug free control in the assay.

Each compound and the positive controls at half the concentration of their MIC was

prepared in Eppendorf tubes with a maximum volume of 300 µL (1X MIC will kill

the cells). 1.5 µL of an 80% glucose stock was added to each Eppendorf tube (as

the carbon source for bacteria) so that the final concentration of glucose in each

Eppendorf tube was 0.4%. Once the bacterial cell inoculum density was adjusted

to an OD600 of 0.4, the cells were added to the Eppendorf tubes to make up to the

volume of 300 µL. (So, if for example the glucose solution volume was 1.5 µL and
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the compound 3 µL then 295.5 µL of cells in solution were added to make up a

final volume of 300 µL).

Blanks were also prepared for every compound and control in a similar way except

that the cells were replaced by PBS. The blank contained 1.5 µL of glucose, the

calculated quantity of the compound or controls were added to 295.5 µL of PBS. 95

µL of the resulting mixtures in each of the Eppendorf tubes were added to the wells

in triplicate. 5 µL of ethidium bromide (EtBr) were then added to each well before

placing the plate in the plate reader (Biochrom WPA) to obtain reading. A working

stock solution of 50 g/mL of EtBr was made by adding 10 L of EtBr (500 µg/mL)

and 90 L of DMSO.

The fluorescence was then recorded using the plate reader at an OD300 (Biochrom

WPA).

2.14 Inhibition of biofim assay

Bacterial biofilms are a self-produced matrix of slimy extracellular polymeric

substances (EPS), which are made up of mainly polysaccharides, proteins,

eDNA and lipids. The composition of EPS is highly dependent on the type of

bacterial species such as whether it is an environmental species or a clinical

isolate. EPS play a number of important and key roles including as a protective

layer for planktonic cells as well as a source of energy.

Since treated plates have been found to be unsuitable for the formation of biofilms

and since biofilms will only form on polystyrene/PVC plates, Corning 96-well plates

(polystyrene round bottom, non-treated, well volume 330 mL) were used in this

assay. As these were not supplied with lids, corning microtitre plate sealing tape

was used instead.
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M. smegmatis mc2 122 (100 µL) was inoculated in 10 mL MB7H9 supplemented

with 10% ADC in 50 mL polypropylene tubes to the late log phase (OD600 of

approximately 3) and incubated for 24 hours at 37°C. Biofilms were grown in a 96

well plate (Figure 2.9. 96-well plate used for the Inhibition of biofim assay (6

replicates each). The outermost wells were intentionally kept empty (shaded in

grey).) by inoculating the late log phase culture into Sautons media as 1:100

dilutions in 6 replicates. Each well contained 10 µL of cells, 2 µL of the compound,

and 188 µL of media to make up a total volume of 200 µL. The wells on the

periphery were left empty while one row was used for the negative control (media

only without inoculum) and another row for the positive control (media and cells),

as well as a row for the solvent used to dissolve the compounds (i.e. DMSO). The

96-well plate was then incubated at 37°C for 5 days.

After 5 days, the media for each well was drawn out with great care so as not to

disturb the biofilms formed, which were settled at the bottom of the well. As biofilms

are fragile, this was a very crucial and delicate step. The plate was then placed in

the oven at 55°C for 10-15 minutes in order to remove any remaining liquid. 200 µL

of 0.1% crystal violet solution was added (to stain the biofilms) and left for 30

minutes at room temperature. The crystal violet was then removed gently using a

pipette. 200 µL of 30% acetic acid were then added to dissolve the biofilm and left

for 30 min at room temperature. The entire content (200 µL) was transferred to a

new 96-well plate followed by spectrophotometric measurement of the absorbance

at OD600.

As the genus Mycobacterium is a relatively slow growing group of organisms, even

M. smegmatis, the extraction needs to be optimized to minimize the work required

as well as the reagents and the time to allow the repetition of the assay sufficiently.
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Figure 2.9. 96-well plate used for the Inhibition of biofim assay (6 replicates each). The outermost wells were
intentionally kept empty (shaded in grey).
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2.15 Plate-conjugation assay

The plate-conjugation assay used the broth mating method as employed by

(Rice and Bonomo, 2007). Two bacterial strains of E. coli were used in this

assay for the plasmid conjugation assay in Table 2.4 as follows:

Table 2.4 The donor and recipient strains used in the conjugation study.

Donor
Strain

Plasmid Resistance
marker

Recipient
strain

Resistance
marker

WP2 pKm101 Amoxicillin ER1793 Streptomycin

The ER1793 strain was used as the recipient (streptomycin-resistant) whilst the

PKM101 strain was used as the donor (amoxicillin-resistant).

MacConkey agar was prepared by mixing MacConkey powder (Oxoid) (52 g) in

distilled water (1 L). The mixture was then autoclaved for 15 minutes at 121°C.

After cooling for 1 hour, streptomycin or amoxicillin were added to the

MacConkey Agar solution (for every 100 mL of MacConkey Agar, 100 μL of

streptomycin or amoxicillin were added). Approximately 15 mL of the agar

mixture were then poured into sterile Petri dishes and refrigerated until required.

The amoxicillin was prepared by dissolving 30mg of the powder into 1 mL of

NaHCO3 (10 M) with a concentration of 30mg/mL for streptomycin preparation,

20 mg of the powder was dissolved in 1 mL of sterile water or a concentration of

20 mg/mL.

This assay took 4 days to complete and the counting was done on the 5th day.

From the bacterial culture stocks, each of the bacterial strains (donor and

recipient) were swabbed using the inoculation loop and spread on to the

MacConkey agar in a Petri dish by streaking as shown in Figure 2.10. Bacterial
Subculture in Plasmid AssayTwo dishes were prepared, one for pMK101 (the

donor) and another for ER1793 (the recipient), and both were incubated upside-

down overnight.
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Figure 2.10. Bacterial Subculture in Plasmid Assay

A single tablet was dissolved in 200 mL distilled water to prepare the Phosphate

Buffered Saline (PBS). Luria broth was also prepared by mixing 25 g of the

powder (Fisher Bioreagents/ChemAlert) in purified water (1 L) and autoclaved

for 15 minutes at 121 °C for sterilization.

The next day, 2-3 colonies were taken from both the pKM101 and ER1793 petri

dishes and inoculated in two separate universal tubes with 5 mL of Luria broth

(LB) each and incubated at 37 ℃ overnight.

The compound was prepared by dissolving 5 mg in 1mL DMSO (AppliChem

Panreac), using a sonicator where necessary. Using a new and sterile 96 well

plate. In the first and second row, 180 µL of PBS were added to all the 7 wells.

Another 20 µL of the recipient (ER1793) and the donor (PKM101) were added

to the first and second columns respectively. This was followed by a 7-fold

serial dilution. Another 2 wells were prepared, one for the control and another

for the compound. In the control well, 160 µL of PBS were added followed by 20

µL of the recipient and 20 µL of the donor. In the extract well, extract and PBS

were added as calculated below:
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Extracts were prepared at 4X lower than their MIC, the MIC of all extracts used

was >512 mg/mL. So, the concentration used was approximately 100 µg/mL.

The concentration of the extract used was 32.768 µg/mL. The total volume in

each well was 200 µL.

So, V 1 = = = 0.6103 µL

The volume of PBS added was 200 µL (total volume needed) – 40 µL for the

bacterial suspension and 0.6103 µL for the extract 159.39 µL. This would be

added to the compound well.

7 petri-dishes (amoxicillin) prepared previously were used for pKM101 (the

donor), each one divided into 2 halves. 20 µL were taken from the 7th well and

spread by a spreader glass rod on to the 2 halves the petri-dish and this

procedure was repeated with the 1st dilution until the 6tht dilution. By using

another 7 petri-dishes (streptomycin) for ER1793 (recipient), the procedure

followed for the donor was repeated. The plates were then incubated upside

down overnight. In order to calculate the conjugation factor the following day,

the premating colonies were counted.

7 petri-dishes of MacConkey agar were prepared and 20 µL from the 7th dilution

with the mating bacterial cells were spread on to the agar and divided in to two

halves. The same procedure was repeated for the 1st dilution until the 6th

dilution. This was also repeated for the control and compound for 1st dilution

until the 7th dilution. The petri-dishes were incubated upside-down at 37°C

overnight. The number of colonies was counted on the 5th day.
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Chapter 3

RESULTS AND DISCUSSION

Among the compounds isolated from the 5 plant families were mainly phenolics

(e.g. coumarins, xanthones and styryllactones) but also included terpenoids (e.g.

an iridoid and diterpenes) and an alkaloid.

A prenylated xanthone (STP10) isolated from Garcinia celebica gave the

strongest activities against various stains of Gram-positive bacteria including

the different drug-resistant strains (tetracycline-resistant XU212 and norfloxacn-

resistant SA1199B) strains and eMRSA (epidermic methicillin-resistant strain)

with activities between 1-4 µg/mL while also displaying the best activity against

Mycobacterium bovis BCG at 1.98 µg/mL. This followed by a diterpene (STP19)
with an activity of 3.91 µg/mL against M. bovis BCG while an alkyl benzoic acid

(STP6), a pyranone (STP11), a diterpene (STP18), as well a styryllactone

stereoisomer (STP8) all displayed activities against M. bovis BCG at 7.81

µg/mL. The bioactive compounds exhibiting anti-bacterial activity were either

specific and narrow-spectrum (mostly against Gram-positive and mycobacteria

only) while compounds that gave broad spectrum activities against Gram-

positive, Gram-negative and acid-fast mycobacteria include a styryllactone

(STP7) and alkyl benzoic acid (STP6), both isolated from the Bornean endemic

plant species - Goniothalamus longistipetes Some of the compounds were also

randomly screened for cytotoxicity activities. The two styryllactones (STP7 and

STP8) exhibited the best activities against prostate cancer (PC3) and liver

cancer (Hep G2) cell lines at 0.986 - < 6.25 µg/mL respectively.

The phytochemistry of each isolated compound and their respective activities

against bacteria are presented and discussed here. Data from full NMR

experiments and high resolution mass spectrometry (HRMS) are given only for

unknown compounds while for known compounds, only proton and carbon NMR

as well as low resolution mass spectrometry (ESI-MS) data are given.
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3.1 Apocynaceae

3.1.1 Dyera polyphylla (Miq.) Steenis.

Figure 3.1. Dyera polyphylla (Miq.) Steenis (photo credit: S. Teo)

3.1.1.1 Compound STP1

3.1.1.1.1 Phytochemistry

Compound STP1 is proposed as a coumarin (scoparone) and was isolated

from the chloroform extract and the yield was approximately 8 mg (13% of the

fraction). The molecular formula was determined as C10H8O4 and the molecular

weight of the compound was calculated as m/z 192.04 which corresponded to

the ESI MS m/z 191 [M+H]+. The 1H (Figure 3.3. 1H NMR spectrum of STP1 in

CDCl3 (500MHz)), 13C (Figure 3.4), HMQC (Table 3.1) experiments were used

for the structure elucidation. The structure of the STP1 is shown in Figure 3.2.

The 1HNMR spectrum displayed, a pair of olefinic doublet hydrogens at signal

δ 6.27 (H-3) and 7.59 (H-4) ppm, 2 hydrogens with the signals of 2 deshielded

aromatic hydrogens at signal δ 6.92(H-5) and 7.49 (H-8) ppm indicative of the

phenyl ring and a deshielded methoxy δ 3.96 (H-9) at the lower ppm. The 13C
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NMR recorded 10 carbons with 3 tertiary carbons with signals δ at 149.7 (C-4a),

151.1 (C-8) ppm and another attached to a carbonyl with signal δ at 161.0 ppm.

Figure 3.2. Structure of compound STP1

Figure 3.3. 1H NMR spectrum of STP1 in CDCl3 (500MHz)
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Figure 3.4 13C spectrum of STP1 in CDCl3 (125 MHz)

Table 3.1 1H (500 MHz) and 13C NMR (125 MHz) spectroscopic data of STP1
recorded in CDCl3

Carbon 13C NMR Hydrogen 1H NMR Mogana et al. (2014)

500 MHz in CDCl3

13C NMR 1H NMR

C-2 161.0

(weak

signal)

161.41

C-3 113.5. H-3 6.27 (d),

J = 9.5

Hz

111.45 6.32 (d), J =9,6

Hz)
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C-4 144.0 H-4 7.59 (d).

J = 9.5

Hz

150.06 7.64 (d), J =9.6

Hz)

C-4a 149.7 146.37

C-5 103.2 H-5 6.92 (s) 100.05 6.87 (s)

C-6 143.3 152.87

C-7 107.5 107.98

C-8 151.0 H-8 6.49 (s) 143.28 6.88 (s)

C-8a 95.5 113.59

C-9, C-10

-OCH3

56.4 H-9 3.96 (s) 56.0, 56.4 3.95 (s)

7-OH

Due to the closeness of the data obtained with those of published data above

(Magana et al., 2014), therefore STP1 is proposed as scoparone.

3.1.1.1.2 Pharmacology

Compound STP1 did not show any activities against Gram-positive and Gram-

negative bacteria but displayed activities against acid-fast bacterial strains as

are presented in Table 3.2 below:
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Table 3.2 Activities of compound STP1 against various Gram-positive, Gram-
negative and acid-fast bacteria strains

Acid-fast bacteria Activities Selectivity/Cytotoxicity
index

µg/mL µM

Mycobacterium

smegmatis (fast

growing)

125.0 799.2 1

Mycobacterium bovis

BCG (slow growing)

62.5 369.6 2

3.1.1.2 Compound STP2

3 .1.1.2.1 Phytochemistry

Compound STP2 is proposed as a trans-cinnamic acid and a well-known

compound (Wang et al., 2003). The compound was isolated from the chloroform

extract and the yield was 3% (3 mg). 2 hydrogens of the double bond both had

a coupling constant of J = 16 Hz which indicated that they were in the trans

configuration. The molecular formula was determined as C9H8O2 and the

molecular weight of the STP2 is 148.05. The ion in the ESI MS corresponded to

m/z 147 [M-H]- (Figure 3.9). The 1H (Figure 3.6 and Figure 3.7), 13C (Figure
3.8), HMQC (Table 3.3) and HMBC experiments were used for structure

elucidation. The structure of STP2 is shown in Figure 3.5.

The 1H NMR showed 7 hydrogens with the signals of 5 deshielded aromatic

protons including 2 pairs of equivalent hydrogens at signal δ 7.40 (H-5, H-9)

and 7.57 (H-6, H-8) ppm and a multiplet at δ 7.39 (H-7) ppm indicative of mono

substituted phenyl ring and 2 olefinic hydrogens at δ 6.48 (H-2) and 7.64 (H-3)

ppm. The13C NMR spectrum showed 9 carbons including 2 tertiary carbons -

one belonging to a carbonyl carbon δ 170.9 (C-1) and the other that formed the

point of attachment between the aromatic ring and the side aliphatic chain with

a signal at δ 136.0 ppm (C-4). Two carbons of the double bond had resonances
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at δ 120.2 (C-2) and 145.8 (C-3) ppm. The remaining 5 carbons were part of the

phenyl ring – 2 pairs of equivalent carbons with the same environment with a

signal at δ 130.1 (C-6, C-8) and 133.3 (C-5, C-9) ppm and a further signal at δ

131.3 ppm (C-7). On the basis of this data and comparision with published data

(Wang et al., 2003), STP2 is assigned as trans-cinnamic acid.

Figure 3.5 Structure of compound STP2

Figure 3.6 1H NMR spectrum of STP2 in CD3OD (500 MHz)
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Figure 3.71H NMR spectrum (expanded) of STP2 in CD3OD (500 MHz)

Figure 3.813C NMR spectrum of STP2 in CD3OD (125 MHz)
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Figure 3.9 ESI-MS spectrum of STP2 showing peak ion at m/z 147 and 295.1
(dimer) as indicated by the respective arrow.

Table 3.31H and 13C NMR spectroscopic data of STP2recorded in CD3OD(500
MHz)

Carbon 13C Hydrogen 1H *Wang et al., (2003)

500 MHz in CDCl3

13C 1H

C-1 170.9 172.5

C-2 120.2 H-2 6.48, (d) J

=16 Hz

117.3 6.64 (d), J

= 16 Hz)

C-3 145.8 H-3 7.64, (d) J =

16 Hz

147.1 7.48 (d), J

=16 Hz

C-4 136.0 134.0
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C-5, C-9 133.3 H2-5,H2-9 7.40, (d) J =

1.7 Hz

130.8 7.43

C-6, C-8 130.1 H2-6,H2-8 7.57, (dd), J

= 1.6 Hz

128.4 7.57 (dd)

J = 1.5

Hz, 2.2

Hz

C-7 131.3 H-7 7.39 (dd), J

= 1.7 Hz

129.0 7.39 (dd),

J = 1.7

Hz, 1.7

Hz

1-OH

3.1.1.2.2 Pharmacology

STP2 did not display any activities against Gram-positive, Gram-negative or

acid-fast bacteria.

3.1.1.3 Compound STP3

3.1.1.3.1 Phytochemistry

Compound STP3 is proposed as an iridoid, methyl (4R,4aS,6R,7S,7aR)-
6,7dihydroxy-4,4a,6,7,7a-pentamethyl-3-oxooctahydrocyclopental[c]pyran-
4-carboxylate and was isolated from the chloroform extract and the yield was

approximately 9 mg (4.5% of the fraction). The molecular formula was

determined as C11H16O5 and the molecular weight of STP4 was calculated as

ion 228.1 which corresponded to the m/z 229.1082 [M+H]+ (+Figure 3.21
HRMS spectrum of STP3 showing peak ion at m/z 2). The compound tested a

false positive with Dragendroff’s reagent (Figure 3.11) which is common for

iridoids.
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The 1H (Figure 3.12, Figure 3.13, Figure 3.14), 13C (Figure 3.15), 13C

DEPT135 (Figure 3.16), HMQC (Figure 3.17 and Table 3.4), HMBC (Figure
3.18), COSY (Figure 3.19) and NOESY (Figure 3.20) experiments were used

for the structure elucidation. The proposed structure of the STP3 is shown in

Figure 3.10.

The 1H NMR spectrum showed 16 hydrogens with 4 methylenes with signals δ

1.68 (H-5) and 1.91 (H-5) ppm and δ 4.33 (H-1) and 4.43 (H-1) ppm, 5

methines recording signals at δ 2.10 (H-4a), 2.80 (H-7a), 3.12 (H-4), 3.20 (H-7a)

and 4.20 (H-7) ppm, 2 methyls appearing as singlets – one at signal δ 1.22 (H-

8) and another belonging to a methoxy group at signal δ 3.71 ppm (H-10) apart

form a hydroxyl group. The 13C NMR recorded 12 carbons including 3

quarternary carbons, 2 of them carbonyl carbons at signals δ 170.9 (C-8) and

173.2 (C-3) ppm while the other quarternary gave a signal of δ 42.0 (C-4) ppm.

The remaining 9 carbons are with signals δ 64.7 (C-1), 36.4 (C-7a), 36.5 (C-5),

47.2 (C-7), 46.0 (C-4a), 36.4 (C-7a), and 76.4 (C-6) ppm as well as a methyl

carbon at signal δ 13.1 (C-8) ppm and a methoxy at signal δ 52.2 ppm (C-10)..

The 13CDEPT90 spectrum showed the presence of 5 methines with signals δ

42.0 (C-4), 46.0 (C-4a), 76.4 (C-6) and 47.2 (C-7) and 36.4 (C-7a) ppm. The
13CDEPT135 spectrum suggested the presence of 2 methyl with signal at δ 13.1

(C-8) ppm and another belonging to a methoxy at signal δ 522.(C-10) ppm, 2

methylenes at signals δ 36.5 (C-5) and 64.7 (C-1) ppm, apart from the methines

also found in the 13CDEPT90 spectrum.

The structure was further confirmed by the coupling of the protons to 2nd or 3rd

neighbouring carbons (HMBC) as shown in Table 3.4.

Further confirmation on the structure of the compound was obtained using the

UV–visible and FT-IR spectroscopic techniques.
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TheUV-Visible spectrum showed peaks with maxima at215 nm (27) and 235 (21)

nm indicative of a conjugated C=O double bond with a C-C bond in the

compound.

The FT-IR spectrum was taken by dissolving it in methanol and gave a C=O

stretching for carboxylic acid ((1650 cm-1). There was a broad band for O-H

(3301 cm-1), alkyl C-H stretching (2855 cm-1, 2831cm-1 and 2942 cm-1), O-H

bend (1455 cm-1) and C-O bend (1116 cm-1) present in the compound.

In terms of stereochemistry, all the hydrogens attached to the chiral centres are

coupled to each other based on the NOESY (Figure 3.20).

Figure 3.10 Structure of STP3

Figure 3.11 Compound STP3 gave a false positive by giving a stained orangey
colour when sprayed with Dragendofff’s reagent.
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Figure 3.12 1H NMR spectrum of STP3 in CDCl3 (400 MHz)
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Figure 3.13 1H NMR spectrum (expanded) of STP3 in CDCl3 (400 MHz)
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Figure 3.14 1H NMR spectrum of STP3 in CDCl3 (400 MHz)
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Figure 3.15 13C NMR spectrum of STP3 in CDCl3 (500 MHz)
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Figure 3.16 13CDEPT135 spectrum of STP3 in CDCl3 (500 MHz)
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Figure 3.17 HMQC spectrum of STP3 in CDCl3
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Figure 3.18 HMBC spectrum of STP3 in CDCl3
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Figure 3.19 COSY of STP3 in CDCl3
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Figure 3.20 NOESY of STP3 in CDCl3
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Figure 3.21 HRMS spectrum of STP3 showing peak ion at m/z 229.1082 [M+H}+.
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Table 3.4 1H (500 MHz) and 13C NMR (125 MHz) and HMBC spectroscopic
data of STP3 recorded in CDCl3

Carbon 13C Hydrogen 1H HMBC

2J 3J 4J

C-1 64.7 H2-1 4.33, (t)

4.43 (t)

C-7 C-4

C-2

C-3 173.2 C-7 C-1, C-4a

C-4 42.0 H-4 3.12 (d) C-4a C-7a, C-5 C-1, C-7

C-4a 46.0 H-4a 2.10 (m-

4)

C-7a C-6 C-9

C5 36.5 H2-5 1.91 (q),

1.68 (q),

J = 7.88

Hz, 13.76

Hz

C-4a C-4, C-7,

C-7a

C-6 76.4 H-6 4.20 (t), J

= 3.36

Hz

C-5 C-9, C-4a

C7 35.3 H-7 3.20 (m-

4), J =

1.6 Hz,

17.72 Hz,

C-1 C-7
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26.04 Hz

C-7a 47.2 H-7a 2.80 (t),

J = 10.8

Hz, 22.0

Hz

C-7a C-4a, C-5

C-8 13.01 H-8 1.22 (t) C-7 C-6, C-7a

C-9 170.9 C-4 C-4a

C-10 52.2 H3-10 3.71 (s) C-9

Therefore, based on the above data presented, STP3 is proposed as a new

compound,methyl (4R,4aS,6R,7S,7aR)-6,7dihydroxy-4,4a,6,7,7a-

pentamethyl-3-oxooctahydrocyclopental[c]pyran-4-carboxylate.

3.1.1.3.1 Pharmacology
Three were no activities of compound STP3 against the Gram-positive, Gram-

negative and acid fast bacteria tested. However, there was activity against the

Caco-2 cell line as shown inTable 3.5 below.

Table 3.5 Activity of STP3 against CaCO-2 cell line.

Cell line Activities (IC50) Selectivity/Cytotoxicity
index

µg/mL µM

Colon cancer cell line

Caco-2

9.481 41.29 33.9
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3.1.1.4 Compound STP4

3.1.1.4a Phytochemistry

Figure 3.22 Structure of compound STP4

Compound STP4 is proposed as benzoic acid and was isolated from the

chloroform extract and the yield was 13.3% (10 mg). The molecular formula was

determined as C7H6O2 and the molecular weight of the compound was

calculated 122.05 and was supported by an ion in the ESI spectrum m/z 145.0

[M+Nal]+. The 1H (Figure 3.23), 13C (Figure 3.24), HMQC and HMBC (Table
3.6) and COSY experiments were used for the structure elucidation. The

structure of the STP4 is shown in Figure 3.22.

The 1H NMR spectrum of STP4 showed 6 hydrogens with one hydrogen

belonging to a hydroxyl at signal δ 9.83 and the remaining aromatic hydrogens

(with ortho and meta couplings) are 2 pairs of equivalent hydrogens at signal δ

8.10 (doublet) (H-3, H-5), and 7.47 (triplet) (H-4) ppm and another hydrogen at

signal 7.61 (H-2, H-6) ppm indicative of a phenyl ring. The 13C NMR spectrum

showed 7 carbons – 2 quaternary - a carbonyl carbon and an aromatic carbon

with signal δ 171.5 (C-7) and 171.5 (C-1) ppm respectively. The remaining are 5

other aromatic carbons – 2 pairs of equivalent carbons at signal δ 130.4 (C-2,

C-6) and 128.7 (C-3, C-5) ppm and an aromatic carbon at signal 133.9 (C-4)

ppm.
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Figure 3.23 1H NMR spectrum of STP4 in CDCl3 (500 MHz)

Figure 3.24 13C spectrum of STP4 in CDCl3 (500 MHz)

Table 3.6 1H (500 MHz) and 13C NMR (125 MHz) spectroscopic data of STP4
recorded in CDCl3
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Carbon 13C NMR hydrogen 1H NMR

C-1 171.5

C-2, C-6 130.4 H-2, H-3 7.61 (d), J = 7.0 Hz

C-3, C-5 128.6 H-3, H-5 8.10 (t), J = 7.0 Hz

C-4 133.9 H-4 7.47 (t), H = 6.5 Hz, 13.0 Hz

C-7 171.5

C-1 OH 9.83 (s)

3.1.1.4.2 Pharmacology

Compound STP4 did not show any activities against Gram-positive and Gram-

negative but there was activity against acid-fast mycobacteriall strains as shown

in Table 3.7 below.

Table 3.7 Activities of compound STP4 against the acid-fast mycobacterial
strains.

Acid-fast bacteria Activities Selectivity/Cytotoxicity
index

µg/mL µM

Mycobacterium

smegmatis (fast

growing)

250 2015.3 1

Mycobacterium bovis

BCG (slow growing)

500 4030.6 0.5
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3.1.2Willughbeia anomala Markgr.

Figure 3.25.Willughbeia anomala Markgr. (photo credit: S.Teo)

3.1.2.1 Compound STP 5

3.1.2.1.1 Phytochemistry

Figure 3.26 Structure of the compound STP5

Compound STP5 was proposed as proposed as a phenyl ethanoid (4R,5R)-4,-
(2-dihydroxyethyl) cyclohex-2-en-1-one and a pale-yellow oil isolated from

the chloroform extract and the yield was approximately 5 mg(4.5% of the

fraction). The molecular formula was determined as C8H12O4 and the molecular

weight of the compound was calculated as m/z 172.07 which was inferred by an

ion in the HRMS at m/z 207.0422 [M-Cl]- (Figure 3.36). 1H (Figure 3.27, Figure
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3.28 ,Figure 3.29), 13C (Figure 3.30), 13C DEPT135 (Figure 3.31), HMBC
(Figure 3.32), HMQC (Figure 3.33), COSY (Figure 3.34 and Table 3.8) and
NOESY (Figure 3.35) experiments were used for the structure elucidation. The

structure of the STP5 is shown in Figure 3.26.

The 1H NMR spectrum showed 11 hydrogens - 2 olefinic methines at signal δ

6.01 (H-12 and 6.75 (H-3) ppm; a methlyenes at signal δ 4.07 (H-2’) and 3.94

(H-2’) ppm and 2 pairs of methylene hydrogens belonging to the ethanoate

chain at signal δ 2.60 (H-6) ppm and 2.77 (H-6) ppm and 2.21 (H-1’) and 2.22

(H-1’) ppm as well as 3 hydroxy groups. The 13C NMR spectrum displays 11

carbons - 2 quaternary carbons - a carbonyl carbon at signal δ 196.8 (C-1) and

another quaternary carbon at δ 75.4 (C-4) ppm. The olefinic aromatic carbons

at δ 147.8 (C-2) and 129.1 (C-3) ppm. There are 2 aliphatic methylene carbons

at signal δ 39.8(C-1’) and 66.4 (C-2’) ppm and 1 aromatic methylene carbon at

signal δ 40.4 (C-6) ppm.

The 13C DEPT90 spectrum indicated methine carbons at δ signal 129.1 (C-3)

and 147.8 (C-2) ppm while the13C DEPT135 spectrum showed 3 methylene

carbons at signal δ 39.8 (C-1’), 66.4(C-2’) and 40.4 (C-6) ppm apart from the

methine shown in the 13C DEPT90 spectrum.

The stereochemistry was obtained from the NOESY spectrum as shown in

Figure 3.35 NOESY spectrum of STP5 in CDCl3 showing the coupling through

space ofH-2 with H-6(indicated by arrow) which showed the hydrogens attached

to the two chiral centres at C-4 and C-5 not coupling to each other.

The structure is further confirmed by the coupling of each proton to the 2nd or 3rd

neighbouring carbons as shown in Table 3.8.
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Additional confirmation on the structure of the compound was further obtained

using the UV–visible and FT-IR spectroscopic techniques.

The UV-visible spectrum showed the presence of a single peak at maxima 217

nm (102), characteristic of a conjugation of a carbonyl with C=C double bond.

The FT-IR spectrum was taken by dissolving it in methanol and gave a C=O

stretching for carboxylic acid (1700 cm-1). There was a broad band for O-H

(3301 cm-1), alkyl C-H stretching (2850 cm-1 and 2900 cm-1), O-H bend (919 cm-

1 and 912 cm-1, 1459 cm-1 and 1456 cm-1) and C-O stretch (1113 cm-1) present

in the compound.
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Figure 3.27 1H NMR spectrum of STP5 in CDCl3 (500 MHz)
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Figure 3.28 1H NMR spectrum of STP5 in CDCl3 (500 MHz)
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Figure 3.29 11H NMR spectrum of STP5 in CDCl3 (500 MHz)
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Figure 3.3013C NMR spectrum of STP5 in CDCl3 (125 MHz)
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Figure 3.31 13CDEPT 135 spectra of STP5 in CDCl3 (125 MHz)
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Figure 3.32 HMBC spectrum of STP5 in CDCl3
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Figure 3.33 HMQC spectrum of STP5 in CDCl3
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Figure 3.34 COSY spectrum of STP5 in CDCl3
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Figure 3.35 NOESY spectrum of STP5 in CDCl3 showing the coupling through space ofH-2 with H-6(indicated by arrow)



128

Figure 3.36 HRMS spectrum of STP5 showing peak ion at m/z 207.0422.
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Table 3.8 1H (500 MHz) and 13C NMR (125 MHz) spectroscopic data of STP5
recorded in CDCl3

Carbon 13C Hydrogen 1H HMBC

2J 3J 4J

C-1 196.8

C-2 147.9 H-2 6.01 (d), J = 10.0

Hz

C-4 C-1’

C-3 129.1 H-3 6.75 (dd), J = 5.0

Hz, 5.0 Hz

C-1,

C-5,

C-1’

C-4 75.9

C-5 81.9 H-5 4.23 (t), J = 1.0

Hz, 10.5 Hz

C-4 C-1,

C-3,

C-1’

C-2’

C-6 40.4 H2-6 2.60 and 2.77

(dd), J = 6 .0 Hz,

17.0 Hz

C-5 C-4 C-3,

C-2’

C-1’ 39.8 H2-1’ 2.21 and 2.22

(multiplets)

C-4,

C-2’

C-3,

C-5
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C-2’ 66.4 H2-2’ 4.07, 3.94

(multiplets)

C-1’, C-4 C-5

From the above data, STP5 is therefore proposed as a new phenyl ethanoid
natural product (4R,5R)-4,-(2-dihydroxyethyl) cyclohex-2-en-1-one.

3.1.1.2.2 Pharmacology

Compound STP5 did not show any activities against Gram-positive, Gram-

negative bacteria. However, it showed activity against one of the acid-fast

mycobacterium strains as shown in Table 3.9.

Table 3.9 Activities of compound STP5 against acid-fast mycobacterial strains.

Acid-fast bacteria Activities Selectivity/Cytotoxicity
index

µg/mL µM

Mycobacterium

smegmatis (fast

growing)

>500 >2905.8 >1

Mycobacterium bovis

BCG (slow growing)

125 7.26.4 4.1
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3.2 Annonaceae

3.2.1 Goniothalamus longistipetes Mat Salleh

Figure 3.37 Goniothalamus longistipetes Mat Salleh (photo credit: S.Teo)

3.2.1.1 Compound STP6

3.2.1.1.1 Phytochemistry

Compound STP6 is proposed as an 5-hydroxyl benzoic acid or (Z)-3-
(heptadec-X-en-1-yl)-5-hydroxybenzoic acid (X is the position of the
double bond) which is colourless and was isolated from the ammonia extract

using dichloromethane by means of back extraction and the yield was 15 mg

(20.5% of the fraction). The double bond of the compound has a small coupling

constant (<4 Hz) and therefore is a cis. The molecular formula was determined

as C24H38O3 and was calculated as m/z 374.3 which corresponded to the m/z

373.2732 [M-H]-(Figure 3.46). The 1H (Figure 3.40), 13C (Figure 3.41 and

Figure 3.42), HMQC (Figure 3.43 and Table 3.10), HMBC (Figure 3.44) and
COSY (Figure 3.45) experiments were used for the structure elucidation. The

structure of the STP6 is shown in Figure 3.37

The 1H NMR spectrum showed 36 hydrogens including 13 pairs of methylenes,

a methyl at signal δ 0.88 ppm as well as 2 olefinic hydrogens at signal δ 5.29
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(H-9) and 5.34 (H-10) ppm of the long alkyl chain, three singlet aromatic

hydrogens at signal δ 6.61, 6.68 and 7.11 ppm respectively and 2 hydrogens

which were part of the hydroxyl and carboxylic groups attached to the aromatic

ring while the 13C NMR spectrum showed 24 carbons including 13 methylene

carbons (C-1 – C7, C-10 – C-16), 2 olefinic carbons at signal δ 130.0 ppm and

a methyl carbon (C-17) at signal δ 14.3 ppm attributable to part of the long alkyl

chain as well as 3 aromatic methine carbons signals at δ 133.5 (C-2’), 122.3 (C-

4’) and 115.2 (C-6’) ppm, an aromatic carbon (C-5’) attached to an hydroxyl at

signal δ 161.2 ppm, another carbon (C-3’) attached to a carboxylic group at δ

146.5 ppm and a carbon (C7’) at signal δ 176.1 ppm belonging to a carboxylic

group.

The 13CDEPT90 spectrum showed the 3 aromatic methane carbons (C-2’, C-4’

and C-6’) as well as the olefinic carbons (C-8 and C-9) in the long alkyl chain.

The13CDEPT135 spectrum showed all of the methylene carbons (C-1 to C-7,

C10 – C-16) in the alkyl chain, the methyl carbon at δ 35.8 (C-1) ppm, the 2

olefinic carbons (C-8, C-9)at δ 130.0 ppm which were part of the alkyl chain and

the 3 aromatic methine carbons at δ 115.2 (C-6’), 122.3 (C-4’)and 133.5 (C-2’)

ppm.

The position of the double bond was determined by means of GCMS and was

shown that the double bond is positioned between C-8 and C-9 (Figure 3.39).
However, based on the COSY spectrum, the position of the double bond is

either between C-2 and C-3 or C3 and C-4. This might be due to the presence

of more than one analogue for the compound.

The structure was further confirmed by the coupling of each hydrogen to the 2nd

or 3rd neighbouring carbons as shown in Table 3.10.

Further confirmation of the structure of the compound was obtained using UV –

visible and FT-IR spectroscopic techniques.
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The UV-Visible spectrum showed the presence of the C=C double bond at peak

217 nm and benzene ring at 290 nm.

The FT-IR spectrum was taken by dissolving it in methanol and a C=O

stretching for the carboxylic acid (1750 cm-1) was observed. There was a broad

band for O-H (3350 cm-1), alkyl C-H stretching (2810 cm-1, 2830 cm-1 and 2942

cm-1), O-H bend (890 cm-1, 900 cm-11400 cm-1 and 1390 cm-1) and C-O bend

(1210 cm-1, 1290cm-1 1300cm-1) were also present.

Figure 3.38 Structure of compound STP6
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Figure 3.39 The EI mass spectrum of the GC peak corresponding to an analogue of STP6 as identified from the NIST database
(fragmentation pattern proposed as oleic acid trimethylsilyl ester).
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Figure 3.401H NMR spectrum of STP6 in CDCl3 (500 MHz)
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Figure 3.4113C NMR spectrum of STP6 in CDCl3 (125 MHz)
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Figure 3.42 13C NMR spectrum of STP6 (expanded) in CDCl3 (125 MHz)
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Figure 3.43 HMQC spectrum of STP6 in CDCl3
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Figure 3.44 HMBC spectrum of STP6 in CDCl3
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Figure 3.45 COSY spectrum of STP6 in CDCl3
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Figure 3.46 HRMS spectrum of STP6 showing peak ion at m/z 373.2732
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Table 3.10 1H and 13C NMR and HMBC spectroscopic data of STP6 recorded in
CDCl3 (500 MHz)

Carbon 13C Hydrogen 1H HMBC

2Jor3J

C-1 35.8 H2-1 2.81 C-6’

C2 – C-6 H2-2 – H2-

5

C-7 27.4 H2-7 1.98 C-8

C-8 – C-9 130.0 H-8 – H-9 5.29, 5.34

C-10 27.4 H2-10 1.98 C-9

C-11 - C-

15

H2-11–

H2-15

C-16 32.0 H2-16 1.47 C-17

C-17 14.3 H3-17 0.88 C-16

C-1’ 146.2 C-2’, C-6’

C-2’ 115.2 H-2’ 7.11 (s) C-6

C-3’

C-4’ 122.4 H-4’ 6.68 (s) C-1

C-5’ 161.2 C-6, C-4’

C-6’ 133.5 H-6’ 6.61 (s) C-1
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C-7’ 176.1

3’-OH

7’-COOH

Based on the above data, STP6 is proposed as an unknown and novel

compound - 5-hydroxyl benzoic acid or (Z)-3-(heptadec-X-en-1-yl)-5-
hydroxybenzoic acid (X is the position of the double bond).

3.2.1.1.2 Pharmacology

The activities of the compound STP6 against Gram-positive, Gram-negative as

well as acid-fast bacteria are in Table 3.11 presented below:

Table 3.11 Activities of compound STP6 against various Gram-positive, Gram-
negative and acid-fast bacterial strains.

Gram-positive
bacteria strain

Activities Selectivity/Cytotoxicity
index

µg/mL µM

Staphylococcus

aureus

SA25923

(susceptible)

8 21.4 32

XU212 (tetracycline-

resistant)

8-16 21.4-42.7 16-32

SA1199B

(norfloxacin-resistant)

8-16 21.4-42.7 16-32

eMRSA-15

(methicillin-resistant)

8-16 21.4-42.7 16-32
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Bacillus subtilis

(susceptible strain)

8-16 21.4-42.7 16-32

Gram-negative
bacteria strain

Activities Selectivity/Cytotoxicity
index

µg/mL µM

E. coli (susceptible) 512 >1367.9 <0.5

Klebsiella

pneumoniae

(susceptible)

128 342.0 2.0

Pseudomonas

aeruginosa

(susceptible)

128 342.0 2.0

Acid-fast bacteria Activities Selectivity/Cytotoxicity
index

µg/mL µM

Mycobacterium

smegmatis (fast

growing)

n.a. n.a. n.a.

Mycobacterium bovis

BCG (slow growing)

7.81 20.9 16.0

3.2.1.2 Compound STP7

3.2.1.2.1 Phytochemistry
Compound STP7 is a styryllactone, namely (2S,3R,3aS,7aS)-3-hydroxy-2-
phenyl-2,3,3a,7a-tetrahydrobenzo-5(4H)-5-one, and a known compound (+)-

altholactone which is also known as goniothalenol. It was isolated from the

chloroform extract as a brownish solid with a yield of approximately 4% (4 mg).
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The molecular formula was determined as C13H12O4 and the molecular weight of

the compound was calculated as 232.07 which corresponded to the HRMS m/z

231 [M-H]- (Figure 3.57). The 1H (Figure 3.49), Figure 3.50, Figure 3.51), 13C

(Figure 3.52), HMQC (Figure 3.53 and Table 3.12), HMBC (Figure 3.54) and
COSY (Figure 3.56) experiments were used for the structure elucidation. The

structure of the STP7 is shown in Figure 3.47.

The 1H NMR spectrum showed 11 hydrogens and 1 hydroxy group. There were

5 deshielded hydrogens and another 2 pairs of equivalent hydrogens at δ 7.31

(H-3’, H-5’ ) indicating the presence of a phenyl ring. There were a further 4

hydrogens at δ 4.74 (H-2), 4.45 (H-3), 4.95 (H-3a) ppm and 4.67 ppm (H-7a)

and a hydroxy belonging to a 4-carbon furan ring attached directly to the phenyl

ring while 2 other olefinic protons at δ 6.23 (H-6) and 6.99 (H-7) ppm were

attached to a 5-carbon pyran ring. The 13CNMR spectrum indicates 13 carbons.

6 of the signals are attributable to the phenyl ring appearing at signal δ 128.6

(C-3’ and C-5’), 126.3 (C-2’ and C-6’) and 128.8 (C-4’) ppm. A 7-carbon cyclic

ring was attached to the phenyl ring – one of the carbon present was a carbonyl

at signal δ 161.5 (C-5), 2 olefinic carbons at signal δ 140.5 (C-6) and 123.6 (C-7)

ppm. The other 3 carbons were adjacent to an oxygen at δ 86.0 (C-2), 83.8 (C-

3), and 86.2 (C-3a) ppm and another oxygenated carbon at δ 68.3 (C-7a) ppm.

The stereochemistry of the compound was determined by comparing the vicinal

coupling with that produced by Reich (2018) as shown in Figure 3.48.
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Figure 3.47 Structure of compound STP7

Figure 3.48 Vicinal coupling of cyclohexane (left) and cyclopentane (right)
(Reich, 2018)
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Figure 3.49 1H NMR spectrum of STP7 in CDCl3 (500 MHz)

Figure 3.501H NMR spectrum of STP7 (expanded) in CDCl3 (500 MHz)
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Figure 3.51 1H NMR spectrum of STP7 (expanded) in CDCl3 (500 MHz)

Figure 3.52 13C NMR spectrum of STP7 in CDCl3 (500 MHz)



149

Figure 3.53 Expansion of HMQC spectrum of STP7 in CDCl3

Figure 3.54 Expansion of HMBC spectrum of STP7 in CDCl3
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Figure 3.55. Expansion of COSY spectrum of STP7 in CDCl3

Figure 3.56 ESI-MS spectrum of STP7 showing peak ion at m/z 238.1 [M-H]
(indicated by arrow)
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Table 3.12 1H (500 MHz) and 13C NMR (125 MHz) and HMBC spectroscopic
data of STP7 recorded in CDCl3

Carbon 13C Hydrogen 1H Leder and Nearn
(1977) in D2O

13C 1H

C-2 86.0 4.74 H-2 (d), J =

5.5 Hz

4.7, J =

5.6 Hz

C-3 83.8 4.45 H-3 (t), J =

2.0 Hz, 5.5

Hz

4.4, J =

2.2 Hz,

5.6 Hz

C-3a 86.2 4.95 H-3a (t), J =

2.0 Hz, 5.5

Hz

4.85, J =

2.2 Hz,

5.2 Hz

C-5 161.5

C-6 140.5 6.23 H-6 (dd,), J

= 4.5 Hz,

9.5 Hz

6.15, dd, J

= 10 Hz

C-7 123.6 6.99 H-7 (dd), J

= 4.0 Hz,

10.0 Hz

6.95 (dd),

J = 5 Hz,

9.95 Hz

C-7a 68.3 4.67 H7a (t), J =

2 Hz, 5 Hz

4.5 (t), J =

5.2 Hz

C-1’ 138.2

C-2’ and C-6’ 126.3 H-2’, H-6’
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C-3’ and C-5’ 128.6 7.31 (m) H-3’, H-5’ 7.3

C-4’ 128.8 H-4’,

Due to the similarity of the data between STP7 and the known compound

(Leder and Nearn, 1977) in Table 3.12, thereforethe compound is assigned as

the styryllactone (2S,3R,3aS,7aS)-3-hydroxy-2-phenyl-2,3,3a,7a-

tetrahydrobenzo-5(4H)-5-one,,

3.2.1.2.2 Pharmacology

The activities of the compound STP7 against various Gram-positive, Gram-

negative as well as acid-fast bacteria strains are presented in Table 3.13
Activities of compound STP7 against various Gram-positive, Gram-negative and
acid-fast bacterial strains.below:

Table 3.13 Activities of compound STP7 against various Gram-positive, Gram-
negative and acid-fast bacterial strains.

Gram-positive
bacteria strain

Activities Selectivity/Cytotoxicity
index

µg/mL µM

Staphylococcus

aureus

SA25923

(susceptible)

64 275.7 0.49

XU212 (tetracycline -

resistant)

64 275.7 0.49

SA1199B (norfloxacin

-resistant)

64 275.7 0.49

eMRSA-15 32 137.9 0.98
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(methicillin-resistant)

Bacillus subtilis

(susceptible strain)

64 275.7 0.49

Gram-negative
bacteria strain

Activities Selectivity/Cytotoxicity
index

µg/mL µM

E. coli (susceptible) 256 1103.0 0.12

Klebsiella

pneumoniae

(susceptible)

256 1103.0 0.12

Pseudomonas

aeruginosa

(susceptible)

>256 >1103.0 0.12

Acid-fast bacteria Activities Selectivity/Cytotoxicity
index

µg/mL µM

Mycobacteria

smegmatis (slow

growing)

>500 2154.5 <0.06

Mycobacteria bovis

BCG (fast growing)

7.81 33.6 4.00

Cell line Activities (IC50) Selectivity/Cytotoxicity
index

µg/mL µM

Prostate cancer PC3 <6.25 <29.33 >5.0



154

Liver cancer Hep G2 1.877 8.81 16.6

3.2.1.3 Compound STP 8

3.2.1.3.1 Phytochemistry

Compound STP8 was proposed as a further styryllactone, (2S,3R,3aS,7aR)-3-
hydroxy-2-phenyl-2,3,3a,7a-tetrahydrobenzofuran-5(4H)-one), and is similar

to a known compound (+)-isoaltholactone but differs in the coupling between H-

3a and H-3 . It was isolated from the chloroform extract as a brown solid with a

yield of approximately 4.5% (3 mg). The molecular formula was determined as

C13H12O4 and themolecular weight of the compound was calculated as 232.07

which corresponded to the ESI MS m/z 255.0627 [M+Na]+ (Figure 3.66). The
1H (Figure 3.59), (Figure 3.60 and Figure 3.61), 13C (Figure 3.62), HMBC
(Figure 3.63), HMQC (Figure 3.64 and Table 3.14) and COSY (Figure 3.65)
experiments were used for the structure elucidation. The structure of the STP8
is shown in Figure 3.58.

The 1H NMR spectrum showed 11 hydrogens and 1 hydroxy group. There were

5 deshielded aromatic hydrogens at δ 7.34 (C-4’) and another 2 pairs of

equivalent hydrogens in the same environment at δ 7.38 (C-2’,C-6’) and 7.36

(C-3’, C-5’) ppm indicating the presence of a phenyl ring while 2 olefinic

hydrogens at signal δ 6.90 (H-6) and 6.62 (H-7) ppm were attached to a 5-

carbon pyran ring that is attached directly to the phenyl ring, 4 hydrogens at δ

4.29 (H-3) , 4.79 (H-2), 5.08 (H-3a) and 4.88 (H-7a) ppm as well as a hydroxy

which was adjacent to the 4-carbon furan ring as in STP8.

The 13C NMR spectrum showed 13 carbons - 6 are aromatic carbons with

signals appearing at δ 128.7 (C-1’), 129.0 (C-2’ and C-6’)- a pair with carbon in

the same environment, δ 125.9 ppm (C-3’ and C-7’) - a pair with carbon in the

same environment and 123.9 (C-4’) ppm. As with STP8, there was a 7-carbon

cyclic structure attached to the phenyl ring – one of the carbons is a carbonyl at

signal δ 160.1 (C-5), 2 olefinic carbons at signal δ 138.1 (C-6) and 140.3 (C-7)

ppm. The other 3 carbons were adjacent to an oxygen at δ 83.5 (C-3a), 78.7 (C-
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3) and 68.4 (C-7a) ppm and another carbon that was attached to a hydrogen

and a hydroxyl at signal δ 88.7 (C-3) ppm.

The UV spectrum showed peak with maxima at 217 (carbonyl) and 280 nm

(benzene ring).

The FT-IR spectrum was taken by dissolving it in methanol and showed a C=O

stretching for carbonyl (1750 cm-1). There was a broad band for O-H (3350 cm-

1), alkyl C-H stretching (2810 cm-1, 2830cm-1 and 2942 cm-1), O-H bend (890

cm-1, 900 cm-11400 cm-1 and 1390 cm-1) and C-O bend (1210 cm-1, 1290cm-

1300cm-1) were also present.

The stereochemistry of the compound was determined by comparing the vicinal

coumpling with that produced by Reich (2018) as shown in Figure 3.58.

Based on a literature search, STP8 is proposed as an unknown compound

since there are only two known stereoisomers (Table 3.15) and the compound

does not match any of them.
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Figure 3.57 Structure of compound STP8

Figure 3.58 Vicinal coupling of cyclohexane (left) and cyclopentane (right)
(Reich, 2018)
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Figure 3.59 1H NMR spectrum of STP8 in CDCl3 (500 MHz)
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Figure 3.60 1H NMR spectrum of STP8 in CDCl3 (500 MHz)
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Figure 3.61 1H NMR spectrum of STP8 in CDCl3 (500 MHz)
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Figure 3.6213CNMR spectrum of STP8 in CDCl3 (125 MHz)
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Figure 3.63 HMQC spectrum of STP8 in CDCl3
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Figure 3.64 HMBC spectrum of STP8 in CDCl3
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Figure 3.65 COSY spectrum of STP8 in CDCl3
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Figure 3.66 HRMS spectrum of STP8 showing peak ion at m/z 255.0627.
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Table 3.14 1H (500 MHz) and 13C NMR (125 MHz) spectroscopic data of STP8
recorded in CDCl3 compared with published data

Carbon 13C Hydrogen 1H HMBC

2J 3J

C-2 83.5 H-2 4.79 (d), J

= 7.5 Hz

C-3 C-7a

C-3 78.8 H-3 4.29 (dd),

J = 6.4 Hz,

13.5 Hz

C-7a

C-3a 78.7 H-3a 5.08 (t), J

= 5.0 Hz,

10.0 Hz

C-3

C-5 160.9

C-6 141.6 H-6 6.90 (d), J

= 10.0 Hz

C-7 C-7a

C7 123.2 H-7 6.26, J =

5.0 Hz,

10 .0 Hz

C-7a

C-7a 67.8 H-7a 4.88 (t), J

= 4.5 Hz,

10.0 Hz,

C-7

C-1’ 138.5

C-2’, C-6’ 125.9 H-2’, H-6’ 7.38

C-3’, C-5’ 128.6 H-3’, H-5’ 7.36 (m)
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C-4’ 128.9 H-4’ 7.34

Table 3.15 Comparison of the hydrogen chemical shift and coupling constant
between STP8 with a similar and known styryllactone.

Hydrogen 1H *Colegate et al. (1990) in CDCl3

1H

H-2 4.79 (d), J

= 7.5 Hz

4.79 (d), J = 7.5 Hz

H-3

4.29 (dd),

J = 6.4

Hz, 13.5

Hz

4.28 (dd), J = 5.5 Hz, 8 Hz, 13.5 Hz

H-3a 5.08 (t), J

= 5.0 Hz,

10.0 Hz

5.07 (t), J = 5.5 Hz, 5.5 Hz

H-6 6.90, J =

10.0 Hz,

6.22 (dd), J = 0.7 Hz, 9.95 Hz

H-7 6.62 (dd),

J = 1.5

Hz, 01.0

Hz

6.89 (dd), J = 4.5 Hz, 9.95 Hz

H-7a 4.88 (t), J

= 5.0 Hz,

10 .0 Hz

4.89, (t), J = 4.5 Hz, 5.5 Hz
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H-2’, H-6’ 7.38

H-3’, H-5’ 7.36 (m) 7.48 (m)

H-4’ 7.34

3.2.1.3.1 Pharmacology

The activities of the compound STP8 against Gram-positive, Gram-negative as

well as acid-fast mycobacteria strains are presented bin Table 3.16 Activities of

compound STP8 against various Gram-positive, Gram-negative and acid-fast

mycobacterial strains. below:

Table 3.16 Activities of compound STP8 against various Gram-positive, Gram-
negative and acid-fast mycobacterial strains.

Gram-positive
bacteria strain

Activities Selectivity/Cytotoxicity
index

µg/mL µM

Staphylococcus

aureus

SA25923 (susceptible) 128 551.6 <3.91

XU212 (tetracycline -

resistant)

128 551.6 <3.91

SA1199B (norfloxacin

-resistant)

128 551.6 <3.91

eMRSA-15 (methicillin-

resistant)

128 551.6 <3.91
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Bacillus subtilis

(susceptible strain)

256 1103.0 <1.95

Gram-negative
bacteria strain

Activities Selectivity/Cytotoxicity
index

µg/mL µM

E. coli (susceptible) >256 >1103.0 >0.51

Klebsiella pneumoniae

(susceptible)

>256 >1103.0 >0.51

Pseudomonas

aeruginosa

(susceptible)

>256 >1103.0 >0.51

Acid-fast bacteria Activities Selectivity/Cytotoxicity
index

µg/mL µM

Mycobacterium

smegmatis (fast

growing)

500 2154.5 <1

Mycobacterrum bovis

BCG (slow growing)

500 2154.5 <1

Cell line Activities (IC50) Selectivity/Cytotoxicity
index

µg/mL µM

Prostate cell line PC3 <6.25 <26.9 <80

Liver cancer cell line

Hep G2

0.986 4.28 >507.1
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3.2.1.4 Compound STP 9

3.2.1.4.1 Phytochemistry

Compound STP9 is proposed as 2,6-dimethisonicotinaldehyde and is an

‘unknown’ alkaloidal compound. The compound was isolated as a colourless

solid compound from the chloroform extract and stained orange with

Dragendoff’s reagent (Figure 3.69).The yield was 0.54% (3 mg). The molecular

formula was determined as C8H9O3N and the molecular weight of the compound

was calculated as an ion of m/z 167.06 which corresponded to the ESI-MS m/z

166.0 [M-H]-(Figure 3.74). The 1H (Figure 3.68), 13C (Figure 3.69 and Figure
3.70), HMQC (Figure 3.71 and Table 3.17), HMBC (Figure 3.72) and COSY

(Figure 3.73) experiments were used for the structure elucidation. The structure
of the STP9 is shown in Figure 3.67.

The 1H NMR spectrum showed 9 hydrogens- 2 of them were equivalent

aromatic hydrogens at signal δ 7.16 (H-3, H-5), another 6 hydrogens belonging

to 2 equivalent methoxys (δ 3.99 ppm – H-8 and H-9) while there was a methine

at signal δ 9.82 (H-7) which was attached to the aldehyde group at C-7. The 13C

NMR spectrum showed 19 carbons – 6 of them were aromatic carbons at signal

δ 190.9 (C-1), 147.5 (C-2), 128.9 (C-3 and C-5), 106.8 (C-4) and 106.8 (C-5)

ppm, 2 were carbons at signal δ 32.1 and 29.9 ppm which were part of the

methoxys and another carbonyl carbon at δ 207.2 (C-7) ppm attached to the

aromatic ring at C-1.

The FT-IR spectrum was taken by dissolving it in methanol and showed a C=N

double bond (1650cm-1) and aldehyde stretching (1730cm-1). There was an

alkyl C-H stretching (2815 cm-1 and 2940 cm-1) as well as C-O bend (1205 cm-1,

1297 cm-1).

The UV spectrum showed conjugation with peaks at maxima 220 (237.7) and

238 (70.4) (aldehyde) nm.
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Figure 3.67 Structure of compound STP9

Figure 3.69 STP9 stained orange with Dragendofff’s reagent
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Figure 3.681H NMR spectrum of STP9 in CDCl3 (500 MHz)
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Figure 3.69 13C spectrum of STP9 in CDCl3 (125 MHz)
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Figure 3.70 13C spectrum of STP9 in CDCl3 (125 MHz).
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Figure 3.71 HMQC spectrum of STP9 in CDCl3
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Figure 3.72 HMBC spectrum of STP9 in CDCl3
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Figure 3.73 COSY spectrum of STP9 in CDCl3



177

Figure 3.74 ESI-MS spectrum of STP9 showing peak ion at m/z 166.0 (indicated by arrow)
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Table 3.17 1H (500 MHz) and 13C NMR (125 MHz) spectroscopic data of STP9
recorded in CDCl3

Carbon 13C Hydrogen 1H HMBC

2J 3J 4J

N 190.9

C-4 147.5 H-4 7.40 (s)

C-2 128.9 C-3 C-7

C-3 106.8 H-3 7.16 (s) C-3 C-7

C-6 128.9 C-5 C-7

C-5 106.8 H-5 7.16 (s) C-3, C-7

C-7-CHO 207.2 H-7 9.82 (s)

C2, C6 –

OCH3

31.1, H3-8 , H3-

9

3.98 (s)

Based on the above data, STP9 is proposed as a novel alkaloid 2,6-
dimethisonicotinaldehyde.

3.2.1.4.2 Pharmacology

STP9 did not show any activity against the acid-fast bacteria strains. However,

it displayed activities against various Gram-positive and Gram-negative bacteria

strains are presented in Table 3.18 Activities of compound STP9 against

various Gram positive, Gram negative and acid-fast bacterial strains.below:
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Table 3.18 Activities of compound STP9 against various Gram positive, Gram
negative and acid-fast bacterial strains.

Gram-positive
bacteria strain

Activities Selectivity/Cytotoxicity
index

µg/mL µM

Staphylococcus aureus 128 727.0 n.a

SA25923 (susceptible) 128 727.0 n.a

XU212 (tetracycline-

resistant)

128 727.0 n.a

SA1199B (norfloxacin-

resistant)

128 727.0 n.a

eMRSA-15 (methicillin-

resistant)

128 727.0 n.a

Bacillus subtilis

(susceptible strain)

64 363.5 n.a

Gram-negative
bacteria strain

Activities Selectivity/Cytotoxicity
index

µg/mL µM

E. coli (susceptible) >128 >703.1 n.a

Klebsiella pneumoniae

(susceptible)

>128 >703.1 n.a

Pseudomonas

aeruginosa

(susceptible)

>128 >703.1 n.a
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Cell line Activities (IC50) Selectivity/Cytotoxicity
index

µg/mL µM

Liver cancer Hep G2 4.113 21.4 n.a*

*n.a. – not available as it was not done

3.3 Guttiferae

3.3.1 Garcinia celebica L.

Figure 3.75 Garcinia celebica L. (photo credit: S.Teo)

3.3.1.1 Compound STP 10

3.3.1.1.1 Phytochemistry

Compound STP10 is proposed as a xanthone E)-5-(3,7-dimethylocta-2,6-dien-
1-yl)-1,3,7-trihydroxy-6-methoxy-9H-xanthen-9-one which was a yellow solid

and was isolated from the chloroform extract and the yield was approximately
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250 mg (50% of the fraction). The molecular formula was determined as

C24H26O6 and the molecular weight of the compound was calculated as an ion of

m/z 410.17 which corresponded to the ESI MS m/z 428.1759 [M+NH3]+ (Figure
3.85). The 1H (Figure 3.77, Figure 3.78 and Figure 3.79), 13C (Figure 3.80), 3C
DEPT135 (Figure 3.81), HMQC (Figure 3.82 and Table 3.19 1H (400 MHz) and
13C NMR (100 MHz) and HMBC spectroscopic data of STP10 recorded in

CD3OD), HMBC (Figure 3.83) and COSY (Figure 3.84) experiments were used
for the structure elucidation. The structure of the STP10 is shown in Figure 3.76.

The 1H-NMR spectrum showed 9 aromatic hydrogens including the deshielded

signals of three aromatic hydrogens at δ 6.10 (H-2), 6.20 (H-4) and 6.72 (H-8)

ppm indicative of a phenyl ring, three hydroxyl groups as well as a methyl group

at signal δ 3,76 ppm attached to a methoxy. There are 17 aliphatic hydrogens

belonging to the prenyl group. There were three pairs of methylenes at signal δ

2.05 (H2-1’), 1.98 (H2-4’), 4.07 (H2-5’), three pairs of methyls at signal δ 1.52

(H3-8’), 1.55 (H3-9’), 1.81 (H3-10’) ppm and two methines at signal δ 5.20 (H-2’),

and 5.05 (H-6’).

The 13C NMR showed 25 carbons - 11 quaternary carbons including a carbonyl

carbon at δ 183.2 ppm (C-9) and 2 aliphatic carbons at δ 132.0 (C-7’) and 135.5

(C-3’) as well as 8 aromatic carbons at δ 161.8 (C-1), 166.0 (C-3), 158.1 (C-4a),

156.8 (C-5a),144.9 (C-6), 158.4 (C-7), 102.9 (C-8a) and 103.9 (C-9a). There

were another 4 aromatic methine carbons δ 94.1 (C-2), 98.8 (C-4), 138.7 (C-5),

112.2 (C-8a) and 2 aliphatic methine carbons at signal δ 125.2 (C-2’) and 125.5

(C-6’) ppm and 3 aliphatic methylene carbons at signal δ 25.8 (C-1’), 40.8 (C-4’)

and 27.0 (C-5’) ppm.

The 13CDEPT90 showed methine carbons at δ 98.8 (C-2), 94.1 (C-4), 138.7 (C-

5), 102.9 (C-8), 125.2 (C-2’) and 125.2 (C-6’) ppm. The 13CDEPT135 spectrum

showed meythylene signal at δ 25.8 (C-1’), 40.8 (C-4’) and 27.0 (C-5’) ppm and

methyl carbons at δ 17.7 (C-8’), 16.6 (C-9’) and 25.8 (C-10’) ppm apart from the

methine carbons in 13CDEPT90.
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The structure is further confirmed by the coupling of each hydrogen to the 2nd or

3rd neighbouring carbons (HMBC) as shown in Table 3.19.

Additional confirmation on the structure of the compound was obtained using

UV –visible and FT-IR spectroscopic techniques.

The UV-visible spectrum showed the presence of peaks at maxima of 250 (50),

330 (65) and 435 nm (18).

The FT-IR spectrum was taken by dissolving it in methanol and gave a C=O

(1721 cm-1). There was a broad band for O-H (3344 cm-1), alkyl C-H stretching

(3000 cm-1, 2937m-1 and 2942 cm-1 and 2840 cm-1), C-O-C stretch (1033 cm-1,

1054 cm-1), O-H bend (832 cm-1, 1452 cm-1) and C-O bend(1272 cm-1) present

in the compound.

Figure 3.76 Structure of STP10
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Figure 3.77 1H NMR spectrum of STP10 in CD3OD (400 MHz)
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Figure 3.78 1H NMR spectrum of STP10 (expanded) in CD3OD (400 MHz)
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Figure 3.79 1H NMR spectrum of STP10 in CD3OD (400 MHz)
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Figure 3.8013C NMR spectrum of STP10 n CD3OD (100 MHz)
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Figure 3.81 13C DEPT135 spectrum of STP10 n CD3OD (100 MHz)
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Figure 3.82 HMQC spectrum of STP10 in CD3OD
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Figure 3.83 HMBC spectrum of STP10 in CD3OD
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Figure 3.84 COSY of STP10 in CD3OD
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Figure 3.85 HRMS spectrum of STP10 showing peak ion at m/z 428.1759
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Table 3.19 1H (400 MHz) and 13C NMR (100 MHz) and HMBC spectroscopic
data of STP10 recorded in CD3OD

carbon 13C Hydrogen 1H HMBC

2J 3J 4J

C-1 164.8

C-2 98.8 H-2 6.10 (d), J

= 2.1 Hz

C-1 C-4. C-

9a

C-3 166.0 C-4

C-4 94.1 H-4 6.20 (d), J

= 2.7 Hz

C-3,

c-4a

C-2, C-

9a

C-4a 158.1 C-9 C-2

C-5 138.7

C-5a 156.8

C-6 145.0

C-7 158.4

C-8 102.9 H-8 6.72 (s) C-8a C-6, C-

9, C-5a
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C-8a 112.2

C-9 183.2

C-9a 103.9

C-10 61.4 H3-10 3.76 (s) C-6

C-1’ 25.8 H2-1’ 4.07 (d), J

= 4.1 Hz

C-5, C-

3’

C-8a

C-2’ 125.2 H-2’ 5.01 (t), J

= 6 Hz,

11.8 Hz

C-1’ C-4’, C-

9’

C-3’ 115.5

C-4’ 40.8 H2-4’ 1.98 (t), J

= 7.6 Hz,

15.1 Hz

C-5’ 27.8 H2-5’ 2.05 (d), J

= 7.6 Hz,

15.1 Hz

C-3’,

C-5’

C-2’, C-

9’

C-6’ 125.5 H-6’ 5.20 (t), J

= 6.8 Hz,

15.1 Hz

C-4’, C-

6’

C-7’

C-7’ 132.0

C-8’ 17.7 H3-8’ 1.52 (s) C-7’ C-6’, C-

10’
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C-9’ 16.6 H3-10’ 1.81 (s) C-4 C-2’, C-

4’

C-10’ 25.8 H3-11’ 1.54 (s) C-7’ C-6’ C-

8’

From the above data and based on literature search, STP10 is proposed as a

novel and unknown xanthone (E)-5-(3,7-dimethylocta-2,6-dien-1-yl)-1,3,7-
trihydroxy-6-methoxy-9H-xanthen-9-one

3.3.1.1.1 Pharmacology

The activities of the compound STP10 against various Gram-positive, Gram-

negative as well as acid-fast bacteria strains are presented in Table 3.20 below:

Table 3.20 Activities of compound STP10 against various Gram-positive, Gram-
negative and acid-fast bacterial stains.

Gram-positive
bacteria strain

Activities Selectivity/Cytotoxicity
index

µg/mL µM

Staphylococcus

aureus

SA25923

(susceptible)

1 2.64 125.0

XU212 (tetracycline-

resistant)

1 2.64 125.0

SA1199B

(norfloxacin-

resistant)

4 10.6 15.6

eMRSA-15

(methicillin-

4 10.6 15.6
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resistant)

Bacillus subtilis

(susceptible strain)

4 10.0 15.6

Gram-negative
bacteria strain

Activities Selectivity/Cytotoxicity
index

µg/mL µM

E. coli (susceptible) >512 >1353.8 <0.12

Klebsiella

pneumoniae

(susceptible)

>512 >1353.8 <0.12

Pseudomonas

aeruginosa

(susceptible)

>512 >1353.8 <0.12

Acid-fast bacteria Activities Selectivity/Cytotoxicity
index

µg/mL µM

Mycobacterium

smegmatis (fast

growing)

125 330.5 2

Mycobacterium bovis

BCG (slow growing)

1.95 5.2 64.1

Cell line Activity (IC50) Selectivity/Cytotoxicity
index

µg/mL µM

Prostate cancer PC3 16.0 42.3 3.9

Liver cancer Hep G2 29.0 76.7 2.2
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Colon cancer cell

line Caco-2

22.7 60.0 2.76

STP10 displayed good activities against Gram-positive bacterial strains tested

with MICs between 1-4 µg/mL although there were no activities against Gram

negative bacteria. The compound also showed good activity against M. bovis

BCG as well as moderate activites (between 16.0 and 29.0µg/mL) against the

three cancer cell lines, PC3, HepG2 and Caco-2.

3.3.1.2 Compound STP11

3.3.1.2.1 Phytochemistry

Compound STP11 is proposed as 3-hydroxy-4H-pyran-4-one and was

isolated from the chloroform extract as a dark yellow solid and the yield was

approximately 20% (100 mg). Compound STP11 has already been synthesized

even though it has not been isolated as a natural product. The molecular

formula was determined as C5H6O2 and the molecular weight suggested to be

112.0 on the basis of an observed dimer in the ESI MS at m/z 225 [2M+H]-.

The 1H (Figure 3.87), 13C (Figure 3.88), HMQC (Figure 3.89) and Table 3.21),
HMBC (Figure 3.90) and COSY (Figure 3.91) experiments were used for the

structure elucidation. The structure of the STP11 is shown in Figure 3.86
below:

Figure 3.86 Compound structure of STP11
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he 1H NMR spectrum showed 3 hydrogens with the signals at δ 7.78 (H-6),

6.49 (H-5) and 7.87 (H-2) ppm which were the deshielded signals pointing to a

pyrene ring and a hydroxyl at δ 1.25 (H-4) ppm. The 13C NMR spectrum showed

5 carbons – a quaternary carbonyl carbon at δ 173.8 (C-4) and 4 olefinic

carbons - 2 olefinic deshielded carbons at signal δ 146.8 ((C-3) and 113.7 (C-5)

ppm, attached to a double bond and adjacent to an oxygen at δ 156.0 (C-6) and

138.7 (C-2) ppm.

Figure 3.871H NMR spectrum of STP11 in CDCl3 (500 MHz)
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Figure 3.8813C spectrum of STP11 in CDCl3 (125 MHz)

Figure 3.89 HMQC spectrum of STP11 in CDCl3
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Figure 3.90 HMBC spectrum of STP11 in CDCl3

Figure 3.91 COSY of STP11 in CDCl3

Table 3.21 1H (500 MHz) and 13C NMR (125 MHz) spectroscopic data of STP11
recorded in CDCl3
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Carbon 13C Hydrogen 1H Li et al. (2006)

13C 1H

C-2 138.7 H-2 7.87 (s), J

= 0.8 Hz

113.8 7.87 (s)

C-3 146.8 155.4

C-4 173.8 173.8

C-5 113.7 H-5 6.49 (d) J =

5.6 Hz)

139.2 6.49 (d) J

= 5.1 Hz)

C-6 156.0 H-6 7.78 (dd) J

= 0.8 Hz.

5.6 Hz

146.8 7.79 (d) J

= 5.1 Hz)

From the data obtained from experiments and compared with the published

data (Li et al., 2006), STP11 is proposed as 3-hydroxy-4H-pyran-4-one

3.3.1.2.2 Pharmacology

The compound STP11 showed activities against various strains of Gram-

positive and acid-fast bacteria are presented in Table 3.22 below:

Table 3.22 Activities of compound STP11 against various Gram-positive, Gram-
negative and acid-fast bacterial strains.

Gram-positive
bacteria strain

Activities Selectivity/Cytotoxicity
index

µg/mL µM
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Staphylococcus

aureus

SA25923

(susceptible)

32 205.7 0.49

XU212 (tetracycline

resistant)

16 142.8 0.98

SA1199B (norfloxacin

resistant)

64 571.4 0.24

eMRSA-15

(methicillin resistant)

64 571.4 0.24

Bacillus subtilis

(susceptible strain)

64 571.4 0.24

Acid-fast bacteria Activities Selectivity/Cytotoxicity
index

µg/mL µM

Mycobacterium

smegmatis (fast

growing)

500 4464.3 0.03

Mycobacterium bovis

BCG (slow growing)

7.81 69.7 2

Cell line Activity (IC50) Selectivity/Cytotoxicity
index

µg/mL µM

Prostate cancer PC3 40 357.1 0.39

Liver cancer Hep G2 28 250.0 0.56
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3.3.2 Mammea acuminata Kosterm. (Kosterm.)

Figure 3.92 Mammea acuminata (Kosterm.) Kosterm. (photo credit: S. Teo)

3.3.3.1 Compound STP 12

3.3.3.1.1 Phytochemistry

Compound STP12 is proposed as a xanthone, 3-hydroxy-9H-xanthe-9-one,
and had been synthesized but is as yet not known as a natural product. The

compound was a reddish oil isolated from chloroform extract and the yield was

approximately 7 % (4 mg). The molecular formula was determined as C13H8O3

and the molecular weight of the compound was calculated as an ion of m/z

212.05. Mass spectral data showed an ion m/z 195 [M-OH] +. The 1H (Figure
3.94), 13C (Figure 3.95), HMQC (Figure 3.96 andTable 3.23), HMBC (Figure
3.97) and COSY (Figure 3.98) experiments were used for the structure

elucidation. The structure of the STP12 is shown in below:
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The 1H spectrum of STP12 recorded 7 protons. The 1H-NMR spectrum showed

the deshielded signals of 7 aromatic methine hydrogens at δ 7.54 (H-1), 7.40

(H-2) 7.65 (H-4), 7.60 (H-5), 7.85 (H-6), 7.46 (H-7), and 8.25 (H-8) ppm

indicative of the presence of phenyl rings as well as an hydroxy group. The 13C

NMR spectrum showed 13 carbons including 4 quaternary carbons with signals

at 115,4 (C-4a),121.0 (C-8a), 143.0 (C-9a) and 157.0 (C-10a) respectively, a

quaternary carbonyl carbon with signal at δ 176.9 (C-9) ppm, δ 154.0 (C-3) ppm

where a hydroxyl was attached and 7 olefinic carbons at δ 109.8 (C-4), 118.9

(C-5), 120.3 (C-1), 123..2 (C-4a), 124.6 (C-6), 125.8 (C-2), 127.0 (C-8) and

135.8 (C7-) ppm.

The 90CDEPT showed the presence of methine carbons at δ 120.3 (C-1), 125.8

(C-2), 109.8 (C-4), 123.2 (C-4a), 118.9 (C-5), 135.8 (C-6), 124.6 (C-7) and

127.0 (C-8) ppm apart from one carbon attached to a hydroxyl group at signal δ

154.0 (C-3) ppm. 135CDEPT showed similar carbon peaks as 13CDEPT90.

The FT-IR spectrum was taken by dissolving it in methanol and gave a C=O

stretching for carbonyl (1720 cm-1). There was a broad band for O-H (3023 cm-

1), alkyl C-H stretching (2861m-1 and 2943 cm-1), C-O-C stretch (1022 cm-1), O-

H bend (1449 cm-1) and C-O bend(1112 cm-1) present in the compound.

Figure 3.93 Structure of compound STP12
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Figure 3.94 1H NMR spectrum of STP12 in CDCl3 (500 MHz)

Figure 3.95 3C spectrum of STP12 in CDCl3 (125 MHz)
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Figure 3.96 HMQC spectrum of STP12 in CDCl3

Figure 3.97 HMBC spectrum of STP12 in CDCl3
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Figure 3.98 COSY of STP12 in CDCl3

Table 3.231H (500 MHz) and 13C NMR (125 MHz) spectroscopic data of STP12
recorded in CDCl3

Carbon 13C Hydrogen 1H Menendez et al. (2014)

(300 MHz in DMSO-d6)

13C 1H

C-1 120.3 H-1 7.54 (dd) 122.3 6.99 (dd)

C-2 125.8 H-2 7.40 (dd) 128.2 6.94 (dd)

C-3 154.0 158.9

C-4 109.8 H-4 7.65 (s) 103.1 7.44 (s)

C-4a 115.4 114.0

C-5 118.9 H-5 7.60 (m) 118.7 7.50 (m)
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C-6 135.8 H-6 7.85 (td) 134.5 7.78 (td)

C-7 124.6 H-7 7.46 (d) 126.1 7.94 (d)

C-8 127.0 H-8 8.25 (m) 133.9 8.16 (m)

C-8a 121.0 123.9

C-9 176.9 175.5

C-9a 143.0 155.2

C-10a 157.0 164.8

*data in CDCl3 not available.

By comparing the experimental data with the published data (Menendez et al.,

2014) from the literature search, STP12 is proposed as a known xanthone - 3-
hydroxy-9H-xanthe-9-one.

3.3.3.1.2 Pharmacology

The activities of the compound STP12 against Gram-positive and Gram-

negative bacteria are presented in Table 3.24 below. The compound was not

screened against the acid-fast mycobacterial strains.

Table 3.24 Activities of compound STP12 against various strain of Gram-
positive, Gram-negative and acid-fast bacterial strains.

Gram-positive
bacteria strain

Activities Selectivity/Cytotoxicity
index

µg/mL µM

Staphylococcus

aureus

SA25923 16 75.4 n.a
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(susceptible)

XU212 (tetracycline-

resistant)

16 75.4 n.a

SA1199B

(norfloxacin-

resistant)

64 301.8 n.a

eMRSA-15

(methicillin-resistant)

64 301.8 n.a

Bacillus subtilis

(susceptible strain)

32 150.9 n.a

Gram-negative
bacteria strain

Activities Selectivity/Cytotoxicity
index

µg/mL µM

E. coli (susceptible) >512 >2414.5 n.a

Klebsiella

pneumoniae

(susceptible)

>512 >2414.5 n.a

Pseudomonas

aeruginosa

(susceptible)

>512 >2414.5 n.a

n.a. – not available as the experiments were not carried out.
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3.3.3 Mesua calophylloides (Ridley) Kosterm.

Figure 3.99 Mesua calophylloides (Ridl.) Kosterman. (photo credit: S. Teo)

3.3.3.1 Compound STP13

3.3.3.1a Phytochemistry

Compound STP13 is proposed as a 3,4-bis(benzo[d][1,3]dioxol-5-
ylmethyl)tetrahydrofuran. The compound was a reddish oil isolated from the

chloroform extract and the yield was approximately 7 % (4 mg). Compound

STP13 is an unknown compound. The molecular formula was determined as

C20H18O5 and the molecular weight of the compound was calculated as m/z

338.1, which was supported by the presence of an ion in the ESIMS m/z 339.0

[M+H]+. The 1H (Figure 3.101, Figure 3.102, Figure 3. and Figure 3.104), 13C

(Figure 3.105), HMQC (Figure 3.106 or Table 3.25), HMBC (Figure 3.107
HMBC spectrum of STP13 in CDCl3 and COSY (Figure 3.108) experiments
were used for the structure elucidation. The structure of the STP13 is shown in

Figure 3.100.



210

STP13 is a symmetrical compound and both halves have the same chemical

shifts for hydrogens and carbons.

The 1H NMR spectrum showed 6 methylene hydrogens – 4 of them aliphatic at

δ 3.54 (H2-2 or H2-5) and 3.51 (H2-2 or H2-5’) and 2.76 (H-8’ or H-8’’) and 2.61

(H-8’ or H-8’’) ppm and another two adjacent to an oxygen atom on both sides

in a 4-carbon ring with signal at δ 5.93 (H2-2’or H2-2’’). There was also two

methines at signal δ 1.85 (H-3 or H-4) ppm as well as 6 deshielded hydrogens

attributable to a phenyl ring at δ 6.61 (H-6’, H-6’’), 6.64 (H-4’ or H-4’’) and 6.72

(H-7’ or H-7’’) ppm.

The 13C NMR spectrum showed 20 carbons –4 quaternary carbons at δ 134.5

(C-5” or H-5’’), 146.0 (H-7a’, H-7a’’) and 147.8 (C-3a’ or H-3a’') ppm; 6 aromatic

carbons at δ 108.3 (C-7’’ or H-7’’), 109.5 (C-4’ or C-4”), 122.0 (C-6’ or C-6’’)

ppm; 6 aliphatic carbons at δ 60.6 (C-2 or C-5), 36.1 (C-8’ or C-8’’) and 2

deshielded aliphatic carbons at δ 101.0 (C-2’ or C-2’’) adjacent to two oxygens

on both sides in the methylenedioxy ring.

The UVVIS spectrum showed 2 peaks with maxima at about 236 (7748) and

290 (7924) nm.

For FTIR spectrum, it showed the presence of C=C (1450, 1500, 1580 cm-1),

CH2 (1470, 2850, 2925 cm-1), CH3 (1260, 2870 and 2960 cm-1), C=C (1450,

1580 cm-1), C-O (1023 cm-1)
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Figure 3.100 Structure of compound STP13
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Figure 3.101 1H NMR spectrum of STP13 in CDCl3 (500 MHz)
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Figure 3.102 1H NMR spectrum of STP13 (expanded) in CDCl3 (500 MHz)
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Figure 3.103 1H NMR spectrum of STP13 (expanded in CDCl3 (500 MHz)
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Figure 3.104 1H NMR spectrum of STP13 (expanded) in CDCl3 (500 MHz)
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Figure 3.105 13C spectrum of STP13 in CDCl3 (125 MHz)
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Figure 3.106 HMBQ spectrum of STP13 in CDCl3
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Figure 3.107 HMBC spectrum of STP13 in CDCl3
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Figure 3.108 COSY of STP13 in CDCl3
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Table 3.25 1H (500 MHz) and 13C NMR (125 MHz) spectroscopic data of STP13
recorded in CDCl3

Carbon 13C Hydrogen 1H HMBC

2J 3J 3J

C-2, C-5 60.6 H2-2, H2-5 3.54 (d), J

= 4.3 Hz,

3.51 (d),

J = 4.3 Hz

C-8’, C-

8’’

C-3, C-4 44.4 H-3, H-4 1.85 (s) C-8’, C-8’’,

C-2, C-5

C-2’, C-

2”

101.0 H2-2’, H2-2’’ 5.93 (s)

C-3a’, C-

3a’

147.8

C-4’, C-

4”

109.5 H-4’, H-4’’’ 6.64 (s) C-6, C-

6’’, C-

8’, C-8’’

C-5’, C-

5”

134.5

C-6’, C-

6”

122.0 H2-6’, H2-6’’ 6.61 (d),

6.57 (d)

C-7’, C-7’’ C-8’, C-

8’’

C-7’, C-

7’’

108.3 H2-7’, H2-7’’ 6.72 (d),

6.71 (d)

C-6’, C-6’’ C-8’,

C-8’’

C-7a’, C-

7a’

146.0

C-8’, C- 36.1 H2-8’, H2-8’’ 2.61 (q), J C-2, C- C-2,
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8’’ = 5.8 Hz,

13.8 Hz,

2.76 (q), J

= 8.8 Hz,

13.8 Hz

5 C-5

From the data presented, the structure of STP13 is proposed as 3,4-
bis(benzo[d][1,3]dioxol-5-ylmethyl)tetrahydrofuran

3.3.3.1.2 Pharmacology

STP13 only showed activities against Gram-positive and acid-fast bacteria. The

activities of the compound STP13 against Gram-positive and acid-fast

mycobacteria as presented in Table 3.26 below:

Table 3.26 Activities of compound STP13 against various strains of Gram-
positive and acid-fast bacterial strains.

Gram-positive
bacteria strain

Activities Selectivity/Cytotoxicity
index

µg/mL µM

Staphylococcus

aureus

SA25923

(susceptible)

>512 >1514.3 >0.49

XU212 (tetracycline-

resistant)

512 1514.3 0.49

SA1199B

(norfloxacin-

resistant)

512 1514.3 0.49

eMRSA-15 512 1514.3 0.49
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(methicillin-resistant)

Bacillus subtilis

(susceptible strain)

256 757.1 0.24

Acid-fast bacteria Activities Selectivity/Cytotoxicity
index

µg/mL µM

Mycobacterium

smegmatis (fast

growing)

>500 >1478.8 >1

Mycobacterium bovis

BCG (slow growing)

125 378.6 0.5

3.4 Myristicaceae

3.4.1 Gymnacranthera ocellata R.T.A. Schouten

Figure 3.109 Gymnacranthera ocellata R.T.A.Schouten (photo credit: S. Teo)

http://www.theplantlist.org/tpl/record/kew-2835316
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Compounds STP14 and STP15 are proposed as diastereoisomers and cannot
be assigned to their respective NMR spectra and their structures, X and Y, as

well as their spectra are presented below.

Figure 3.110 Structure of compound first diastereoisomer (X)

Figure 3.111 Structure of compound second diastereoisomer (Y)
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3.4.1.1 Compound STP14

3.4.1.1a Phytochemistry

Compound STP14 and STP15 are diastereoisomers. It is 4,4-(2R,3S)-2,3-
dimethylbutane-1,4-diyl)bis-(2-methyoxyphenol) and a yellowish oil isolated

from the chloroform extract and the yield was approximately 1% (5 mg). The

molecular formula was determined as C20H26O4 and the molecular weight of the

compound STP14 was calculated as 330.18 which corresponded to the ESI-MS
m/z 331.1916 [M+H]+ ( Figure 3.118 HRMS spectrum of STP14 showing peak

ion at m/z 331.1916.) The 1H (Figure 3.112), 13C (Figure 3.113), 1HMQC

(Figure 3.112 or Table 3.27), HMBC (Figure 3.114), HMBC (Figure
3.115) ,COSY (Figure 3.116) and NOESY (Figure 3.117) experiments were

used to support the structure elucidation. The structure of the STP14 is shown

in Figure 3.111 below:

STP14 is a symmetrical compound and therefore both halves will have the

same chemical shift for all carbons and hydrogens.

The 1H NMR spectrum showed 3 deshielded hydrogens with signal at δ 6.61 (H-

3, H-3’), 6.58 (H-5, H-5’) and 6.81 (H-6, H-6’) ppm indicative of the presence of

a phenyl group. It also included an aliphatic methylene at δ 2.21 and 2.72 ppm

(H2-7, H2-7’) and a methyl δ 0.83 ppm (H3-9, H3-9’), a methyl of the methoxy at

with signal at δ 3.85 (H3-10, H3-10’) ppm as well as a hydroxyl group.

The 13C NMR spectrum showed 10 carbons – 6 of them belonging to the phenyl

ring at δ 143.5 (C-1, C-1’), 146.2 (C-2, C-2’), 111.2 (C-3, C-3’), 133.7 (C-4, C-4’),

113.8 (C-5, C-5’) and 121.6 (C-6, C-6’); a methylene carbon at signal δ 42,3

ppm (C-7, C-7’), a methine carbon at δ 37.4 ppm (C-8, C-8’), 13.0 (C-1, C-1’)

ppm, a methyl carbon at signal 13.9 ppm (C-9, C-9’) and another attributable to

a methoxy with signal at δ 56.8 (C-10, C-10).

Based on NOESY, the hydrogen H-3 coupled with the methoxy hydrogen H-10

and therefore, STP14 is proposed as 4,4-(2R,3S)-2,3-dimethylbutane-1,4-
diyl)bis-(2-methyoxyphenol), the diastereoisomer of STP15.
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The structure was further confirmed by the FTIR and UVVIS spectra.

The UVVIS spectrum showed 2 main peaks with maxima at 221 (890.0) and

278 (707.5) nm.

The FTIR spectrum showed that there was a broad band for O-H (3340 cm-1),

alkyl C-H stretching (3000 cm-1, 2935 cm-1 and 2940 cm-1-), C-H3 (2890 cm-1 and

2850 cm-1),C-O bend (1210 cm-1, 1290cm-1300cm-1) were also present.
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Figure 3.112 1H NMR spectrum of STP14 in CDCl3 (500MHz)
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Figure 3.113 13C spectrum of STP14 in CDCl3 (125 MHz)
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Figure 3.114 HMQC spectrum of STP14 in CDCl3
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Figure 3.115 HMBC spectrum of STP14 in CDCl3
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Figure 3.116 COSY of STP14 in CDCl3



231



232

Figure 3.117 NOESY of STP14 in CDCl3 showing the coupling between the aromatic singlet and the methoxy.
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Figure 3.118 HRMS spectrum of STP14 showing peak ion at m/z 331.1916.
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Table 3.27 1H (500 MHz) and 13C NMR (125 MHz) spectroscopic data of STP14
recorded in CDCl3

Carbon 13C Hydrogen 1H HMBC

2J 3J

C-1, C-1’ 143.5

C-2, C-2’ 146.2

C-3, C-3’ 111.2 H-3, H-3’ 6.61(s) C-5, C-5’,

C-8, C-8’,

C-1, C-1’

C-4, C-4’ 133.7

C-5,C-5’ 121.6 H-5, H-5’ 6.58 (d), J =

7.9 Hz

C-1, C-1’,

C-3, C-3’,

C-8, C-8’

C-6, C-6’ 113.8 H-6, H-6’ 6.81 (d), J =

7.9 Hz

C-5, C-5’, C-

1, C-1’

C-1, C-1’, c-

2, C-2’

C-7, C-7’ 42.3 H2-7, H-7’ 2.21 (dd), J =

9.5 Hz, 13.3

Hz, 22.7 Hz,

2.72 (dd), J =

4.7 Hz, 13.4

Hz, 18.1 Hz

C-8, C-8’, C-

4, C-4’

C-9, C-9’,

C-3, C-3’ C-

5, C-5’

C-8, C-8’ 37.4 H-8, H-8’ 1.74 (s) C-7, C-7’, C-

9, C-9’

C-4, c-4’

C-9, C-9’ 13.9 H3-9, H3-9’ 0.83 (t) C-2, C-2’

C-10 , C- 56.8 H3-10, H3- 3.85(s) C-2, C-2’
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10’

-OCH3

10’

3.4.1.1.2 Pharmacology

Compound STP14 only showed activities against various Gram-positive strains

as presented in Table 3.28 below. However, there were no activities against the
Gram-negative strains while the compound was not tested against the acid-fast

mycobacterial strains.

Table 3.28 Activities of compound STP14 against various strains of Gram-
positive, Gram-negative and acid-fast bacterial strains.

Gram-positive
bacteria strain

Activities Selectivity/Cytotoxicity
index

µg/mL µM

Staphylococcus

aureus

SA25923

(susceptible)

64 96.9 n.a.

XU212 (tetracycline-

resistant)

128 193.8 n.a.

SA1199B

(norfloxacin-

resistant)

64 96.9 n.a.

eMRSA-15

(methicillin-resistant)

32 96.9 n.a.

Bacillus subtilis

(susceptible strain)

128 387.7 n.a.
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3.4.1.2Compound STP15

3.4.1.2a Phytochemistry

Compound STP15 was an unknown compound and proposed as an isomer of

compound STP14. It is 4,4-(2R,3S)-2,3-dimethylbutane-1,4-diyl)bis-(2-
methyoxyphenol) and a yellowish oil isolated from the chloroform extract and

the yield was less than 1% (9 mg). The molecular formula was determined as

C20H26O4 and the molecular weight of the compound STP15 was calculated as

330.18 which corresponded to the m/z 353.1724 [M+Na]+ (Figure 3.125 HRMS

spectrum of STP15 showing peak ion at m/z 353.1724.. The 1H (Figure 3.119),
13C (Figure 3.120), HMQC (Figure 3.121 or Table 3.29), HMBC (Figure 3.122),
COSY (Figure 3.123) and NOESY (Figure 3.124 NOESY of STP15 in CDCl3.)

experiments were used to support the structure elucidation. The structure of

STP15 is shown in Figure 3.111 below:

The 1H NMR spectrum showed 3 deshielded hydrogens with signal at δ 6.52 (H-

3, H-3’), 6.79 (H-5, H-5’) and 6.59 ppm (H-6, H-6’). It also included an aliphatic

methylene δ 2.37, 2.52 (H2-7, H2-7’) and a methyl δ 0.83 ppm (H-9, H-9’), a

methoxy hydrogen with signal at δ 3.81 (H3-10, H3-10’) ppm as well as an

hydroxyl group.

The 13C NMR spectrum showed 10 carbons – 6 of them belonging to the phenyl

ring at δ 146.2 (C-1, C-1’), 143.5 (C-2, C-2’), 113.8 (C-3, C-3’) and 111.2 (C-6,

C-6’); a methylene carbon at signal δ 41,1 ppm (C-7, C-7’), a methane carbon

at δ 37.4 ppm (C-8, C-8’), 13.0 (C-1, C-1’) ppm, a methyl carbon at signal 13.9

ppm (C-9, C-9’) and another attributable to a methoxy with signal at δ 55.8 (C-

10, C-10).

The structure was further confirmed by FTIR and UVVIS spectral analyses.

The UVVIS spectrum showed 2 main peaks with maxima at 220 (889) and 275

(705.0) nm.



237

The FTIR spectrum showed that there was a broad band for O-H (3340 cm-1),

alkyl C-H stretching (3000 cm-1, 2935 cm-1 and 2940 cm-1-), C-H3 (2890 cm-1 and

2850 cm-1),C-O bend (1210 cm-1, 1290cm-1300cm-1) were also present.
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Figure 3.119 1H spectrum of STP15 in CDCl3 (500 MHz)
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Figure 3.120 13C spectrum of STP15 in CDCl3 (125 MHz)
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Figure 3.121 HMQC spectrum of STP15 in CDCl3
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Figure 3.122 HMBC spectrum of STP15 at in CDCl3
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Figure 3.123 COSY of STP15 in CDCl3
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Figure 3.124 NOESY of STP15 in CDCl3.
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Figure 3.125 HRMS spectrum of STP15 showing peak ion at m/z 353.1724.
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Table 3.29 1H (500 MHz) and 13C NMR (125 MHz) spectroscopic data of STP15
recorded in CDCl3

Carbon 13C Hydrogen 1H HMBC

2J 3J

C-1, C-1’ 146.2

C-2, C-2’ 143.5

C-3, C-3’ 113.8 H-3. H-3 6.52 (s) C-5, C-5’,

C-8, C-8’,

C-1, C-1’

C-4, C-4. 121.6 H-4, H-4’

C-5, C-5’ 111.2 H2-5, H2-5’ 6.79 (d), J

= 7.5 Hz

C-1, C-1’,

C-3, C-3’,

C-8, C-8’

C-6, C-6’ 133.6 H-6, H-6’ 6.59 (d), J

= 18.5 Hz

C-5, C-5’, C-

1, C-1’

C-1, C-1’, c-

2, C-2’

C-7, C-7’ 41.1 H2-7, H2-7’ 2.37 (dd),

J = 7.6Hz,

13.6 Hz,

21.1 Hz,

2.52 (dd),

J = 7.1

Hz,13.6

Hz, 20.6

Hz

C-8, C-8’, C-

4, C-4’

C-9, C-9’,

C-3, C-3’ C-

5, C-5’

C-8, C-8’ 37.4 H-8, H-8’ 1.74 (m) C-7, C-7’, C-

9, C-9’

C-4, c-4’
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C-9, C-9’ 13.9 H3-9, H3-9’ 0.83 (t) C-2, C-2’

C-10, C-

10’

-OCH3

56.8 H2-1’, H2-

1’

3.81 (s) C-2, C-2’

On the basis of the above data, STP15 isproposed as an isomer of STP14,4,4-

(2R,3S)-2,3-dimethylbutane-1,4-diyl)bis-(2-methyoxyphenol).

3.4.1.2.1 Pharmacology

Compound STP15 showed activities against Gram-positive, but not Gram-

negative as presented in Table 3.30 below. However, the compound was not

tested against acid-fast mycobacterial strains.

Table 3.30 Activities of compound STP15 against various Gram-positive,
Gram-negative and acid-fast mycobacterial strains.

Gram-positive
bacteria strain

Activities Selectivity/Cytotoxicity
index

µg/mL µM

Staphylococcus

aureus

SA25923

(susceptible)

32 96.9 n.a.

XU212 (tetracycline-

resistant)

512 1550.7 n.a.

SA1199B

(norfloxacin-

256 775.3 n.a.
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resistant)

eMRSA-15

(methicillin-resistant)

64 193.8 n.a.

Bacillus subtilis

(susceptible strain)

512 1881.7 n.a.

3.4.1.3 Compound STP16

3.4.1.3.1 Phytochemistry

STP16 is proposed as 4-(3-(3-hydroxyl-4-methjoxyphenyl)butan-2-yl)-2-
methoxyphenol and an unknown compound. It was a purplish solidl isolated

from the CHCl3 extract. The yield was less than 1% (1mg) the molecular formula

was determined as C21H24O5 and the molecular weight of the compound was

calculated as 356.16 which corresponded to the ESI-MS m/z 356.1 [M]+ (Figure
3.136). The 1H (Figure 3.127 and Figure 3.128), 13C (Figure 3.129),
3CDEPT90 (Figure 3.130), 3CDEPT135 (Figure 3.131), HMQC (Figure 3.132
and Table 3.31), HMBC (Figure 3.133), COSY (Figure 3.134) and NOESY

(Figure 3.135 NOESY showing the coupling between H-7 with H-8 (indicated by

arrow). Experiments were used for the structure elucidation. The structure of

the STP16 is shown in Figure 3.126 below.

The 1H NMR spectrum showed 24 hydrogens – 6 methine hydrogens at signal δ

6.53 (H-2’), 6.44 (H-4), 6.66 (H-5’), 4.08 (H-8’), .6.70 (H-3’), and 6.09 (H-6’) ppm.

2 methyl hydrogens with signal at δ1.07 (H-1’) and 1.76 (H-4’) ppm and 3

hydrogens belonging to methoxys with signal at δ 3.56 (H-7’’, 3.79 (H-9) and

3.90 (H-10) ppm.

The 13C NMR spectrum showed 21 carbons – 4 of them were quaternary

carbons at signal δ 126.4 (C-34a), 137.8 (C-8a),139.3 (C-6) and137.5 (C-1’), 7

methine carbons at δ 104.4 C-4), 121.1 (C-5), 42.3 (C-7), 44.0 (C-8), 121.1 (C-

2’), 114.0 (C-3’) and 110.3 (C-6’), 3 carbon attached to methoxys at signal
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δ56.0 (C-9), 56.3 (C-10), 60.8 (C-7’) and 2 carbons attached to an hydroxyl at

signal δ (C-2) and145.7 (C-5’), ppm; 2 methyl carbons signal at δ 22.5 (C-11)

and 19.1 (C-12) ppm; 3 methoxy carbons at δ 56.0 (C-9), 56.3 (C-10) and 60.8

(C-7’)ppm.

The 13C DEPT 90 spectrum showed 5 methine (C-4, C-5, C-8,C-2’, C-3’ and C-

6’) carbons while 13C DEPT135 spectrum showed, in addition to those in 13C

DEPT 90 spectrum, 3 methoxy (C-9, C-10, C-7’) carbons as well as C-11 and

C-12.

The structure is further confirmed by the coupling of each hydrogen to the 2nd or

3rd neighbouring carbons (HMBC) as shown in Table 3.31.

The stereochemistry was determined by using NOESY as shown in Figure
3.135 NOESY showing the coupling between H-7 with H-8 (indicated by arrow).

displaying the coupling of hydrogen H-7 with hydrogen H-8.

Additional confirmation on the structure of the compound was obtained using

the UV –visible and FT-IR spectroscopic techniques.

The UV-Visible spectrum showed the presence of peaks at maxima 212 nm

(2126), 230 nm (1329) and 285 nm (399).

The FT-IR spectrum was taken by dissolving it in methanol. There was a broad

band for O-H (3308 cm-1), alkyl C-H stretching (2820 cm-1, 2821cm-1 and 2932

cm-1), O-H bend (1455 cm-1) and C-O bend (1210 cm-1) present in the

compound.
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Figure 3.126 Structure of compound STP16
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Figure 3.127 1H spectrum of STP16 in CDCl3 (500 MHz)
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Figure 3.128 1H spectrum of STP16 (expanded) in CDCl3 (500 MHz)
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Figure 3.129 13C, spectrum of STP16 in CDCl3 (125 MHz)
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Figure 3.130 13CDEPT 90 spectrum of STP16 in CDCl3 (125 MHz)
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Figure 3.131 13CDEPT135 spectrum of STP16 in CDCl3 (125 MHz)
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Figure 3.132 HMQC spectrum of STP16 in CDCl3
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Figure 3.133 HMBC spectrum of STP16 in CDCl3
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Figure 3.134 COSY of STP16 in CDCl3
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Figure 3.135 NOESY showing the coupling between H-7 with H-8 (indicated by arrow).
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Figure 3.136 ESI-MS spectrum of STP16 showing peak ion at m/z 356.1.
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Table 3.31 1H (500 MHz) and 13C NMR (125 MHz) and HMBC spectroscopic
data of STP16 recorded in CDCl3

Carbon 13C Hydrogen 1H HMBC

2J 3J 4J

C-1 146.3

C-2

C-3 143.8

C-4 104.4 H-4 6.44 (s) C-3 C-5 C-6

C-4a 126.4

C-5 121.1 H-5 6.08 (s) C-4, C-7,

C-11

C-6 139.3

C-7 42.3 H-7 2.32

(dd), J =

7.0 Hz,

14.0 Hz,

20.5 Hz

C-

12

C-5

C-8 44.0 H-8 4.08 (s) C-7 C-12, C-6’

C-8a 137.8

C-9

-OCH3

56.0 H3-9 3.79 (s)
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C-10

-OCH3

56.3 H3-10 3.90 (s)

C-11 22.5 H3-11 1.76 (s) C-6 C-5, C-7

C-12 19.1 H3-12 1.07 (d), J =

7.5 Hz

C-6, C-8

C-1’ 137.5

C-2’’ 121.2 H-2’ 6.53 (dd), J

= 1.3 Hz

C-3’ C-4’, C-6’,

C-8’

C-3’’ 114.0 H-3’ 6.70 (d), J

=1.85 Hz

C-2’ C-1’, C-5’

C-4’’ 143.8

C-5’’ 145.7

C-6’’ 110.3 H-6’ 6.09 (s) C-8

C-7”

-OCH3

60.8 H3-7’ 3.70 (s) C-5’

Based on the above experimental data, STP16 is proposed as 4-(3-(3-
hydroxyl-4-methoxyphenyl)butan-2-yl)-2-methoxyphenol.

3.4.1.2.2 Pharmacology

The compound STP16 only showed activities against various Gram-positive and
acid-fast bacteria strains as presented in Table 3.32 below. There were no

activities against Gram-negative bacteria strains.



263

Table 3.32 Activities of compound STP16 against various strains of Gram-
positive, Gram-negative and acid-fast bacterial strains.

Gram-positive
bacteria strain

Activities Selectivity/Cytotoxicity
index

µg/mL µM

Staphylococcus

aureus

SA25923

(susceptible)

>32 >124.5 >1.95

XU212 (tetracycline-

resistant)

>32 >124.5 >1.95

SA1199B

(norfloxacin-

resistant)

>32 >124.5 >1.95

eMRSA-15

(methicillin-

resistant)

>32 >124.5 >1.95

Bacillus subtilis

(susceptible strain)

>32 >124.5 >1.95

Acid-fast bacteria Activities Selectivity/Cytotoxicity
index

µg/mL µM

Mycobacterium

smegmatis (fast

growing)

500 1951.9 0.12

Mycobacterium

bovis BCG (slow

growing)

15.62 61.0 4.0
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3.4.2 Horsfieldia grandis (Hk. f.) Warb.

Figure 3.137 Horsefieldia grandis (Hook f.) Warb (photo credit: S. Teo)

3.4.2.3 Compound STP17

3.4.2.3a Phytochemistry

Compound STP17 was a clerodane furano diterpene, (E)-3-methyl-5-(2R,*aR)-
1,2,4a,5-tetramethyl-7-oxo-1,2,3,4,7,4a,7,8,8a-octahydronaphthalen-1-
yl)pent-2-enoic acetic acid isolated from the CHCl3 extract as a pale yellow

solid and the yield was approximately 0.5% (1 mg). The molecular formula was

determined as C20H3203. The molecular weight molecular weight of the

compound was 320.2 which corresponded to an ion present in the HRMS at m/z

319.2276 [M-H]- The 1H (and Figure 3.140), 13C (Figure 3.141 and Figure
3.142) 13C DEPT90 (Figure 3.143), 13C DEPT135 (Figure 3.144), HMQC

(Figure 3.145 and Table 3.33), HMBC (Figure 3.146) and COSY (Figure 3.147
and Figure 3.148) experiments were used for the structure elucidation. . The

data were very similar to those of STP 19 but with the presence of a ketone and
the absence of a double bond in the side chain. The structure of the STP17 is

shown in Figure 3.138 below:
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The 1H and 13C NMR spectra of STP17 are depicted in Figure 3.162 and 3.163

respectively. The 1H NMR spectrum showed 30 hydrogens with 5 methyl groups

with equivalent hydrogens at δ 0.84 (H3-9), 0.88 (H3-10), 1.10 (H3-11,), 1.20

(H3-123) and 0.96 (H3-6’) ppm; 6 pairs of equivalent methylene hydrogens with

signals at δ 1.47, 1.49 (H2-3), 1.82, 1.84 (H-24), 1.29, 1.33 (H2-8), 1.13 (H2-1’)

1.19 (H2-2’), 2.21 (H2-4’) and 0.96 (H2-6’) ppm and 4 methine hydrogens at δ

1.80 (H-2), 5.76 (H-6), 1.39 (H-8a) and 1.82 (H-3’) ppm as well as an hydroxyl

group at δ 10.72 (H-24) ppm.

The 13C NMR spectrum displayed 15 carbons – 5 quaternary carbons at δ 32.2

(C-1), 39.8 (C-4a), 203.3 (C-7) and 175.2 (C-5’) ppm; 4 methine carbon signals

at δ 35.0 (C-2), 128.9 (C-6), 47.1 (C-8a) and 30.7 (C-3’) ppm; 5 methyl

carbons signal at δ 18.2 (C-9), 16.2 (C-10), 18.4 (C-11) and 19.2 (C-12) ppm; 5

carbons attached to methylenes δ 35.8 (C-3), 36.8 (C-4), 35.4 (C-8), 32.1 (C-),

28.9 (C-2’) and 41.1 (C-4’) ppm.

The 13CDEPT90 spectrum showed 4 methine signals at δ while the
13CDEPT135 spectrum displayed, in addition to the methines recorded in
13CDEPT90, 5 methylene carbons at δ 18. 8 (C-7), 19.3 (C-8), 36.7 (C-4), 39.8

(C-5) and 47.1 (C-9) ppm, 4 methine carbons at δ 20.4, 41.4, 125.9 (C-2) and

125.9 (C-3) ppm and 4 methyl carbons at δ 16.1 (C-11), 18.8 (C-7), 37.2 (C-13)

and 47.1 (C-9) ppm.

The structure was further confirmed by the coupling of each hydrogen to the 2nd

or 3rd neighbouring carbons (HMBC) as shown in Table 3.38.

Additional confirmation on the structure of the compound was further obtained

using the UV –visible and FT-IR spectroscopic techniques.

The UV-Visible spectrum showed a peak with maxima at 236 nm (67).
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The FT-IR spectrum was taken by dissolving it in methanol and gave a C=O

stretching for carboxylic acid (1700 cm-1) There was a broad band for O-H

(3321 cm-1), alkyl C-H stretching (2833 cm and 2944 cm-1), O-H bend (1449 cm-

1, 1547 cm-1) C-O stretch (1021 cm-1) and C-O bend (1205 cm-1, 1220cm-1)

present in the compound.

Figure 3.138 Structure of compound STP17
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Figure 3.139 1HNMR spectrum of STP17 in CDCl3 (500 MHz)
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Figure 3.140 1H NMR spectrum of STP17 in CDCl3 (500 MHz)
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Figure 3.141 13C NMR spectrum of STP17 in CDCl3 (125 MHz)
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Figure 3.142 13C NMR spectrum (expanded) of STP17 in CDCl3 (125 MHz)
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Figure 3.143 13CDEPT90 spectrum of STP17 in CDCl3 (125 MHz)
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Figure 3.144 13CDEPT135 spectrum of STP17 in CDCl3 (125 MHz)
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Figure 3.145 HMQC spectrum of STP17 at 500 MHz in CDCl3
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Figure 3.146 HMBC spectrum of STP17 at 500 MHz in CDCl3
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Figure 3.147 COSY NMR of STP17 at 500 MHz in CDCl3
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Figure 3.148 NOESY spectrum of STP17 at 500 MHz in CDCl3
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Figure 3.149 HRMS spectrum of STP17 showing peak ion at m/z 319.2276.
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Table 3.33 1H (500 MHz) and 13C NMR (125 MHz) spectroscopic data of
STP17recorded in CDCl3

Carbon 13C Hydrogen 1H HMBC

2J 3J 4J

C-1 32.2 C-2 C-5

C-2 35.0 H-2 1.80 (s) C-9

C-3 35.8 H2-3 1.47 (q),

1.49 (q)

C-10

C-4 36.8 H2-4 1.82 (t),

1.84 (t)

C-9

C-4a 39.8 C-9

C-5 173.1 C-8a

C-6 128.9 H-6 5.76 (s) C-5

C-7 203.3 C-4

C-8 35.4 H2-8 1.29 (d), J =

5.1 Hz, 1.33

(d), J = 5.1

Hz

C-8a 47.1 H-8a 1.39 (t) C-4

C-9 18.2 H3-9 0.84 (s) C10

C-10 16.2 H3-10 0.88 (d), J =

6 Hz

C-2

C-11 18.4 H3-11 1.10 (s)
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Carbon 13C Hydrogen 1H HMBC

2J 3J 4J

C-12 19.2 H3-12 1.20 (s)

C-1’ 32.1 H2-1’ 1.13 C-2’

C-2’ 28.9 H2-2’ 1.19

C-3’ 30.7 H-3’ 1.82 (m)

C-4’ 41.4 H2-4’ 2.21 (d), J =

6.0 Hz, 2.24

(d), J = 6.64

Hz

C-5’ 175.2

C-6’ 20.3 H3-6’ 0.96, J = 6.6

Hz

Therefore, from the evidence above, STP17 was the clerodane furano diterpene,
(E)-3-methyl-5-(2R,*aR)-1,2,4a,5-tetramethyl-7-oxo-1,2,3,4,7,4a,7,8,8a-

octahydronaphthalen-1-yl)pent-2-enoic acetic acid.

3.4.2.3.2 Pharmacology

Compound STP17 displayed activities only against the various Gram-positive

strains as presented in Table 3.34 below. However, there was no activities

shown against Gram-negative bacteria and was also not screened against the

acid-fast strains.
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Table 3.34 Activities of compound STP17against various Gram-positive, Gram-
negative and acid-fast bacterial strains.

Gram-positive
bacteria strain

Activities Selectivity/Cytotoxicity
index

µg/mL µM

Staphylococcus

aureus

SA25923

(susceptible)

32 99.9 n.a

XU212 (tetracycline-

resistant)

32 99.9 n.a

SA1199B

(norfloxacin-resistant)

32 99.9 n.a

eMRSA-15

(methicillin-resistant)

16 50.0 n.a

Bacillus subtilis

(susceptible strain)

32 99.9 n.a

3.4.2.2 Compound STP 18

3.4.2.2a Phytochemistry

Compound STP18 was a mixture ofditerpenes and the NMR data of the mixture

was highly similar to that of STP17 and suggested a further clerodane furan

diterpene. Tentatively (E)-3-methyl-5-(2R,8aR)-1-,2,4a,5-tetrmethyl-7-oxo-
1,2,3,4,4a,7,8,8a- octahydromaphthalen-1-yl)pente-2-enoic acid. was the

main diterpene and the mixture was isolated from the CHCl3 extract as a pale-

yellow oil and the yield was less than 1% (1 mg). The molecular formula was

determined as C20H32O3 and the molecular weight of the compound was

calculated as 320.2 which corresponded to the HRMS m/z321.2432 [M-H]-
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(Figure 3.161 HRMS spectrum of STP18 showing peak ion at m/z 321.2432

{M+H]+..).The 1H (Figure 3.151 and Figure 3.152), 13C (Figure 3.153 and

Figure 3.154), 13C DEPT90 (Figure 3.155), 13C DEPT135 (Figure 3.156),
HMQC (Figure 3.157 and Table 3.35), HMBC (Figure 3.158), COSY (Figure
3.159) and NOESY (Figure 3.160) experiments were used for the structure

elucidation. The structure of the STP18 is shown in Figure 3.150 below:

The 1H NMR spectrum showed 25 hydrogens with 4 methine hydrogens at δ

1.30 (H-2), 5.74 (H-6), 1.32 (H-8a) and 5.68 (H-4’) ppm, 5 pairs of methylene

hydrogens at δ 1.51, 1.57 (H2-3), 1.57, 1.72 (H2-4), 2.35, 2.40 (H2-8) ppm, 1.80

(H2-1’) and 1.88 (H2-2’); 5 sets of equivalent methyl hydrogens at δ 0.79 (H3-9) ,

0.81 (H3-10), 0.97 (H3-11), 2.07 (H3-12) and 1.92 (H3-6’) ppm.

The 13C NMR spectrum showed 20 carbons – 6 quaternary carbons including a

carbonyl carbon at signal δ 36.7 (C-1), 40.0 (C-4a), 176.7 (C-5), 200.0 (C-7),

18.0 (C-5’) and 163.4 (C-3’) ppm and further signals at δ 34.4 (C-2), 34.8, 4

methine carbons appearing at δ 36.4 (C-2), 128.8 (C-6), 41.4 (C-8a) and 172.6

(C-4’) ppm; 5 methyl carbons at δ 15.9 (C-9), 16.1 (C-10), 19.6 (C-11),36.4 (C-

12) and 36.7 C-6’) ppm and 5 methylene carbons at δ 27.0 (C-3), 37.0 (C-4),

35.4 (C-8), 36.7 (C-1’) and 35.8 (C-2’) ppm.

The 13C DEPT90 spectrum showed 4 methines 34.4 (C-3), 41.4 (C-8a), 128.8

(C-6) and 172.6 (C-4’) ppm while the 13C DEPT135 spectrum showed 5 methyl

carbons at δ 15.9 (C-9), 16.1 (C-10), 19.6 (C-11),36.4 (C-12) and 36.7 C-6’)

ppm, methylene carbons at δ 27.0 (C-3), 37.0 (C-4), 35.4 (C-8), 36.7 (C-1’) and

35.8 (C-2’) pap in addition to the methine carbons listed in 13CDEPT90

spectrum.

STP18 is an E-isomer as there is coupling between H-2’ and CH2-4’ in the

NOESY as shown in Figure 3.173.
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The structure was further confirmed by the coupling of each proton to the 2nd or

3rd neighbouring carbons (HMBC) as shown in Table 3.36.

Further confirmation on the structure of the compound was obtained using the

UV–visible and FT-IR spectroscopic techniques.

The UV-Visible spectrum showed the presence of a peak at maxima 190nm

(108) and 235 nm (48).

The FT-IR spectrum was taken by dissolving it in methanol and gave a C=O

stretch band for carboxylic acid (1690 cm-1). There was a broad band for O-H

(3303 cm-1), alkyl C-H stretching (2881 cm-1 and 2943 cm-1), O-H bend (1400

cm-1, 1448 cm-1), C-O stretching (1022 cm-1) and C-O bend (1210 cm-1, 1221

cm-1) were also present in the spectrum. Based on the similarity of the data with

that of STP 19, the major component of STP 18 was assigned as (E)-3-methyl-
5-(2R,8aR)-1-,2,4a,5-tetrmethyl-7-oxo-1,2,3,4,4a,7,8,8a-
octahydromaphthalen-1-yl)pente-2-enoic acid.

Figure 3.150 Structure of compound STP18
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Figure 3.151 1H NMR spectrum of STP18 in CDCl3 (500 MHz)
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Figure 3.152 1H NMR spectrum of STP18 in CDCl3 (500 MHz)
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Figure 3.153 13C NMR spectrum of STP18 in CDCl3 (125 MHz)
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Figure 3.154 13C NMR spectrum (expanded) of STP18 in CDCl3 (125 MHz)
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Figure 3.155 13C DEPT90 spectrum of STP18 in CDCl3 (125 MHz)
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Figure 3.156 13CDEPT135 spectrum of STP18 in CDCl3 (125 MHz)
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Figure 3.157 HMQC spectrum of STP18 in CDCl3
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Figure 3.158 HMBC spectrum of STP18 in CDCl3
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Figure 3.159 COSY of STP18 in CDCl3
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Figure 3.160 NOESY of STP18 in CDCl3



293

Figure 3.161 HRMS spectrum of STP18 showing peak ion at m/z 321.2432 {M+H]+.
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Table 3.35 1H (500 MHz) and 13C NMR(125 MHz) spectroscopic data of STP18
recorded in CDCl3

Carbon 13C Hydogen 1H HMBC

2J 3J 4J

C-1 36.7 C-9 C-5

C-2 36.4 H-2 1.30

(m)

C-9

C-3 27.0 H2-3 1.57,

1.51

C-9

C-4 37.0 H2-4 1.67,

1.72

C-9

C-4a 40.0 C-8a C-6

C-5 176.7 C-6, C-

12

C-6 128.8 H-6 5.74 C-8

C-7 200.0 C-8

C-8 35.4 H2-8 2.35,

2.40

C-6

C-8a 41.4 H-8a 1.32 C-11 C-10

C-9 15.9 H3-9 0.79

C-10 16.1 H3-10 0.81 C-9

C-11 19.6 H3-11 0.97 (s) C-5, C-

8a

C-6
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C-12 36.4 H3-12 (s) 2.07 C-6 C-8a

C-1’ 36.75 H2-1’ 1.88 C-8a

C-2’ 35.8 H2-2’ 1.80 C-9

C-3’ 163.4

C-4’ 172.6 H-4’ 5.68

(d), J =

1.5Hz

C-5’ 18.0

C-6’ 36.7 H3-6’ 1.87 (q) C-1’

3.4.2.2.2 Pharmacology

The activities of the compound STP18 against various Gram-positive and acid-

fast mycobacteria strains are presented in Table 3.36 below. However, the

compound did not show activities against Gram-negative bacteria strains.

Table 3.36 Activities of compound STP18 against various Gram-positive, Gram-
negative and acid-fast bacterial strains.

Gram-positive
bacteria strain

Activities Selectivity/Cytotoxicity
index

µg/mL µM

Staphylococcus

aureus

SA25923

(susceptible)

32 104.5 1.95

XU212 (tetracycline- 32 104.5 1.95
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resistant)

SA1199B

(norfloxacin-resistant)

16 52.2 3.91

eMRSA-15

(methicillin-resistant)

16 52.2 3.91

Bacillus subtilis

(susceptible strain)

32 104.5 1.95

Acid-fast bacteria Activities Selectivity/Cytotoxicity
index

µg/mL µM

Mycobacterium

smegmatis (fast

growing)

>500 >1632.9 <0.125

Mycobacterium bovis

BCG (slow growing)

7.81 25.5 8.0

3.4.2.1 Compound STP 19
3.4.2.1.1 Phytochemistry

Compound STP19 was a mixture of diterpenes but the main compound was

(E)-3-methyl-5-(2S,8aS)-1,2,4a,5-tetramethyl-1,2,4,4a,7,8,8a-
octahydronaphthalen-yl) pent-2-enoic acid and a pale pinkish oil isolated

from the CHCl3 extract and the yield was less than 5% (5 mg). The molecular

formula was determined as C20H32O2 and the molecular weight of the compound

was 304.2 Da, which corresponded to an ion in the HRMS at m/z 303.2267 [M-

H]- (Figure 3.174). The 1H (Figure 3.163 and Figure 3.164), 13C (Figure 3.165),
13C DEPT90 (Figure 3.166), 13C DEPT135 (Figure 3.167), HMQC (Figure
3.168 and Table 3.37), HMBC (Figure 3.170), COSY (Figure 3.171) and

NOESY Figure 3.173 experiments were used for the structure elucidation. The

structure of the STP19 is shown in Figure 3.162.
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The 1H NMR spectrum recorded 32 hydrogens – 4 methine hydrogens at δ36.5

(H-2), 120.7 (H-6), 1.8, 1.9 (C-8a) and 120.7 (H-4’) ppm, 6 methylene

hydrogens at, δ 1.66, 1.72 (H2-3), 2.33, 2.34 (H2-4), 2.37, 2.34 (H2-7), 1.82, 1.86

(H2-8), 1.17 (H-1’) and 1.32 (H-2’) ppm, 5 methyl hydrogens at δ0.77 (H3-9),

0.98 (H3-10), 1.59 (H3-11), 0.70 (H3-12), 2.16 (H3-6’) and 1.98 (H3-7’).

The 13C NMR spectrum showed 20 carbons typical of a clerodane diterpene – 5

quaternary carbons including a carbonyl carbon at δ 164.8 ppm,4 methines at δ

38.7 (C-1), 38.7 (C-4a), 144.0 (C-5), 144.7 (C-3’) and 165.0 (C-5’) ppm; 6

methyl carbons at δ 16.1 (C-9), 19.2 (C-10), 18.5 (C-11), 15.7 (H-12),20.1 (C-6’)

and 19.7 (C-7’), 6 methylene carbons at 27.7 (C-3), 37.0 (C-4), 27.0 (C-7), 19.7

(C-8), 36.8 (C-1’) and 27.1 (C-1’).

The structure was further confirmed by the coupling of each hydrogen to the 2nd

or 3rd neighbouring carbons (HMBC) as shown in Table 3.33

STP19is an E-isomer as there is coupling between H-2’ and CH2-4’ in the

NOESY as shown in Figure 3.173.

Additional confirmation on the structure of the compound was obtained using

the UV –visible and FT-IR spectroscopic techniques.

The UV-Visible spectrum showed the presence of conjugation of a C=C double

bond and a carbonyl double bond at maxima of 205nm (577) and 220 nm (499).

The FT-IR spectrum was taken by dissolving it in methanol and the spectrum

showed a band attributable to C=O stretching for a carboxylic acid (1736 cm-1)

moiety. There was a broad band for O-H (3345 cm-1), alkyl C-H stretching (2830

cm and 2937 cm-1), O-H bend (910 cm-1, 940 cm-1, 1400 cm-1 and1440 cm-1)

and C-O bend (1210 cm-1, 1221 cm-1) also present in the spectrum.
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Figure 3.162 Structure of compound STP19
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Figure 3.163 1H spectrum of STP19 in CDCl3 (500 MHz)
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Figure 3.164 1H spectrum (expanded) of STP19 in CDCl3 (500 MHz)
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Figure 3.165 13C spectrum of STP19 in CDCl3 (125 MHz)
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Figure 3.166 13CDEPT90 spectrum of STP19 in CDCl3 (125 MHz)



303

Figure 3.167 135CDEPT spectrum of STP19 in CDCl3 (125 MHz)
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Figure 3.168 HMQC spectrum of STP19 in CDCl3
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Figure 3.169 HMQC spectrum (expanded) of STP19 in CDCl3
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Figure 3.170 HMBC spectrum of STP19 in CDCl3
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Figure 3.171 COSY of STP19 in CDCl3
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Figure 3.172 COSY NMR (expanded) of STP19 at 500 MHz in CDCl3
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Figure 3.173 NOESY of STP19 at 500 MHz in CDCl3 indicating the coupling between H-6’ and H-7’
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Figure 3.174 HRMS spectrum of STP19 showing peak ion at m/z 303.2267 [M-H]-.
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Table 3.37 1H (500 MHz) and 13C NMR (125 MHz) spectroscopic data of STP19
recorded in CDCl3

Carbon 13C Hydrogen 1H

C-1 38.7

C-2 36.5 H-2 1.34 (m)

C-3 27.7 H2-3 1.72 (q), 1.66 (q)

C-4 37.0 H2-4 2.33 (t), 2.34 (t)

C-4a 38.7

C-5 144.0

C-6 120.7 H-6 5.68 (t)

C-7 27.0 H2-7 2.11 (q), 2.01 (q)

C-8 19.7 H2-8 1.8 (q), 1.86 (q)

C-8a 46.6 H-8a 1.17 (t)

C-9 16.1 H3-9 0.77 (q)

C-10 18..2 H3-10 0.73 (s)

C-11 18.5 H3-11 1.58 (s)

C-12 15.7 H3-12 0.70 (s)

C-1’ 36.8 H2-1’ 1.17 (t)

C-2’ 27.1 H2-2’ 1.32 9t)

C-3’ 144.7
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C-4’ 120.7 H-4’ 5.18 9s)

C-5’ 165.0

C-6’ 20.1 H3-6’ 2.16 (s)

C-7’ 19.7 H3-7’ 1.98 (s)

Based on the above data, STP19 was assigned as (E)-3-methyl-5-(2S,8aS)-

1,2,4a,5-tetramethyl-1,2,4,4a,7,8,8a-octahydronaphthalen-yl) pent-2-enoic

acid and s a new compound and so far the first time isolated from the genus

Horsfieldia or the family Myristicaceae.

3.4.2.1.2 Pharmacology

Compound STP19 showed activities against Gram-positive and acid-fast

mycobacteria strains only as presented in Table 3.38 below. However, there

were no activities against Gram-negative bacteria.

Table 3.38 Activities of compound STP19 against various strains of Gram-
positive, Gram-negative and acid-fast strains.

Gram-positive
bacteria strain

Activities Selectivity/Cytotoxicity
index

µg/mL µM

Staphylococcus

aureus

SA25923

(susceptible)

8 25.2 15.6

XU212 (tetracycline-

resistant)

8 25.2 15.6

SA1199B

(norfloxacin-

4 12.6 31.25
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resistant)

eMRSA-15

(methicillin-resistant)

8 25.2 15.6

Bacillus subtilis

(susceptible strain)

4 12.6 31.25

Acid-fast bacteria Activities Selectivity/Cytotoxicity
index

µg/mL µM

Mycobacterium

smegmatis (fast

growing)

>500 >1576.4 <0.25

Mycobacterium bovis

BCG (slow growing)

3.91 12.3 32.0

3.5 Rubiaceae

3.5.1 Gardenia costulata Ridl.

Figure 3.175 Gardenia costulata Ridl. (photo credit: S.Teo)
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3.5.11 Compound STP 20

3.5.1.1a Phytochemistry

Compound STP20 is proposed as a known coumarin (scopoletin) and a pale
yellow solid isolated from the chloroform extract and the yield was 8% (5mg).

The molecular formula was determined as C10H8O4 and the molecular weight of

the compound is calculated as an ion of m/z 192.16 which corresponded to the

ESI-MS m/z 224.0 [M+OH]- (Figure 3.179). The 1H (

Figure 3.177), 13C (Figure 3.178) and Table 3.180), HMQC, HMBC (Table
3.39 1H (500 MHz) and 13C NMR (125 MHz) spectroscopic data and 1H13C

Long-Range correlations of STP20 recorded in CDCl3) and COSY experiments

were used for the structure elucidation. The structure of the STP20 is shown in

Figure 3.176.

Figure 3.176 Structure of compound STP20

The 1H NMR spectrum displayed a pair of olefinic doublet hydrogens at δ 6.30

(H-3) and 7.59 (H-4) ppm and two aromatic singlet hydrogens at δ 6.92 (H-5)

and 6.84 (H-8) ppm as well as a pair hydrogen belonging to methoxys at signal

at δ 3.90 (H3-9, H3-10) appearing as a singlet peak.

The 13C NMR spectrum showed 11 carbons – a carbonyl at signal δ 160.0 (C-2)

ppm, 4 quaternary carbons 113.7 (C-4a), 111.7 (C-8a), 150.4 (C-6), 113.6 C-7)

appearing at δ 113.7, 111.7, 113.7, 150.4 ppm respectively, 4 olefinic methine

carbons 107.6, 143.9, 144.1, 149.6 ppm (C-3, C-4, C-5 and C-8) and 2

methoxyl carbons, C-7 and C-8 shared the same signal at δ 56.6 ppm

respectively.
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Figure 3.177 1H NMR spectrum of STP20 in CDCl3 (500 MHz)

Figure 3.178 13C spectrum of STP20 in CDCl3 (125 MHz)
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Figure 3.179 ESI-MS spectrum of STP20 showing peak ion at m/z 224.0 (as
indicated by arrow)

Table 3.39 1H (500 MHz) and 13C NMR (125 MHz) spectroscopic data and
1H13C Long-Range correlations of STP20 recorded in CDCl3

Carbon 13C Hydrogen 1H Darmawan et al.
(2012)

(400 MHz in
acetone-d)

13C 1H

C-2 160.0

(weak

signal)

160.8

C-3 107.6 6.30 (d), J

= 9.5 Hz

H-3 113.3 6.25,

(d), J=
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Carbon 13C Hydrogen 1H Darmawan et al.
(2012)

(400 MHz in
acetone-d)

13C 1H

9.5 Hz

C-4 144.1 7.59 (d), J

= 9.5 Hz

H-4 144.7 7.84

(d), J=

9.5 Hz

C-4a 113.7

(weak

signal)

112.1

C-5 113.0 6.92 (s) H-5 109.9 6.87

(s),

C-6 143.9 146.0

C-7 149.9 151.9

C-8 113.6 6.84 (s) H-8 103.7 6.86

(s)

C-8a 150.4 151.2

C-9 -OCH3 56.6 3.96 H3-9, H3-10 56.7 3.87

(s).

Based on ta comparision between the experimental data and the data from

literature review (Wu et al, 2012), STP20 is proposed as scopoletin.
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3.5.1.1.2 Pharmacology

Compound STP20 was not screened for activities against Gram-positive, Gram-
negative bacteria as well as acid-fast bacteria.

3.5.1.2 Compound STP 21

3.5.1.2a Phytochemistry

Compound STP21 is proposed as 2,6-dimethoxycyclohexa-2,5-diene-1,4-
dione and a known compound. It is a pale yellow solid isolated from the CHCl3
extract and the yield was approximately 2% (5 mg). The molecular formula was

determined as C8H8O4 and the molecular weight of the compound was

calculated as an ion of m/z 168.04 which corresponded to the ESI MS m/z169.0

[M+]+,13C (Figure 3.183), 13C DEPT 90 and 3C DEPT135 (Figure 3.184), HMQC
(Table 3.40), HMBC and COSY experiments were used for the structure

elucidation. The structure of the STP21 is shown inFigure 3.180.

STP21 is a symmetrical and a dimer compound as shown by for example, the

CH (C-5) coupled with C-3 (Figure 3.181). Each side along the C-1-C-4 axis,

therefore, shared the same chemical shifts for all carbons and hydrogens. As

the compound is symmetrical, the carbon C-1, coupled with C-6 while C-3

coupled with C-5 as shown in Figure 3.181

The 1H NMR spectrum showed signals at δ5.86 (H-3, H-5) that corresponded to

an olefinic hydrogen and another signal at δ3.82 (H-7, H-8) that indicated 3

equivalent hydrogens of the methoxy group as a single peak in the same

environment as there were no neighbouring hydrogens.

The 13C NMR spectrum showed 5 carbons including 2 carbonyl carbons signals

at δ176.9 (C-1) ppm and 187.0 (C-4) ppm, another olefinic carbon attached to a

double bond with signal at δ107.6 (C-3, C-5) ppm while the other carbon was

attached to both the double bond and methoxy with signal at δ157.5 (C-2, C-6).

A further carbon was attached to the methoxy with signal at δ56.7 (C-7) ppm.
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Figure 3.180 Structure of compound STP21

Figure 3.181 Coupling between CH (C-5) to the carbon (C-3) of itself indicating
a symmetrical compound.

The 13CDEPT 90 spectrum showed the lone methine peak at δ 107.6 ppm while
13CDEPT135 spectrum showed the methoxy carbon attached to C-2 at δ 56.7

ppm apart from the methine peak in 13CDEPT 90.

Additional confirmation on the structure of the compound was obtained using

the UV–Visible and FT-IR spectroscopic techniques.

The UV-Visible spectrum shows the presence of a peak with maxima at 217 nm

(8) and 262 nm (7).
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The FT-IR spectrum was taken by dissolving it in methanol and gave a C=O

stretching for carboxylic acid (1690 cm-1) There was a broad band for O-H

(3299 cm-1), alkyl C-H stretching (2833 cm and 2944 cm-1), O-H bend (1449 cm-

1, 1547 cm-1) and C-O bend (1210 cm-1, 1221 cm-1) present in the compound.
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Figure 3.182 1H NMR spectrum of STP21 in CDCl3 (500 MHz)
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Figure 3.183 13C spectrum of STP21 in CDCl3 (125 MHz)



323

Figure 3.184 13CDEPT90 (left) and 13CDEPT135 (right) spectra of STP21 in CDCl3 (125 MHz)
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Table 3.40 1H (500 MHz) and 13C NMR (125 MHz) spectroscopic data of STP21
recorded in CDCl3

Carbon 13C NMR Hydrogen 1H NMR Chang et al. (2000)

In CDCl3(400 MHz)

1H NMR

C-1 176.9

C-2, C-6 157.5

C-3, C-5 107.6 H-3, H-5 5.86 (s) 5.84 (s)

C-4 187.0

C-7-

OCH3,

C-8

OCH3

56.7 H3-7, H-8 3.82 (s) 3.80 (s)

Based on literature search. STP21 is proposed as a known compound,2,6-
dimethocyclohexa-2,5-diene-dione.

3.5.1.2.2 Pharmacology

Compound STP21 showed activities only against various Gram-positive strains

and are presented in Table 3.41 below. However, there were no activities

against all the Gram-negative bacteria and mycobacterial strains.
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Table 3.41 Activities of compound STP21 against various Gram-positive.

Gram-positive
bacteria strain

Activities Selectivity/Cytotoxicity
index

µg/mL µM

Staphylococcus

aureus

SA25923

(susceptible)

128 876.6 0.97

XU212 (tetracycline-

resistant)

64 438.3 1.95

SA1199B

(norfloxacin-resistant)

64 438.3 1.95

eMRSA-15

(methicillin-resistant)

64 438.3 1.95

Bacillus subtilis

(susceptible strain)

128 876.6 0.97
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Chapter 4

ASSESSMENT OF MECHANISMS OF
ANTIBACTERIAL ACTION AND
EVALUATION OF DRUGLIKENESS OF
ISOLATED COMPOUNDS

4.1 Introduction

There are various mechanisms (intrinsic or acquired including by transmission)

by which bacteria develop resistance to antibiotics as discussed in Chapter 1

(Section 1.1). Among the mechanisms of action investigated in this study were

bacterial efflux pump, inhibition of biofim formation and bacterial conjugation

(Nikaido, 2009). These mechanisms of antimicrobial resistance were selected

because of the significant role they play in the development of bacterial

antibiotic resistance and because useful drugs to inhibit such mechanisms are

in demand (Nikaido, 2009). Due to the alarming nature of the problem of

antibiotic resistance, inhibitors for the three mechanisms can provide new

classes of antibacterials. Apart from that, inhibiting such multiple mechanisms

will also less likely lead to the development of resistance in bacteria.

Besides determining these mechanisms of action and in order for a compound

to be druglikeness, they need to follow the Lipinski’s rule of five which was

therefore used to evaluate the isolated compounds.

4.1.1 Efflux pumps and antibiotic resistance in bacteria

Efflux pumps can result in antibiotic resistance since they can expel many

clinical antibiotics from the cytoplasm to the exterior of the bacterial cell. Efflux
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pumps can extrude a great selection of substrates that encompass

phytochemicals, signals for quorum sensing or other metabolites produced by

bacteria and heavy metals, not to mention almost every class of antibiotics,

(Weber and Piddock, 2003).

Aside from their non-clinical functions, multidrug efflux pumps gave rise to

intrinsic, acquired, and phenotypic resistance of pathogenic bacteria (Blanco et

al., 2006). Over-expression of multidrug efflux pumps have been increasingly

found to be associated with clinical drug resistance in bacteria (Blanco et al.,

2006).

For prokaryotic organisms, Webber and Piddock (2003), noted five families of

efflux pumps. Among them are the transporter MF (major facilitator), MATE

(multidrug and toxic efflux), RND (resistance-nodulation-division), SMR (small

multidrug resistance) and ABC (ATP binding cassette) (Anon., 2013) as shown

in Figure 4.1 below. Among these transporter superfamilies, the MFS

transporters and ABC transporters are the two largest and most functionally

diverse.

Figure 4.1 The five main types of efflux pumps found in bacteria –MF, MATE,
RND, SMR and ABC (modified from Anon., 2013).
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Proton motive force is the source of energy for all of the family systems with the

exception of the ABC family, which makes use of ATP hydrolysis to aid in the

export of substrates (Weber and Piddock, 2003).

4.1.2 Inhibition of biofim assay and antibiotic resistance

Inhibition of biofim assay occurs in all species of bacteria - Gram-positive,

Gram-negative and acid-fast bacteria. Inhibition of biofim assay can be

described in four stages as shown in Figure 4.2 - (i) the single free planktonic

cells reversibly attach to a living or non-living surface; (ii) the cells begin

multiplying and adhere permanently to the suitable surface to form three-

dimension microcolonies; (iii) the cells grow and mature from micro colonies into

clumps of multi-layered sessile cells and start to synthesize extracellular

polymeric substances (EPSs) which are polymers that form the main

component of biofilm and embed in the matrix; and (iv) free planktonic cells

within the biofilm break off to disperse and to form another biofilms (Alav et al.,

2018).

Figure 4.2 The 4 stages of Inhibition of biofim assay (modified from Alav et al.,
2018)

Quorum sensing regulates gene expression as a response to changes in cell-

population density. These processes include expression of gene regulation,

chemotaxis, symbiosis, virulence, competence, conjugation, antibiotic

production, motility, sporulation, and Inhibition of biofim assay (Miller and

Bassler, 2001). Recent progress in the field point to cell-cell communication via
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autoinducer chemicals which are produced and released by bacteria (Bhaarti

and Chatterii, 2013) that occurs both within and between bacterial species

(Miller and Bassler, 2001). A threshold concentration of autoinducer is required

to detect and respond to this signal which changes their gene expression in the

bacteria (Bhaarti and Chatterii, 2013).

Generally, Gram-negative bacteria are known to produce acylated homoserine

lactones (AHL) as autoinducers and Gram-positive bacteria use processed

oligo-peptides to communicate (Miller and Bassler, 2001) while acid-fast

bacteria use ligand as autoinducer (Bhaarti and Chatterii, 2013). On the other

hand, mycobacteria often make use of a 2-component signal transduction

system- both a primary system which is extracellular and the intracellular

secondary (such as cAMP, cGMP, ppGpp, c-di-AMP or c-di-GMP) messengers

or autoinducers for their quorum sensing (Bharati and Chatterji, 2013). Both

Gram-positive, Gram-negative bacteria as well as acid-fast bacteria (Geier et al.,

2008) may also use the universal autoinducer 2 or furanosyl borate diester as

an autoinducer (Cao and Meighen, 1989).

Bacterial infections that involve independent planktonic bacteria can generally

be treated with antibiotics but in a situation where the bacteria have formed a

biofilm within the human host, the infection is often difficult to treat and can

become chronic. The important features of chronic biofilm-based infections are

that they are highly resistant to antibiotics and other conventional antimicrobial

agents and have an extreme ability to evade the immune systems in the host

(Bjarnsholt, 2013).

Biofilms can also cause infections of clinical importance such as pneumonia in

cystic fibrosis patients, chronic wounds, chronic otitis media and implant- and

catheter-associated infections which affect millions of people including in the

developed world annually resulting in many deaths as a consequence

(Bjarnsholt, 2013).

https://www.researchgate.net/profile/Binod_Bharati2
https://www.researchgate.net/scientific-contributions/38278446_Dipankar_Chatterji
https://en.wikipedia.org/wiki/Autoinducer
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Bacterial biofilms can usually be pathogenic in nature and can result in

nosocomial infections and it was demonstrated that 65% of microbial infections

while 80% of chronic infections are associated with Inhibition of biofim assay

(Muhsin et al., 2018).

4.1.3 Bacterial conjugation and transmission of antibiotic resistance

Conjugation mostly occurs in Gram-positive and Gram-negative bacteria but

very rarely can occur in mycobacteria.

Conjugation involves plasmids which are small and circular extrachromosomal

DNA fragments that also replicate separately from the bacterial chromosome

(Madigan et al., 2012). Plasmids carry genes associated with specialized

functions such as drug resistance and may also encode genes that mediate

their transfer from one organism to another but not all plasmid are capable of

conjugative transfer (Madigan et al., 2018).

The F plasmid, also called the ‘fertility factor’ is the donor (sex pilus) to bacterial

cells and is referred to as F+ (male) while those without the F plasmid are

known as F- (female). This is illustrated in Figure 4.3.

Specific conjugation inhibitors (COINs) are of particular interest in combating

the problem of antibiotic resistance. Compounds discovered as COINs are

potential drug candidates in the fight against plasmid transfer (Cabezon et al.,

2017) and consequently antibiotic resistance.

Emphasis has been placed on amphiphilic compounds such as unsaturated

fatty acid derivatives, as they have been shown to prevent plasmid conjugation

in bacterial populations which will be a new source in the search for new

classes of effective inhibitors. (Cabezon et al., 2017).
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Figure 4.3 Mechanism of bacterial conjugation (modified from Madigan et al.,
2012).
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4.1.4 Lipinski’s rule of five and druglikeness

Lipinski’s rule of five or Pfizer’s rule of five is used to assess druglikeness of

bioactive compounds. It is a rule of thumb used before preclinical trial which

requires that in order for a drug to be druggable for oral bioavailability, it must

not violate more than one of the four rules stipulated (Lipinski et al., 2001).

The rule stipulated that poor permeability of a compound (passive absorption) is

more likely if the compound violate two or more of the conditions. The rule of 5

is useful in looking for molecular characteristics important for a drug's

bioavailability (pharmacokinetics and pharmacodynamics) in the human body:

absorption, distribution, metabolism, and excretion ("ADME"). Due to the rule

simplicity it became an efficient tool in the drug design process. Candidate

drugs that follow the rule tend to have a higher chance of success in reaching

the market. However, natural products are not Included in the rule although

some of them do follow the rule.

4.2 Aim and objectives

The aim of this chapter is to investigate the mode(s) of action of the bioactive

compounds and assess their drug-likeness. Among the objectives are (i) to

determine growth inhibitory properties and/or killing efficacy of the compounds

9ii) assay their ability to inhibit bacterial whole-cell drug efflux and biofilm

formation (iii)apply Lipinski’s rule of 5 to determine drug-likeness of the

bioactive compounds.

4.3 Experimental Methods

4.3.1 Accumulation and Inhibition of biofim assays

15 samples (14 compounds and a chloroform extract) were screened in the

accumulation assay (for efflux pumps) and Inhibition of biofim assay based

solely on the availability of the compounds.



333

The whole cell phenotypic assays were employed in the form of accumulation

and biofilms as presented in Chapter 2 (Section 2.13 and 2.14). Efflux pump

mechanism and Inhibition of biofim assay are two intrinsic resistance

mechanisms associated with antimicrobial resistance.

4.3.1.1 Choice of controls

Verapamil (MIC - 200 µg/mL) and chlorpromazine (MIC –25 µg/mL) are broad-

spectrum efflux pump inhibitors (EFIs) (Coelho et al., 2015). They were selected

to be used as controls for all the accumulation assay experiments together with

a drug free control (cells only) as described in Chapter 2 (Section 2.13).

4.3.1.2 Choice of organism:

The isolated compounds were tested in the accumulation and biofilm assay

using Mycobacterium smegmatis mc2 15 strain for the following reasons:

i. it is a relatively fast-growing strain and,

ii. all of the main families of efflux pumps are found in this

Mycobacterium strain.

4.3.2 Bacterial conjugation assay

An amphiphilic compound (STP6) with an MIC activity of less than 64 µg/mL

against E. coli was used in the conjugation assay since amphiphilic compounds

are known to inhibit bacterial conjugation. This is to ensure that the compound

does not kill the bacterial cells but inhibit the conjugation assay.

The procedure used for the accumulation, Inhibition of biofim assay and

conjugation assays were already discussed in Chapter 2 (Section 2.13, 2.14

and 2.15).
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4.3.3c Lipinski’s rule of five

In order to assess whether the compounds conform to the Lipinksi’s rule of five,

the number of hydrogen bond acceptors and donors was obtained from the

compound structures. The coefficient of partition for ocanol and water (Log P

value) was calculated using the Marvinsketch software (Anon., 2018).

4.4 Results and discussion

4.4.1 Inhibition of bacterial efflux pump by the isolated bioactive
compounds

Experiments were carried out to determine the inhibitory effect on the efflux

pumps by the isolated compounds. An accumulation of ethidium bromide (EtBr)

indicated that the compound tested had an inhibitory effect on the efflux pump.

EtBr was used in this study as its accumulation inside the cells can be detected

due to its fluorescence which was also greatly enhanced when it bound to DNA.

Besides, it enters the cell by means of passive transport and leaves the cell by

active transport i.e. through the efflux pumps.

The majority of the compounds tested showed inhibitory activity on the efflux

pumps of M. smegmatis in the accumulation assay. The results are displayed

as graphs in Figure 4.4.

STP17 was found to accumulate a higher amount of ethidium bromide (EtBr)

than the two known and described efflux pump inhibitors (EPIs) used as control:

chlorpromazine and verapamil. Diterpenes are known EPIs for Staphylococcus

aureus (Starvi et al., 2007). For instance, dolastane diterpenes isolated from the

seaweed, Canistrocarpus cervicornis, displayed no antibacterial activity in

Staphylococcus aureus, but was able to modulate the activity, decreasing the

MIC of antibiotics by 4–256 fold (de Figueiredo, 2018) while the phenolic

diterpene totarol was able to inhibit the growth of Staphylococcus aureus and at

https://www.tandfonline.com/author/de+Figueiredo%2C+Camilla+Silva
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the same time modulate the activity at below the MIC value (Smith et al., 2007).

However, STP19 is probably the first time a diterpene was shown to have

inhibitory effect on efflux pumps in a Mycobacterium strain.

STP1, STP6, STP7, STP8 and STP16 gave relatively high inhibition of

accumulation assay, comparable to the known EPIs (control), verapamil and

chlorpromazine.

STP1 is a coumarin and coumarins are known to be inhibitor of efflux pumps.

Seven coumarins isolated from Mesua ferrea were shown to be able to

modulate the activities of the clinical strain of Staphylococcus aureus (SA1199B)

with an overexpressison of NorA from >2 - >16 times when compared with the

activity of the wild type (Roy et al., 2013).

STP 6 is an alkyl benzoic acid and is an amphiphilic compound meaning that

the compound as shown in Figure 4.4 displays both polar and non-polar

characteristics. The aromatic end is polar due to the presence of hydroxyl and

carboxylic groups while the other end is non-polar because of the alkyl chain.

This is enhanced by the presence of a double bond in the chain. Amphiphilic

compounds such as fatty acids are known inhibitor of bacterial efflux pumps.

STP7 and STP8 are styryllactones isolated from Goniothalamus longistipetes.

Styryllactones are known from the families Annonaceae, Lauraceae and

Piperaceae and are biologically active against bacteria and cancer cell lines.

This is the first report of the inhibitory activity on bacterial efflux pumps shown

by styryllactones in a Mycobacterium species.

STP4, STP5, STP10, STP11, STP14, STP15 and a chloroform extract of

Myristica papyracea displayed low to moderate inhibition whereby the

accumulation of Et Br was below the two EPIs used as controls but above the

inhibition for drug-free cells only.
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STP14 is 4,4’-(2,3-dimethylbutane-1,4-diyl)bis(2-methoxyphenol) and

compound STP15 is its isomer,4,4-(1-hexane-2,5-diyl)bis-(2-methyoxyphenol)
this is the first-time efflux pumps inhibitory activity had been recorded for the

compound.

Compound STP13 and STP21 did not display any inhibitory activities on the

efflux pumps and their activities were the same as that for the drug-free control.

Compound STP13 is a phenyl propane while compound STP21 is a 3,4-
bis(benzo[d][1,3]dioxol-5-ylmethyl)tetrahydrofuran..

Wink et al. (2012) noted that more polar compounds such as phenolic acids,

flavonoids, catechins, chalcones, xanthones, stilbenes, anthocyanins, tannins,

anthraquinones, and naphthoquinones can have direct inhibitory effect on the

transporter proteins by forming a number of hydrogen and ionic bonds and thus

distorting the 3D structure of the transporters.

Efflux pumps play an important role in bacterial antibiotic resistance (Sun et al.,

2014; Webber and Piddock, 2003).These transport proteins are responsible for

the expulsion of unwanted toxic substrates (including virtually all classes of

clinically relevant antibiotics) from the interior of cells into the external

environment. These channels are found in both Gram-positive, Gram-negative

bacteria and in acid-fast mycobacteria as well as in eukaryotic organisms.

Apart from that, multidrug-resistance efflux pumps also contribute to bacterial

pathogenicity (Piddock, 2006) such as the ability of sessile cells to actively

mediate efflux of antimicrobial compounds (van Acker and Coenye, 2016),

giving rise to the presence of persister cells which are cells that are not

susceptible to antibacterial agents (Van Acker and Coenye, 2016) as well as in

the facilitation of horizontal DNA transfer between strains of Mycobacterium

smegmatis (Nguyen et al., 2010).

http://www.jbc.org/search?author1=Heleen+Van+Acker&sortspec=date&submit=Submit
http://www.jbc.org/search?author1=Tom+Coenye&sortspec=date&submit=Submit
http://www.jbc.org/search?author1=Heleen+Van+Acker&sortspec=date&submit=Submit
http://www.jbc.org/search?author1=Tom+Coenye&sortspec=date&submit=Submit
http://jb.asm.org/search?author1=Kiet+T.+Nguyen&sortspec=date&submit=Submit
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Compound Accumulation assay Inhibition of biofim assay

STP1

STP4
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Compound Accumulation assay Inhibition of biofim assay

STP5

STP6
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Compound Accumulation assay Inhibition of biofim assay

STP7

STP8
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Compound Accumulation assay Inhibition of biofim assay

STP10

STP11
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Compound Accumulation assay Inhibition of biofim assay

STP13

STP14
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Compound Accumulation assay Inhibition of biofim assay

STP15

STP16
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Compound Accumulation assay Inhibition of biofim assay

STP19

STP21
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Compound Accumulation assay Inhibition of biofim assay

Myristicap
apyracea
chloroform
extract

Keys:

Figure 4.4 Graphs showing the results of the accumulation assay (3 replicates) (left) and the inhibition of biofim assay (6 replicates)
(right).All Inhibition of biofim assay results showed significant difference (a p-value < 0.01) with the exception of STP13 and STP21.
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4.4.2 Inhibition of mycobacterial biofim assay by the isolated bioactive
compounds

The results on the accumulation assay correlated well with the biofilm inhibition

assay. The anti-mycobacterial activity was also seen in the Inhibition of biofim assay

whereby compound STP19 significantly inhibited biofim formation.

Compounds STP13 and STP21 showed the lowest inhibition in the biofim assay

and accumulation assay while compounds STP19 had the highest activities among

all of the compounds screened in the biofilm inhibition assay. The majority of

investigated compounds showed activities in the Inhibition of biofim assay below the

minimum inhibitory concentration. The results from both the accumulation and

inhibition of biofim assays demonstrated that the activities in the accumulation assay

correlated well with the Inhibition of biofim assay for all compounds and this is

consistent with previous studies (Fahmy et al., 2016).

A number of efflux pump inhibitors (EPIs) are known in bacteria and there are 5 main

known families of bacterial efflux pumps (Blanco et al., 2016). Each bacterium is

endowed with multiple efflux pumps from these families. (Kvist et al., 2008; Blanco et

al., 2016). EPIs were shown to inhibit formation of biofim, and in combination they

could abolish biofim completely. Due to this, one kind of EPI was not able to

completely suppress biofim formation. However, when two or more are combined

together), they are able to suppress most biofilms (Kvist et al., 2008).

One of the main characteristics of biofilms is that bacterial cells contained within are

often greatly antimicrobially resistant in contrast to planktonic cells and this case is

thought to before the majority causes of infections. (Soto, 2013; Fahmy, 2016).

Bacterial efflux pumps are highly active within biofilms, thus making efflux pumps

attractive targets for antibiofilm measures (Kvist et al., 2008). Since the inhibition of

efflux pumps can also block biofim formation, novel EPIs could potentially have an

effect on the biofim formation and thus be exploited for anti-bacterial and anti-TB

therapies. The EPIs might be used as new and novel treatments for infections

related to biofilms and may, in general, be utilised for the prevention of biofilms (Kvist
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et al., 2008). Apart from that, EPIs were able to block the antibiotic tolerance of

biofilms (Kvist et al., 2008).

There is also evidence from many studies which have shown that the efflux pumps

also play a significant role in biofim formaton (Alav et al., 2018). Kvist et al. (2008)

demonstrated in E. coli that the inactivation of efflux pumps resulted in the failure to

form a bacterial biofilm. The downregulation in particular of, the AdeFGH efflux pump,

is probably responsible for a decrease in the formation of biofilm n A. baumannii

treated with tigecyclin below the inhibitory concentrations (Chen et al., 2017).

It is thought that efflux pumps might have an influence over biofim inhibition via at

least four different ways:

(i)Efflux of EPSs and/or QS and quorum quenching (QQ) molecules to facilitate

biofilm matrix formation and regulate QS, respectively;

(ii) Indirect regulation of genes related to biofim formation;

(iii) Efflux of harmful molecules, such as antibiotics and metabolic intermediates and

(iv) Promoting or preventing adhesion to surfaces and other cells to influence

aggregation (Alav et al., 2018).

Since there is a correlation between efflux pumps and inhibition of biofim assay,

inhibitors for efflux pumps can therefore also double as inhibitor for biofim formation.

By understanding the roles that efflux pumps play in biofim formation, it is possible

that novel therapeutic strategies can be developed that inhibit and interfere with

biofilms and therefore improve the treatment of bacterial infections (Alav et al., 2018).

4.4.3 Inhibition of bacterial conjugation by the isolated bioactive compound

Most amphiphilic compounds can inhibit bacterial conjugation and as compound

STP6 is amphiphilic, a plate conjugation assay was carried out in order to determine

whether it can inhibit bacterial conjugation. The results of the conjugation assay are

shown in Figure 4.5 below:
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Figure 4.5 Result of the conjugation assay for STP6 and control using plasmid
pKM101 in E. coli.

The conjugation assay results for compound STP6 displayed a reduction in the

conjugation by over 70%. This demonstrated that the compound can inhibit the

conjugation process or the horizontal transfer of the plasmid that carried the

resistance gene (pKM101) which is resistance to amoxicillin.

The pKM101 plasmid belongs to the IncN plasmid family, and is a 35.4kb derivative

from the parent R46 (Langer and Walker 1981) as shown in Figure 4.7. It confers an
interesting characteristic that makes E. coli and S. typhimurium resistant to the

effects of UV radiation and mutagenesis (Langer and Walker, 1981). A single DNA

region of R46, when deleted in vivo, removed the gene coding for resistance to

sulphonoamides, streptomycin, and spectinomycin but highlighted the ability of pKM

101 to enhance UV–resistance as well as the presence of ampicillin resistance and

the Fertility factor of E. coli (Langer and Walker 1981).
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Plasmids carry resistance genes which are separated from and can replicate

independently of the bacterial chromosomal DNA and can, therefore, render

resistance to one or more antibiotics (Clewell, 2014; Kamruzzaman et al., 2017).

Plasmids are commonly able to transfer between bacterial cells from different

species by a mechanism known as conjugation, which involves cell‐to‐cell contact

followed by transfer of a copy of plasmid DNA from a donor to a recipient (Clewell,

2014). The spread of multiple antimicrobial resistance has been enhanced

by selective pressure from human and veterinary medicine (Carattoli, 2004).

As with the activities against bacterial efflux pumps, amphiphilic compounds such as

fatty acids display activities against various types of plasmid conjugation. The

structure of compound STP 18 also shows amphiphilic characteristic. It showed an

inhibitory activity for the conjugation of pKM101 as shown in E. coli in the plate

conjugation assay

One example of a conjugation inhibitor that is also amphiphilic is tanzawaic acids A

and B as shown in Figure 4.6. The compounds particularly inhibit the IncW and

IncFII conjugative systems.

Figure 4.6 Structure of tanzawaic acid A (A) and tanzawaic acid B (B) which can
inhibit some bacterial plasmid conjugative system (modified from Getino et al., 2017).

Almost all except one or two authors (Ummels et al., 2014) do not support the idea

that conjugation occur in mycobacteria as it does in other Gram-positive species or

Gram-negative bacteria. It is also an interesting fact that plasmids are rarely found in

mycobacteria with the exception of one strain and therefore conjugation very rarely

https://en.wikipedia.org/wiki/Selective_pressure
https://en.wikipedia.org/wiki/Medicine
https://en.wikipedia.org/wiki/Veterinary_medicine
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occur in mycobacteria. This is also due to the absence of pili in mycobacteria since

the formation of the pilus that forms a bridge between the donor and recipient strains

is necessary for conjugation to occur. With the absence of both pili and plasmids,

conjugation cannot therefore occur in mycobacteria.

Figure 4.7 pKM1OI restriction map showing the position of 49 Tn5 insertions and
regions of pKM1O1 DNA essential for pKMf101 phenotypes (modified from Langer
and Walker, 1981).

4.4.4 Evaluation of whether the isolated bioactive compounds meet Lipinski’s
‘rule of five’ for druglikeness

Lipinski’s ‘rule of five’ is a rapid method for assessing the drug-like properties of a

bioactive compound. Those that conform to the rules will have a higher probability of

being well-absorbed after oral dosing.
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Lipinski devised his “Rule of Five” (all of the rule with multiples of five), which

predicts that poor absorption or permeation is more likely when the following

conditions exist (Lipinski (2004).

1. Molecular mass >500 Daltons

2. Calculated Log P value of compound> 5 (lipohphilicity)

3. Sum of H-bond donors >5 (sum of NH and OH)

4. Sum of H-bond acceptors >10 (N and O)

All of the isolated bioactive compounds conform to the Lipinski’s rule of five as

shown in Table 5.1. All except three (STP6, STP10 and STP17) did not violate any

of the four rules while the three violated only one of the rules i.e. the octanol-water

partition coefficient log P. The two are amphiphilic compounds, STP6 and STP17with
the Log P values of 8.59 and 5.92 respectively while STP10 has more than 5

hydrogen bond acceptors. However, the two compounds did not violate more than

one of the rules and therefore still conformed to the rule.

4.4.5 Amphiphilicity and its contribution to antibacterial activity

Amphiphilic compounds are known to display antibacterial activities and, from this

study, they also exhibited inhibitory effects on the three resistance determinants i.e.

efflux pumps, Inhibition of biofim assay and bacterial conjugation.

Amphiphilic anaolgues of existing antibiotics are known to increase their activities

and can also reverse the resistance against the antibiotics. Studies have shown that

amphiphilic analogues of the antibiotic neomycin-B (Zhang et al., 2009) and

kanamycin-A (Ouberai et al., 2011) restore potent antibacterial activity against

neomycin-B- and kanamycin-A-resistant Gram-positive bacteria. These amphiphilic

cataionic antimicrobial peptides work by targeting membranes and increasing their

permeability (Straus and Hancock, 2006) In fact, amphiphilic antimicrobials have the

potential to give rise to a new generation or class of antibacterials with a novel

mechanism of action (Straus an d Hancock, 2006).

https://en.wikipedia.org/wiki/Partition_coefficient
https://www.sciencedirect.com/science/article/pii/S0005273606000435
https://www.sciencedirect.com/science/article/pii/S0005273606000435
https://www.sciencedirect.com/science/article/pii/S0005273606000435
https://www.sciencedirect.com/science/article/pii/S0005273606000435
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Table 4.1 Results of the Lipinski’s rule of 5 for the selected bioactive compounds

Compound Molecular mass <
500 Daltons

Partition
coefficient (Log P)

≤ 5

Hydrogen bond
acceptor (all O

and N atoms) ≤10

Hydrogen bond
(O-H and N-H)

donor ≤5

Lipinski’s
violation

STP1 192.2 1.32 4 1 0

STP2 148.1 2.14 2 1 0

STP3 228.1 0.09 5 1 0

STP4 122.1 1.63 2 1 0

STP5 172.1 -1.37 4 3 0

STP6 374.3 8.59 3 2 1

STP7 232.1 1.59 4 1 0

STP8 232.1 1.59 4 1 0
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STP9 1671 1.34 4 0 0

STP10 409.2 0.65 6 3 1

STP11 112.0 0.34 3 1 0

STP12 212.1 2.66 3 1 0

STP13 340.1 3.63 5 0 0`

STP14 182.1 1.45 3 2 0

STP15 182.1 1.45 3 2 0

STP16 332.2 3.83 5 2 0

STP17 236.2 5.82 2 1 1

STP18 249.2 4.40 2 1 0
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STP19 305.4 4.65 2 1 0

STP20 206.1 1.47 4 0 0

STP21 168.0 0.21 4 2 0
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(i) Kanamycin (ii) amphiphile of kanamycin

(iii) neomycin (iv)amphiphile of neomycin

Figure 4.8 Kanamycin (i), kanamycin amphiphilic structure (amphiphile) (ii), neomycin (iii), neomycin amphiphilic structure
(amphiphile) (iv) (Dhondikubee et al., 2002).
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(i)

(ii)

Figure 4.9 The amphiphilic compound STP6 (i) showing the polar and non-
polar ends and the amphiphilic fatty acid -oleic acid (ii).

Non-polar

end

Polar end
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Figure 4.10 Suggestion for structural modification to compound STP6 to
increase the amphiphilicity

STP6 is an amphiphilic compound as shown in Figure 4.9 and is similar to the

fatty acid (cis-oleic acid). The modified structure is proposed in Figure 4.10 for

STP6 by increasing the amphiphilicity or the polarity and non-polarity of both

ends of the compound. However, the optimal length and the number, type (cis

or trans) and position of the double bond of the alkyl chain, for optimal activity,

have to be experimentally determined. It was demonstrated that the

antibacterial activity of amphiphilic tobramycin is greatly affected by the length

and nature of the hydrophobic lipid tail, whereas the nature of the polycationic

headgroup or the number of cationic charges appear to be less important

(Dhondikubee et al., 2002).
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4.4.6 Modes of action of the isolated bioactive compounds

4.4.6.1 Bacteriostatic and bactericidal effects

The mode of action for antibacterials can be either bacteriostatic or bactericidal.

A bactericidal agent eliminates the bacteria whereas bacteriostatic agents only

slow the bacteria from multiplying. Bacteriostatic drugs often depend on one’s

immunity to kill bacteria and therefore should be avoided for those with a weak

immune response. Bactericidal antibiotics are preferred over bacteriostatic ones

as first-line drugs as they kill microorganisms to prevent the occurrence of

bacterial resistance from happening through reoccurrence or relapse of

infections (Stratton, 2003). Bactericidal activity is often attained by using

specific classes of bactericidal antibiotics or through combining a number of

antibiotics (Stratton, 2003). The mode of action for an antibiotic depends on the

drug target and whether the inhibition has a lethal effect on the cellular function

of the bacteria (Kohanski et al., 2007).

The mode of action for each of the different mechanisms of action can vary i.eit

can be either bacteriostatic or bactericidal or both. However, there are only a

few studies done on the mode of action thus far for the various mechanisms of

action described in this study.

In a study carried out with E. coli, it was shown that the compound 4-(2-

(piperazin-1-yl) ethoxy)-2-(4-propoxyphenyl) quinolone (PQQ4R) is bactericidal

(Machado et al., 2017). At bactericidal concentration, the compound disrupts

the inner membrane of the bacteria causing a leakage of ATP. This in turn

affects the efflux pump which is an active transport system (Machado et al.,

2017).

Since there is a correlation in the activity of efflux pump and Inhibition of biofim

assay, the mode of action for antibiofilm agents will most likely be similar to that

for efflux pumps.

https://www.sciencedirect.com/science/article/pii/S0092867407008999
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4.4.6.2 Broad and narrow spectrum mode of action

Only two of the compounds (STP6 and STP7) showed broad spectrum activities.

The majority of the compounds showed a specific mode of action against Gram-

positive and acid-fast bacteria only. This is largely due to the problem of

permeability in Gram-negative bacteria due to the presence an outer and also

inner membranes and a perisplasmic space.

4.4.6.3 Synergistic mode of action

Compounds that showed activities in the accumulation assay (inhibitory effect

on the MDR efflux pumps as discussed in Section 4.4.1) are likely to display a

synergistic effect with antibiotics and can potentiate or modulate the activities of

the antibiotics that can reverse bacterial resistance. There were only two

compounds (STP13 and STP21) that did not show any activity in inhibiting the

efflux pumps and therefore should not be expected to display any synergistic

effect with antibiotics.

4.7 Conclusion

All except two (STP13 and STP21) of the bioactive compounds tested were

found to have varying degrees of inhibitory effect on efflux pumps which also

correlated well with the findings for the inhibition of Inhibition of biofim assay.

Such compounds might be able to chemosensitise antibiotics against

pathogenic bacteria. Besides, Compound STP6 could also prevent antibiotic

resistance by inhibiting the transmission of resistance genes through plasmid

conjugation. Moreover, all the bioactive compounds conformed to the Lipinski’s

rule of five for druglikeness. This study, therefore, revealed that the bioactive

compounds might have potential to be used as drug hits or leads, especially

those with good activities, which merit further studies and development. Such

inhibitors can contribute to new classes of antibacterial drugs.
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Chapter 5
CONCLUSION

5.1 General discussion

The findings from this study demonstrated that plants from the tropical rain

forests of Borneo are endowed with a diverse array of chemical compounds.

Analysis of these compounds has shown that they also display diverse activities.

The results reflect the uniqueness of the climacteric rain forests of Borneo as

well as the compounds they harbour, which are thought to be older than the rain

forests of the Congo and Amazonia. Besides, the northern part of Borneo

(Sarawak, Sabah and Brunei) where plant collections for this study were

conducted has more plant diversity (both endemic and non-endemic) than the

rest of Borneo as the region is thought to be a refugium for plant species during

the last ice age.

About 60% (12 of 21) of the compounds isolated in this study were unknown or

novel compounds, suggesting that their chemistry has not been well studied let

alone their medicinal activities. This percentage increases to about 66.7% of the

compounds (14 of 21) if the compounds which have already been synthesised

but not isolated as natural products are included.

Rain forest plant extracts contain relatively more compounds than extracts from

plants found elsewhere. For instance, there are possibly more than 50 alkaloids

in an alkaloidal extract of an Apocynaceae species, used in this study, while

one band in the TLC for the fractions from the Myristicaceae species extracts

can easily contain more than 10 compounds. Similarly, the extracts from the

plants used in this study, demonstrated diverse activities. Almost all the

compounds isolated showed at least more than one biological activities.
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Plants with latex tend to have many fatty acids or long chain viscous

compounds such as acyclic terpenoids or polyketides which make isolation and

also structure elucidation work more difficult (due to contamination). For

instance, analysis of Dyera polyphylla (Apocynaceae) showed that fats formed

more than 50% of the hexane and chloroform extracts. In fact, the latex from

Dyera polyphylla used in this study was once collected in Borneo and exported

for use in the manufacturing of chewing gum.

3 out of the 5 families used in this study were with latex viz., Apocyanaceae

Guttiferae and Myristicaceae. Latexes are only produced by 10% of or over 40

families of flowering plants. Latexes are known to contain secondary

metabolites which can be medicinally useful. This result indicated that the latex-

producing species produced interesting and potent bioactive compounds such

as xanthone from Garcinia celebica and diterpene from Horsfieldia grandis.

Plant latexes are contained in the cells called laticifers and are released when

injured. They are known to contain complex emulsion which contains secondary

metabolites such as peptides, terpenoids, alkaloids and phenolics. Plants make

use of them to defend themselves from pest and pathogens such as herbivores,

viruses, bacteria and fungi. Therefore, some of these secondary metabolites are

known to be anti-bacterials and expected to display antibacterial activities.

Further, it was found that some plant extracts from the family Guttiferae tend to

streak when TLC was performed, possibly due to the presence of many double

bonds such as in the prenylated chain which bind strongly to the silica.

Fortunately, such extracts are restricted to the genus Garcinia and Calophyllum

in the family Guttiferae and not in other genera (eg. Mammea or Mesua) or

families used in this study.

Another characteristic which can aid in the isolation work is the coloration of the

different compounds from the rain forest plants. Coloration is rare and most
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compounds are found to have only different shades of yellow. Coloration of the

different compounds will make it easier to distinguish them. However,

identification was made easier by using ultra violet light and staining.

From this study, it was noted that plants from Borneo generated prospective

inhibitors of bacterial growth including against some of the current resistant

strains. The majority of bioactive compounds showed specific activities against

the Gram positive and mycobacteria strains but a few of the compounds such

as styryllactones and alkyl benzoic acid isolated from the same species,

Goniothalamus longistipetes, had broad-spectrum activity against Gram-positive,

Gram negative as well as the mycobacteria.

From the plant extracts, it was possible to isolate both stereo-isomers where

they existed. It was found that both types of isomers displayed different

activities. Two stereosiomers, styryllactones (STP7 and STP8), were isolated

from Goniothalamus longistipetes (Annonaceae) which showed similar

molecular formulae but different antibacterial and cytotoxicity activities. For

instance, STP7 and STP8 displayed activities of between 32 and 64 µg/mL and

128-256 µg/mL respectively against Gram-positive bacteria. For cytotoxicity,

STP 7 and STP8 demonstrated activities of 1.877 and 0.986 µg/mL respectively
when tested against a liver cancer cell line (Hep G2). In addition to the above,

two different stereo-isomers (STP14 and STP15) were isolated from

Gymnocranthera ocellata (Myristicaceae). Experiments with these isomers

showed that although they have the same molecular formula their antibacterial

activities differed.

Further, these plants from the Borneo rain forests were shown to be a potential

source of phytochemicals with various activities such as inhibition of efflux

pumps as well as inhibiting the growth and Inhibition of biofim assay of M.

smegmatis. Apart from these compounds, there were compounds such as STP
20 which did not show any activity against bacterial strains but displayed activity

when accumulation and biofilm assays were performed. From these assays, it
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was also found that there was a correlation between efflux pump inhibition and

Inhibition of biofim assay.

There is a pressing need for new types of antibiotics and the development of

candidate drugs that inhibit both efflux pumps and bacterial adhesion and

Inhibition of biofim assay can play a significant role in combating antibiotic

resistance. By virtue of their anti-efflux pump activities, it seems that EPIs have

great potential as anti-biofilm drugs as well. Indeed, EPIs could well constitute a

long-needed new class of antibiotics. Thus, the compounds from this study that

displayed inhibition of efflux pumps as well as anti-biofilm activity have the

potential to be used as adjuvant of existing antibiotics.

A summary of the compounds isolated in this study and their respectives anti-

bacterial activities are furnished in Table 5.1 below.
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Table 5.1 Summary of the compounds isolated and their respective activities

Compound Name (in
bold)

Status

Gram positive bacteria

(µg/mL)

Selectivity index in bracket

Gram negative bacteria
(µg/mL)

Selectivity index in bracket

Acid fast
bacteria

(µg/mL)

Selectivity
index in
bracket

Cancer cell line
(µg/mL)

Selectivity index in
bracket

SA
25923

SA
1199B

XU
212

eM
R
SA

-15

B
acillus

subtilis

E.coli

K
lebsiella

pneum
oniae

Peudom
onas

aerogenosa

M
.sm

egm
atis

M
.boovis

B
C
G

H
epG

2

PC
3

C
aco-2

STP1

Scoparone
known

>512

(0.24)

>512

(0.24)

>512

(0.24)

>512

(0.24)

>512

(0.24)

>512

(0.24)

>512

(0.24)

>512

(0.24)

125

(1.0)

62.5

(2.0)

n.a. n.a. n.a.
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STP2

trans-cinnamic
acid

known

>512

(n.a.)

>512

(n.a.)

>512

(n.a.)

>512

(n.a.)

>512

(n.a.)

>512

(n.a.)

>512

(n.a.)

>512

(n.a.)

>500

(n.a.)

>500

(n.a.)

n.a n.a n.a.

STP3

methyl
(4R,4aS,6R,7S,7a
R)-6,7dihydroxy-
4,4a,6,7,7a-
pentamethyl-3-
oxooctahydrocy
clopental[c]pyra
n-4-carboxylate

unknown

>512

(<0.5)

>512

(<0.5)

>512

(<0.5)

>512

(<0.5)

>512

(<0.5)

>512

(<0.5)

>512

(<0.5)

>512

(<0.5)

>500

(<0.5)

>500

(<0.5)

n.a n.a 7.481

(33.4)

STP4

Benzoic acid

Known

>512

(0.49)

>512

(0.49)

>512

(0.49)

>512

(0.49)

>512

(0.49)

>512

(0.49)

>512

(0.49)

>512

(0.49)

250

(1.0)

500

(0.5)

n.a n.a n.a



365

STP5

phenyl ethanoid
(4R,5R)-4,-(2-
dihydroxyethyl)
cyclohex-2-en-1-
one

unknown

>512

(>0.9

8)

>512

(>0.98)

>512

(>0.98)

>512

(>0.98)

>512

(>0.98)

>512

(>0.98)

>512

(>0.98)

>512

(>0.98)

>500

(>1)

125

(>4.1)

n.a n.a n.a

STP6

-hydroxyl
benzoic acid or
(Z)-3-(heptadec-
8-en-1-yl)-5-
hydroxybenzoic
acid unknown

8

(32)

8-16

(16-32)

8-16

(16-32)

8-16

(16-32)

8-16

(16-32)

512

(<0.5)

128

(2.0)

128

(2.0)

n.a 7.81

(16.0)

n.a n.a n.a
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STP7

(2S,3R,3aS,7aS)-
3-hydroxy-2-
phenyl-2,3,3a,7a-
tetrahydrobenzo-
5(4H)-5-one,

Known

64

(0.49)

64

(0.49)

64

(0.49)

32

(0.98)

64

(0.49)

256

(0.12)

256

(0.12)

>256

(0.12)

7.81

(0.06)

7.81

(4.0)

n.a n.a n.a

STP8

U2S,3R,3aS,7aR)
-3-hydroxy-2-
phenyl-2,3,3a,7a-
tetrahydrobenzof
uran-5(4H)-one
unknown

128

(<3.9

1)

128

(<3.91)

128

(<3.91)

128

(<3.91)

256

(1.95)

>256

(>0.51)

>256

(>0.51)

>256

(>0.51)

500

(<1)

500

(<1)

<6.25

(<80)

4.28

(<507

.1)

n.a.

STP9

2,6-
dimethisonicotin
aldehyde

nknown

128

(n.a.)

128

(n.a.)

128

(n.a.)

128

(n.a.)

64

(n.a.)

>128

(n.a.)

>128

(n.a.)

>500

(n.a.)

>500

(n.a.)

>500

(n.a.)

4.113

(n.a.)

n.a. n.a.
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STP10

E)-5-(3,7-
dimethylocta-
2,6-dien-1-yl)-
1,3,7-trihydroxy-
6-methoxy-9H-
xanthen-9-one

Unknown

1

(125.

0)

4

(125.0)

1

(15.6)

4

(125.0)

4

(125.0)

>512

(<0.12)

>512

(<0.12)

>512

(<0.12)

125.0

(2.0)

1.95

(64.1)

16.0

(3.9)

29.0

(2.2)

22.7

(2.75)

STP11

3-hydroxy-4H-
pyran-4-one

Known

32

(0.49)

64

(0/24)

16

(0.98)

64

(0.24)

64

(0/24)

>512

(0.03)

>512

(0.03)

>512

(0.03)

500

(0.03)

7.41

(69.7)

40.0

(0.39)

28.0

(0.56

n.a.

STP12

k3-hydroxy-9H-
xanthe-9-one

nown

16

(n.a.)

64

(n.a.)

16

(n.a.)

64

(n.a.)

32

(n.a.)

>512

(n.a.)

>512

(n.a.)

>512

(n.a.)

n.a. n.a n.a n.a n.a
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STP13

3,4-
bis(benzo[d][1,3]
dioxol-5-
ylmethyl)tetrahy
drofuran

unknown

>512

(<0.4

9)

512

(0.49)

512

(0.49)

512

(0.49)

256

(0.24)

>512

(0.49)

>512

(0.49)

>512

(0.49)

500

(>0.5)

12

(0.5)5

n.a n.a n.a

STP14

4,4-(2R,3S)-2,3-
dimethylbutane-
1,4-diyl)bis-(2-
methyoxyphenol

Unkown

64

(n.a.)

64

(n.a.)

128

(n.a.)

32

(n.a.)

128

(n.a.)

>512

(n.a.)

>512

(n.a.)

>512

(n.a.)

n.a. n.a n.a n.a n.a

STP15

4,4-(2R,3S)-2,3-
dimethylbutane-
1,4-diyl)bis-(2-
methyoxyphenol
)

Unknown

32

(n.a.)

512

(n.a.)

256

(n.a.)

64

(n.a.)

512

(n.a.)

512

(n.a)

>512

(n.a.)

>512

(n.a.)

n.a. n.a n.a n.a n.a
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STP16

u4-(3-(3-
hydroxyl-4-
methjoxyphenyl)
butan-2-yl)-2-
methoxyphenol
nknown

>32

(71.9

5)

>32

(71.95)

>32

(71.95)

>32

(71.95)

>32

(71.95)

>512

(0.12)

>512

(0.12)

>512

(0.12)

500

(0.12)

15.62

(41.0)

n.a n.a n.a

STP17

2-(1,2,6,8a-
tetramethyl-
1,4,4a,5,6,7,8,8a-
octahydronaphth
alen-1-yl) acetic
acid

unknown

8

(15.6)

8

(15.6)

4

(12.6)

8

(15.6)

4

(12.6)

>512

(>0.12)

>512

(>0.12)

>512

(>0.12)

>500

(>0.23

)

3.91

(32)

n.a. n.a. n.a.
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STP18

(E)-3-methyl-5-
(1-,2,4a,5)-
tetrmethyl-7-oxo-
1,2,3,4,4a,7,8a-
octahydromapht
halen-1-yl)pente-
2-enoic acid was
the main
diterpene

Unknown

32

(1.95)

16

(3.91)

32

(1.95)

16

(3.91)

32

(1.95)

>512(<

(0.12)

>512(<

(0.12)

>512

(<0.12)

>500

(<0.12

)

7.81

(8.0)

n.a. n.a. n.a.

STP19

(E)-2,3-dimethyl-
5-(1,2,5-
trimethyl-
1,2,4,4a,7,8,8a-
octahydronaphth
alen-yl)
pentenoic acid

Unknown

Unkn

own

32

(n.a.)

32

(n.a.)

32

(n.a.)

16

(n.a.)

32

(n.a.)

>512

(n.a.)

>512

(n.a.)

>512

(n.a.)

n.a. n.a. n.a. n.a. n.a.
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STP20

scopoletin

known

n.a n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.

STP21

scopoletin

Known

128

(1.95)

64

(0.97

64

(0.97)

64

(0.97)

128

(1.95)

n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.

n..a. – not available due to lack of compounds
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5.2 Direction for future work

Due to constraints and limitations, some experiments were not performed.

Based on this study, it is recommended that future studies be carried out on the

following:

A variety of compounds which displayed diverse activities were isolated.

However, more species related to the same taxa (either from the same genus or

family) can be screened to identify the analogues of the isolated bioactive

compounds in order to determine which analogues have the best bioactivity and

also to better understand the structure activity relationship. Such plants can be

from Borneo or South East Asia or from other regions of the world to maximise

the ‘capture’ of analogues.

Some of the compounds isolated in this study were not obtained in sufficient

quantity. However, sometimes the quantity of the compounds produced is a

reaction to fungal or bacterial infections or pest attacks, which is beyond our

control. However, sometimes the quantity of specimens collected can be

increased so as to increase the quantity of the bioactive compounds extracted.

More use of a combination of VLC/SPE with Sephadex chromatography or

HPLC is required in order to obtain the pure compounds and to minimise

contamination, especially by viscous compounds such as terpenoids or long

chain compounds such as polyketides and alkyl benzoic acid, which are often

found in plant latexes.

In addition to the work undertaken on the two strains of Mycobacteria (M.

smegmatis and M. bovis BCG), further work needs to be carried out to

determine if the anti-mycobacterial bioactive compounds have the same effects

when tested against the clinical mycobacterial strain, M. tuberculosis (Mtb).

Further work to understand the mechanism of action of the bioactive

compounds on Mtb should also be undertaken. This is especially required for

target specific mechanism studies involving enzymes or proteins and docking

experiments instead of whole cell phenotypic assays. Apart from the above,
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studies to optimise the activities of the bioactive compounds so that the hits can

be further developed as antibacterial drugs or as adjuvants against the resistant

strains can be performed.

Apart from in-vitro studies on the inhibition of the bioactive compounds on

mycobacterial cells, ex vivo methods can also be employed. In order to better

improve the translation of drug hits into effective drug in vivo, ex vivo

mycobacterial growth inhibition assay can be used for the purpose which is a

rapid but inexpensive method (Schaaf et al., 2016)). This is carried out by co-

culturing the mouse macrophage cells (RAW264.7) together with the

mycobacterial cells to form an aggregate structure whereby the macrophages

engulf the mycobacterial and the aggregates are used in ex vivo drug testing.

The results can capture more information including the effect of the compound

on the mycobacterial cell inside the macrophages cell and be used to predict

the drug efficacy in vivo.

Studies using other plasmids belonging to IncFI, IncI, IncL/M, IncX and IncP

plasmids conjugative systems part from the InCn pKM101 plasmid such as

IncW plasmid R388 and the IncFII plasmid R100-1 ought to be carried out. It will

be interesting to compare the results as amphiphilic compounds are known to

show inhibitory activity in the plasmid conjugation.
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APPENDIX 1 - SPOT CULTURE GROWTH
INHIBITION (SPOTI) ASSAY

A. Mycobacteria smegmatis
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B Mycobacteria bovis BCG
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Legend:

NC- negative

control

5. STP21 10. STP2 16 STP7

INZ – Isoniazid

(positive control)

6. STP20 11. STP4 17 STP8

2. STP19 7. STP5 12. STP3 18 STP9

3. STP18 8. STP16 14 STP10 19 STP6

4. STP13 9. STP1 15 STP11
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APPENDIX 2 - CYTOTOXICITY ASSAY (RAW
264.7 MACROPHAGES)
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Legend:

NC- negative

control

5. STP21 10. STP2 16 STP8

PC – positive

control

6. STP20 11. STP4 17 STP7

2. STP19 7. STP5 12. STP3 18 STP9

3. STP18 8. STP16 14 STP10 19 STP6

4. STP13 9. STP1 15 STP11
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APPENDIX 3
Summary for novel compounds

Methyl 6-hydroxy-7-methyl-3-oxooctahydrocyclopenta[c]pyran-4-
carboxylate (STP3) pale yellow solid; UV(MeOH) λmax (log ε) 215 (27), 235

(21) nm; IR νmax (thin film) cm-1;1700, 1650, 3301, 2855, 2831, 2942, 1455,

1116 cm-1; 1H NMR and 13C NMR (CDCl3) refer to Table 3.4; HRMS (m/z)

[M+Hl]+. (calcd for C11H17O7, 228.1).

Phenyl ethanoate (4R,5R-dihydroxyethyl)-4-cyclo-2-en-1-one (STP5): pale
yellow oil; UV(MeOH) λmax (log ε) 217 (102) nm;IR νmax (thin film) 3301, 2850,

2900, 919, 912, 1459, 1456, 1113 cm-1; 1H NMR and 13C NMR refer to Table

3.8; (CDCl3) HRMS (m/z) [M+Cl]- (calcd for C8H12O4, 173.1).

5-hydroxyl benzoic acid or (Z)-3-(heptadec-8-en-1-yl)-5-hydroxybenzoic
acid (STP6): colourless oil; UV(MeOH) λmax (log ε) 217 (8266), 290 (24) nm;

IR νmax (thin film) 3301, 2850, 2900, 919, 912, 1459, 1456, 1113 cm-1;1H NMR

and 13C NMR refer to Table 3.10; (CDCl3) HRMS (m/z) [M-H]- (calcd for

C24H138O6, 373.3).

2S,3S,3aS,7a5a)-3-hydro-2-phenyl-2,3,3a,7a-tetrahydro-5-H-furo[3,2-
b]pyran-5-one (STP8) UV(MeOH) λmax (log ε) 217 (23480), 280 (5525) nm;

IR νmax (thin film) 1750, 3350, 2810, 2830, 2942, 890, 900, 1400, 1390, 1210,

1290, 1300cm-1; 1H NMR and 13C NMR (CDCl3) refer to Table 3.134; HRMS

(m/z) [M+Na]+ (calcd for C13H12O4 232.07).

2,6-dimethisonicotinaldehyde (STP9) ESIMS m/z 166.0 [M-H]- (calcd for

C8H9O3N1, 167.06).) UV(MeOH) λmax (log ε) 220 (237.7), 238 (70.4) nm; IR

νmax (thin film) 2010, 1695, 2815, 2940, 1205, 1297 cm-1; 1H NMR and 13C

NMR (CDCl3) refer to Table 3.17; ESIMS (m/z) (calcd. for 6C8H9O3N1,167.0)
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(E)-5-(3,7-dimethylocta-2,6-dien-1-yl)-1,3,7-trihydroxy-6-methoxy-9H-
xanthen-9-one (STP10) yellow solid; UV(MeOH) λmax (log ε) 250 (50), 330

(65), 435 (18) nm; IR νmax (thin film) 1721, 3344, 3000, 2937, 2942, 2840,

1033, 1054, 832, 1452, 1272 cm-1;1H NMR and 13C NMR (CDCl3) refer to Table

3.19; HRMS (m/z) [M+NH3]+ (calcd for C24H25O6, 410.2).

3,4-bis(benzo[d][1,3]dioxol-5-ylmethyl)tetrahydrofuran.(STP13) reddish

solid; UV(MeOH) λmax (log ε) 236 (7748) and 290 (7924) nm; IR νmax (thin film)

1450, 1500, 1580, 1470, 2850, 2925, 1260, 2870, 2960, 1450, 1580 and 1023

cm-1; 1H NMR and 13C NMR (CDCl3) refer to Table 3.25; ESIMS (m/z) [M+H]+

(calcd for C10H12O4, 341.0).

4,4’-(2,3-dimethylbutane-1,4-diyl)bis(2-methoxyphenol) (STP14)yellowish oil

UV(MeOH) λmax (log ε) 221 (890) and 278 (707) nm; IR νmax (thin film) 3340,

3000, 2935, 2940, 2890, 2850, 210, 1290, 1300 cm-1;1H NMR and 13C NMR

(CDCl3) refer to Table 3.27; ESIMS (m/z) [M+H]+ (calcd for C20H26O4, 330.18).

4,4-(1-hexane-2,5-diyl)bis-(2-methyoxyphenol) (STP15) yellowish oil

UV(MeOH) λmax (log ε) 220 (889) and 275 (705) nm; IR νmax (thin film) 3340,

3000, 2935, 2940, 2890, 2850, 210, 1290, 1300 cm-1;1H NMR and 13C NMR

(CDCl3) refer to Table 3.29; ESIMS (m/z) [M+Na]-+ (calcd for C20H26O4, 330.18)

4-(3-(3-hydroxyl-4-methjoxyphenyl) butan-2-yl)-2-methoxyphenol (STP16)
purplish oil; UV(MeOH) λmax (log ε) 212 (2126), 230 (1329), 285 (399) nm; IR

νmax (thin film) 3308, 2820, 2821, 2931, 1455, 1210 cm-1;1H NMR and 13C NMR

(CDCl3) refer to Table 3.31; ESIMS (m/z) [M]+ (calcd for C21H24O5, 356.1).

2-(1,2,6,8a-tetramethyl-1,4,4a,5,6,7,8,8a-octahydronaphthalen-1-yl)acetic
acid (STP17) pale yellow oil; UV(MeOH) λmax (log ε) 236 (67) nm; IR νmax

(thin film)1700, 3321, 2833, 2944, 1449, 1547, 1021, 1205, 1220 cm-1;1H NMR

and 13C NMR (CDCl3) refer to Table 3.37; ESIMS (m/z) [M-H]- (calcd for

C20H30O3, 236.18).
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2-(1,6,8a-trimethyl-1,4,4a,5,6,7,8,8a-octahydronaphthalen-1-yl)acetic acid
(STP18) pale yellow oil;UV(MeOH) λmax (log ε) 190 (108), 235 (48) nm; IR

νmax (thin film) 1690, 3303, 2881, 2943, 1400, 1448, 1022, 1210, 1221 cm-1;1H

NMR and 13C NMR (CDCl3) refer to Table 3.35; ESIMS (m/z) [ M-H]-.. (calcd for

C19H29O3, 306.21).

(E)-2,3-dimethyl-5-(1,2,4a,5-tetramethyl-1,2,3,4,4a,7,8,8a-
octahydronaphthalen-1-yl)pent-2-enoic acid (STP19) pale pinkish oil;

UV(MeOH) λmax (log ε) 205 (577), 220 (499) nm; IR νmax (thin film) 1736,

3345, 2830, 2937, 910, 940, 1400, 1440, 1210, 1221 cm-1; 1H NMR and 13C

NMR (CDCl3) refer to Table 3.33; ESIMS (m/z) [M-H]-. (calcd for C20H32O2,

317.25).
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