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ABSTRACT

The plants Prunus persica, Holboellia latifolia and Diospyros lanceifolia have been used as traditional
medicines by several Indigenous communities. This includesthe use of the roots of P. persicaand leaves
of H. latifolia and D. lanceifolia for treatment of skin infections and other ailments of a likely microbial
origin. These plant parts have limited reported investigations on their phytochemistry and/or

antimicrobial properties.

Screening of the 70% aqueous ethanolic extracts of the roots of P. persica and leaves of H. latifolia
and D. lanceifolia using the 3-(4,5-dimethyldthiazol-2-yl)-2,5-diphenyltetrazolium bromide MTT
microdilution assay showed promising activity against the human pathogens Staphylococcus aureus,
Pseudomonas aeruginosa, Streptococcus pyogenes and Salmonella typhimurium. The highest
inhibitory activities were exhibited by the P. persica root extract, with MIC (minimum inhibitory
concentration) values of 156 pg/mL for antibiotic susceptible S. aureus, methicillin resistant S. aureus
(MRSA) and multidrug resistant S. aureus (MDRSA). The leaf extract of D. lanceifolia had MIC
values of 156 pg/mL for S. aureus and P. aeruginosa, 625 pug/mL for MRSA and MDRSA, and 312
pg/mL for antibiotic susceptible E. coli. The leaf extract of H. latifolia had MIC values of 156 pg/mL
for the susceptible S. aureus, 1250 pg/mL for MRSA and MDRSA and 625 pg/mL for S.
typhimurium.

The dried 70% aqueous ethanolic extracts of P. persica, H. latifolia and D. lanceifolia were
partitioned against water and sequentially n-hexane, dichloromethane and ethyl acetate. The strongest
antibacterial activity of the partitioned extracts was observed for the ethyl acetate partition of P.
persica with MIC 312 pg/mL (susceptible as well as resistant strains of S. aureus) and n-hexane
partition of P. persica (MIC 625 pg/mL for susceptible S. aureus, and 312 pg/mL for MRSA,
MDRSA, susceptible E. coli and P. aeruginosa strains). The n-hexane partition of D. lanceifolia
showed antibacterial activity against susceptible S. aureus and P. aeruginosa with MICs of 156
pg/mL, antibiotic sensitive E. coli, MRSA and MDRSA with MICs of 312 pg/mL, and S.
typhimurium with MIC 625 pg/mL. The dichloromethane partition of the H. latifolia extract showed
activity against antibiotic sensitive as well as resistant strains of S. aureus (156 pg/mL for S. aureus
and 1250 pg/mL for both, MRSA and MDRSA) as well as against P. aeruginosa (MIC 1250 pg/mL).

The n-hexane and ethyl acetate partitions of P. persica were subjected to TLC bioautography guided
isolation by normal phase chromatography, size exclusion chromatography and preparative TLC.
This led to the isolation of a-cyanobenzyl benzoate, p-sitosterol and stigmast-4-en-3-one from the
n-hexane partition and gallic acid and caffeic acid phenylethyl ester from the ethyl acetate partition.
a-Cyanobenzyl benzoate, assayed by TLC bioautography (MIQ - minimum inhibitory quantity) and
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MTT microdilution tests (MIC), showed excellent antimicrobial properties (MIQ/MIC 78 pg/mL)
against all tested S. aureus strains, MIQ/MIC of 312 pug/mL against p lac- E. coli, and MIQ/MIC of
612 pg/mL against P. aeruginosa. Gallic acid showed MIQ/MIC values of 156 pg/mL against
antibiotic susceptible S. aureus, MIQ/MIC of 312 pg/mL against MRSA and MIQ/MIC of 2500
Mg/mL against B lac- E. coli as well as P. aeruginosa. Caffeic acid phenylethyl ester and B-sitosterol
showed activity against MRSA and MDRSA (MIQ/MIC 625 pg/mL), and activity against antibiotic
sensitive S. aureus (MIQ/MIC 312 pg/mL). Additionally, both compounds showed antibacterial
activity against susceptible strains of E. coli, with a MIQ/MIC values for B-sitosterol of 2500 pg/mL
and for caffeic acid phenylethyl ester 312 pg/mL. Stigmast-4-en-3-one was active against S. aureus,
MRSA and B lac- E. coli with MIQ/MIC values of 2500 pg/mL, as well as P. aeruginosa with
MIQ/MIC values of 1250 pug/mL. This is the first report of isolation of caffeic acid phenylethyl ester
and stigmast-4-en-3-one from P. persica plant material, the second report of a-cyanobenzyl benzoate
being present in the Prunus genus and the first report of antibacterial activity of stigmast-4-en-3-one
(this compound was previously reported not active).

TLC bioautography guided isolation of the n-hexane partition of D. lanceifolia led to the isolation of
lupeol and plumbagin, whose structures were confirmed by spectral analyses. Lupeol showed
antimicrobial activity by TLC bioautography against P. aeruginosa (MIQ 156 pg/mL) and E. coli
(MIQ 312 pg/mL), against S. aureus and MRSA (MIQ 2500 pg/mL) and S. typhimurium (MIQ 625
pg/mL). Plumbagin, due to its very small amount, was tested only by the bioautography method
against one microorganism, susceptible S. aureus, and showed excellent activity (MIQ 62 pg/mL).
GC-MS analysis of the n-hexane partition of D. lanceifolia also showed the presence of the quinones
plumbagin and 7-methyljuglone, which have been found in this and other Diospyros species and have
both been previously reported for possessing antimicrobial activity.

GS-MS analysis of H. latifolia showed the presence of hexanal and nonanal, which have been
previously reported as volatile compounds from many plant species including those of medicinal
value.

In order to further investigate the phytochemistry of the antibacterially active extracts of P. persica,
H. latifolia and D. lanceifolia, an LC-UV-MS metabolomics approach was used. The following
compounds were tentatively identified from the P. persica ethanolic extract and/or dichloromethane
and ethyl acetate partitions: afzelechin, caffeic acid phenylethyl ester, catechin, ent-epiafzelechin-
(20—0—7’,40—8’)-(-)-ent-afzelechin, ent-epiafzelechin-(20—7,40—8)-epicatechin and/or ent-
epiafzelechin-(2a—7,40—8)-catechin  and/or  3’’’-hydroxyafzelechin-(2—7,43—8)-catechin,
epicatechin, eriodictyol, gallic acid, gallocatechin, kaempferol, leucocyanidin, mandelic acid

B-D-glucopyranoside, persicogenin, proanthocyanidin Al or A2 type, quinic acid and taxifolin-7-O-
iX



rhamnoside. All compounds except mandelic acid B-D-glucopyranoside and taxifolin-7-O-
rhamnoside were previously isolated from the Prunus genus.

In the crude aqueous ethanolic extract of D. lanceifolia only one peak was identified with an
acceptable degree of confidence, and it was identified as either ursolic, oleanolic or betulinic acid,
which have all been previously reported from the Diospyros genus. In the n-hexane partition,
scopoletin or isoscopoletin, epiisoshinalone or shinalone, and ricinoleic acid were tentatively
identified. Those compounds were previously reported to be present in the Diospyros genus. No
compounds could be confidently identified in the crude ethanolic extract or dichloromethane partition

of H. latifolia, however some possible candidates were proposed.

All of the compounds tentatively identified by the metabolomics approach, as well as the isolated
compounds from P. persica roots and D. lanceifolia and H. latifolia leaves, align with the traditional

applications of those plant parts by Indigenous communities.



Chapter 1 - Preface

This chapter introduces the importance of medicinal plants used by Indigenous peoples, i.e. traditional
medicinal plants, and of the need for new antimicrobial agents, and provides examples of

antimicrobial compounds that have been isolated from traditional medicinal plants. This chapter
concludes with an outline of the aims of the research conducted.

1.1 Human use of natural products

Fossil records date human use of plants as medicines to at least the Middle Palaeolithic era some
60,000 years ago. The earliest written information on the medicinal usage of plants comes from China
in 5000 B.C. (Greathead 2003), Mesopotamia in 2600 B.C. (Newman et al. 2012), India in 2000 B.C.
(Ramawat et al. 2009), and Egypt in 1550 B.C. (Newman et al. 2012). Hippocrates (in the late fifth
century B.C.) described 300 to 400 medicinal plants (Thomson et al. 1978). De Materia Medica,
written between 50 and 70 B.C. by Dioscorides, became the prototype for modern pharmacopoeias,
describing medicinal preparations of over 600 plants (Cowan 1999). The Bible also refers to
approximately 30 plants applicable for healing purposes (Cowan 1999). Humans have continued over
the centuries to use plants to treat various disorders and many of these traditional medicines are still
included as part of medicinal practices by Indigenous people globally (Fabricant et al. 2001, Rios et
al. 2005). The recent rapid emergence of pathogenic bacteria resistant to available antimicrobial drugs
has resulted in the urgent need for new antimicrobial agents. The vast diversity of unstudied natural
products, particularly from medicinal plants, provides an ideal field for the discovery of novel active
chemical entities (Fabricant et al. 2001, Rios et al. 2005).

1.2 Antimicrobial resistance

The World Health Organization (WHO) has stated that antimicrobial resistance is currently the most
urgent issue for human health (Tagliabue and Rappuoli 2018). Many pathogenic bacteria have
become resistant to multiple antibiotics and some species are on the verge of becoming untreatable.
Globally, antimicrobial resistance causes around 700,000 deaths/year, and the forecast is that in 2050
it will cause 10 million deaths/year, higher than the 8.2 million deaths caused by cancer today
(Tagliabue and Rappuoli 2018). International organisations such as the WHO, the United Nations
General Assembly, the World Bank and the G20 have called for action to fight antimicrobial
resistance, including through the development of new drugs (Brown et al. 2016, Tagliabue and
Rappuoli 2018).



It is now well recognised that natural products can make an enormous contribution to drug discovery
especially through the unmatched structural diversity nature provides (Cragg and Newman 2018),

and there is increasing interest in the study of medicinal plants for the discovery of new medicines,
including those that can provide new antimicrobial agents (Tagliabue and Rappuoli 2018).

1.3 Ethnopharmacological approach

Ethnopharmacology research focuses on the use of traditional medicines, especially medicinal plants,
used by Indigenous peoples. An ethnopharmacological approach towards drug discovery has proven
to be very effective, with many of the current pharmaceutical drugs derived from higher plants having
been discovered in an ethnobotanical context (Cox 2008). Fabricant and Farnsworth reported in 1991
that out of 156 bioactive compounds used as current medicines, 122 were discovered from traditional
medicinal plants. Furthermore, 80% of those plants were used by Indigenous communities for the

same (or related) medicinal purposes (Fabricant and Farnsworth 2001).

Indigenous peoples have been using plants as medicines for centuries and have developed significant
cultural knowledge as to which plants in their region are most effective for medicinal purposes. Plants
with documented ethnomedicinal uses are thus more likely to contain valuable bioactive compounds
that are also likely to be safer than bioactive compounds isolated from plants with no records of
human use (Fabricant and Farnsworth 2001, Cox 2008, Schwikkard and Mulholland 2014). The

ethnopharmacological approach has been used to guide the study presented in this thesis to discover
antimicrobial fractions and compounds from medicinal plants used by Indigenous peoples.

1.4 Compounds from plants as potential antimicrobials.

Plants synthesise a vast range of phytochemicals that can be divided into primary and secondary
metabolites. Primary metabolites are required for the survival of the plant, while secondary
metabolites are often helpful for the survival of the plant in specific environments (Kliebenstein
2004). The function of secondary metabolites in plants is increasingly attracting attention due to their
key roles in protecting plants from herbivores and microbial infection, as attractants for pollinators
and seed-dispersing animals, and as signal molecules in the formation of nitrogen-fixing root nodules
in legumes, amongst other factors (Crozier et al. 2008). Secondary metabolites are also viewed as
potential sources of novel drugs, insecticides and herbicides as well as safe disinfectant agents
(Crozier et al. 2006, Upadhyay et al. 2013, Alamgir 2017)

There is considerable interest in plants employed in traditional medicine as a source of antibacterial
natural productsfor clinical and commercial usage, and this is an area of intense investigation (Shahid

et al. 2009, Angiolella 2018). Cowan et al. stated in 1999 (Cowan et al. 1999) “While 25 to 50% of
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current pharmaceuticals are derived from plants, none are used as antimicrobials, however, traditional
healers have long used plants to prevent or cure infectious conditions; Western medicine has
recognised that potential and is trying to understand and utilise that success.” While the clinical use
of antibacterial plant natural products is still limited, plant derived antimicrobials including trans-
cinnamaldehyde present in cinnamon bark (Cinnamomum zeylandicum), carvacrol and thymol
present in oregano oil obtained from Origanum glandulosum, and eugenol from the oil of cloves
(Eugenia caryophyllus), have been shown to be effective in killing mature Listeria monocytogenes
biofilms and are classified as safe by the U.S. Food and Drug Administration (Adamset al. 1990). L.
monocytogenes is responsible for the foodborne disease listeriosis, with a mortality rate of about 24%
(Farber et al. 1991).

Examples of classes of secondary plant metabolites that have potent antimicrobial properties are

provided below.

1.4.1 Phenolic compounds

Phenols and polyphenols are widely distributed in plants, with an excess of 8000 phenolic structures
reported from the plant kingdom (Ferreira et al. 2017). Phenolic compounds are characterised by
having at least one aromatic ring with one or more hydroxyl groups attached (Crozier et al. 2006).
The site(s) and number of hydroxyl groups on the aromatic ring have been shown to correlate with
the level of toxicity to microorganisms, with increased hydroxylation commonly leading to increased
toxicity (Cowan 1999, Sher 2004). The mechanisms responsible for phenolic antimicrobial activity
include enzyme inhibition and other interactions with essential proteins (Cowan 1999) that lead to

loss of protein function. Probable targets in the microbial cell are surface exposed adhesions, cell wall
polypeptides, and membrane-bound enzymes (Naz et al. 2013).

Flavonoids are the largest, most numerous and widespread group of the phenolic compounds
(Harborne and Mabry 2013). Many studies have reported on the remarkable antimicrobial activity of
this class of compounds against a wide range of Gram-positive as well as Gram-negative bacteria
(Cushnie et al. 2007, Cushnie and Lamb 2011). The flavonols quercetin, myricetin and kaempferol,
and the flavones luteolin and apigenin (Figure 1.1), are amongst the most commonly occurring
flavonoids in plants (Puupponen-Pimi& et al. 2001), and they have been extensively reported to be
active against many pathogenic bacterial strains including S. aureus, Escherichia coli, Pseudomonas
aeruginosa, Bacillus cereus, Bacillus subtilis, Salmonella typhy and Shigella dynsenteriae (Senio et
al. 2018, Sganzerla et al. 2018) and fungal strains (Hameed et al. 2018). Highly lipophilic flavonoids
are thought to disrupt microbial membranes (Hameed et al. 2018). Flavonoids have been shown to

affect the cell-wall permeability of the porins in the outer membrane of microorganisms by blocking
3



the charges of the amino acids in porins (Cowan 1999). The activity of flavonoids may also be due to
their ability to interact with extracellular and soluble proteins, and in turn, with bacterial cell walls
(Cushnie etal. 2011).

OH O
OH O OH O

OH O OH O
Luteolin Apigenin

Figure 1.1 Examples of antimicrobially active flavonoids.

Coumarins, also known as benzopyrones, are phenolic substances with a fused benzene and a-pyrone
ring, and are often hydroxylated, alkylated and/or alkoxylated (O'Kennedy and Thornes 1997).
Coumarins are present in many plants. Simple coumarins and their analogues are a large class of
compounds that have attracted attention due to their various biological activities such as antitumor,
anti-HIV, anticoagulant and anti-inflammatory, as well as antimicrobial activity (Matos et al. 2013).
Scopoletin, psoralen and herniarin are amongst the most potent antimicrobial coumarins, with activity
against pathogenic fungal and bacterial strains reported (Ojala et al. 2000, Gnonlonfin et al. 2012).
Generally, coumarins have been found to be macrophage stimulants, which is thought to have an
indirect negative effect on infections. More specifically, coumarin has been used to prevent

recurrences of cold sores caused by HSV-1in humans (Sher 2009).

\om N % -
Scopoletin Psoralen Herniarin

Figure 1.2 Examples of antimicrobially active coumarins.

Hydroxycinnamates are products of the phenylpropanoid pathway and are referred to collectively as

phenylpropanoids. The most common antimicrobially active hydroxycinnamates are p-coumaric,
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caffeic and ferulic acids and their derivatives (Figure 1.3). These compounds have all been reported
to be active against a variety of pathogenic bacteria including Listeria monocytogenes, Pseudomonas
aeruginosa, Enterococcus faecalis, Bacillus subtilis and Staphylococcus aureus (Aljadi and Y usoff
2003, Popova et al. 2005, Ayaz et al. 2008, Borges et al. 2013). Their antimicrobial activity is believed
to be due to their ability to destabilise and permeabilise the cytoplasmatic membrane, inhibition of
enzymes involved in the radical generation and also the inhibition of the synthesis of nucleic acids
(Rajasekaran et al. 2018).

0 o Q

HO
HO HO

Ferulic acid Caffeic acid p-Coumaric acid

Figure 1.3 Examples of antimicrobially active hydroxycinnamates.

Stilbenes, alike the hydroxycinnamates, are also derived from the phenylpropanoid pathway. Many
stilbenes are phytoalexins, which are compounds that are produced by plants in response to attack by
fungal, bacterial or viral pathogens. Stilbenes have been subjected to intense investigation because of
their potential in human health (Aggarwal and Shishodia 2005). The most common stilbene is
resveratrol (Crozier et al. 2006). It can occur in both the cis- and the trans-isomeric forms and is
present in plant tissues primarily as trans-resveratrol-3-O-glucoside, which is also known as piceid
or polydatin (Crozier et al. 2006). Resveratrol has been shown to possess antimicrobial activity
against a range of bacterial strains including multidrug resistant S. aureus and P. aeruginosa (Paulo
et al. 2010) and fungal species including Trichophyton mentagrophytes, Epidermophyton floccosum

OH
L

and Microsporum gypseum (Chan 2002).

HO

OH
trans-Resveratrol

Figure 1.4 Example of antimicrobially active stilbene.

1.4.2 Terpenes

Terpenes are based on the isoprene unit and include diterpenes, triterpenes and tetraterpenes (C20,
C30 and CA40, respectively), as well as hemiterpenes (C5), monoterpenes (C10), and sesquiterpenes
(C15) (Cowan 1999). When the compounds contain additional elements, usually oxygen, they are

termed terpenoids. Terpenoids are synthesised from acetate units, thus they originate from fatty acids.
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They differ from fatty acids in that they contain extensive branching and are cyclised. Triterpenoids
are the most abundant group of phytochemicals, as they comprise more than 20,000 recognised
molecules (Jesus et al. 2015). Various triterpenic skeletons have been described, including
pentacyclic triterpenoids that have displayed antibacterial, antiviral and antiprotozoal effects. Food
scientists have found terpenoids present in essential oils of plants to be useful in the control of Listeria
monocytogenes (Aureli et al 1992). Oil of basil, a commercially available herbal, was found to be as
effective as 125 ppm chlorine in disinfecting lettuce leaves (Aureli et al. 1992).

The common plant pentacyclic triterpenoids oleanolic acid and ursolic acid have been shown to be
effective against a wide range of bacteria (Jesus et al. 2015). Studies conducted on the antimicrobial
activity of three monoterpenes, namely linalyl acetate, (+)-menthol and thymol against S. aureus and
E. coli, suggested that the antimicrobial effects could be attributed to a perturbation of the plasma

membranes by the lipophilic compounds, resulting in alterations of membrane permeability and in
leakage of intracellular materials (Jesus et al. 2015).

Oleanolic acid Ursolic acid

Figure 1.5 Examples of antimicrobially active terpenoids.

1.4.3 Alkaloids

Amongst secondary metabolites produced by plants, alkaloids figure as a very prominent class of
compounds. Structurally, alkaloids are heterocyclic nitrogen containing compounds (Cowan 1999).
Over 21,000 alkaloids have been identified, constituting the largest group among nitrogen containing
secondary metabolites. Alkaloids are widely distributed in the plant kingdom, especially among
angiosperms (Fattorusso and Taglialatela-Scafati 2008). One of the main functions of alkaloids in
plants is that of chemical defence against herbivores or predators. Some alkaloids possess
antimicrobial, antifungal and antiviral properties (Fattorusso and Taglialatela-Scafati 2008).

Berberine and harmane are commonly occurring and important representatives of the alkaloid group
(Al-Bayati and Al-Mola 2008). Berberine has been shown to be active against methicillin-resistant S.
aureus (Freile et al. 2003, Yu et al. 2005), E. coli, P. aeruginosa and B. subtilis (Ceriiakova and

Kostalova 2002) and active against C. albicans (Freile et al. 2003). Harmane has been shown to be
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active against B. subtilis, S. aureus, E. coli and Proteus vulgaris and the fungi Aspergillus niger and
C. albicans (Nenaah 2010). The mechanism of action of highly aromatic planar quaternary alkaloids
such as berberine and harmane could be explained by their ability to interact with bacterial DNA
(Cowan 1999).

0\
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Berberine Hermane

Figure 1.6 Examples of antimicrobially active alkaloids.

1.5 Methods used for the identification of antimicrobial compounds

1.5.1 TLC bioautography guided isolation

TLC bioautography is one of the most widely used methods for targeting active compounds (Islam et
al. 2003). This method is a combination of thin layer chromatographic (TLC) separation and activity
determination that enables the localisation of active constituents present in mixtures (Shahverdi et al.
2007). TLC bioautography was therefore chosen as a method for bioassay guided isolation studies

described in this thesis.
1.5.2 Metabolomic screening

Metabolomics is the study of the “global metabolite profile” in a system under a given set of
conditions (Rochfort 2005). Application of metabolomics to any type of organism, but most notably
of higher plants, is developing into an essential tool in natural sciences specifically with the goal to
qualitatively and/or quantitatively analyse metabolites in an organism (Rochfort 2005). An aim of
metabolomics is to assess a complex mixture and in doing so allow for the identification of the
constituents present in a mixture before or instead of the isolation process (Inui et al. 2012). This

approach has been applied in the presented PhD study.

Continued advances in hardware, software and biostatistics are enabling us to generate ever-
advancing, detailed insights into the chemical composition of plants and how this is influenced by
genetical and environmental perturbation. Over the last decade, plant metabolomics has been
transformed from a purely theoretical concept into a highly valued and widely exploited technology,

and there are now many examples of metabolomics focused studies on traditionally used medicinal



plants (Hall 2018). This is an excitingly advancing field, but it is also recognised that there are still
challenges to overcome (De Vos et al. 2007, Gu et al. 2013, Hall 2018).

1.6 Background and objectives of this study

Previous Master of Philosophy (MPhil) studies conducted by the author (Malewska 2015), and PhD
studies by a former member of the research team (Kichu 2010), have reported on the use of the leaves
of Begonia picta Smith (Begoniaceae), Diospyros lanceifolia Roxb. (Ebenaceae) and Holboellia
latifolia Wall. (Lardizabalaceae) and roots of Albizia lucidior (Skud) Hara (Mimosaceae) and Prunus
persica (L.) Stokes (Rosaceae) by the Chungtia villagers of Nagaland, North East India for skin
related treatments. The aim of the MPhil study was to investigate these five plants for their
antimicrobial properties against dermatologically relevant pathogens and undertake phytochemical

analysis of the most active species, Prunus persica.

In the MPhil study, MTT microdilution assays were used to determine the antimicrobial activities of
70% aqueous ethanolic extracts of leaves of B. picta, D. lanceifolia and H. latifolia and roots of A.
lucidior and P. persica against Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa,

Streptococcus pyogenes, Salmonella typhimurium and Candida albicans.

It was found that all the five plants aqueous ethanolic extracts exhibited antibacterial activity against
S. aureus, with the greatest activity exhibited by P. persica root extract followed by D. lanceifolia
and H. latifolia leaves. Those plants therefore were chosen for further investigation. The P. persica
crude extract was further successively partitioned between water and n-hexane, dichloromethane and
ethyl acetate. All partitions of P. persica showed antibacterial activity, with the ethyl acetate partition
being the most significant with MIC 312 pg/mL (susceptible as well as resistant strains of S. aureus),
followed by n-hexane with MIC 625 pug/mL (susceptible S. aureus) and MIC 312 pg/mL (MRSA and
MDRSA and antibiotic susceptible strains of E. coli and P. aeruginosa). Bioassay guided
fractionation of the n-hexane partition resulted in the isolation of B-sitosterol (MIQ 312 pg for S.
aureus, 625 pg for MRSA and MDRSA, 2500 pg for E. coli). Bioassay guided fractionation of the
ethyl acetate partition resulted in the isolation of ent-epiafzelechin-2a—0—7, 40—38)-(-)-ent-
afzelechin (MI1Qs 156 pg for susceptible S. aureus, 312 pg for MRSA and MDRSA, 2500 ug for
antibiotic sensitive E. coli, S. typhimurium and P. aeruginosa) and afzelechin (no antimicrobial
activity). The antimicrobial properties of the isolated compounds were determined by the minimum
inhibitory quantity (MIQ) TLC bioautography method and the structures were elucidated by
spectroscopic techniques (Malewska 2015). The partitioning of D. lanceifolia and H. latifolia was

not conducted within the MPhil studies.



The overall objective of this PhD project was to undertake chemical and biological investigations on
D. lanceifolia and H. latifolia as well as to continue the work on the P. persica antimicrobially active
fractions. For the three plants and parts chosen, beyond the studies within the research group
(Malewska 2015 and Kichu 2010), literature reviews identified limited phytochemistry and

bioactivity studies, as described below.

Roots of Prunus persica (L.) Batsch (Peach) subfamily Prunoideae of the family Rosaceae have been
used orally to treat typhoid and tonsillitis, and topically to treat skin related infections (Barua 2011,
Kichu et al. 2015). While the leaves, seeds and fruits of this plant are widely reported for their
phytochemistry and diverse pharmacological properties, there is one phytochemical report on the root
reporting the presence of afzalechin and five proanthocyanidin stereoisomers (Ohigashi et al. 1982)
There are no other reports on pure compounds isolated from the roots.

Leaves of Diospyros lanceifolia (Roxb) of the Ebenaceae family have been used to treat various teeth
complaints and skin disorders of likely microbial ethnology (Kalita et al. 2016). Leaf extracts have
been reported to possess strong antioxidant property, with the isolation of gallic acid attributed in part
to this activity (Kalita et al. 2016). The leaves have also been shown to have antibacterial activity
against Staphylococcus aureus, Escherichia coli and Pseudomonas aeruginosa, and the antibacterial
compounds plumbagin and 7-methyljuglone have been isolated from the leaves (Kichu 2010). No

further phytochemical or biological studies have been reported on the leaves.

Leaves of Holboellia latifolia Wall. of Lardizabalaceae family have been used for the treatment of
burns (Begum and Nath 2000, Kichu et al. 2015) and wounds (Juyal and Ghildiyal 2013). Only one

report on the phytochemistry of H. latifolia has been found (Jian 2013), and no biological studies
have been reported.

In order to understand more on the above underexplored traditional medicinal plants, the specific
aims of this PhD project for Prunus persica roots, Diospyros lanceifolia leaves and Holboellia
latifolia leaves were to conduct bioassay guided isolation studieson extractsand structural elucidation
studies to identify antimicrobially active compounds, and use metabolomics studiesto further explore

the phytochemistry of the plant extracts (and fractions therein).
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Chapter 2 - Prunus persica

Prunus persica (L.) Batsch roots have been used traditionally to treat skin infections (topical
application), orally for typhoid and tonsillitis, and via nasal administration for nose bleeds (Kefalew
et al. 2015). Unlike other parts of this plant that have been widely reported for their phytochemistry
and diverse pharmacological properties, there are limited biological or phytochemistry reports
concerning the roots of P. persica (Layne et al. 2008, Malewska 2015).

The author has previously reported on the root extracts showing good antibacterial activity and the
bioassay guided isolation of three antibacterial compounds (Malewska 2015). This chapter provides
a literature review of traditional medicinal uses of P. persica, its bioactivity and phytochemistry, and
extends the previous bioassay guided isolation studies of P. persica for identification of further
antibacterial constituents.
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Figure 2.1. Prunus persica (photo by Nagaland man Meyanungsang Kichu).

2. P.persica literature review
2.1 Taxonomy and botany

Prunus persica (L.) Batsch (Peach) is a deciduous tree of the subfamily Prunoideae of the family
Rosaceae. It is commonly cultivated in West Asia, Europe, the Himalayas and India, and is a
commercially harvested stone fruit (Gilani et al. 2010). P. persica can reach a height of 5 to 10 metres.
The leaves are linear with acute tips and finely serrated margins. The flowers are produced in early
spring before the leaves; they are solitary or paired, pink, with five petals. The fruit has yellow or
whitish flesh, and a delicate aroma. The single large seed is red-brown, oval and is surrounded by a
wood-like husk (Gilani et al. 2010).
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2.2 Traditional uses and aligned biological activities

Virtually all parts of P. persica have been used as traditional medicines. The leaves and fruits are the
most commonly applied, followed by the seeds (Kant et al. 2018).

Leaves of the species have been used in many countries to treat a range of conditions including skin
and eye infections and wounds (Tamang and Sedai 2016), inflammatory disorders such as painful
joints (Lone and Bhardwaj 2013), to relieve symptoms of cold (Kumar et al. 2015), as well as

digestive disorders such as abdominal pain, diarrhoea and stomach ache (Uniyal et al. 2011).

Fruits of P. persica have been applied for healing of wounds (Sharma et al. 2017), fungal infections
(Rashid et al. 2015), relief of inflammation and irritation of skin and mucous membranes, as well as
for rheumatism and arthritis (Pieroni et al. 2015), digestive disorders and as an anthelmintic (Lone
and Bhardwaj 2013), for diabetes (YYaseen et al. 2015), urinary and reproductive system disorders, for
colds, flu, fever and headaches (Shah and Hussain 2012, Getaneh and Girma 2014, Khan and Ahmad
2015, Yaseen et al. 2015).

Seeds of P. persica have been used as a treatment for skin infections and wound healing and to treat
urticaria (hives) (Ahmad and Ali 2006), for digestive disorders (Wangchuk et al. 2011, Kichu et al.
2015), rheumatism (Sharma and Painuli 2011), malaria (Giday et al. 2007), constipation, as an
anthelmintic (Trak 2017) and for relief of headache (Chauhan 2016).

There are limited reports on use of the bark and roots of P. persica. Bark of the plant is used in Africa

to treat infectious diseases such as HIV (Amusan et al. 2005) and in Nepal to treat skin conditions
such as infected wounds (Ghimire and Bastakoti 2009, Kant et al. 2018).

The Ao tribe of Nagaland, India, consume the liquid from fresh roots soaked in water to treat typhoid
and the seed endosperm to treat dysentery and diarrhoea (Kichu et al. 2015). The liquid from the roots
and aqueous decoctions of the leaves are also used to treat skin related infections (Kichu 2010). Roots
of P. persica are used by the Sonowal Kachari Tribe, Assam, Indiatotreat tonsillitis, and by the Ada‘a
District of Ethiopia to treat nose bleeds (Kefalew et al. 2015). Roots are also used by the Rungwe
tribe of Tanzania to relieve the symptoms of chronic cough (Kibonde. 2018, Kant et al. 2018).

The biological properties and phytochemistry of leaves, fruit, bark, seeds and the pericarp of the plant
have been very well documented. Due to the overwhelming amount of data available, the author

focuses here only on those activities aligned with the traditional medicinal applications of the species.
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Methanolic extracts of the bark of P. persica have been shown to possess antimicrobial properties
against Gram-negative as well as Gram-positive bacterial species; namely Klebsiella pneumoniae,
Enterococcus faecalis, Escherichia coli, Staphylococcus aureus and Bacillus subtilis, as well as
against fungi such as Aspergillus flavus, Microsporum canis and Fusarium solani. These results
support the usage of the plant by Indigenous communities of Nepal, who use the bark to treat boils,

cuts and wounds (Ghimire and Bastakoti 2009). The exact compounds responsible for the
antimicrobial activities have not been determined.

Methanolic extracts of the seeds have been found to have antitumour activity, and well documented
anticancer compounds have been isolated from the extract, including amygdalin, prunasin,
amygdalinic acid, mandelic acid p-D-glucopyranoside, benzyl B-gentiobioside and benzyl
B-D-glucopyranoside (Fukuda et al. 2003). These findings support the traditional application of P.

persica seeds as an ingredient in “Kampo” preparations used by native tribes of Japan and China to
treat breast and other cancers (Lim 2012).

The protective effect of P. persica pericarp (fruit flesh and the outer layer of the seed) ethanolic
extract against hepato- and nephro-toxicity has been demonstrated. This supports Indigenous usage
of the fruit by Pakistani people to treat jaundice and kidney problems (Shah and Hussain 2012,

Heidari-Soreshjani et al. 2017). The compounds responsible for these properties have not been
identified (Lee Chang et al. 2007, Heidari-Soreshjani et al. 2017).

The ethanolic extract of P. persica leaves has been shown to stimulate isolated rabbit jejunum and
guinea pig ileum preparations (Kim et al. 2003) and further studies have indicated that the leaves
contain spasmogenic (cholinomimetic) and spasmolytic (calcium antagonist) constituents. Although
the chemical entities responsible for the activities have not been isolated (Suh et al. 2006), these

studies are supportive of the leaves being used as a treatment for constipation by Indigenous people
of Nagaland, India (Hazarika 2018).

P. persica flowers are traditionally applied in Asian countries towhiten skin and totreat skin disorders
(Kim et al. 2002). Ethanolic extracts of P. persica fruit and flowers have been found to contain
2-methoxy-5-(2-methylpropyl)pyrazine, which attenuates UV-B-induced changes in procollagen
(Han et al. 2010), as well as kaempferol 3-O-[B-D-glucopyranosyl(1—4)-a-L-rhamnopyranoside],
kaempferol 3-O-B-D-galactopyranoside, kaempferol 3-O-o-L-rhamnopyranoside and kaempferol

3-O-p-D-glucopyranoside, which have all been shown to scavenge free radicals (Kim 2002). The
properties of these compounds support the traditional uses of the flowers.
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Even though much research has been devoted to the biological properties of nearly all parts of P.
persica, no data have been found on the biological properties of P. persica roots.

2.3 Phytochemistry

P. persica phytochemistry has been intensely investigated with many compounds having been
isolated from the fruits, leaves, seeds and bark.

The fruits are a rich source of antioxidant vitamins and phenolic compounds, containing ascorbic acid
(2.1), a-tocopherol (2.2), B-tocopherol (2.3) and citric acid (2.4), and the carotenoids zeaxanthin (2.5)
and f-carotene (2.6) (Carbonaro et al. 2002). The fruits have also been found to be a good source of
flavonoids, including apigenin (2.7), luteolin (2.8), kaempferol (2.9), quercetin (2.10), eriodictyol
(2.11), naringenin (2.12), aromadendrin (2.13) and prunetin (2.14) (Rahman and Bhatnagar 1968,
Jang et al. 2016), and the flavanol glycosides trifolin (2.15) and afzelin (2.16). All the above
compounds have also been isolated from the leaves of P. persica, which have additionally been found
to contain phenolic acids including caffeic acid (2.17), ferulic acid (2.18), chlorogenic acid (2.19) and
gallic acid (2.20) (Kim 2002, Ravi Kant. et al. 2108). The cyanogenic glucosides amygdalin (2.21)
and prunasin (2.22) have been isolated from the seeds and bark of P. persica (Jang et al. 2018, Ravi
Kant. et al. 2108). Other than the phenolic compounds, the seeds also contain triterpenes including
ursolic acid (2.23), and B-sitosterol (2.24) (Ravi Kant. et al. 2018). All the above compounds are
predominantly responsible for the broad spectrum of biological activities of this species.

Only two reports concerning the isolation of bioactive compounds from roots have been found.
Ohigagashi et al. reported on the presence of proanthocyanidin A (2.25) and afzelechin (2.26)
(Ohigashi et al. 1982) and Kichu reported the isolation of afzelechin and ent-epiafzelechin-
(20—0—7,40—8)-(-)-ent-afzelechin (2.27) (Kichu, 2010). Compounds 2.26 and 2.27 were also
isolated in the previous Master of Philosophy (MPhil) studies conducted by the author of this thesis

(Malewska 2015). The structures of all these isolated compounds are presented below (Figure 2.2).
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Figure 2.2. Compounds isolated from P. persica species.
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Figure 2.2. Compounds isolated from P. persica species (continued).

2.4 Background of the past MPhil project

During the MPhil project of the author (Malewska 2015), the following studieswere conducted. Dried
powdered roots of P. persica were extracted with 70% aqueous ethanol. This extraction method was
used based on the traditional mode of preparation (fresh root is soaked in water overnight and taken
orally to treat typhoid), suggesting a polar nature of active compounds. The dried extract was
resuspended in water and partitioned between n-hexane, dichloromethane (DCM) and ethyl acetate
(EtOAc); with the remaining fraction being called “water”. The partitioned extracts were screened
for antimicrobial activity by the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) microdilution assay (Akter et al. 2016) against the skin pathogens Staphylococcus aureus

(susceptible S. aureus), methicillin resistant S. aureus (MRSA) and multidrug resistant S. aureus
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(MDRSA), B-lactamase negative Escherichia coli (B- E. coli), B-lactamase positive (antibiotic
resistant) E. coli (B+ E. coli), Pseudomonas aeruginosa, Streptococcus pyogenes, Salmonella
typhimurium and Candida albicans (Malewska 2015). The n-hexane extract showed antimicrobial
activity against S. aureus with minimum inhibitory concentrations (MIC) of 625 pug/mL and MIC of
312 ug/mL for MRSA and MDRSA, B- E. coli and P. aeruginosa. The partition also showed
antimicrobial activity against antibiotic sensitive E. coli (MIC 312 pg/mL). The dichloromethane
partition showed antimicrobial activity against the antibiotic sensitive strain of S. aureus, MRSA and
MDRSA (MIC 625 pg/mL), and the ethyl acetate partition showed antimicrobial properties against
antibiotic susceptible as well as antibiotic resistant strains of S. aureus (MIC 312 pg/mL) for all
strains. None of the extracts showed antimicrobial activity against the remaining bacterial strains. The
obtained results (Table 2.1) agree with those previously reported (Kichu 2010).

Table 2.1 Antimicrobial activity of P. persica partitions by MTT microdilution assay (MPhil work).

Fractions and Minimum inhibitory concentration
compounds (MIC)
SA MRSA  MDRSA B-EC ST PA CA,SP, B+ EC
n-Hexane 625 312 312 312 na 312 na
DCM 625 625 625 na na na na
EtOAC 312 312 312 na na na na
Water 1250 1250 1250 na na na na
Vancomycin 15.6 31.2 31.2 nt nt nt nt
Gentamycin nt nt nt 15.6* 15.6 15.6 15.6*,31.2**
Fluconazole nt nt nt nt nt nt 31.2%**

MIC values were determined as the wells with the lowest concentration of the samplesthatdisplayed no yellow to blue
change of the MTT colour. *MIC values for B-EC, B+EC E. coli (B-, p+), PA (P. aeruginosa)and (ST) S. typhimurium.
**MIC value for SP (S. pyogenes). ***MIC value for CA (C. albicans). nt: not tested; na: not active. DCM:
dichloromethane; EtOAc: ethyl acetate; MeOH: methanol. SA (S. aureus), MRSA (methicillin resistant S. aureus),
MDRSA (multidrug resistant S. aureus); MIC: minimum inhibitory concentration.

Based on the antimicrobial activity results, the n-hexane and ethyl acetate partitions were chosen for
bioassay guided chromatographic separation. Initial fractionation of the n-hexane partition was
conducted with normal phase silica gel column chromatography, eluting with increasing polarity
mixtures of petroleum ether:diethyl ether (100:0 to 10:90). Further chromatographic fractionation of
antibacterially active fractions (as confirmed by TLC bioautography) (Akter et al. 2016) using a
combination of normal phase and size exclusion chromatography (Sephadex LH-20), led to the

isolation of B-sitosterol (2.24, Figure 2.2). For the ethyl acetate partition, initial fractionation was
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conducted with normal phase silica gel column chromatography, eluting with increasing polarity
mixtures of chloroform:methanol (100:0 to 30:70). Further TLC bioautography guided
chromatographic separation led to the isolation of afzelechin and ent-epiafzelechin-
(20—0—7’,40—8’)-(-)ent-afzelechin (2.26 and 2.27, Figure 2.2). There were two remaining sub-
fractions (EtOAc2al and EtOAc 2a3, Figure 2.3) also considered of interest, but the chromatographic
separation was not conducted during the MPhil project due to time restrictions. The flow chart of the
key steps that led to isolation of antibacterially active compounds from the ethyl acetate partition as

well as the sub-fractions (EtOAc 2al and EtOAc 2a3), during the MPhil studies, is presented below.

EtOAC
89

MIQ SA  MRSA MDRSA
pg/mL 312 312 312

Normal phase silica
’ EtOAc 3a

Compound 2.27 EtOAcC 2a

MIQ SA  MRSA MDRSA

pg/mL 156 312 312 Compound 2.26

EtOAc 2al EtOACc 2a3
MIQ SA  MRSA MIQ SA MRSA
pg/mL 312 312 ug/mL 156 312

Figure 2.3 Key steps of large scale bioautography guided fractionation of EtOAc partition of
Prunus persica roots (Malewska 2015). Minimum inhibitory quantity (MIQ) by TLC bioautography
method.

2.5 Results and Discussion

The antibacterially active n-hexane partition and EtOAc 2al and EtOAc 2a3 fractions obtained from
the MPhil studies (Malewska 2015) of the P. persica roots had been stored dried and under nitrogen
at -20 °C and were subsequently used for this PhD study. They were found to have consistent TLC

and NMR profiles to that seen previously for the freshly obtained samples, as well as similar
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antibacterial activity (MIC values) supporting no significant change of the samples had occurred
during storage. Additionally, minimum bactericidal concentration (MBC) was measured for all
samples of interest and a slightly lower value of MBC for n-hexane fraction (625 pg/mL for MRSA
and MDRSA strains) was noted. The same MIC and MBC values forthe EtOAc, 2al and 2a3 fractions
were seen (Table 2.2). EtOAc 2al and EtOAc 2a3 were relatively clean by normal phase silica TLC
(254 nm visualisation) and of sufficient quantity for further analysis. Therefore, further bioassay
guided isolation studies of the n-hexane partition and EtOAc 2al and EtOAc 2a3 were conducted.

Table 2.2 Antimicrobial activity of P. persica partitions and fractions by MTT microdilution assay.

Fractions and Minimum inhibitory concentration/minimum bactericidal concentration
compounds (MIC/MBC pg/mL)
SA MRSA MDRSA  B-EC ST PA CA,SP, B+ EC
n-Hexane 625 312/625 312/625 312 na 312 na
EtOAC 312 312 312 na na na na
2al 312 312 na na na na na
2a3 156 312 na na na na na
Vancomycin 15.6 31.2 31.2 nt nt nt nt
Gentamycin nt nt nt 15.6* 15.6 15.6 15.6*, 31.2**
Fluconazole nt nt nt nt nt nt 31.2%**

MIC values were determined as the wells with the lowest concentration of the samplesthatdisplayed no yellow to blue
change of the MTT colour. *MIC values for B-EC, B+EC E. coli (B-, p+), PA (P. aeruginosa)and (ST) S. typhimurium.
**MIC value for SP (S. pyogenes). ***MIC value for CA (C. albicans). nt: not tested; na: not active. DCM:
dichloromethane; EtOAc: ethyl acetate; MeOH: methanol. SA (S. aureus), MRSA (methicillin resistant S. aureus),
MDRSA (multidrug resistant S. aureus); MIC: minimum inhibitory concentration; MBC: minimum bactericidal
concentration. Single valuesindicate that MIC = MBC.

2.5.1 Isolation and antimicrobial activity of compounds from n-hexane partition

The antibacterially active n-hexane partition (MIC value 625 pg/mL against susceptible strain of S.
aureus, and 312 pg/mL against MRSA, MDRSA, susceptible E. coli and P. aeruginosa strains) was
subjected to TLC bioautography guided normal phase silica column chromatographic separation
(Figure 2.4). Forty fractions were collected and combined into five major sub-fractions (Hex-1 — Hex-
5) according to similar Rr values of active spots. The fractions Hex-1, Hex-4 and Hex-5 showed

antibacterially active spots by TLC bioautography with S. aureus, thus were considered of interest.
The test results are summarised in Table 2.3.
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Table 2.3 TLC bioautography assay results of sub-fractions 1 to 5 of the n-hexane partition.

Fraction Yield Antibacterial activity (bioautography)
No. mg Susceptible S. aureus MRSA MDRSA
activity R; activity R; activity R;
Hex-1 150 a 0.45 a 0.45 a 0.45
Hex-2 130 na na na na na
na
Hex-3 65 na na na na na
Hex-4 126 a 0.77 a 0.77 a 0.77
Hex-5 82 a 0.79 a 0.79 a 0.79

*R¢range where inhibition zones were observed. Samples were run on normalphase TLC plates using (petroleum ether
b.p. 40 °C:diethyl ether 3:7). a — active in the TLC bioautography test; na - not active. MRSA (methicillin resistant S.
aureus, MDRSA (multidrug resistant S. aureus).

Further purification of fraction Hex-1 by Sephadex LH-20 chromatography yielded compound 1 (1.5
mg). Recrystallisation with methanol of fraction Hex-4 yielded compound 2 (65 mg). Further
purification of fraction Hex-5 by Sephadex LH-20 chromatography yielded compound 3 (1.7 mg).
Spectral analysis of compound 2 (Section 2.6.2) was consistent with it being B-sitosterol (2.24, Figure

2.2), which has been previously found in P. persica (Ravi Kant. et al. 2018).

The antimicrobial activities of compounds 1-3 were tested against susceptible as well as resistant
strains of S. aureus and E. coli, susceptible strains of P. aeruginosa, S. typhimurium, S. pyogenes and
the fungus C. albicans by the MTT microdilution assay (Table 2.4, Section 2.5.2). Compound 1
showed excellent antibacterial properties (MIC 78 pg/mL) against all tested S. aureus strains, ans
some activity against - E. coli (MIC 312 pug/mL) and P. aeruginosa (MIC 625 pg/mL). Compound
2 showed some activity against MRSA and MDRSA (MIC 625 pg/mL for each) and antibiotic
sensitive S. aureus (MIC 312 pg/mL) as well as the susceptible strain of E. coli (MIC 2500 pg/mL).
Compound 3 showed weak antibacterial activity (MIC 2500 pg/mL) against susceptible S. aureus

and MRSA and susceptible E. coli as well as P. aeruginosa (MIC 1250 pg/mL).
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The flow diagram of the bioassay guided isolation process key steps is presented in Figure 2.4.

n-hexane
lg
Hex 1 Hex 2 Hex 3 Hex 4 Hex 5
150 mg, a 132 mg, na 65 mg, na 126 mg, a 82mg, a
Hex 1.1, na Hex 1.2, na Hex 1.3, na Cngorl:]gd L Hex 1.5, na

MIC SA MRSA MDRSA B-EC  PA
ug/mL 78 78 78 312 625

Recrystallisation
compound 2, 65 mg

MIC SA MRSA MDRSA p-EC
ug/mL 312 625 625 2500

Hex 5.1, na Hex 5.2, na Compound 3, 1.7 mg Hex 5.4, na

MIC SA MRSA B-EC PA
pg/mL 2500 2500 2500 1250

Figure 2.4. TLC bioautography guided fractionation of n-hexane partition of Prunus persica. a:
active, na: not active. MIC: minimum inhibitory concentration. Fractions 1 to 5 tested against S.
aureus (SA), methicillin resistant S. aureus (MRSA) and multidrug resistant S. aureus (MDRSA).
Fractions 1.1 to 1.5 and 5.1 to 5.4 were tested against S. aureus only. Compounds isolated and their
activities are bolded. Compounds 1, 2 and 3 were tested against all pathogenic strains - only
positive activity is noted.

2.5.2 Isolation and antimicrobial activity of compounds from ethyl acetate partition

The antibacterially active fractions EtOAc 2al and 2a3 were subjected to normal phase silica column
chromatography, followed by repeated Sephadex LH-20 chromatography, all guided by TLC
bioautography with antibiotic susceptible S. aureus. This afforded compound 4 (11 mg, purified from
EtOAc 2al) and compound 5 (16 mg, purified from EtOAc 2a3). Spectral analysis of compound 4

25



(Section 4.1) was consistent with it being gallic acid (2.20, Figure 2.2), which has been previously
found in P. persica (Kim 2002, Ravi Kant. et al. 2018).

MICs and MBCs of isolated compounds were found to be identical. Compound 4 was found to
possess antibacterial activity against susceptible S. aureus with an MIC/MBC of 156 pug/mL, activity
against MRSA with an MIC/MBC of 312 pg/mL and weak activity against p- E. coli and P.
aeruginosa with MIC/MBCs of 2500 pg/mL for both of the strains. Compound 5 was active against

susceptible S. aureus and B- E. coli with an MIC/MBC of 312 pg/mL. Compound 5 was also found
to be active against MRSA and MDRSA, with an MIC/MBC of 625 pg/mL.

The antimicrobial activities of the isolated compounds from the n-hexane partition (1, 2 and 3) and
ethyl acetate sub-fractions EtOAc 2al (4) and EtOAc 2a3 (5) are summarised in Table 2.4.

Table 2.4 Antimicrobial activity of P. persica isolated compounds by MTT microdilution assay.

Compound Minimum inhibitory concentration and minimum bactericidal concentration
(MIC/MBC pg/mL)
SA MRSA  MDRSA B-EC ST PA CA, SP, B+EC
1 78 78 78 312 nt 625 na
2 312 625 625 2500 nt na na
3 2500 2500 na 2500 nt 1250 na
4 156 312 na 2500 nt 2500 na
5 312 625 625 312 nt na na
Vancomycin 15.6 31.2 31.2 nt nt nt nt
Gentamycin nt nt nt 15.6* 15.6 15.6 15.6*, 31.2**
Fluconazole nt nt nt nt nt nt 31.2%**

MIC values were determined as the wells with the lowest concentration of the samplesthat displayed no yellow to blue
change of the MTT colour. *MIC valuesfor p- EC, p+ EC E. coli (B-, p+), PA (P. aeruginosa)and (ST) S. typhimurium.
**MIC value for SP (S. pyogenes). ***MIC value for CA (C. albicans). nt: not tested; na: not active. DCM:
dichloromethane; EtOAc: ethyl acetate; MeOH: methanol. SA (S. aureus), MRSA (methicillin resistant S. aureus),
MDRSA (multidrug resistant S. aureus). MIC: minimum inhibitory concentration; MBC: minimum bactericidal

concentration. Single valuesindicate that MIC = MBC.
2.6 Structural elucidation of isolated compounds
2.6.1 a-Cyanobenzyl benzoate

Compound 1 was isolated as a yellow oil. The electron-impact mass spectrum (EI-MS) showed an
odd molecular ion at m/z 237, which suggested the presence of a nitrogen atom, and was consistent

with the molecular formula of C1sH1:NO2. The MS showed a fragmentation pattern consistent with
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loss of a CeHsCOO- group (m/z 116) and loss of CsHsN- (m/z 121), in agreement with the literature
for a-cyanobenzyl benzoate (Nuylert et al. 2018). The 13C NMR together with DEPT 135 showed a
total of 11 different carbons; four quaternary and seven methine signals. The downfield quaternary
carbon signal at 6 165.9 is characteristic of a carbonyl of an ester and the signal at 6 117.6 is consistent
with the presence of a CN group (Nair et al. 2008, Mohareb et al. 2012). The *H NMR spectrum
showed ten aromatic proton signals, consistent with two monosubstituted aromatic rings, along with
a deshielded methine signal at 6 6.93 (H-7). HMBC showed connectivities consistent with the
deshielded methine being positioned next to an oxygen and nitrile moiety. The 13C and 'H NMR data

were in agreement with the literature for a-cyanobenzyl benzoate (also known as mandelonitrile

benzoate) (Hoffmann et al. 1990).

Figure 2.5 The structure of a-cyanobenzyl benzoate (1).

Table 2.5 NMR data of compound 1; key HMBC and COSY correlations (400 MHz, CD30D), s C
reference (Hoffmann et al. 1990).

C# 5C 5C OH HMBC Multiplicity
reference JinHz
1,5 129.8 129.3 8.01,dd,7.4,2.0 C-2/4,C-3,C-6,C-9 CH
2,4 127.8 127.8 7.57,dd,7.4,7.4 C-3,C-1/5,C-6,C-9 CH
3 134.7 134.0 7.73,td,7.4,2.0 C-1/5 CH
6 131.3 131.3 C
7 63.5 63.4 6.93,s C-8,C-9,C-1’/5’,C-6’ CH
8 117.6 116.3 C
9 165.9 164.5 C
1,5 129.1 128.6 7.70,dd,7.7,2.0 C-7 CH
2’,4> 130.2 130.8 7.53,m Cc-3’ CH
3’ 129.6 129.6 7.40, m Cc-2’,C-1’,C-5 CH
6’ 135.2 135.2 C

2.6.2 B-Sitosterol

Compound 2 (or 2.24) was isolated as a white crystalline solid [melting point 138-139 °C; [a]?°p: -41°

(chloroform)]. The structure was tentatively identified from the EI1-MS, which showed a molecular
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ion at m/z 414 and a fragmentation pattern consistent with -sitosterol (C29Hs00) based on the NIST
library database (95% similarity). High resolution EI-MS (HR-EI-MS supported the molecular
formula of C29Hs00 (found: 414.3855, calculated: 414.3862). The melting point and optical rotation
were also consistent with the published melting point and optical rotation for -sitosterol [136-139 °C,
lit. (Kircher and Rosenstein 1973); [0]%°p: -41° (in chloroform), lit. (Choi et al. 2002)].

The EI-MS showed fragment ions consistent with loss of water (m/z 396), plus loss of a methyl group
(m/z 381, M-CH3-HOH), the loss of the side chain of B-sitosterol (m/z 273), and loss of the side chain
and water (m/z 255), which was consistent with the reported MS for B-sitosterol (Jamaluddin et al.
1994). The infrared (IR) spectrum showed a broad band at 3400 cm1, indicative of an OH group. No
other characteristic functional group bands were seen in the IR spectrum.

The 13C NMR spectrum showed the presence of twenty nine aliphatic signals. The DEPT spectrum
showed the presence of eleven methylene, nine methine, six methyl and three quaternary carbon
atoms. The *H NMR spectrum showed two singlets of three hydrogens each, at § 0.61 (H-18) and
0.93 (H-19), consistent with shielded methyl groups attached to quaternary carbons, along with three
doublets of three hydrogens each at 6 0.85 (J 6.9 Hz, H-21) 0.76 (J 7.4 Hz, H-26) and 0.74 (J 7.4 Hz,
H-27), consistent with methyl groups next to methines and a triplet of three hydrogensat 6 0.77 (J
7.2 Hz, H-29) consistent with a methyl group. These were in agreement with *H NMR signals reported
for the methyl groups of B-sitosterol (Joshi and Poudel 2011). A multiplet at 6 5.27 (1H, Hz, H-6)
was consistent with an olefinic proton. A multiplet at 6 3.50 (H-3) for a single proton was assigned
to a proton adjacent to an OH group. The remaining protons appeared as multiplets at 6 0.91-2.27.
The H and 13C NMR assignments were supported by COSY and HSQC experiments, while
connectivities were verified by HMBC experiments. The spectral data were all in agreement with
published reports for B-sitosterol (Joshi and Poudel 2011, Rani et al. 2014, Habib et al. 2007).
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Figure 2.6 The structure of B-sitosterol and its key HMBC correlations.

Table 2.6 NMR data of compound 2 (2.24); key HMBC and COSY correlations (400 MHz, CDCl3),
& C reference (Joshi and Poudel 2011).

C# dC 5C OH HMBC Multiplicity COSY
reference Jin Hz

1 37.2 36.1 1.77, m C-3,C-5 CH, H-2

2 21.0 21.0 1.42,m CH, H-1

3 71.6 71.8 3.50, m CH H-2, H-4

4 42.3 42.3 2.20,2.16,m C-3,C-5,C-6 CH, H-6, H-3

5 140.8 140.7 C

6 121.7 121.7 5.27,m C-4,C-7 CH H-4, H-7

7 31.6 31.6 1.76,1.43, m CH, H-6

8 31.9 28.2 1.90,m C-9 CH

9 50.1 50.1 0.86, m CH

10 36.5 36.4 C

11 19.0 20.9 0.74, m CH, H-12

12 39.7 39.6 1.94, m C-18,C-13,C-9 CH, H-11

13 42.3 41.9 C

14 56.7 56.6 0.92, m C-9, C-13,C-17 CH

15 24.3 24.3 1.50,m CH, H-16

16 28.2 29.6 1.19, m CH, H-15

17 56.0 56.3 1.03,m CH

18 11.8 11.9 0.61,s C-12,C-13,C-17 CH;

19 19.4 19.4 0.93,s C-1,C-5,C-9 CH; H-20

20 36.1 36.2 1.28, m CH H-21

21 18.7 18.7 0.85,d,6.9 C-17,C-20,C-22 CH;

22 33.9 33.7 1.25,;m CH,

23 26.0 26.5 1.08, m C-28 CH,

24 45.8 455 0.85, m C-22 CH

25 29.2 29.1 1.59, m C-26, C-27 CH, H-26

26 19.8 19.8 0.76,d,7.4 C-25, C-27 CH;, H-25

27 19.8 19.8 0.74,d,7.4 C-25,C-26 CH;

28 23.0 24.2 1.18, m C-29, C-23, C-25, CH, H-29

C-24
29 11.9 11.8 0.77,t,7.2 C-28,C-24 CH; H-28

2.6.3 Stigmast-4-en-3-one

Compound 3 was isolated as an amorphous cream solid [melting point 89-91 °C; [a]?’p: +71°
(chloroform)]. The 'H NMR spectrum showed it was structurally very similar to compound 2
(B-sitosterol), with the major difference being the presence of a vinylic proton signal at 6 5.62 (and
the absence of a peak at § 3.50). The 13C NMR spectrum showed a carbonyl carbon at § 198.6 and
peaks at § 124.21 and 71.53. The IR spectrum showed a carbony| peak at 1740 cm-t. This combined
data suggested the presence of an a,-unsaturated carbonyl. The EI-MS showed a molecular ion at
m/z 412 and a fragmentation pattern consistent with stigmast-4-en-3-one based on the NIST library

database (90% similarity). The H and 13C NMR spectral data were also in agreement with the
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literature for this compound (Jamaluddin et al. 1995). Melting point as well as optical rotation were
consistent with the literature (Lin et al. 2003)].

Figure 2.7 The structure of stigmast-4-en-3-one and its key HMBC correlations.

Table 2.7 NMR data of compound 3; key HMBC and COSY correlations (400 MHz, CD3COCDs3),
& Creference (Jamaluddin et al. 1995).

C# dC dC dH HMBC Multiplicity COSY
reference JinHz

1 36.1 36.5 2.02,1.65,;m C-19,C-2,C-10,C-3,C5 CH, H-2

2 34.6 34.1 2.18,2.40,m C-4 CH, H-1

3 198.6 198.6 C

4 124.2 124.3 5.62,m C-2,C-10,C-3,C-6, C-5 CH H-6

5 71.5 71.5 C

6 33.4 334 2.26,2.45'm C-4,C-10,C-7,C-8 CH, H-4, H-7

7 33.0 33.1 1.01,1.87,m C-9,C-14,C-6,C-5 CH, H-6, H-7

8 34.7 34.7 1.39,m CH

9 54.9 54.8 0.93,m CH

10 39.3 38.9 - C

11 21.8 21.7 1.56,1.48, m CH, H-12

12 40.6 40.6 1.17,2.03,m C-18, C-11, C-13,C-9, CH, H-11

C-14

13 43.2 43.2 C

14 56.6 56.6 1.05,1.15,m CH

15 24.0 24.1 1.15,1.63, m C-14 CH, H-16

16 29.0 29.1 C-13 CH, H-15

17 56.1 56.1 1.15, m C-18, C-20,C-12,C-13 CH

18 12.3 12.3 0.75, s C-12,C-13,C-17 CH;

19 17.6 17.7 1.22,s CH;

20 37.0 36.9 1.34, m CH H-21

21 19.2 19.2 0.89,d,7.0 C-22,C-20,C-17 CH, H-20

22 36.4 36.4 0.98, m C-20 CH,

23 26.8 26.8 1.13,0.98, m CH,

24 46.7 46.7 0.96, m CH

25 29.0 29.1 1.68, m C-27,C-28,C-23,C-24 CH, H-26

26 20.1 20.1 0.84,d,7.2 C-27,C-25 CH; H-25

27 19.4 19.7 0.93,d,7.2 CH,

28 24.8 24.4 1.23, m C-29,C-23,C-25,C-24 CH, H-29

29 12.3 12.1 0.82,1,7.0 C-28, C-24 CH, H-28
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2.6.4 Gallic acid

Compound 4 (2.20) was obtained as white crystals (melting point 251-253 °C). The electrospray
ionisation-mass spectrum (ESI-MS) in negative mode showed a pseudo molecular ion at m/z 169 [M-
H]-, which was also the base peak and in agreement with the molecular formula C7HsOs. The UV-
Vis spectrum in methanol showed Amaxat 271, 350 and 372 nm (Sarria-Villa 2017). The compound
also showed a green colour upon treatment with ferric chloride, confirming its phenolic nature
(Sharma et al. 1998).

The IR spectrum showed a strong and very broad OH peak at 3465 cm™ and a band at 1706 cm™
corresponding to a C=0 (Sarria-Villa 2017). The data were consistent with a carboxylic acid and
phenolic groups being present. The 13C NMR together with DEPT 135 spectra showed the presence
of three different aromatic quaternary carbons (6 120.96, 138.4 and 145.8), a quaternary carbon at
6 167.9, and one aromatic methine carbon, indicating the presence of symmetry and a tetrasubstituted
aromatic ring. The quaternary carbons at ¢ 138.4 and 145.8 were consistent with aromatic carbons
being connected to oxygen, while the quaternary carbon at 6 167.9 was characteristic of a carboxylic
acid carbonyl. The *H-NMR spectrum (CDCIs) showed only one peak at & 6.46, which showed
HMBC correlations with all of the quaternary carbons. NMR, IR, MS and melting point data were
consistent with literature data for gallic acid (Eldahshan 2011, Sarria-Villa 2017).

OH
Figure 2.8 The structure of gallic acid and its key HMBC correlations.

Table 2.8 NMR data of compound 4 (2.20) (400 MHz, CDCls), 6 C reference (Sarria-Villa 2017).

C# 6C 5C OH HMBC Multiplicity
reference
1 120.9 120.9 C
2,6 109.1 109.1 6.46,s C-4,C-3,C-7 CH
3,5 145.8 145.8 C
4 138.4 138.4 C
7 167.9 167.9 C
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2.6.5 Caffeic acid phenylethyl ester

Compound 5 was isolated as a cream coloured amorphous solid (melting point 127-130 °C). ESI-MS
in negative mode showed a pseudo molecular ion at m/z 283 [M-H]-, consistent with the molecular
formula of C17H1604. The UV-Vis spectrum in methanol showed Amax at 325 nm, consistent with
hydroxycinnamates (Grunberger et al. 1988). The IR spectrum showed strong bands at 3495 cm! and
1685 cm, indicating the presence of OH and C=0 groups, respectively (Grunberger et al. 1988).
Similar to gallic acid, the compound showed a green colour upon treatment with ferric chloride. The
13C NMR together with DEPT 135 spectra showed the presence of fourteen different carbon signals,
indicating some symmetry. This included a quaternary carbon at & 167.77 characteristic of an ester
carbonyl (Nair et al. 2008); four aromatic quaternary carbons (6 126.2, 138.0, 145.5 and 148.2 — the
latter two consistent with attachment to oxygen); and six aromatic methine carbons (6 113.6, 115.0,
121.5, 126.1, 128.1 and 128.5) consistent with two aromatic rings; two vinylic methine carbons (&
113.7 and 145.4) consistent with an a,-unsaturated carbonyl; and two deshielded aliphatic methylene
groups at & 34.79 and 64.73 consistent with being next to an oxygen and aromatic ring, respectively.
The TH NMR spectrum in CDCls showed a total of 14 proton signals, all with HSQC correlations.
Coupling patterns and integration indicated the presence of a monosubstituted aromatic ring (6 7.20-
7.28, m,5H) and a 1,3,5-trisubstituted aromatic ring (6 7.02, 1H,d, J2.0 Hz, H-2; 6.92, 1H, dd, J 8.2,
2.0 Hz, H-6; and 6.77, 1H, d, J 8.2 Hz, H-5). Two doublets of 16 Hz of one proton each at 6 6.22 (H-
8,d, J16 Hz) and 7.50 (H-7, d, J 16 Hz) confirmed the presence of a trans-substituted double bond
located next to the carbonyl group (Martin et al. 2003). The deshielded triplet of two protons at 6 4.36
(H-8, t, J 7.0 Hz) was consistent with the methylene group being next to an oxygen and coupled to
the methylene at 6 2.99 (H-7’, t, J 7.0 Hz). HMBC correlations confirmed that the monosubstituted
aromatic ring was connected to the methylene at position 7’ and the trisubstituted aromatic ring to the
vinylic carbon at position 7, identifying the compound as caffeic acid phenylethyl ester. All spectral

data and the melting point were in agreement with the literature (Kart et al. 2010).

5' 5'
HO N\ N\ y 'HO 7 8' 1 ,
N SO 3 N 0T YT YT
7 6 f 6
HO e HO e

Figure 2.9 The structure of caffeic acid phenylethyl ester and its key HMBC correlations.
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Table 2.9 NMR data of compound 5; key HMBC and COSY correlations (400 MHz, CDCl3),6 C
reference (Kart et al. 2010).

C# 5C 5C oH HMBC Multiplicity COSY
reference JinHz

1 126.2 126.2 C

2 113.6 113.5 7.02,d,2.0 C-6,C-3,C-4 CH H-3

3 145.5 145.5 COH

4 148.2 148.3 COH

5 115.0 115.1 6.77,d,8.2 C-1,C-3,C-4 CH H-6

6 121.5 121.5 6.92,dd,8.2,2.0 C-2,C-7,C-4 CH H-5, H-2,
H-5

7 145.4 145.4 7.50,d, 16 C-6, C-1, C-2, CH H-8

C-9

8 113.7 113.6 6.22,d, 16 C-1,C-9,C-7 CH H-7

9 167.7 167.7 C

8 64.7 64.7 4.36,t,7 C-77C-9,C-1’ CH, H-7°

7’ 34.7 34.5 2.99,t,7 C-8’,C-2’, C- CH, H-8’, H-6’

B

1’ 138.0 138.1 C

2’ 128.1 128.1 7.28, m C-1’ CH H-3°

3’ 128.5 128.5 7.27,m C-4 CH H-2, H-4°

4 126.1 126.1 7.20,m C-2’,C-5 CH H-3’, H-5’

5’ 128.5 128.5 7.27,m C-4 CH H-6’, H-4°

6’ 128.1 128.1 7.28, m C-7’.C-I’ CH H-7°, H-5’

2.7 Natural occurrence and reported antimicrobial properties of isolated compounds

Compound 1, a-cyanobenzyl benzoate, also known as mandelonitrile benzoate, is a natural product
commonly present in the antimicrobial defensive secretion of millipedes and has practical interest as
an insecticide (Roncadori et al. 1985, Makarov et al. 2010, Shear 2015, Kuwabhara et al. 2017).

a-Cyanobenzyl benzoate has been rarely reported in plants, being only isolated from Piper
reticulatum (the whole plant) (Whitehead et al. 2013) and Melania oleifera branches and leaves (Liu
et al. 2007). It has also been identified by GC-MS in volatile oils liberated from Prunus biomass,
along with mandelonitrile, benzoic acid, benzaldehyde, benzyl alcohol and hydrocyanic acid
(Ohigashi et al. 1982). This is the first report of a-cyanobenzyl benzoate being isolated from P.

persica.

As shown in Table 2.4, a-cyanobenzyl benzoate showed very good antibacterial properties against all

tested S. aureus strains with MIC/MBC values of 78 pg/mL, activity against - E. coli with an

MIC/MBC of 312 pg/mL and against P. aeruginosa with an MIC of 612 pg/mL. a-Cyanobenzyl

benzoate has been reported as a broad-spectrum bactericide, being active against a variety of bacteria

such as Ralstonia, Agrobacterium, Xanthomonas, Erwinia, Enterococcus, Staphylococcus,

Streptococcus, Bacillus, Corynebacterium, Listeria, Escherichia, Salmonella, Pseudomonas and
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Helicobacter however, the mechanism of antimicrobial activity has not been reported (Roncadori et
al. 1985, Si et al. 2005).

Compound 2, B-sitosterol, has been isolated from many plant sources, including P. persica. It has
been reported to possess many biological activities such as anti-inflammatory, anticancer,
hypocholesterolemic, angiogenic, genotoxic, analgesic, anthelmintic, immunomodulatory,
antioxidant and antidiabetic (Saeidnia et al. 2014).

In the present study, B-sitosterol showed some activity against MRSA and MDRSA (MIC/MBC 625
pg/mL for each) and against antibiotic sensitive S. aureus (MIC/MBC 312 pg/mL). This is consistent
with the findings of Mokbel et al., also using the MTT assay (Mokbel and Hashinaga 2005). In
contrast, there are reports using disc diffusion assays of B-sitosterol exhibiting no antibacterial activity
against either S. aureus, E. coli or P. aeruginosa (Hess et al. 1995; Beltrame et al. 2002) and direct
TLC bioautography assays showing no activity against B. subtilis and E. coli (Hamburger and Cordell
1987). Mokbel and Hashinaga (2005) did a comparative study of p-sitosterol’s activity using the disc
diffusionand the MTT microdilution methods and found much better antimicrobial properties against
S. aureus, B. subtilis, B. cereus, S. enteritidis and E. coli using the MTT method. The insensitivity of
the disc diffusion assay to B-sitosterol is most likely due to the non-polar nature of the steroid making
it difficult to diffuse into the aqueous agar medium (Valgas et al. 2007). The possible mode of
antimicrobial activity has not been proposed.

Compound 3, stigmast-4-en-3-one, showed weak antimicrobial properties against susceptible S.
aureus and MRSA, the susceptible strain of E. coli (MIC/MBC 2500 pg/mL), as well as P. aeruginosa
(MIC/MBC 1250 pg/mL). Stigma-4-en-3-one has been isolated from many plants (Misra et al. 2012).
This is the first report of the compound being present in the Prunus genus. A report concerning its
activity against Bacillus subtilis, S. aureus, Staphylococcus epidermidis, Enterococcus faecalis, E.
coli, Proteus mirabilis, Klebsiella pneumoniae, P. aeruginosa and C. albicans by the disc diffusion
method showed the compound to be inactive against these strains (Ulubelen 2003). In the present
study, the compound was found weakly active against S. aureus, E. coli and P. aeruginosa by the
MTT microdilution method. The reported lack of antimicrobial activity in the disc diffusion assay

may be due to the compound’s poor aqueous solubility and microbial strain differences.

Compound 4, gallic acid, is commonly present in many plants (Nayeem 2016) and has been
previously isolated from P. persica leaves and fruits (Cantin et al. 2009, Yang et al. 2014, Mokrani
and Madani 2016). The compound was reported to possess strong antiinflammatory as well as

antioxidant properties (Yen et al. 2002). Gallic acid was found to possess antibacterial activity against
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S. aureus with an MIC/MBC of 156 pg/mL, against MRSA with an MIC/MBC of 312 pg/mL, as well
as weak activity against p- E. coli and P. aeruginosa with MIC/MBCs of 2500 pg/mL for both of the
strains. Antimicrobial properties of gallic acid have been well documented. Gallic acid has been
shown to prevent the proteolytic activities of selected periodontopathic bacteria, such as
Streptococcus mutans, Bacteroides gingivalis, Bacteroides intermedius and Treponema denticola
(Kang et al. 2008) as well as common bacteria of medical significance such as E. coli, P. aeruginosa,
S. aureus and Listeria monocytogenes (Borges 2013). Eighteen susceptible as well as antibiotic
resistant strains (7 susceptible and 11 MRSA) of S. aureus wound isolates (9 from furuncle lesions
and 9 from impetigo) have been reported to be susceptible to gallic acid (Akiyama et al. 2001). It was
suggested that gallic acid causes irreversible changes in bacterial cellular membrane properties
(charge, intra and extracellular permeability and physicochemical properties) through hydrophobicity
changes, decrease of negative surface charge, and occurrence of local rupture or pore formation in

the cell membranes with consequent leakage of essential intracellular constituents (Borges et al.
2013).

Compound 5, caffeic acid phenethyl ester, is a widely distributed natural product isolated from a
number of plants (Tolba et al. 2013). It was found to be active against susceptible S. aureus and p- E.
coli with an MIC/MBC of 312 pg/mL, as well as active against MRSA and MDRSA, with an
MIC/MBC of 625 pg/mL. Caffeic acid phenethyl ester is well known for its antimicrobial properties
(Kishimoto et al. 2005). It has been reported to be active against the bacteria B. subtilis, E. coli, S.
aureus, P. aeruginosa and L. monocytogenes (Mirzoeva et al. 1997) and the fungi Fusarium
culmorum and Saccharomyces cerevisiae (Merkl et al. 2010). Its antimicrobial properties are
attributed to its polyphenolic structure and specifically catechol ring (Kartal et al. 2003). Its
mechanism of action has been suggested to be due to, at least in part, to the synthesis of reactive
oxygen species (ROS) that destroy the outer membrane of bacteria (Lee et al. 2013). This is the first
report of the presence of caffeic acid phenethyl ester in P. persica.

2.8 Conclusions

Prunus persica has been used in traditional medicine since ancient times for the treatment of various
ailments. The plant’s leaves, flowers, fruits and bark are used to treat a wide range of conditions,
including skin infections, and in vitro and in vivo biological studies have supported many of their
traditional applications. Phytochemical studies have reported the presence of many important classes
of active phytoconstituents including alkaloids, flavonoids, polyphenolics, cyanogenic glycosides,

sterols and triterpenoids, which influence the pharmacological actions of the plant (Aziz 2013). While
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the roots of P. persica have been used traditionally, there are limited studies on their phytochemistry
and biological activities.

The n-hexane partition derived from the 70% aqueous ethanolic extract of P. persica roots, and
fractions derived from the ethyl acetate partition, were subjected to TLC bioautography guided
chromatographic separation. The n-hexane partition led to isolation of a-cyanobenzyl benzoate (1),
B-sitosterol (2 or 2.24) and stigmast-4-en-3-one (3), and two compounds, gallic acid (4 or 2.20) and
caffeic acid phenylethyl ester (5), were isolated from the ethyl acetate fractions. All compounds were
characterised using spectroscopic methods and were confirmed through comparision with literature
data.

The antimicrobial activities of the five compounds were tested against susceptible as well as resistant
strains of S. aureus and E. coli, susceptible strains of P. aeruginosa, S. typhimurium, S. pyogenes and
the fungus C. albicans by the MTT microdilution assay. a-Cyanobenzyl benzoate showed very good
antibacterial properties against all tested S. aureus strains, good activity against - E. coli and some
activity against P. aeruginosa. [-Sitosterol showed some activity against MRSA, MDRSA,
susceptible E. coli and antibiotic sensitive S. aureus. Stigmast-4-en-3-one showed weak antimicrobial
properties against susceptible and resistant S. aureus, susceptible E. coli and P. aeruginosa. Gallic
acid showed some antibacterial properties against S. aureus, MRSA, antibiotic sensitive E. coli and
P. aeruginosa. Caffeic acid phenylethyl ester showed some activity against MRSA, MDRSA and
antibiotic sensitive S. aureus and E. coli strains. This is the first report of isolation of gallic acid and
stigmast-4-en-3-one from P. persica roots, the second report of isolation of a-cyanobenzyl benzoate

from P. persica plant material, and the first report of antibacterial activity of stigmast-4-en-3-one
(this compound was previously reported not active).

The finding of antibacterial compounds from the 70% aqueous ethanolic extract of P. persica roots
supports the traditional use of the aqueous plant root extract topically to treat skin diseases, wounds
and infections of a likely microbial origin. In order to gain a better understanding of the chemical

composition of antibacterial partitions and fractions, a metabolomics approach was applied (Chapter
5).
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Chapter 3 - Diospyros lanceifolia

The aims of this study were toevaluate the crude 70% aqueous ethanolic extract as well as partitioned
fractions of Diospyros lanceifolia Roxb. (Ebenaceae) leaves for their antimicrobial properties and to

investigate the active extracts for their major active compounds.

3.1 Introduction

Diospyros Roxb. is a large genus of the Ebenaceae family. Over 700 trees and shrubs have been
confirmed as belonging to this genus (Kalita et al. 2016). Most Diospyros species are used as
traditional medicines. Their uses include treatment of muscle and joint pain (Chang et al. 2011),
gastrointestinal issues (Martinez-Las Heras et al. 2017), and fungal and bacterial infections (Baravalia
et al. 2009).

Diospyros lanceifolia Roxb. (Ebenaceae) is a large tree that grows up to 27 metres tall. Itstwigs are
reddish brown when young, and blackish or dark brown when mature. Its stem bears clusters of up to
10 flowers. The fruits are round and up to 2.5 cm in diameter. The lanceifolia epithet comes from the
Latin meaning "lance-shaped leaves” (Kalita et al. 2016). D. lanceifolia can be found in the lowland
and hill rainforests of India, Indonesia and the Philippines. The Naga people of Chungtia village,
Nagaland, use the fruits and roots of D. lanceifolia as a fish poison and the seeds are crushed and
applied to the skin for treatment of skin diseases (Dominic and Ramanujam 2012, Kichu et al. 2015).
The bark, leaves and fruits have also been used by the Sumi people of Nagaland as a fish poison and

to treat various teeth problems and skin disorders (Dominic and Ramanujam 2012, Kalita et al. 2016).

Figure 3.1 Diospyros lanceifolia (photo by Nagaland man Meyanungsang Kichu).

Some of the reported biological activities of the Diospyros genus include the antifungal activity of D.
mafiensis roots (Mmongoyo et al. 2017), antidiabetic activity of D. melanoxylon leaves (Harun Al
Rashid et al. 2018), cytotoxic activity of D. undulata stem bark (Suchaichit et al. 2018) and
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neuroprotective activity of D. kaki leaves (Zhang et al. 2018). Antimicrobial activity has been
reported for the bark of D. maritima (Gu et al. 2004) and leaves of D. monbuttensis against
Staphylococcus aureus, Escherichia coli, Micrococcus luteus and Aspergillus niger (Ayepola and
Olasehinde 2018). The leaves of D. lanceifolia have been reported to possess strong antibacterial
activity (Kichu 2010, Kalita et al. 2016).

More than 130 Diospyros species have so far been screened phytochemically (Kalita et al. 2016). The
genus Diospyros is a rich source of 1,4-naphthoquinones and about 75% of the phytochemical reports
on Diospyros are on the detection and isolation of these (Bringmann et al. 2001, Rischer et al. 2002,
Suchaichit et al. 2018, Nematollahi et al. 2012). Plumbagin (3.1) and 7-methyljuglone (3.2) are the
most widely distributed monomeric naphthogquinones in the Diospyros genus and they are mainly
responsible for the cytotoxic (stem bark) (Dzoyem et al. 2011), antimicrobial (bark, roots) (Lajubutu
et al. 1995, Evans et al. 1999), antifungal (stem bark) (Dzoyem et al. 2007), anthelmintic (bark)
(Flota-Burgos et al. 2017, Nematollahi et al. 2012), antiviral (leaves, roots, flowers) (Babula et al.
2005) and anti-inflammatory (stem bark) (Cesari et al. 2013) activities reported for this genus
(Rischer et al. 2002, Suchaichit et al. 2018). Other compounds include 8-hydroxy-1,2-
naphthoquinone (3.3), ismailin (3.4), diosindigo (3.5), isodiospyrin (3.6), maritinone (3.7) (Gu et al.
2004, Salae et al. 2010, Cesari et al. 2013, Ruphin et al. 2014, Suchaichit et al. 2018), cis-
isoshinanolone (3.8) and 2-hydroxymethyl-5-methoxy-1,4-naphthoquinone (3.9) (Bringmann et al.
2001, Suchaichit et al. 2018). Other compounds isolated from the Diospyros genus include the
coumarins umckalin (3.10) and scopoletin (3.11) (Cesari et al. 2013, Suchaichit et al. 2018), the
steroids campestrol (3.12) and stigmasterol (3.13), and ellagic acid (3.14) (Gao et al. 2013
(Nematollahi et al. 2012). The structures of the major compounds isolated from the Diospyros genus
are presented in Figure 3.2.

Despite the extensive phytochemistry research conducted on other Diospyros species, there are only
two records on the phytochemistry of D. lanceifolia (Kichu 2010, Kalita et al. 2016). Gallic acid was
isolated from the aqueous methanolic extract of leaves (Kalita et al. 2016) and plumbagin as well as
7-methyljuglone have been isolated from the 70% aqueous ethanolic extract of the leaves by a former
member of our research group (Kichu 2010). The work presented in Section 3.2 is a continuation of
the research done by Kichu (Kichu 2010) and the MPhil studies of the author (Malewska 2015).
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Figure 3.2 Compounds reported from the Diospyros genus.

3.2 Results and Discussion

The dried 70% aqueous ethanolic leaf extract of D. lanceifolia obtained from the MPhil studies
(Malewska 2015), which had been stored at -20 °C under nitrogen, was used for this PhD study. The

extract was resuspended in water and partitioned between n-hexane, dichloromethane and ethyl
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acetate. The crude extract as well as the partitions and the remaining water fraction were screened
using the MTT microdilution assay against the skin pathogens Staphylococcus aureus (susceptible S.
aureus), methicillin resistant S. aureus (MRSA) and multidrug resistant S. aureus (MDRSA),
B lactamase negative (antibiotic susceptible) Escherichia coli (E. coli B-), B lactamase positive
(antibiotic resistant) E. coli (E. coli p+), Pseudomonas aeruginosa, Streptococcus pyogenes,
Salmonella typhimurium and Candida albicans (Akter et al. 2016). The results found were all in
agreement with that previously determined for freshly extracted leaf material and partitioned samples
(Kichu 2010).

The n-hexane extract showed the best activity against all strains of S. aureus and P. aeruginosa, with
minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) ranging
from 156 pg/mL to 312 pg/mL (Table 3.1) and activity against antibiotic sensitive E. coli (312
pg/mL) and against S. typhimurium (625 pg/mL). The dichloromethane and ethyl acetate partitions
showed weak activity against the antibiotic sensitive strain of S. aureus only (2500 pg/mL). The water
fraction was inactive and none of the extracts showed activity against the remaining bacterial or

fungal strains.

Table 3.1 Antimicrobial activity of D. lanceifolia partitions by MTT microdilution assay.
MIC/MBC pg/mL

Fractions SA MRSA MDRSA EC B- PA CA, SP,
EC B+, ST

n-Hexane 156 312 312 312 156/312 625F

DCM 2500 na na na na

EtOAcC 2500/na na na na na

Water na na na na na

Vancomycin  15.6 31.2 31.2 nt nt

Gentamycin  nt nt nt 15.6* 15.6%,
31.2*%*

Fluconazole nt nt nt nt 31.2%**

MIC values were determined as the wells with the lowest concentration of the samplesthatdisplayed no yellow to blue
change of the MTT colour. *MICvaluesfor E. coli (B-, B+), (PA) P. aeruginosaand (ST) S. typhimurium. **MIC value
for (SP) S. pyogenes. (SA) S. aureus, (MRSA) methicillin resistant S. aureus, (MDRSA) multidrug resistant S. aureus.
***MIC value for (CA) C. albicans; TMIC value for S. typhimurium for n-hexane partition. nt: nottested; na: not active.
DCM: dichloromethane; EtOAc: ethyl acetate; MeOH: methanol. MIC: minimum inhibitory concentration; MBC:
minimum bactericidal concentration; single valuein a cell indicates MIC=MBC.

Based on the assay results, the n-hexane fraction (10 g) was chosen for bioassay guided
chromatographic separation. Initial fractionation was conducted with normal phase silica gel using
1 g of the material and automated Biotage column chromatography. Eluting with increasing polarity

mixtures of petroleum ether (b.p. 40 °C):chloroform (100:0 to 30:70), seven fractions were collected
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based on similar Rf values. Even though 2D TLC using normal phase silica plates did not show any
potential issues of degradation of compounds, sample recovery was poor with ~60% mass recovery
and significant loss of activity against the susceptible strain of S. aureus as seen in the TLC
bioautography. TLC bioautography with susceptible S. aureus showed that, in order of elution,
fraction two (260 mg) was weakly active at 2500 pg/mL, while fraction four (53 mg) had good
activity (MIC 156 pg/mL). Both fractions were further purified by size exclusion chromatography
(Sephadex LH-20). The chromatographic separation of fraction two led to the isolation of what
appeared to be three pure compounds (1-3; 80.2 mg, 5.5 mg and 3.1 mg, respectively) based on
different retention times by gas chromatography-mass spectrometry (GC-MS) using an Rxi-5ms
(fused silica) column. The normal phase silica column chromatographic separation of fraction four

led to the isolation of one impure compound (4, 0.5 mg). The flow diagram of key steps of the
isolation process is presented in Figure 3.3.

The minimum inhibitory quantity (MIQ) values of the isolated compounds were determined by the
method described by Akter et al. (Akter et al. 2016). Compounds 1-3 from fraction two showed
activity against P. aeruginosa (MIQ 156 pug/mL) and against the antibiotic sensitive strains of E. coli
(MI1Q 312 pg/mL) and weak activity against the antibiotic susceptible S. aureus as well as MRSA
(MI1Q 2500 pg/mL). The compounds also possessed activity against S. typhimurium with an MIQ of
625 pg/mL. The very significant abundance of compound 1 (80 mg) was noted. Compound 4, due to
its very small quantity, was tested only against the susceptible strain of S. aureus. It exhibited an

excellent MIQ value of 62 pg/mL.

Analysis of compounds 1-3, using GC-MS, in electron impact (EI) mode, showed single peaks for
each with molecular ions at m/z 426. Comparison of the MS fragmentation patterns with the NIST
database showed that all three compounds had high similarity with the triterpenoid lupeol.
Compounds 1 and 2 had virtually identical retention times (12.004 and 12.005, respectively);
however, compound 3 under the same experimental conditions showed a different retention time
(15.595 minutes) (Appendix 1). This initially made the author believe that at least compound 3 was
different to compounds 1 and 2. Analysis of the literature revealed that the isomers 19-B-lupeol
(lupeol), 19-a-lupeol and 3-a-lupeol (epilupeol) have been reported to have identical fragmentation
patterns and only slightly different NMR profiles. Careful analysis of compounds 1-3 against an
authentic sample of lupeol (Sigma-Aldrich), including comparison of NMR, melting point and optical
rotation, TLC co-spotting and GC-MS co-injecting, was conducted to establish the identity of the
compounds. Despite being isolated separately, all dataindicated that all three samples were the same

compound.
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n-hexane

1g
Biotage column
Hex 2 Hex 4
260 mg, a 52.4,mg, a
Sephadex Normal phase chromatography
Compound 4,0.5mg, a
(impure)
2.3,125mg, a 2.4,50mg, a MIQ SA
pug/mL 62
Recrystallisation
Compound 1, 80 mg, a
MIQ SA MRSA ST ECB-
pg/mL 2500 2500 625 312
2.4.2,10mg, a 2.43,15mg, a

Compound 2,5.5mg, a Compound 3, 3.1 mg, a

MIQ SA MRSA ST ECB-
pg/mL 2500 2500 625 312

Figure 3.3 Key steps in the isolation process of Diospyros lanceifolia compounds. Samples 1, 2 and
3 are the same compound. Samples 1, 2 and 3 were tested against all bacteria but only positive
results are shown. Compound 4 was tested against sensitive strain of S. aureus only due to the

limited amount of the sample.

3.3 Structural elucidation of compounds 1 to 3

Compounds 1, 2 and 3 were isolated as white crystalline solids. As described above, their MS
fragmentation patterns, TLC profiles and 'H and 3C NMR data were virtually identical, as well as
melting points (213-215 °C), supporting them being the same compound. GC-MS (EIl) analysis
showed a high level of similarity with the triterpenoid lupeol (C3oHs00) when compared with the

NIST library database as well as with the literature (Gallo et al. 2009). 'H and 3C NMR data were
also consistent with the literature spectra of lupeol (Gallo et al. 2009) (Table 3.2, Figure 3.4).

Previous studies have reported the isolation of lupeol-like compounds, namely 19-a-H lupeol

19-B-H lupeol (commonly referred to as lupeol) and epilupeol (Figure 3.4) having the same MS
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fragmentation patterns and very similar NMR spectroscopic data (Ahmad et al. 1985, Manzano et al.
2013). As a result of this, data for compounds 1-3 were carefully analysed against that for lupeol, its

19-a-H isomer and epilupeol, to be able to confidently identify their structure.

19-a-lupeol epilupeol

19-B-lupeol

Figure 3.4 The structures of 19-p-lupeol (lupeol), 19-a-lupeol and 3-a-lupeol (epilupeol).

Initial comparison supported the identity of the isolated compounds being lupeol (19-8-H lupeol).
Lupeol has a reported melting point of 213-215 °C (Agarwal and Rangari 2003), which was consistent
with the isolated compounds, while 19-a-H lupeol has a melting point of 204-206 °C (Puapairoj et al.
2005) and epilupeol 198-201 °C (Hui and Fung 1969). The optical rotation was also consistent with
lupeol, with all three compounds having an [o]p2® +27° (CHCI3, ¢ 0.006 g/mL), consistent with the
literature value of +27° (CHCls, ¢ 0.006 g/mL, Zhong et al. 1984). The optical rotation for epilupeol
has been reported to be [a]o2® +14° and +15° (CHCIs, ¢ 0.006 g/mL) (Puapairoj et al. 2005); reports
concerning optical rotation for 19-a-H lupeol were not found. While showing high similarity, the H
and 13C NMR profiles have distinct differences for 19-a-H lupeol, 19-B-H lupeol and epilupeol
(Manzano et al. 2013). Manzano et al. reported that the main distinguishing feature between epilupeol
(3-a-H) and 3-B-H-lupeol (lupeol) was that the doublet of doublets assignable to the geminal proton
of asecondary alcohol at H-3 was at 6 3.40 for epilupeol (in CDClIs)and at 6 3.16 for lupeol (Manzano
et al. 2013). The spectrum for epilupeol also showed a characteristic signal for C-3 at 6 76.4 ppm,
while for lupeol it was reported to be at 79.1 ppm. Careful spectral analysis was performed on the

three isolated compounds as described below.

The IR spectra showed the presence of an hydroxyl group at 3346 cm and a double bond at
1639 cml. The 13C and DEPT NMR spectra indicated the presence of 30 carbons: 7 methyls, 11
methylenes, 6 methines and 6 quaternary carbons. A double bond was confirmed by the presence in
the 13C NMR of the chemical shifts at § 109.33 (C-30) and & 151.00 (C-29), and a carbon connected
to oxygen was confirmed by the methine at § C 79.01. The H NMR spectrum (in CDCls) indicated
the presence of 49 hydrogens. The hydroxyl proton, accounting for the remaining hydrogen of the
triterpenoid formula CsoHso, was not seen in the NMR experiments, but was consistent with the IR
and 13C chemical shifts. Diagnostic regions in the 'TH NMR included two olefinic resonances at & 4.54
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(H-30) and 4. 66 ppm (H-30), a doublet of doublets at 6 3.16 (1H, dd, J 0.9, 5.3 Hz, H-3) assignable
to a geminal proton of a secondary alcohol (Manzano et al. 2013), and seven singlets between 6 1.7
and 0.6 ppm consistent with seven methyl groups. HSQC confirmed the two olefinic protons were
geminal (C-30). With the oxygen representing a hydroxyl function (IR = 3346 c¢cm1), the index of

hydrogen deficiency was consistent with the structure containing additionally 5 rings.

In the HMBC spectra, the olefinic hydrogens at 6 4.66 and 4.54 (HMBC & C 109.33, C-30) showed
correlations with the methyl carbon at & 19.31 (C-29), methine carbon at 47.99 (C-19) as well as the
quaternary carbon at 151.00 (C-20). The proton attached to the carbon at & 19.31 (C-29) also showed
a correlation with the methine carbon at 47.99 (C-19), the methylene carbon at 109.33 (C-30) as well
as the quaternary carbon at 151.00 (C-20). This indicated the connectivity of the disubstituted double
bond and the C-19 methine to the carbon at & 151.00 (C-20). The methine hydrogen at 6 2.35 (HSQC
& C 47.99, C-19) also showed correlation with the same quaternary carbon at § 151.00 (C-20), the
methine carbon at 109.33 (C-30) as well as the methylene at 29.85 (C-21) and methine carbon at
48.30 (C-18). The HSQC experiment showed the hydrogen at & 2.35 is attached to the methine carbon

at 47.99. There was also a COSY correlation between the proton at 2.35 and at 1.33 ppm (HSQC & C
48.30).

In the HMBC spectra, the carbon at 6 29.85 (C-21) was correlated to the hydrogen at & 2.35 (H-19)
as well as the methylene hydrogens at 6 1.35 and 1.16 (in the HSQC those hydrogens were connected
to the methylene carbon at 40.01, C-22). The hydrogen at 6 1.16 (H-22) was correlated tothe carbon
at 6 48.30 (C-18) and 18.01 (H-28). Additionally, the hydrogen at 6 1.88 showed a correlation to the

proton at 1.35 (HSQC 6 C 40.1, C-22). These HMBC correlations supported the closure of the ring,
thus accounting for one of the five rings and the second degree of unsaturation.

Further HMBC correlation of the carbon at 6 40.01 (C-22) was observed to the methyl hydrogens at
6 0.76 (H-28). These methyl hydrogens also showed an HSQC correlation to the methyl carbon at &
18.01 (C-28) and HMBC correlations to the quaternary carbon at & 43.01 (C-17) and 48.30 (C-18),
suggesting this methyl group is attached to the already closed cyclopentane ring. Further HMBC
correlation of the carbon at 6 48.30 were to the methylene hydrogens at 6 1.44 (HSQC & C 35.59,
C-16). In the HSQC spectra, the carbon at 6 48.30 (C-18) correlated with the methine hydrogen at
6 1.33 (H-18). That hydrogen showed correlations to the methylene carbon at 35.59 (HSQC 6 H 1.44,
1.34, H-16) and the quaternary carbon atd 42.84 (C-14). The & 1.34 hydrogen also showed an HMBC
correlation tothe methylene carbon at 27.45 (C-12, HSQC 6 H 0.97, 1.58). These HMBC correlations
supported the closure of a ring that fused to the first ring, thus accounting for the third degree of

unsaturation and second of the five rings.
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Figure 3.5 The HMBC closure of rings 1 and 2.

The methyl hydrogen at 6 1.00 (6 C 15.98, C-26) showed HMBC correlations with the quaternary
carbons at 6 42.84 (C-14) and 40.83 (C-8), methylene carbon at 6 34.28 (C-7) and methine carbon at
55.30 (C-5). The hydrogen signals at 6 1.24 and 1.38 (m, H-11) showed correlation with the methine
carbon ¢ 50.44 (C-9). These HMBC correlations supported the third ring being fused to the second

ring, thus accounting for one additional degree of unsaturation, and the third of the five rings.

Figure 3.6 The HMBC closure of the third ring.

The methyl hydrogen at 6 0.65 (HSQC 55.30, C-5) showed HMBC correlations with the quaternary
carbons at 6 37.17 (C-10) and 38.71 (C-4), methyl carbons at 6 27.99 (C-23) and 15.38 (C-24),
methylene carbons at & 18.32 (C-6) and 34.28 (C-7) and methine carbon at 6 50.44 (C-9). The methyl
carbon at 6 16.13 (C-25) showed correlations with the quaternary carbon at 6 38.71 (C-4) and the two
methine carbons at 6 55.30 (C-5) and 50.44 (C-9). The HMBC correlations supported the closure of
the fourthring, being fused tothe third ring, thus accounting for one additional degree of unsaturation,
and the fourth of the five rings.

[ H 23 lupeol

Figure 3.7 The HMBC closure of rings 4 and 5.

The chemical shift of the methine carbon at 6 79.02 (C-3) indicated that an oxygen group is likely to
be attached to that carbon. This accounted for one hydroxyl group. The methylene hydrogen at 6 1.63
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(HSQC 38.05, C-1) showed correlations to the methyl carbon at & 25.14 (C-2) and methyl carbon at
6 16.13 (C-25). The methyl hydrogen at 6 0.80 (HSQC 16.13, C-25) showed correlations to the
quaternary carbon at 6 38.71 (C-4) and two methine carbons at 6 55.30 (C-5) and 50.44 (C-9). The
methine hydrogen at & 3.16 (HSQC 79.02, C-3) showed correlations to the quaternary carbon at
6 38.71 (C-4) and two methyl carbons at 6 27.99 (C-23) and 15.38 (C-24). The HMBC correlations
supported the closure of a ring, which accounted for the sixth degree of unsaturation and final ring.
The NMR datais presented in Table 3.2. All spectral data were in agreement with the literature for
19-B-lupeol (Sholichin et al. 1980).

Table 3.2 NMR data of 19-B-lupeol and authentic sample (noted as ref) (400 MHz, CDCl3).

Ck oC SH@UinHz) HMBC Multiplicity COSY  C(ref)T H (ref)f

1 3805 163 C-25,C-2 CH> 3805 162

2 2514  1.64,1.03 C-25,C-3 CH> 2514  1.64,1.03

3 79.02  3.16,dd,109, C-24,C-23,C-4 CHOH c-2 7901  3.17,dd, 10.9,

5.3 5.3

4 38.71 C 38.71

5 5530  0.65 C-6,C-23,C-7, CH C-6 5530  0.65
C-10,C-4, C-9

6 1832 1.49,1.36 CH> 1832 1.49,1.37

7 3428 136 C-26,C-9,C-5  CH> 3428 136

8 4083 - C 40.84

9 5044  1.24 C-25 CH 5044 124

10 3717 - C 37.17

11 2093  1.24,138 C-25 CH> 2093  1.25,1.38

12 2742 098,160 CH> 2741 0.98,1.60

13 3887 - CH> 38.86

14 4284 - C 42.84

15 2745 097,158 CH> 2745 097,158

16 3559  1.44,1.34 C-15 CH> 3559  1.45,1.36

17 4301 - C 43.01

18 4830  1.33 C-16, C-14, CH 4831 133
C-20

19 4799 235 C-21,C-18, CH C-18 4799 235
C-30,C-20

20 151.00 - C 151.00

21 2985  1.88,1.30 C-19, C-22, CH> C-18 2985  1.90,1.31
C-20,C-28

22 4001  1.35,1.16 C-18,C-28 CH> c-21 4001 135,116

23 2799 094 C-24,C-4,C-5,  CHj3 2799 094
c-3

24 1538  0.73 C-25,C-23,C-5, CHj3 1537 0.73
C-4,C-3

25 1613  0.80 C-10,C-4,C-9,  CHj3 1612 0.80
c5

26 1598  1.00 C-7,C-8,C-14,  CHj3 1598  1.00
c9

27 1455 092 C-15,C-13,C-8, CHj3 C-15 1455  0.92
C-14

28 1801  0.76 C-16, C-22, CH3 1800  0.77
C-17,C-18

29 1931 165 C-19, C-30, CH3s 1931 165
C-20

30  109.33 4.66, 454 d, C-29,C-21, CH C-29 10932  4.66, 454 d,

2.25 C-19,C-20 2.25

fReference sample of 19-B-lupeol from Sigma-Aldrich.
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3.4 Structural elucidation of compound 4 and analysis of fraction 4.1

Compound 4 was obtained as an orange solid. EI-MS showed a molecular ion at m/z 188, consistent
with the molecular formula of C11HgOs. The fragmentation pattern was consistent with the NIST
database for plumbagin, as well as with published literature (Wenche and Einar, 1995). Plumbagin
was also previously isolated from the plant material (Kichu 2010). The compound however was of
insufficient quantity for adequate NMR analysis. The fraction 4.1 (Figure 3.3) that compound 4 was
derived from was subjected to 1D and 2D NMR and the data compared with the NMR of an authentic
sample of plumbagin (Sigma-Aldrich). Even though the fraction was impure, the peaks forplumbagin

were easily distinguishable.

OH O
Figure 3.8 The structure of plumbagin.

The *H NMR spectrum of the fraction showed three aromatic protons (5 7.73, 7.59 and 7.28) with
coupling indicative of them being adjacent to each other and the aromatic ring being
1,2,3-trisubstituted; a deshielded methyl group (5 2.19) with allylic coupling to an olefinic proton (&
6.92); and a chelated hydroxyl proton (8 11.97). The 3C NMR spectrum showed the presence of one
methyl, four methine, six quaternary carbons and two carbonyl groups (6 184.33 and 190.63). The
spectral datawere indicative of a 1,4-naphthoquinone skeleton. HMBC correlations placed the methyl

group at C-2 (8 149.82). The 'H and 13C NMR data (see Table 3.3) exactly matched the literature for
plumbagin (Gu et al. 2004, Lim et al. 2007) as well as the spectra of an authentic sample.

Table 3.3 NMR data of compound 4 (in fraction 4.1) and authentic sample of plumbagin (noted as
ref) (400 MHz, CDCl).

Ctt 5C 8 H (J in HMBC Multiplicity 8 C (ref) T 8 H (ref)
Hz)

1 184.33 C 184.32

2 149.82 C 149.82

3 135.14 6.92,9,15 C-1,C-10,C-11 CH 135.13 6.92,9,15

4 190.63 C 190.62

5 161.03 C 161.03

6 123.60 7.28, C-5, C-8,C-10 CH 123.60 7.28,dd,
dd, 8.0,1.5 8.0,15

7 135.14  7.59,dd, C-5,C-9 CH 135.14 7.59,dd, 8.0,
8.0,7.5 75

8 118.66  7.73,dd, C-1, C-6,C-10 CH 118.65 7.73,dd, 7.5,
75,15 15

9 132.33 C 132.33

10 115.09 C 115.09

11 1541 219,d,15 C-1,C-2,C-3 CHs 15.40 2.16,d,15

OH-5 11.98 C-5, C-6,C-10 11.98

fReference sample of plumbagin from Sigma-Aldrich.



3.5 Biological activity of lupeol

As described in Section 3.2, compounds 1-3, which were all confirmed as lupeol, exhibited activity
against P. aeruginosa (156 pg/mL), and against antibiotic sensitive strains of E. coli (312 pg/mL)
and weak activity against MRSA and antibiotic susceptible S. aureus (2500 pg/mL) for both strains
as well as activity against S. typhimurium (625 pg/mL). Lupeol has been reported to be active against
S. aureus, E. coli, P. aeruginosa and S. typhi (Singh and Singh 2003, Ajaiyeoba et al. 2003) as well
as Enterococcus faecalis, Klebsiella pneumoniae (Gallo, Miranda et al. 2009), Bacillus subtilis and
Micrococcus luteus (Sushila et al. 2010). The mechanism of action has been associated with increase
of membrane fluidity/permeability, disruption of membrane-embedded proteins, and change of ion

transport processes in both Gram-positive and Gram-negative bacteria (Rajasekaran et al. 2018).

Lupeol has been rarely reported in the fungal or animal kingdom (Lutta 2008) but has been shown to
occur in many plant families (Connolly and Hill 1989). Lupeol has been studied for its various
bioactivities since the early 19th century (Gallo, Miranda et al. 2009). During the early days, the
majority of the published articles were related to lupeol’s synthesis, phytochemical investigations and
biological activities such as anticancer, chemo preventative, antiprotozoal, anti-inflammatory, cardio
protective, hepatoprotective, antiviral and antimicrobial activities (Fotie, Bohle et al. 2006, Gallo,
Miranda et al. 2009). However, in the beginning of the 215t century, the number of articles on it
increased considerably with the uprise occurring throughout the past 5 years with an average of over
50 articles per year (Scifinder and Web of Science databases), mostly attributable to Lupeol’s very
strong anticancer activities (Gallo, Miranda et al. 2009). Recently, research regarding
biotransformation, chemoprevention, mechanism of action, derivative synthesis and methods of
detectionand quantitation, in addition to conventional studies, have been carried out on the compound
(Gallo, Miranda et al. 2009).

3.6 Biological activity of plumbagin

As described in Section 3.2, compound 4, plumbagin, exhibited excellent activity against a sensitive

strain of S. aureus. Due to the small quantity of the compound, the testing against a full suite of
bacteria was not possible.

According to the literature, one of the unique and most noticeable properties of plumbagin is its
antibacterial activity. It manifests very strong effects against both Gram-positive and Gram-negative
bacteria (Nematollahi et al. 2012). Plumbagin has been shown to have strong antibacterial activity

against Clostridium perfringens (Lim et al. 2007), Helicobacter pylori (Park and Lee 2006), S. aureus
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(de Paiva et al. 2003), P. aeruginosa, E. coli, Salmonella typhi, Klebsiella pneumonia, Serratia
marcescens, Bacillus subtilis and Proteus vulgaris (Jeyachandran et al., 2009).

There are several mechanisms described for plumbagin’s of antimicrobial activity. Plumbagin has
been shown to intercalate with microbial DNA and cause breaking of single and double stranded
DNA (Asche, 2005). It has also been reported that plumbagin has the capacity to chelate several trace
metals which may also contribute to its antimicrobial properties (Padhyeetal, 2012). Bhattacharyaetal
demonstrated plumbagin inhibits cytokinesis in Bacillus subtilis by inhibiting FtsZ assembly
(Bhattacharyaetal, 2013). It was also demonstrated that it can induce reactive oxygen species
production. Because plumbagin acts on multiple targets to exert antimicrobial activity it may be more

effective than conventional antibiotics or antifungal agents in controlling microbial growth.

3.7 GC-MS analysis of n-hexane extracts

Due to the limited success of the isolation studies, the n-hexane extract of D. lanceifolia was analysed
by analytical GC-MS on a Shimadzu GC17A gas chromatograph with a BP-5 column, with the
assistance of Dr Joseph Brophy (University of New South Wales, Sydney, Australia). Compounds
were identified by matching their GC retention times and retention indices relative to n-alkanes, and
by comparison of their mass spectra with the NIST library database and other published data. This
identified 7-methyljuglone (m/z 188.10, retention time 31.483 minutes) and plumbagin (compound
4, m/z 188.05, retention time 31.983 minutes), which were previously isolated from the leaves of the
plant by Kichu (Kichu 2010).

Plumbagin and 7-methyljuglone have been isolated from many plants, including those that have been
used traditionally for the treatment of bacterial infections (Baravalia et al. 2009). 5 Hydroxy-2-
methyl-1,4-naphthoquinone, i.e. plumbagin and 7-methyljuglone are primary skeletons of many

monomeric and oligomeric naphthoquinones (Nematollahi et al. 2012).

7-Methyljuglone was isolated in 1982 from Diospyros spp (Diospyros hebecarpa A. Cunn. ex Benth.)
for the first time (Ohigashi et al. 1982). Later, it was isolated from other species of this genus
(Nematollahi et al. 2012). One of the interesting effects of this compound is its antituberculotic
activity (Mahapatra et al. 2007). 7-Methyljuglone has also been previously found active against S.
aureus, E. coli and P. aeruginosa (Lajubutu et al. 1995).

The presence of plumbagin and 7-methyljuglone support the antimicrobial properties found in the

n-hexane partition of D. lanceifolia leaves.
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3.8 Conclusions

The n-hexane partition of leaves of D. lanceifolia was found to be active against antibiotic susceptible
S. aureus, MRSA, MDRSA and E. coli in the MTT microdilution assay. Bioassay guided studieswith
normal phase silica column chromatography and size exclusion chromatography led to the isolation
of two antibacterially active compounds, lupeol and plumbagin. The structure of lupeol was
confirmed by EI-MS, 1H, 13C and 2D NMR analysis and by comparison with an authentic sample and
published literature. Plumbagin was tentatively identified by subsequent GC-MS analyses of the
n-hexane partition. Its presence was confirmed by H, 13C and 2D NMR analysis and by comparison
with the NMR data of an authentic sample and reported data. GC-MS analysis of the n-hexane

fractions also supported the presence of 7-methyljuglone.

Lupeol showed activity against antibiotic sensitive strains of P. aeruginosa (MIQ 156 pg/mL) and E.
coli (312 pg/mL), and against S. typhimurium (625 pg/mL), with weak activity against antibiotic
susceptible S. aureus as well as MRSA (2500 pg). Plumbagin, due to very low quantity, was tested

only against the susceptible strain of S. aureus and was found to possess good activity of 62 pg/mL
against this bacterium.

Many biological and phytochemical studies have been done on the genus Diospyros (Kalita et al.
2016), however, very limited studies have been conducted on D. lanceifolia. The bioassay guided
isolation studies presented in this chapter did not expand the knowledge about this plant much;
therefore, antibacterially active extracts of the plant were further analysed using a metabolomics

approach, as described in Chapter 5.
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Chapter 4 - Holboellia latifolia

The aim of this chapter was to evaluate the crude 70% aqueous ethanolic extract as well as partitioned
fractions of Holboellia latifolia Wall. (Lardizabalaceae) leaves for their antimicrobial properties and

to investigate the active extracts for their major active compounds.

4.1 Introduction

Holboellia latifolia also known as Stauntonia latifolia (Wall.) is a species belonging to the
Lardizabalaceae family. The trunk of the plant can be up to 6 metres high, with the bark vertically
fissured when old. Its branches are glabrous and striated, and the leaves are 3-5-foliate. The flowers
are monoecious (the male and female flowers are produced on the same plant (Christenhusz 2012).
Flowering occurs in Spring and the flowers are greenish-white or purple in colour and grow in
clusters. The fruit is an edible berry that is oblong with a rounded base and apex. The fruit contains

many seeds that are orbicular and straight, and embedded in the pulp (Wang et al. 2009). The natural
occurrence of this species is restricted to the Himalayas and China.

Figure 4.1 Holboellia latifolia (photo by Nagaland man Meyanungsang Kichu).

Indigenous communities of the North-Eastern part of India, comprising the states of Arunachal
Pradesh, Assam, Manipur, Nagaland, Meghalaya and Mizoram, use the foam and the juice from
crushed or ground leaves of H. latifolia to treat burns (Begum and Nath 2000, Kichu et al. 2015). The
Garhwal community of Indiaapply a paste of the leaves to treat cattle wounds (Juyal and Ghildiyal
2013).

Only one phytochemical study on H. latifolia has been previously reported. This study investigated
the 95% ethanol extract of the aerial parts of H. latifolia and led to the isolation and structural
elucidation of lup-20(29)-en-3-one (4.1), lupeol (4.2), B-sitosterol (4.3), oleanolic acid (4.4), ursolic
acid (4.5), p-daucosterol (4.6), eleutheroside K (4.7), hederagenin3-O-a-L-rhamnopyranosyl-(1—2)-
a-L-arabinopyranoside (4.8) and 2-(naphthalen-1-yl)acetic acid (4.9) (Gu et al. 2013) (Figure 4.1).
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B-Sitosterol’s antimicrobial activity is described in Chapter 2 and lupeol’s in Chapter 3. B-Daucosterol
was previously reported to be active against Staphylococcus aureus and Escherichia coli (Chen et al.
2015). Oleanolic acid and ursolic acid have also been widely reported for their antimicrobial
properties. Both have been shown to have good activity against Mycobacterium tuberculosis, a
bacterium that causes the infection responsible for many deaths worldwide (Jiménez-Arellanes et al.
2007). Oleanolic acid and ursolic acid have also been shown to have antibacterial activity against
other human pathogens, such as Streptococcus pneumoniae, methicillin-sensitive and methicillin-
resistant S. aureus (Woldemichael et al. 2003), Bacillus subtilis, Bacillus cereus, Enterococcus
faecalis, Enterococcus faecium and Pseudomonas aeruginosa (Horiuchi et al. 2007, Cunha et al.

2010) and Listeria monocytogenes (Kurek et al. 2010).

4.9

Figure 4.1. Compounds previously isolated from Holboellia latifolia.
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Reports regarding H. latifolia are extremally scarce, however, phytochemistry reports show that
triterpenoid saponins are commonly found in the Holboellia genus. Fu et al. reported the isolation of
five triterpenoid saponins, fargosides A, B, C, D and E from an ethanolic extract of the roots of
Holboellia fargesii (Fu et al. 2001). Three noroleanane triterpenoid saponins, akebonoic acid,
holboelliside A and holboelliside B, were isolated from the methanolic extract of the stems of H.
coriacea (Ding et al. 2016), and coriacea saponin A, kalopanax saponin D, patrinia glycosides B-I1,
leonticin E, guaiacin C and mateglycoside A were isolated from an ethanolic extract of H. coriacea
roots (Zhu et al. 2015).

4.2 Results and discussion

The leaves of H. latifolia were collected and ground and powdered in Nagaland, as described in
Chapter six (experimental) (Kichu 2010). The total amount of the material available was only 120 g.
The 70% crude ethanolic extract of the powder (yield 8.2 g) was prepared and subsequently
partitioned between n-hexane (yield 3.5 g), dichloromethane (1.1 g), ethyl acetate (0.5 g) and water

(1.59).

The partitioned extracts were screened for antimicrobial activity by the 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT) microdilution assay (Akter et al. 2016) against the skin
pathogens S. aureus (susceptible S. aureus), methicillin resistant S. aureus (MRSA) and multidrug
resistant S. aureus (MDRSA), B-lactamase negative (antibiotic susceptible) E. coli (B- E. coli),
B-lactamase positive (antibiotic resistant) E. coli (B+ E. coli), P. aeruginosa, S. pyogenes, S.
typhimurium and C. albicans, as described in Chapter 2 (Ncube et al. 2008). The n-hexane extract
showed weak antimicrobial activity against antibiotic sensitive S. aureus as well as weak activity
against P. aeruginosa with an MIC value of 2500 pg/mL. Better activity was exhibited by the
dichloromethane extract, which was found to be active against antibiotic sensitive as well as resistant
strains of S. aureus (MIC 156 pg/mL for antibiotic sensitive S. aureus and 1250 pg/mL for the
resistant strains) as well as P. aeruginosa (MIC 1250 pg/mL). The ethyl acetate and water partitions

showed no antibacterial activity.

Due to exhibiting the most promising antibacterial activity, the dichloromethane partition was chosen
for bioassay guided isolation. 2D TLC indicated that normal phase silica gel column chromatography
would be an appropriate method of separation. Fractionation was therefore attempted with the
partition using 1 g of the sample. The column was eluted with n-hexane:chloroform (10:90 to 100%,
column loaded with a 100 g of normal phase silica) to afford 20 fractions. Upon drying, the yield of
the fractions was extremally poor (total weight 0.5 g) and showed little separation of components.
Fractions 8 to 14, in order of elution, showed bioactivity by TLC bioautography with antibiotic
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sensitive S. aureus. The fractions 8 to 14 were pooled together (90 mg) and size exclusion
chromatography (Sephadex LH-20, 100% methanol) was attempted. While almost full recovery of
material was obtained, size exclusion chromatography did not result in any further separation of

compounds.

To obtain further information of the phytochemistry of the dichloromethane partition, GC-MS
analysis was conducted by Dr Joseph Brophy (University of New South Wales), using the same
conditions as described in Chapter 3). This resulted in the detection of hexanal and nonanal (Figure
4.2).
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Figure 4.2 GC-MS trace of Holboellia latifolia dichloromethane partition. Peak 1: hexanal; Peak 2:
nonanal; Peak 3: diethyl phthalate (column contamination).

Both hexanal and nonanal (Figure 4.3) are found in many plant species. Hexanal is a component of
volatile oils of citrus species such as Citrus limon, Citrus paradise, Coriandrum sativum and
Caryophyllus aromaticus (Misharina and Samusenko 2008). Nonanal has been found in Artemisia
ludoviciana (Zavala-Sanchez et al. 2002), Solanum aculeastrum (Koduru et al. 2006), Medicago
sativa (Buttery and Kamm 1980) and Prunus domestica (Ismail et al. 1977). Nonanal has been
described as responsible for the antidiarrhoeal properties of Artemisia ludoviciana (Zavala-Sanchez
et al. 2002).

AU Ve N e i

Hexanal Nonanal
Figure 4.3 The structures of hexanal and nonanal.

Given the limited quantity available, and the poor separation results, the remaining dichloromethane
partition was subjected to metabolomics studies, as described in Chapter 5.
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4.3 Conclusions

Holboellia latifolia plant parts, including the leaves, have been traditionally used by Indigenous
communities of Indiaas a treatment for conditions of a likely microbial origin, but reported biological
and phytochemical studies on this species and genus are extremally scarce. The dichloromethane
partition obtained from the 70% ethanolic extract of the leaves showed antibacterial activity against
antibiotic sensitive (MIC value of 156 pg/mL) S. aureus, against resistant strains of S. aureus (MIC
values for MRSA and MDRSA 1250 pg/mL) and against P. aeruginosa (MIC 1250 pg/mL). Normal
phase chromatography and size exclusion isolation studies were attempted but were not successful.
GC-MS studies of the dichloromethane partition identified hexanal and nonanal to be present. Both

volatile compounds are present in many plant species.
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Chapter5 - Metabolomics studies on Prunus persica, Diospyros lanceifolia

and Holboellia latifolia

Chapters two, three and four focused on the bioassay guided isolation of bioactive compounds from
Prunus persica, Diospyros lanceifolia and Holboellia latifolia. This proved moderately successful
for P. persica, had limited success for D. lanceifolia and was unsuccessful for H. latifolia. Asa result,
this chapter explores the use of modern techniques through a metabolomics approach to examine the

complex mixtures of extracts and partitions of these three plants.

5.1 Introduction

Metabolomics has emerged as a valuable tool for the comprehensive profiling and comparison of
metabolites in biological systems (De Vos et al. 2007). Recent advances in mass spectrometric
instrumentation combined with powerful chemometric tools has greatly extended the capacity for
rapid compound screening of natural products (Hall 2018). Several methods based on liquid
chromatography (LC) coupled with a UV-Vis diode-array detector (DAD) and mass spectrometry
(MS) have been applied to identify phytochemicals within complex plant mixtures (Garcia et al.
2016). More comprehensive methods of metabolome characterisation have been recently developed
applying methodologies such as nuclear magnetic resonance (NMR) (Markley et al. 2017) and
quadrupole time-of-flight mass spectrometry (QTOF-MS) (Garcia et al. 2016).

As described in the earlier chapters, the crude 70% aqueous ethanolic extracts as well as n-hexane,
dichloromethane and ethyl acetate partitions of P. persica roots, n-hexane partition of D. lanceifolia
leaves, and dichloromethane partition of H. latifolia leaves, collected from Nagaland, exhibited
promising antibacterial activity. However, attempts to isolate compounds from the partitions had
limited success. To understand more about the phytochemistry of these medicinally important plants,
a metabolomics approach was adapted for the extracts and partitions. To the best of the author’s
knowledge, metabolomic studies on P. persica root extract as well as D. lanceifolia and H. latifolia

leaf extracts have not been reported so far.

Even though NMR is in principle the most reliable spectroscopic technique for the unequivocal
identification of unknown compounds, NMR is less sensitive than MS, and MS-based platforms are
the most widely applied in plant metabolomics (Hall 2006, Garcia et al. 2016). Gas chromatography
coupled to electron impact time-of-flight (TOF) MS was the first approach used in large-scale plant
metabolomics and is a powerful approach for the detection of volatile compounds and their
identification when coupled to databases such as the NIST database (De Vos et al. 2007). LC-MS-
based techniques, however, are of particular importance due to the greater ease of LC for separating
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and detecting semi-polar and polar secondary metabolites and the capability of coupling LC with
soft ionisation MS techniques such as electrospray ionisation or atmospheric pressure chemical
ionisation for molecular mass determination (De Vos et al. 2007, Dunn et al. 2013). It has been
observed that LC with UV—Vis detection, in combination with high resolution MS (e.g. TOF-MS) or
MS/MS, enables the tentative characterisation of several hundreds of compounds in a single crude
plant extract (De Vos et al. 2007). With continually improving tools for data acquisition, processing
and mining, LC-MS will certainly grow in value for biochemical profiling and metabolite
identification. Making use of improved separation technologies such as ultra-high-performance LC
(UHPLC) coupled to MS will further improve the potential to identify metabolites and to provide an
even more detailed metabolite profile of plant extracts (Garcia et al. 2016).

5.2 Results and discussion
5.2.1 Metabolomic profiling and extraction of molecular features

The crude 70% aqueous ethanolic extracts of P. persica roots, leaves of H. latifolia and D. lanceifolia,
as well as the dichloromethane and ethyl acetate partitions of P. persica, dichloromethane partition
of H. latifolia and n-hexane partition of D. lanceifolia, were chosen to be analysed by ultra-high-
performance liquid chromatography-quadrupole time-of-flight mass spectroscopy (UHPLC-DAD-Q-
ToF-MS) with a UV-Vis diode array detector. As there was no specific group of target analytes,
instrument parameters were set in order to separate and tentatively identify as many compounds as
possible (Garcia et al. 2016). All compounds were identified by comparison of molecular ions,
retention times and UV-Vis spectra with those published in the literature. Accurate ion mass of each
peak was obtained from the total ion chromatograms (TICs). TIC data analysis was carried out using
extracted ion chromatograms (EIC) of the deprotonated and protonated molecular ions when
available. When the retention times of the peaks in the positive and negative mode EICs align, this is
good evidence that the ions observed are indeed the molecular ions. In some cases, peaks were only
seen in one mode, making identification of the molecular ion less reliable. Once the molecular ions

are identified, accurate mass values can be used to generate likely molecular formulae.

UV-Vis chromatograms were examined for each LC peak for diagnostic wavelengths between 250-
290 and 310-350 nm for flavones, 250-290 and 350-385 nm for flavonols, 277-295 and 300-330 nm
for flavanones and dihydroflavonols (two absorbance bands each), 275-325 nm for cinnamic acid
derivatives, 540 nm for anthocyanins and 210 nm for compounds lacking the phenolic moiety
(Tsimogiannis et al. 2007). Where diagnostic UV-Vis absorbances were observed, the retention time
of the molecular ion peak (from EICs) was checked so that it matched the retention time
corresponding to the UV-Vis peak.
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The exact theoretical masses were based on the formula calculated by the molecular weight calculator
tool of Mass Hunter software. Molecular formulae were generated from the accurate masses and
isotopic patterns using an algorithm that combined C (0-60), H (0-120), O (0-30) and N (0-20). Other
elements such as Cl or Br or S were not considered since they are rarely present in plants, thereby
reducing the number of possibilities. The generated molecular formulae (GMF) were compared to
those registered in commonly used online databases including ChemSpider, KEGG, CheEBI, LIPID
MAPS, Google Scholar and ScienceDirect (Garcia et al. 2016). Tables 5.1-5.7 list masses of
molecular ions (m/z), the retention times (RT), generated molecular formulae (GMF), measured and
calculated monoisotopic masses and their mass differences (diff) in parts per million (ppm). A
variation in ppm across the product ion masses should ideally differ no more than 2 ppm, although 7
ppm is still acceptable due to the instrument peak spacing tolerance recommended setting of 7 ppm
for the detection of “common organic molecules” (Hopfgartner et al. 1999, Brenton and Godfrey
2010, Garcia et al. 2016). The parameters obtained were used to create lists of possible compounds
for P. persica, D. lanceifolia and H. latifolia. These lists were then compared with the published
literature on the phytochemistry of the species and genus to shortlist likely candidate compounds
(Schwikkard and Mulholland 2014). Figure 5.1 provides a summary of this “identification” process.
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Figure 5.1. Summary of the tentative identification process. Accurate mass of each peak obtained
from the total ion chromatograms (TICs, caption 1) was analysed using extracted ion chromatograms
(EIC, caption 2). UV-Vis spectra (caption 4) at diagnostic wavelengths were generated for the
selected mass peak (caption 3). The mass of a peak at its most intense was used to generate a
molecular formula [Formula (M), caption 5] and calculate the exact mass of that formula [Mass
(MFG)]. The UV-Vis spectrum, formula (M) and exact mass (MFG) were compared with the
literature (caption 6).
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In the absence of standards for most compounds (with the exception of gallic acid and catechin), the
term “identification” for all investigated plants refers to “tentative identification” (Hanafy et al. 2017).
Compounds where the molecular mass, GMF and UV -Vis absorbance did not correspond to those
found in the literature, or the compounds for which UV-Vis spectra were not detected, are referred to

as “unknown”.

5.2.2 Tentative “identification” - challenges

P. persica, D. lanceifolia and H. latifolia crude ethanolic extracts as well as antibacterially active
partitions were subjected to analysis by UHPLC-DAD-Q-ToF-MS, using electrospray ionisation
(ESI) for the MS. This combination allows the detection of thermally labile, non-volatile and polar
compounds (Friedrich et al. 2000), covering many important classes of secondary metabolites such
as alkaloids, saponins, phenolic acids, phenylpropanoids, flavonoids and polyamines (De Vos et al.
2007). While the soft ionisation of ESI allows for calculation of the molecular masses, and in turn,
possible molecular formulae, it does not allow definitive identification of compounds, and is
hampered especially by the possibility of isomers (Dunn et al. 2013, Gu et al. 2013). While UV-Vis
analysis can assist in identifying particular classes of compounds, this method is often not

distinguishing enough for the identification of certain subgroups of compounds (Tsimogiannis et al.
2007).

5.2.3 Tentative characterisation of P. persica roots compounds

Phytochemistry of various parts of P. persica including leaves, fruits and flowers has been intensely
studied and well reported. However, only one publication on the chemical composition of the roots
(the focus of this study) has been found. As mentioned in Chapter 2, the publication reported on the

isolation of afzelechin and five proanthocyanidin stereoisomers (Ohigashi et al. 1982).

Sixteen compounds were tentatively identified from the LC-MS analysis of the P. persica crude
aqueous ethanolic root extract (Table 5.1, Figure 5.2), eight from the dichloromethane partition (Table
5.2, Figure 5.3) and eleven from the ethyl acetate partition (Table 5.3, Figure 5.4). Consistent with
the reports concerning P. persica leaves, fruits, flowers and bark phytochemical composition, many
compounds were found to be of phenolic or polyphenolic character.
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Figure 5.2. ESI (negative mode) TIC chromatogram of P. persica crude agueous ethanolic root
extract. Red arrows indicate compounds that had no corresponding peaks in ESI positive mode.
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Figure 5.3. ESI (positive mode) TIC chromatogram of P. persica crude ethanolic extract.

In the crude aqueous ethanolic extract, in order of retention time (RT), based on their mass, GMF and

UV-Vis profile, compounds were tentatively identified as follows (Table 5.1):

Peak number 1 most closely matched quinic acid (mass 192.0634, C7H120s, Amax 230, 262 nm, 5.1)
(Liu et al. 2006, Anouar et al. 2012). The UV-Vis spectrum was consistent with some reports for
quinic acid (Lai et al. 2007), but UV-Vis spectral data differed significantly across the literature
(Lopez-Cobo et al. 2016). This compound was previously isolated from P. persica fruit (Dirlewanger
et al. 1999, Etienne et al. 2002, Quilot et al. 2004, Montevecchi et al. 2012).

O~__OH

HO,

HO" ™ ~OH
OH

Quinic acid

Only one report was found matching the mass of peak number 2 (mass 314.1135, C11H22010, 5.2).
This was identified from published literature as the C-glycoside diospyrodin, which was previously
isolated from Diospyros nigra (Dinda et al. 2006). However, as the compound was not previously
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found in the Prunus genus, and the mass difference to that obtained experimentally was -8.96 ppm,

which set it beyond the “acceptable” level, the peak was referred to as unknown.

OH OH
HO © OH
- ~, o OH OH
HO ‘OH
OH
Diospyrodin

Peak number 3 was identified as mandelic acid -D-glucopyranoside (mass 314.1002, C14H1808, Amax
280 nm, 5.3), The exact mass, molecular formula and UV -Vis spectrum were in agreement with the

literature (Geibel and Feucht 1991, Songsong et al. 2015). This compound has been previously
isolated from P. persica seeds (Fukuda et al. 2003).

OH
%o
HO o

OH
Mandelic acid B-D-glucopyranoside

Peaks number 4 and 11 (RT 5.146 and 7.034 minutes, respectively) had the same GMF, mass and
UV-Vis absorption profiles (mass 288.0634, C15H1206, Amax 289 and 324 nm), indicating they were
isomers of each other. The data were in agreement with the literature for eriodictyol (5.4) (Anouar et
al. 2012, Gaggeri et al. 2012). This compound has been previously found in P. persica bark (Rahman
and Bhatnagar 1968), sapwood (Pacheco 1960), stem bark (Jang et al. 2018) and whole plant
(Jiménez-Atiénzar et al. 2006, Jang et al. 2018). Attemptsto elucidate which of peak 4 and 11 were

likely eriodictyol from reported elution times were unsuccessful due to significant variation in

reported data (Garcia et al. 2016).
- CL..
HO o] oH

OH O
Eriodictyol

Peak number 5 was characterised as taxifolin-7-O-rhamnoside (mass 450.1162, C21H22011, Amax 280
and 365 nm, 5.5), with all data in agreement with the literature (Tsimogiannis et al. 2007). This
compound has not been previously found in P. persica. However, taxifolin has been isolated from
other Prunus species such as P. aequinoctialis, P. nipponica, P. maximowiczii and P. avium

(Hasegawa 1957). Of course, other regeoisomers are possible.
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Taxifolin-7-O-rhamnoside

Peak number 6 (mass 480.1268, C22H24012, Amax 280 nm, 5.6) was consistent with
3’-O-methylcatechin-5-O-glucuronide (Liang et al. 2014) using the database Pubchem. Moreover, the
reported UV-Vis absorptions for this compound (Wu et al. 2009, Liang et al. 2014) were consistent
with the one obtained experimentally. However, no reports on the isolation of 3’-O-methylcatechin-

5-O-glucuronide from plant sources have been found. Due to insufficient data, peak number 6 was
regarded as an unknown.

Peak number 8 (C30H24012, 576.1268, Amax 280 nm, 5.8) (Friedrich et al. 2000), was identified as
either proanthocyanidin Al or A2. The molecular weight, formula and UV-Vis absorptions were
consistent with those published for Al type and A2 type proanthocyanidins (Friedrich et al. 2000),
neither of which can be distinguished by this method. Both of these compounds were previously

isolated from P. persica roots (Ohigashi et al. 1982) and fruits (Moing et al. 2003).

Proanthocyanidin A1

Peak number 10 was consistent with another proanthocyanidin ent-epiafzelechin-
(2o—0—7’,40—8")-(-)-ent-afzelechin (mass 544.1290, C30H24010, Amax 273 nm, 5.10) (Ferreira and
Li 2000), another proanthocyanidin. It was isolated from P. persica roots by the author through the
course of previous studies (Malewska 2015) and by Kichu (Kichu 2010) from the same plant material

and has been previously reported from roots of P. armeniaca (Ferreira and Li 2000).
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HO:

ent-Epiafzelechin-(20—0—7’,40—8")-(-)-ent-afzelechin

The mass and molecular formula for peak number 14 (mass 286.0477, C1sH100s6, Amax 265 and 365
nm, 5.14) were consistent with kaempferol (flavonol) or luteolin (flavone), however, luteolin
(flavone) absorbs at around 260 and 350 nm (Gardana et al. 2007) while kaempferol (flavonol)
absorbs around 265 and 365 nm (Gardana et al. 2007). The peak was therefore tentatively identified
as kaempferol. The compound has been previously isolated from P. persica fruit (Lee Chang et al.
2007), leaves (Kazan et al. 2014) and pericarp (Lee et al. 2008). Luteolin has been isolated from P.
cerasus bark (Geibel and Feucht 1991) and fruit (Terry 2011).

OH O OH O
Kaempferol Luteolin

Peak number 15 was identified as caffeic acid phenylethyl ester (mass 284.1049, C17H1604, Amax 325
nm, 5.15). The mass, GMF and UV-Vis spectra were in agreement with the literature (Gardana et al.
2007). This compound has been previously isolated from P. jamasakura bark (Matsuoka et al. 2011)

and was isolated by the author (as described in Chapter 2) from P. persica for the first time.
f
HOWO
HO
Caffeic acid phenylethyl ester

Peak number 16 was identified as the sesterterpene y-lactone genepolide (mass 368.2715, C25H3602,
5.16). The exact molecular weight was consistent with genepolide. However, this compound has not

been previously reported in the Prunus genus. It has been isolated from Artemisia umbelliformis
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(whole plant) (Appendino et al. 2009). This is the first report of this compound potentially being

present in the Prunus genus.

Genepolide

For the peaks 7, 9, 12 and 13, no corresponding compounds were found in the literature. These peaks
have the potential to represent new chemical entities.

In the dichloromethane partition, in order of retention time, compounds were tentatively identified as

follows (Table 5.2, Figures 5.4 and 5.5):
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Figure 5.4. EIC (negative mode) TIC of P. persica dichloromethane extract.
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Figure 5.5. EIC (positive mode) TIC of P. persica dichloromethane extract. Red arrows indicate
compounds present in positive mode only.

Peak number 1 was identified as leucocyanidin (mass 306.074, C15H1407, Amax 280 nm, 5.17), with
all datain agreement with the literature (Yang et al. 2012). This compound was previously isolated

from P. persica fruit, stems and roots (Ye 2017). This peak was only detected in positive mode.
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OH OH
Leucocyanidin

Obtained data for peak number 2 (mass 290.079, C15H140s, Amax 285 nm, 5.18) were consistent with
the literature (Zu et al. 2006) in being either catechin (Sudjaroen et al. 2012, Jang et al. 2018) or its
diastereoisomer epicatechin (Sudjaroen et al. 2012). Both of those compounds have also been
previously found in P. persica pulp (Jang et al. 2018). The presence of catechin was confirmed using
a co-injected standard. Catechin and epicatechin often both occur together in plants, with catechin
dominating. The ratio varies depending on various influencing factors including plant variety and

climate. The EICs showed only one peak with an m/z 291 in positive mode and m/z 289 negative
mode, suggesting epicatechin levels were below the detection limits.

OH
HO o) llli
O OH
OH

OH
Catechin

Peak number 3 was identified as afzelechin (mass 274.0841, Amax 260 nm, C15H140s, 5.19), with data
being consistent with the literature (Ohigashi et al. 1982). This compound was previously isolated

from P. persica roots (Kichu 2010) and in the MPhil studies conducted by the author (Malewska

2015).
OH
HO [ilm o) nlii
OH

OH
Afzelechin

Peak number 4 was tentatively identified as either proanthocyanidin Al or A2, both likely candidates
indistinguishable by the method used [mass 576.1268, C30H24012, Amax 280 nm, 5.20 (5.8, Section

5.2.8)]. The potential presence of these compounds was also seen in the crude aqueous ethanolic
extract.

Peak number 5 was consistent with 4’-methoxy-7-O-B-D-glucopyranosyl-8,3’-dihydroxyflavanone

(mass 464.1319, C22H24011, Amax 230 and 295 nm, 5.21) through data being in agreement with the
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literature (Silva et al. 2013). The (-) enantiomeric form has been previously isolated from Bidens
gardneri (Silva et al. 2013). Since the compound has not been previously identified from Prunus

genus, the peak is referred to as unknown.

Peak number 6 and peak number 7 (mass 560.1319, C30H24011, Amax 230 and 275 nm, 5.22 and 5.23)
were  consistent  with  ent-epiafzelechin-(20—7,40—8)-epicatechin, ent-epiafzelechin-
(2a—7,4a—8)-catechin and 3’’’-hydroxyafzelechin-(23—7,43—8)-catechin, which have been

reported in various Prunus species, and could not be distinguished (Buckingham 2015).

Peak number 8 could only be characterised from its exact molecular weight and GMF using the
database Pubchem, as the peak did not show any UV-Vis absorption spectra. The peak was possibly
identified as 9,10-dihydroxy-8-0xo0-12-octadecenoic acid (mass 328.225, C18H340s,5.24), which has

been found in Musa acuminata leaves (Sonibare et al. 2018). However, there are many possible
isomers, and due to the lack of further confirmation, the peak is referred to as unknown.

OH (@]
/\/\/\/\H\H/\/\/\)J\OH
OH O

9,10-Dihydroxy-8-oxo0-12-octadecenoic acid

Peak number 9 (mass 330.2406, C1sH340s, 5.25) was consistent with trihydroxy-12Z-octadecenoic
acid, as identified from the exact mass and GMF and the database Pubchem. The stereoisomer in the
9S,10S,11R-form has been isolated from the leaves of Lactuca sativa (Garcia et al. 2016) and
Tasmannia lanceolata (Paran et al. 2016). Lack of further characterisation led to the compound being

named unknown.

Peak number 10 was identified as persicogenin (mass 316.0947, C17H1606, Amax 286 nm, 5.26), with
data being consistent with the literature (Li et al. 2005). This was previously isolated from P. persica
bark (Rahman and Bhatnagar 1968) and stem (Jang et al. 2018).

Persicogenin QOH

Peak number 11 was characterised as glutinolic acid (mass 519.3322, C3oH4g07,5.27) using the
database Pubchem. This compound has been previously isolated from Rehmannia glutinosa roots
(Lee et al. 2011). However, the compound did not show a UV-Vis absorption at 210 nm, which is

typical for ursane type terpenoids (Luo et al. 2017) and was therefore regarded as an unknown.
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In the ethyl acetate partition, in order of retention time, compounds were identified as follows (Table
5.3, Figures 5.6 and 5.7):
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Figure. 5.6. EIC (negative mode) TIC of P. persica ethyl acetate extract. Red arrows indicate
compounds present in negative mode only.
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Figure 5.7. EIC (positive mode) TIC of P. persica ethyl acetate extract.

Peak number 1 was identified as quinic acid [mass 192.0634, C7H1206, Amax 325 nm, 5.28 (5.1)],

which was already tentatively identified in the crude aqueous ethanolic extract.

Peak number 2 was identified as gallic acid [mass 170.0215, Amax 270 nm, C7HsOs,5.29 (2.4)], which
was found in the isolation study (Chapter 2, Section 5), as well as having been previously reported
from P. persica fruit (Cantin etal. 2009). The presence of gallic acid was confirmed using an authentic

standard.

Peak number 3 was identified as mandelic acid B-D-glucopyranoside [mass 314.1002, C14H1808, Amax
275 nm, 5.30 (5.3)] (Songsong et al. 2015), which was already reported from the crude aqueous
ethanolic extract as well as previously isolated from P. persica seeds (Fukuda et al. 2003) and P.

jamasakura bark (Matsuoka et al. 2011).

Peak number 4 was characterised as gallocatechin (mass 306.074, C15H1407, Amax 280 nm, 5.31), with
databeing in agreement with the literature (Chandra Sekhar et al. 2017). This was previously found

in P. persica seeds (Fukudaet al. 2003).
84



OH
OH
HO O O
O OH
OH

OH
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Peak number 5 was tentatively identified as catechin [mass 290.079, C1s5H1407, Amax 285 nm, 5.32
(5.18)]. The presence of catechin was also tentatively identified in the dichloromethane partition, as
well as consistent with the retention time with the co-running of a standard of catechin. Catechin has

been previously isolated from P. persica stem bark (Cantin et al. 2009, Jang et al. 2018).

Peak number 7 was tentatively identified as either proanthocyanidin Al or A2 and peak number 8 as
one of ent-epiafzelechin-(20—7,40—8)-epicatechin, ent-epiafzelechin-(20—7,40—8)-catechin or
3””’-hydroxyafzelechin-(23—7,43—8)-catechin, similar to that seen for the crude aqueous ethanolic

extract as well as the dichloromethane partition.

Peak numbers 9, 10 and 11 were identified as ent-epiafzelechin-2o—0—7,40—8)-(-)-ent-
afzelechin, afzelechin and caffeic acid phenylethyl ester, respectively. The first two compounds have
been previously shown tobe present in the crude agueous ethanolic extract as well as dichloromethane
partition, while caffeic acid phenylethyl ester was isolated in this study (Chapter 2, Section 5) and
seen in the crude ethanolic extract. Only peak number six (5.33) was not found in any database or

literature reports.
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Table 5.1. Compounds tentatively identified from the crude ethanolic extract of P. persica.

Peak | RT Amax | ESI ESI* Mass Molecular | m/z (calc) | Diff Tentative identity
(nm) | [M-H] [M+Na]*" | (MFG) formula for [M-H] | (ppm)
[M+H]"
1 0.907 | 230 191.0567 192.0634 | C7H120s6 191.0561 | -3.06 5.1: Quinic acid; found in P. persica fruits
262 (Dirlewanger et al. 1999, Etienne et al. 2002,
Quilot et al. 2004, Montevecchi et al. 2012)
2 1.606 | 260 313.1090 337.10907 | 314.1135 | C11H22010 | 312.1062 | -8.96 5.2: Unknown
365
3 2.888 | 275 313.0925 337.09037 | 314.1002 | C14H180s | 313.0929 | 1.25 5.3: Mandelic acid B-D-glucopyranoside;
found in P. persica seeds (Fukuda et al.
2003)
4 5.146 | 285 287.0564 289.0677 288.0634 | C15H1206 | 287.0561 | -1 5.4: Eriodictyol*; found in P. persica whole
330 plant (Jiménez-Atiénzar et al. 2006), P.
persica stem bark (Jang et al. 2018)
5 5269 | 275 |449.1089 451.1206 450.1162 | C21H22011 | 449.1089 | 0.08 5.5: Taxifolin-7-O-rhamnoside (Wong
360 2015); taxifolin found in P. aequinoctialis,
P. nipponica, P. maximowiczii and P. avium
(Hasegawa 1957)
6 5.818 [280 |479.1197 - 480.1268 | C2oH24012 | 479.1195 | -0.42 5.6: Unknown
7 6.118 | 280 575.1158 577.1340 576.1268 | C30H24012 | 575.1195 | 6.42 5.7: Unknown
8 6.268 | 280 575.1196 576.1268 | C30H24012 | 575.1195 | -0.17 5.8: Proanthocyanidin Al or A2 (Zhao et al.
2015); both isolated from P. persica fruit
9 6.584 |360 |433.1078 434.1154 | C2sH180s | 433.1081 | 0.8 5.9: Unknown
10 6.767 | 273 543.1287 545.1481 544.1290 | C30H24010 | 543.1290 | 0.3 5.10: ent-Epiafzelechin-
(2a—0—7’,40—8’)-(-)-ent-afzelechin;
isolated from P. persica root (Kichu 2010,
Malewska 2015), P. armeniaca roots
(Ferreira and Li 2000)
11 7.034 | 285 287.0558 288.0634 | C1sH120s | 287.0561 | 1.08 5.11: Unknown (possible isomer of 5.4)*
330
12 7.433 290 813.1820 815.1982 814.1898 | C45H34015 | 813.1825 | 0.61 5.12: Unknown
13 7.450 [280 |461.1084 462.1162 | C22H22011 | 461.1089 | 1.16 5.13: Unknown
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14 8.289 | 260 285.0385 287.0548 286.0477 | CisH100s | 285.0405 | 6.86 5.14: Kaempferol (Campillo et al. 2015);
365 isolated from P. persica fruit (Lee Chang et

al. 2007), leaves (Kazan et al. 2014),
pericarp (Lee etal. 2008)

15 9.132 | 325 283.0977 284.1049 | C17H1604 | 283.0976 | 0.41 5.15 (2.5): Caffeic acid phenylethyl ester
(isolated in this study) as well as from P.
jamasakura bark (Matsuoka et al. 2011)

16 12.112 | 215 367.2643 - 368.2715 | C2sH3602 | 367.2643 | -0.13 5.16: Unknown

*Likely isomers. RT - retention time. ESI- - electrospray ionisation (negative mode), ESI™* - electrospray ionisation (positive mode). [M-H]- - deprotonated molecular mass, [M+H]*
protonated molecularmass, f[M+Na]* - Na adduct (positive mode). Amax (nm) — UV-Vis. MGF - generated molecular formula, m/z (calc) - calculated molecularions for [M-H]-. Diff
(ppm) - the difference between measured and calculated masses in parts per million (ppm) for [M-H]-.

Table 5.2 Compounds identified from the DCM partition of P. persica.

Peak | RT Amax | ESI ESI* Mass Molecular | m/z (calc) | Diff | Tentative identity
(nm) | [M-H] [M+Na]*" | (MFG) formula for [M-HT" | (ppm)
[M+H]"
1 4.567 280 - 307.0795 | 306.074 Ci1sH1407 | 307.0812 |5.65 |5.17: Leucocyanidin (Yang etal. 2012); found
in P. persica fruit (Lim 2012), fruit, stems,
roots (Ye 2017)
2 5.448 285 289.0735 | 291.0866 | 290.079 Ci1sH1406 | 289.0718 | -5.99 | 5.18: Catechin (Sudjaroen et al. 2012); found in
P. persica fruit (Jang et al. 2018)
2 285 290.079 C15H1406 5.18: Epicatechin (Sudjaroen et al. 2012); found
in P. persica fruit (Jang et al. 2018)
3 5.564 260 273.0791 | 275.0892 | 274.0841 | C1sH140s | 273.0768 | -8.22 | 5.19: Afzelechin; isolated from roots of P.
persica (Ohigashi et al. 1982, Kichu 2010,
Malewska 2015)
4 6.014 280 575.1156 | 577.1347 |576.1268 | C3oH24012 | 575.1195 | 6.77 | 5.20 (5.8): Proanthocyanidin Al or A2; both
found in P. persica roots (Ohigashi et al. 1982),
P. prostrata aerial parts (Bilia et al. 1996)
5 6.213 230 463.1246 | 487.12097 | 464.1319 | C22H24011 | 463.1246 | -0.03 | 5.21: Unknown
295
6&7 |6.463 230 559.1217 | 561.1365 |560.1319 | C3oH24011 | 559.1246 |5.15 |5.22 and 5.23: ent-Epiafzelechin-
275 (20—7,40—8)-epicatechin OR ent-
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epiafzelechin-(2oa—7,40—8)-catechin OR 3°’-
hydroxyafzelechin-(2—7,4p—8)-catechin;
found in Prunus species (Buckingham 2015)

8 7.396 280 327.2181 | 351.2139" | 328.225 Ci18H320s | 327.2177 | -1.23 | 5.24: Unknown

9 7.612 385 329.2338 | 353.22977 | 330.2406 | Ci1gH340s | 329.2333 | 1.05 | 5.25: Unknown

10 9.173 286 - 317.1014 | 316.0947 | C17H160s | 317.102 1.97 | 5.26: Persicogenin; found in P. persica bark
(Rahman and Bhatnagar 1968), stem bark (Jang
et al. 2018)

11 9.829 - - 520.3411 | 519.3322 | C30H4807 | 520.3395 | -3.17 | 5.27: Unknown

RT - retention time. ESI- - electrospray ionisation (negative mode), ESI* - electrospray ionisation (positive mode). [M-H] - deprotonated molecular mass, [M+H]* protonated molecular

mass, T[M+Na]* - Na adduct (positive mode). kmax (nm) — UV-Vis. MGF - generated molecularformula, m/z (calc) - calculated molecularions for[M-H]-. Diff (ppm) - the difference
between measured and calculated massesin parts per million (ppm) for[M-HT-.

Table 5.3. Compounds identified from the EtOAc extract of P. persica.

Peak

RT

7\-max
(nm)

ESI-
[M-H]

ESI*
[M+Na]*f
[M+H]*

Mass
(MFG)

Molecular
formula

m/z (calc)
for [M-HJ

Diff
(ppm)

Tentative identity

0.907

210

191.0567

192.0634

C7H1206

191.482

-3.06

5.28 (5.1): Quinic acid (Dirlewanger et al.
1999, Etienne et al. 2002, Quilot et al. 2004,
Montevecchi et al. 2012); found in P. persica
fruits

2.006

270

169.0145

170.0215

C7H60s5

169.0142

-1.49

5.29 (2.4): Gallic acid; found in P. persica
fruit (Cantin et al. 2009) (isolated in this
study)

2.864

275

313.0923

337.09077

314.1002

C14H180s

313.0929

1.88

5.30 (5.3): Mandelic acid B-D-
glucopyranoside (Songsong et al. 2015);
found in P. persica seeds (Fukuda et al.
2003), P. jamasakura bark (Matsuoka et al.
2011)

4.563

280

305.0660

307.0797

306.074

C15H1407

305.0667

221

5.31: Gallocatechin (Chandra Sekhar et al.
2017); found in Terminalia arjuna bark
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(Chandra Sekhar et al. 2017), P. persica seeds
(Fukuda et al. 2003)

5 5.029 | 280 | 289.0735 291.00 290.079 Ci1sH1406 | 289.0718 | -5.99 | 5.32 (5.18): Catechin; found in P. persica
stem bark (Cantin et al. 2009, Jang et al.
2018)

6 5.628 | 545 |400.1499 402.1605 |401.1542 | Co9H2102 | 400.1469 | -7.53 | 5.33: Unknown

7 6.178 | 545 | 575.1156 577.1347 | 576.1268 | C3oH24012 5.34: Proanthocyanidin Al or A2; found in P.
persica roots (Ohigashi et al. 1982), P.
prostrata aerial parts (Bilia et al. 1996)

8 6.444 | 230 | 559.1217 561.1365 | 560.1319 | C3oH24011 | 559.1246 | 5.15 5.35: ent-Epiafzelechin-(2o0—7,40—38)-

275 epicatechin OR ent-epiafzelechin-
(2a—7,40—8)-catechin OR 3°”’-
hydroxyafzelechin-(2—7,43—8)-catechin;
found in Prunus species (Buckingham 2015)

9 6.767 | 235 | 543.1278 561.1413" | 544.1369 | C3oH24010 | 543.1297 | 3.44 5.36: ent-Epiafzelechin-2o—0—7, 40—8)-(-

285 )-ent-afzelechin (isolated in this study) as well
as reported present in the crude aqueous
ethanolic extract

10 8.25 |260 |273.0791 275.0761 | 274.0841 | C1sH140s | 273.0768 | -8.22 | 5.37: Afzelechin isolated in this study as well
as already reported present in the crude
ethanolic extract

11 9.13 | 325 |283.0977 323.0871% | 284.1049 | C17H1604 | 283.0976 |-0.41 | 5.38: Caffeic acid phenylethyl ester isolated

in this study as well as reported present in the
crude aqueous ethanolic extract

RT - retention time. ESI- - electrospray ionisation (negative mode), ESI* - electrospray ionisation (positive mode). [M-H] - deprotonated molecular mass, [M+H]* protonated molecular

mass, f[M+Na]* -
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5.2.4 Tentative identification of compounds found in H. latifolia leaves

All peaks in the TICs were analysed for the crude aqueous ethanolic extract and dichloromethane
partition (Tables 5.4 and 5.5, Figures 5.8, 5.9, 5.10 and 5.11) of H. latifolia, however, the lack of
overlap between the EICsof the positive and negative mode made confident mass analysis impossible
for most of the peaks. Five compounds in the crude aqueous ethanolic extract and five in the
dichloromethane partition did have sufficient data for tentative identification. Due to the fact that
none of these compounds were previously found in the Holboellia genus, all the compounds will be
referred to as unknown. However, some possible candidates that matched published literature are
discussed below. Itis also acknowledged that without further MS/MS fragmentation or comparison

with authentic standards, in all cases, the actual compounds could also be isomers of those described.
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Figure 5.8. EIC (negative mode) TIC of H. latifolia 70% aqueous ethanolic extract.
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Figure. 5.9. EIC (positive mode) TIC of H. latifolia 70% aqueous ethanolic extract.

The compounds were tentatively identified from the aqueous ethanolic extract, in order of retention
time, as follows (Table 5.4):

Peak number 1 (mass 578.1636, C27H30014, Amax 270, 338 nm, 5.39) was tentatively identified as
apigenin 7-O-neohesperidoside as all data aligned with the literature (Abad-Garcia et al. 2007). This
compound is commonly found in citrus and other plants (Abad-Garcia et al. 2012, Spinola et al.
2015).
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OH O

OH
Apigenin 7-O-neohesperidoside

Peak number 2 was consistent with rutin (mass 610.1534, C27H30016, Amax 257 and 355 nm, 5.40) due
to its characteristic UV-Vis spectrum (Zu et al. 2006). This compound is commonly present in many
plants (Vallverdu-Queralt et al. 2014).

OH

OH

@) o OH
o
OH OH OHOH
Rutin

Peak number 3 could be kaempferol-3-O-rutinoside (mass 594.1585, C27H30015, Amax 265 and 348
nm, 5.41) (Avula et al. 2015), which has been previously isolated from Acalypha wilkesiana and A.
hispida leaves (Adesina et al. 2000).

OH OH

Kaempferol-3-O-rutinoside

Peak number 4 (mass 298.2508, C1sH3403,5.42) did not show any UV-Vis absorption. Kumar et al.,
reported the presence of 79 natural productsthat matched that molecular mass as well as GMF (Kumar

et al. 2018). None of those compounds have been previously reported from Holboellia species.

Peak number 5 (mass 328.2977, C20H4003,5.29) presented the same difficulties as described above.
Database searching with Pubmed suggested that this peak could possibly be 3R-hydroxyeicosanoic
acid or 2-hydroxyphytanic acid or 3R-hydroxyphytanic acid (Kumar et al. 2018).

3R-Hydroxyeicosanoic acid was previously identified in Diascia purpurea, D. vigilis, D. cordata, D.
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megathura and D. integerrima flowers (Dumri 2018). Hydroxyphytanic acid was previously found

in Holarrhena antidysenterica bark (Kumar et al. 2018).

/\/\/\/\/\/\/\/\/'\)J\OH

3R-Hydroxyeicosanoic acid

0]
OH
2-Hydroxyphytanic acid

/\/\/\/\/\/\/\/\/'\)%H

3R-Hydroxyeicosanoic acid

In the dichloromethane partitions, peaks were tentatively identified, in order of retention time, as

follows:
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Figure 5.11. EIC (negative mode) TIC of H. latifolia dichloromethane extract.
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Figure 5.10. EIC (positive mode) TIC of H. latifolia dichloromethane extract.

Peak number 1 (mass 292.1099, Ci9H1603, Amax 280 nm, 5.44) was consistent with 1,7-bis(4-
hydroxyphenyl)-2,4,6-heptatrien-3-one, which has been previously isolated from roots of Etlingera
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elatior (Habsah et al. 2005). However, the UV-Vis profile did not match the reported values for either
of these compounds (Hussain et al. 2012).

Peak number 2 (mass 332.2563, C18H360s, 5.45), based on the exact mass and database searches, was
tentatively identified as 9,10,13-trihydroxyoctadecenoic acid, which is very commonly present in
plants (Funk and Powell 1983, Masui et al. 1989, Kobayashi et al. 1993)

OH OH O
OH

9,10,13-Trihydroxyoctadecenoic acid

Peak number 3 (mass 346.1053, C18H1807, Amax 260 and 340 nm, 5.45) from the exact mass and GMF
was tentatively identified as 7,3'-dihydroxy-6,2’,4'-trimethoxyisoflavanone or 5,7,4’'-trinydroxy-8-
ethoxycarbonylflavanol. The absorbance for peak 3 showed a maximum at 260 nm with a shoulder
at 340 nm, which is characteristic for flavones (Tsimogiannis et al. 2007). Flavanols have a maximum
absorbance at non-specific wavelengths between 270 and 290 nm, at which many phenolics absorb.
Thus, further distinction was not possible (Tsimogiannis et al. 2007). (3R)-7,3'-Dihydroxy-6,2',4'-
trimethoxyisoflavanone has been previously isolated from Dalbergia odorifera (Wang et al. 2014)

and 5,7,4'-trihydroxy-8-ethoxycarbonylflavanol has been previously isolated from Daphne genkwa
(Zhang et al. 2007).

Peak number 4 (mass 286.0477, C15H100s, Amax 260, 325 nm, 5.46) had an exact mass, molecular
formula and UV-Vis spectrum consistent with the common plant compound luteolin (Maria et al.
2007, Garcia-Villalba et al. 2012, Yuan et al. 2012, Petar et al. 2015, Lopez-Gutiérrez et al. 2016).

Peak number 5 (mass 384.3603, C24H4803, 5.47) could be either 15-methoxytricosanoic acid or
2-hydroxytetracosanoic acid. 2-Hydroxytetracosanoic acid as well as 15-methoxytricosanoic acid are
commonly present in plants (Nagarajan et al. 2001, Carballeira 2002, Davoli et al. 2004, Mishra and
Sree 2007, Guzman et al. 2008).

o) @)

\/\/\/\)\/\/\/\/\/\/\)\OH

15-Methoxytricosanoic acid

0]

N T TV

OH
2-Hydroxytetracosanoic acid
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Table 5.4 Compounds reported in the crude ethanolic extract of H. latifolia.

Peak | RT Amax ESI- ESI* Mass Molecular m/z (calc) Diff (ppm) | Tentative identity

(nm) [M-H] [M+Na]* (MFG) formula [M-H]
[M+H]*

1 5.891 | 270 577.1561 579.1726 578.1636 C27H30014 577.1563 0.31 5.39: Unknown
338

2 6.074 | 257 609.1460 | 611.1612 610.1534 C27H30016 609.1461 0.18 5.40: Unknown
355

3 6.307 | 265 593.1494 | 595.1675 594.1585 C27H30015 593.1512 3.02 5.41: Unknown
350

4 10.370 - 297.2437 319.2274% 298.2508 C18H3403 297.2435 -0.61 5.42: Unknown

5 11.968 - 327.2907 328.2977 C20H400s3 327.2905 -0.7 5.43: Unknown

RT - retention time. ESI- - electrospray ionisation (negative mode), ESI* - electrospray ionisation (positive mode). [M-
mass, f[M+Na]* - Na adduct (positive mode). Amax (nm) — UV-Vis. MGF - generated molecularformula, m/z (calc) -

between measured and calculated massesin partsper million (ppm) for[M-HT-.

Table 5.5 Compounds identified in the DCM fraction of H. latifolia.

H] - deprotonated molecularmass, [M+H]* protonated molecular
calculated molecularions for[M-H]. Diff (ppm) - the difference

Peak | RT Amax ESI- ESI* Mass Molecular m/z (calc) Diff (ppm) | Tentative identity

(nm) [M-H] [M+Na]** (MFG) formula for [M-HJ
[M+H]*

1 5.631 | 280 293.114 292.1099 C19H1603 293.1172 11.03 5.44: Unknown

2 7.545 - 331.2487 355.24521 332.2563 C18H360s5 331.249 0.9 5.45: Unknown

3 10.259 | 340 345.0999 347.1148 346.1053 C18H1807 545.098 -5.56 5.46: Unknown

4 10.492 | 260 285.0412 - 286.0477 C15H1006 285.0405 -2.58 5.47: Unknown
325

6 13.172 - 383.3533 - 384.3603 C24H450s3 383.3513 -0.6 5.48: Unknown

RT - retention time. ESI- - electrospray ionisation (negative mode), ESI™* - electrospray ionisation (positive mode). [M
mass, f[M+Na]* - Na adduct (positive mode). Amax (nm) — UV-Vis. MGF - generated molecularformula, m/z (calc) -

between measured and calculated massesin partsper million (ppm) for[M-HT-.
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5.2.,5 Tentative identification of compounds found in D. lanceifolia leaves

For D. lanceifolia, seven compounds were tentatively identified in the crude aqueous ethanolic extract

and seven in the n-hexane partition (Tables 5.6 and 5.7, Figures 5.12 and 5.13).
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Figure 5. 12. EIC (negative mode) TIC of D. lanceifolia 70% ethanolic water extract.
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Figure 5. 13. EIC (positive mode) TIC of D. lanceifolia 70 % ethanolic water extract.

The Diospyros genus is very well known to be a rich source of triterpenes, naphthoquinones and

coumarins (Herath et al. 1978, Zhong et al. 1984). Zhong et al. reported on the investigation of the

bark and/or wood of seventeen African species of Diospyros for the presence of triterpenes and

naphthoquinones and found the triterpenes lupeol, betulin and betulinic acid in all samples and the

common dimeric naphthoquinones diospyrin, isodiospyrin and diosindigo-A were isolated from

fourteen of the seventeen species.

In the crude aqueous ethanolic extract, the peaks were identified, in order of retention time, as follows

(Table 6):

Peak number 1 (mass 153.0473, CgHgO4, Amax 210 and 290 nm, 5.49) was tentatively identified as

vanillin. All data were consistent with the compound (Pereira et al. 2010), which is commonly found

in many plants (Sinha et al. 2008).
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Vanillin

Peak number 6 (mass 456.3603, C3oHas0s3, 5.55) was tentatively identified as either ursolic acid,
oleanolic acid or betulinic acid (Lee et al. 2006, Ren et al. 2016). All three compounds have been
previously isolated from D. kaki fruit (Zhou et al. 2010), and ursolic acid has also been previously
isolated from D. leucomelas leaves, and betulinic acid is also commonly present in other Diospyros
species (Zhong et al. 1984). The absence of UV-Vis spectra for those compounds was consistent with

the literature (Zhong et al. 1984).

Oleanolic acid Ursolic acid Betulinic acid

Five peaks from the crudeextract (2, 3, 4, 5 and 7) had no corresponding mass and molecular formulae

to that reported in the literature.

In the n-hexane partition, the following compounds were tentatively identified, in order of retention

time (Table 7):
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Figure 5.15. EIC (negative mode) TIC of D. lanceifolia n-hexane extract.
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Figure 5.14. EIC (positive mode) TIC of D. lanceifolia n-hexane extract.

Peak number 2 (mass 192.0423 C10HgOa4, Amax 258 and 344 nm, 5.57) was tentatively identified as
6-hydroxy-7-methoxycoumarin (isoscopoletin) (Liu et al. 2016) or its isomer scopoletin (Abad-
Garcia et al. 2007). 6-Hydroxy-7-methoxycoumarin has been previously reported from D. kaki leaves
(Sheikh 2016) and scopoletin has been previously isolated from D. kaki fruit (Liu et al. 2012) as well
asD. lotus whole plant (Yadav2016) and D. celebica wood (Brown et al. 1965). Herathet al. reported
on the investigation of eleven Diospyros species for the presence of coumarins. The coumarin
scopoletin has been isolated from the bark and timber extracts of six of them, namely D. hirsuta, D.
moonii, D. quaesita, D. spinescens, D. thwaitesii and D. walkeri (Herath et al. 1978).

HO Z o 7

Isoscopoletin Scopoletin
Peak number 4 (mass 192.0786, Ci1i1H120s3, Amax 260 and 330 nm, 5.59) was identified as
isoshinanolone, or its isomer epiisoshinanolone. Isoshinanolone, as the (1R,2R) stereoisomer, was
previously isolated from D. canaliculata (Zhong et al. 1984). Epiisoshinanolone has also been

reported from Plumbago scandens (Jetty et al. 2010) and isoshinanolone from P. capensis
(Ariyanathan et al. 2011).

OH O OH O
OH OH

Isoshinanolone Epiisoshinanolone

Peak number 6 was identified as ricinoleic acid (mass 298.2508, C18H3403,5.61) (Kumar et al. 2018).
This has been found in D. blancoi leaves (Howlader 2012). CigH3403 corresponds to many
compounds, but out of the 79 listed natural products of this mass (Kumar et al. 2018), only ricinoleic

acid has been reported from Diopyros spp.
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Ricinoleic acid

Peak number 7 (mass 456.3603, C30H4803, 5.62) was already found in the crude ethanolic extract,

being identified as either betulinic, ursolic or oleanolic acid, which have all been reported to be
present in many Diospyros species (Zhong et al. 1984).

Peak number 8 (mass 304.2038, C24H4803, Amax 240 nm, 5.63), based on obtained data and its
comparison with Pubchem, was tentatively identified as salvipiliferol, which has been previously
isolated from aerial parts of Salvia pilifera. However, due to the lack of reports concerning the
presence of that compounds in Diospyros species, it was deemed an unknown.

O

HO,,

Salvipiliferol

For peak numbers 1, 4 and 6, the mass and GMF did not correspond to any compounds reported in

the databases searched.
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Table 5.6. Compounds identified in the crude aqueous 70 % ethanolic extract of D. lanceifolia

Peak | RT Amax | ESI- ESI* Mass Molecular | m/z (calc) | Diff Tentative identity
[M-H] [M+Na]* | (MFG) formula for [M-H] | (ppm)
[M+H]*
1 5.074 | 210 153.0546 | 152.0473 | CgHsOa4 153.0546 | 0.14 5.49: Vanillin (Pereira et al. 2010); commonly
290 isolated from plants (Sinha et al. 2008)

2 5225 | 280 | 196.0369 - 197.045 CoHgOs 196.0377 | 4.17 5.50: Unknown

3 6.324 - | 177.0129 179.0475 | 178.0188 | CoHsO4 177.0115 | -7.87 | 5.51: Unknown

4 9.304 - | 625.1480 - 266.1518 | C15H2204 | 625.1445 | -13.03 | 5.52: Unknown

5 9.737 311.1673 312.1725 | C20H2403 | 311.1653 | -6.51 | 5.53: Unknown

6 11.219 - | 455.3528 456.3603 | C30oH4803 | 455.3531 | 0.59 5.54: Ursolic acid (Lee etal. 2006, Ren et al.
2016); isolated from D. leucomelas leaves and
D. kaki fruit (Zhou et al. 2010) OR Oleanolic
Acid (Lee et al. 2006, Ren et al. 2016); isolated
from D. kaki fruit (Zhou et al. 2010) OR
Betulinic Acid (Lee et al. 2006, Ren et al.
2016); isolated from D. kaki fruit (Zhou et al.
2010)

7 11.502 475.2489 - 476.2563 | C30H360s | 475.249 0.21 5.55: Unknown

RT - retention time. ESI- - electrospray ionisation (negative mode), ESI* - electrospray ionisation (positive mode). [M-H] - deprotonated molecular mass, [M+H]* protonated molecular
mass, T[M+Na]* - Na adduct (positive mode). Amax (nm) — UV-Vis. MGF - generated molecularformula, m/z (calc) - calculated molecularions for[M-H]-. Diff (ppm) - the difference

between measured and calculated massesin parts per million (ppm) for[M-H].
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Table 5.7. Compounds identified in the n-hexane fraction of D. lanceifolia

Peak | RT Amax | ESI- ESI+ Mass Molecular m/z (calc) | Diff | Tentative identity
[M-H]- [M+Na]* | (MFG) formula for [M-H] | (ppm)
[M+H]"
1 5.633 | 280 - 475.3269 | 474.3193 | C25H460s 475.3265 | -0.75 | 5.56: Unknown
340
2 6.133 | 260 - 193.498 192.0423 | C10HsO4 193.0495 | -1.38 | 5.57: 6-Hydroxy-7-methoxycoumarin
340 (isoscopoletin) (Liu et al. 2016); found in D. kaki
leaves (Sheikh 2016)
258 192.0423 | C10HsO4 5.57: Scopoletin (Abad-Garcia et al. 2007); found
344 in D. kaki fruit (Liu etal. 2012), D. lotus whole
plant (Yadav 2016), D. celebica (Brown et al.
1965)
3 7.032 | 260 - 193.0864 | 192.0786 | C11H1203 193.0859 |-2.5 5.58: Epiisoshinanolone; found in D. canaliculata
330 bark (Zhong et al. 1984)
258 192.0786 | C11H1203 5.58: Isoshinanolone; found in D. canaliculata
333 bark (Zhong et al. 1984)
4 8.647 | 260 - 475.3272 | 474.3193 | C25H460s 475.3265 | -1.38 | 5.59: Unknown
420
5 10.145 | - 297.2447 - 298.2508 | C18H3403 297.2435 | -3.96 | 5.60: Ricinoleic acid (Kumar et al. 2018) ; found
in D. blancoi leaves (Howlader 2012)
6 11.077 | - 455.3539 - 456.3603 | C30H4803 455.3531 | -1.82 | 6.61: Betulinic, ursolic or oleanolic acids; found
in many Diospyros species (Zhong et al. 1984)
7 11.676 | 240 | 303.1968 - 304.2038 | C19H2803 303.1966 [ -0.76 | 5.61: Unknown

RT - retention time. ESI- - electrospray ionisation (negative mode), ESI* - electrospray ionisation (positive mode). [M-H] - deprotonated molecular mass, [M+H]* protonated molecular
mass, T[M+Na]* - Na adduct (positive mode). Amax (nm) — UV-Vis. MGF - generated molecularformula, m/z (calc) - calculated molecularions for[M-H]-. Diff (ppm) - the difference
between measured and calculated masses in parts per million (ppm) for [M-H].
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The crude 70% aqueous ethanolic extracts of P. persica roots, leaves of H. latifolia and D. lanceifolia,
as well as the dichloromethane and ethyl acetate partitions of P. persica, dichloromethane partition
of H. latifolia and n-hexane partition of D. lanceifolia, were analysed by UHPLC-DAD-Q-ToF-MS.
All extracts were analysed under the same conditions. Only proanthocyanidins were found common
for all three P. persica extracts. Eriodictyol, taxifolin-7-O-rhamnoside and kaempferol were
tentatively identified only in the crude extract. Leucocyanidin, and persicogenin were exclusive to
dichloromethane partition and gallic acid and gallocatechin were tentatively identified only in the
ethyl acetate fraction. For H. latifolia crude ethanolic extract and dichloromethane extract, all
compounds were found unknown. None of the peaks found in crude extract were present in the
dichloromethane partition. In the crude ethanolic and hexane fractions of D. lanceifolia, the only
common peak was tentatively identified as either ursolic, oleanolic or betulinic acid. Vanillin was
tentatively identified in the crude ethanolic extract only and scopoletin or isoscopoletin,
isoshinanolone, or its isomer epiisoshinanolone and ricinoleic acid were tentatively identified in the
hexane partition.

Potentially, all compounds found in the partitions should be present in the crude extract. That wasn’t
the author’s founding. Possibly, this effect could be due to the low, below the noise level,

concentration of the “absent” compounds in the crude ethanolic extract.

5.3 Reported antimicrobial properties of the tentatively identified compounds

From the metabolomics approach presented in this chapter, a range of compounds with known
biological activities relevant to traditional uses were tentatively identified from the extracts/partitions

of the three plants, as summarised below.

Of the compounds tentatively identified from P. persica roots, many have activities consistent with
the traditional uses of the roots for treating skin infections (topical application), and orally for typhoid
and tonsillitis. Eriodictyol and catechin have been found active against Bacillus cereus, Escherichia
coli, Listeria monocytogenes, Pseudomonas aeruginosa, Proteus vulgaris, Staphylococcus aureus,
Salmonella enteritidis, Yersinia enterocolitica and Shigella sonnei (Yaltirak et al. 2009). Catechin,
taxifolin and eriodictyol also possess anti-inflammatory and antioxidant properties (Tripoli et al.
2007). Taxifolin-7-O-rhamnoside was found active against E. coli, Bacillus subtilis, Enterobacter
aerogenes, Klebsiella pneumonia, Shigella flexnerii, Salmonella enterica, S. aureus, Staphylococcus
epidermidis, P. aeruginosa and Streptococcus pyogenes (Samaga and Rai 2013). Proanthocyanidin
Aland A2 have been reported to be active against Enterococcus faecalis, E. coli and S. Typhimurium

(Puupponen-Pimi& et al. 2001), and MRSA, P. aeruginosa and Candida albicans, as well as exhibit
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strong antioxidant properties (Karioti et al. 2011, Zang et al. 2013). Kaempferol has also been
reported to be active against S. aureus, E. coli, P. aeruginosa, B. subtilis and C. albicans (Stizgec et
al. 2005), as well as Helicobacter pylori (Kataoka et al. 2001). Leucocyanidin is active against
S.aureus, B. subtilis, P. aeruginosa, Proteus vulgaris, Salmonella paratyphi, and Klepsiella
pneumoniae (El-Kamali and Mahjoub. 2009), and persicogenin against S. aureus, E. faecalis,
Mycobacterium intracellulare, Mycobacterium chelonei and C. albicans. Diospyridin was reported
active against S. aureus, E. coli, P. aeruginosa and B. subtilis (Dindaet al. 2006).

For D. lanceifolia, antimicrobial properties of all the tentatively identified compounds are well known
and widely reported. Ursolic acid, oleanolic acid and betulinic acid have been reported to be active
against common skin pathogens such as P. aeruginosa, E. coli, S. aureus, Enterococcus faecalis, E.
faecium, Serratia marcescens and Streptococcus pneumoniae as well as Mycobacterium tuberculosis
(Horiuchi et al. 2007, Tanachatchairatana et al. 2008). Vanillin has been reported to be active against
E. coli and Listeria innocua (Fitzgerald et al. 2004), L. monocytogenes (Cava-Rodaet al. 2012) and
C. albicans (Boonchird and Flegel 1982). Ricinoleic acid has been found to be active against E. coli,

P. aeruginosa, S. typhi, S. aureus, M. tuberculosis, C. albicans and Aspergillus niger (Neogi et al.
2008, D’Oca et al. 2010).

5.4 Conclusions

A metabolomics approach was used to gain a better understanding of the phytochemistry of the
medicinal plants Prunus persica (roots), Holboellia latifolia (leaves) and Diospyros lanceifolia
(leaves). QTOF-MS profiling enabled tentative identification of metabolites that were not previously

reported from these three plants or plant parts.

From this study, thirteen metabolites have been tentatively identified in P. persica roots. Fourteen
were deemed “unknown”. The identified compounds include taxifolin-7-O-rhamnoside and
3'-O-methylcatechin-5-O-glucuronide, which have been identified, albeit tentatively, from P. persica
species for the first time. The compounds were previously reported to be present in the Prunus genus.
Ten compounds have been detected in H. latifolia leaf extracts. Due to the lack of literature
confirming the presence of these compounds within the genus, all were regarded as “unknown”.
Fourteen compounds have been tentatively identified from the leaf extracts of D. lanceifolia. Gallic
acid, caffeic acid phenyl ethyl ester, afzelechin and ent-epiafzelechin-2a—0—7, 40—8)-(-)-ent-
afzelechin were isolated and characterised prior to the metabolomic studies. Many of the compounds
tentatively identified from P. persica, D. lanceifolia and H. latifolia have been reported to be
antimicrobially active. The biological activities of those compounds support traditional applications
of these plants.
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For all plants, identification of compounds was tentative due to the reliance on generated molecular
formulae, retention time and UV-Vis profiles (in most cases). The use of LC-MS using ESI mode
allowed information to be gathered on a range of molecules within the complex mixtures and provided
confident molecular mass identification. However, the gentle ionisation mode of ESI did not allow
for direct fragmentation patterns that could give further structural information to enable more
definitive identification of compounds. Future work using modified MS conditions for mass spectral
fragmentation to be obtained, as well as use of authentic standards for LC-MS comparison, would
enable greater confidence in establishing the structures of the metabolites (Friedrich et al. 2000). This
was not conducted due to time constraints and equipment availability but would be a worthwhile

future direction to undertake.
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Chapter 6 - Experimental

6.1 Reagentsand equipment

All solvents used for extraction, chromatographic separations and HPLC, GC and MS analysis were
of HPLC grade and were used without further purification. This included ethanol, n-hexane,
dichloromethane (DCM), ethyl acetate (EtOAC), chloroform, diethyl ether and petroleum ether (b.p.
40 °C) (Merck, Germany), methanol (Sigma-Aldrich) and acetonitrile (VWR BDH, Australia).
Formic acid, sulfuric acid, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT),
vanillin (99%), gallic acid, catechin, B-sitosterol and plumbagin (95%) were from Sigma-Aldrich
(Australia), and were used without further purification. Dimethyl sulfoxide (DMSO) was purchased
from Cambridge Isotope Laboratories Inc., USA. Water used was purified by a Barnstead, GenPure
XCAD Plus Ultrapure Water Purification System (Thermo Fisher Scientific, USA). Filter paper discs
(6 mm) used for disc diffusion assays were from Whatman (UK). Kanamycin, gentamycin,
vancomycin and fluconazole were obtained from Amresco (USA). Mueller Hinton Il agar, horse
blood agar, Sabouraud dextrose (SAB) broth, potato dextrose agar, Todd Hewitt (TH) broth and
Mueller Hinton (MH) 11 broth were purchased from Bacto laboratories Pty Ltd (Australia).

Analytical normal phase thin layer chromatography (TLC) was performed on fluorescent Merck silica
gel F2s4 plates (Germany). Preparative TLC (PTLC) was carried out using Uniplate preparative TLC
plates (Sigma-Aldrich, Australia). The TLC plates were visualised using UV light (254 nm and 365
nm) and vanillin-sulfuric acid spray reagent. Vanillin-sulfuric acid reagent was prepared by mixing
6 g vanillin with 2.5 mL concentrated H2SO4 in 250 mL ethanol. Ferric chloride was used for
detection of phenols. This was prepared by dissolving ferric chloride (0.5 g in 10 mL of methanol).
The mixture was filtered before use. UV-Visible spectra were recorded on a CARY 1 Bio
spectrophotometer (Varian, USA). IR spectra were recorded on a NICOLET iS10 (Thermo Fisher
Scientific, USA) instrument. Optical rotations were measured using a P-1010 polarimeter (JASCO,
Japan). A Stuart Scientific melting point detector (Stuart Scientific, UK) was used for determining
melting points. A Shimadzu 2010 LC-MS system was used for electrospray ionisation mass
spectrometry (ESI-MS). A Shimadzu GC-17 system was used for electron impact mass spectrometry
(EI-MS). Analytical gas chromatography (GC) was carried out on a Shimadzu GC-17A gas
chromatograph with an FID detector as well as Shimadzu GCMS-QP2010 (Shimadzu, Japan) with a
split-splitless injector and a Restek Rxi-5Ms fused silica capillary column (30 m x 0.25 mm, 0.25 um
film). Normal phase column chromatography was performed using silica gel 60 (0.040-0.063 mm,
Merck, Germany). Size exclusion chromatography (SEC) was carried out using Sephadex LH-20 (18-
111 pm, GE Healthcare Bio-sciences AB, Sweden) or using a Biotage column (25 g normal phase
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silica SNAP cartridge, flow rate 30 mL/min, Biotage Isolera). Organic solvents were evaporated using
a Buchi rotary evaporator (Switzerland). Freeze drying was conducted with a CHRIST alpha 1-4
LDplus (Labconco, USA) freeze drier.

1H, 13C, COSY, HSQC, HMBC and NOESY NMR spectra were recorded on Bruker Avance AMX
400 and Bruker DRX600K 600 MHz NMR Spectrometers (Germany) using standard pulse
sequences. The H and 13C chemical shifts were referenced relative to the residual chloroform (*H &
7.24 and 13C § 77.2), acetone (*H & 2.09 and & C 205.8 and 30.6), methanol (*H & 3.31 and 13C & 49.0)
and DMSO (*H & 2.50 and 13C & 39.51) solvent (Cambridge Isotope Laboratories, USA) signals
(deuterated solvents). J values were measured in Hz. High resolution mass spectrometry (HR-MS)

was determined using a Bruker Apex 3 instrument.

6.1.1 Preparation of plant material for antimicrobial testing

All plant materials (Prunus persica (L.) Stokes (Rosaceae) roots, voucher number 69503, Diospyros
lanceifolia Roxb. (Ebenaceae) leaves, voucher number 69544 and Holboellia latifolia Wall.
(Lardizabalaceae) leaves, voucher number 69500) were collected from Chungtia village, Nagaland,
India, by the villagers with the assistance of Mr Anungba Jamir, a Chungtia Senso Mokokchung

Town (CSMT) representative. The collections were done between the months of June and August
2007 and 2009.

All plant materials were thoroughly inspected by Mr Anungba Jamir for precise identification of the
species and dried in the shade for 10 to 20 days. Voucher specimens for each plant were deposited at
Botanical Survey of India (BSI), Shillong Branch, India. For further processing, D. lanceifolia and
H. latifolia were transported to Chennai, India to Dr Velmurugan, while P. persica (which was
collected and dried at a different time), was transported to Dr Udaya Sankar of Central Food
Technological Research Institute (CFTRI), located in Mysore, India. Upon receipt by Dr Velmurugan
or Dr Sankar, the plant materials were separated from foreign particles, washed with clean water,
dried in the shade for 24 hours, then dried in a vacuum drier at 75 to 85 °C. After 48 hours of drying
under vacuum, the plant materials were kept in the shade for three days and rechecked for foreign
particles. After confirming that there were no foreign particles, the plant materials were chopped and
passed through a micro pulveriser. The process was repeated until 130-200 mesh size was obtained.
The powders were then sieved and dried again under vacuum to ensure that they did not contain any
moisture. The plant materials were allowed to cool in the shade and packed into plastic bags, which
in turn were packed in plastic containers and sealed. The sealed containers were couriered to
Australia, under the import permit 1P12012991from Department of Agriculture, Fisheries and
Forestry (DAFF).
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6.1.2 Preparation of dried plant materials for large scale extraction

Powdered dried root of P. persica and leaves of D. lanceifolia and H. latifolia (100 g each) were
separately suspended in 70% aqueous ethanol (1 L) and shaken overnight (orbital shaker) at room
temperature. The extracts were then filtered, and the process repeated three times. After removal of
ethanol by rotary evaporation (Blchi) at 37 °C, the remaining aqueous residues (approximately 900
mL) were successively partitioned with n-hexane (3 x 1 L), dichloromethane (3 x 1 L) and ethyl
acetate (3 x 1 L). This afforded four partitions for each plant material, i.e. n-hexane, dichloromethane
and ethyl acetate partitions and the remaining water residue which was deemed the water partition.
The partitions were evaporated to dryness by rotary evaporation, then freeze dried. Weights,

appearances and yields of the extracts are presented in Table 6.1.

Table 6.1 Weight of dried extracts from large scale extraction.

Plant sample Weight Crude extracts yield and appearance
Crude n-Hexane DCM EtOAC water
P. persica roots 100g 259 (dark 2.2 g (dark 6.39 8.2g(red) 5.59 (red)
green) green) (reddish
green)
D. lanceifolia 100 g 32649 12.8 g 429 6.8 g (dark 429
leaves (green) (green) (yellowish green) (green)
green)
H. latifolia 100g 8.2g(dark 3.5 (light 11g¢ 059 1.5 g (dark
leaves green) green) (green) (dark green)
green)

6.2 Bioassay: methods and materials

6.2.1 Microbes and culture preparation

The use of all microbial strains was approved by the Macquarie University Biosafety Committee
(approval references TEM170512BHA and 5201600535). All cultures were provided by Dr John
Merlino (Department of Microbiology, Concord Hospital, Sydney). These included a susceptible
strain of Staphylococcus aureus (ATCC 29213), community acquired methicillin resistant (MRSA)
Staphylococcus aureus (ATCC BAA 1026), wild multidrug resistant (MDRSA) clinical isolate of
Staphylococcus aureus, 3 lactamase negative (B-; sensitive to B-lactam antibiotics) Escherichia coli
(ATCC 25922), B lactamase positive (B+; resistant to B-lactam antibiotics) Escherichia coli (ATCC
35218), Pseudomonas aeruginosa (ATCC 27853; sensitive to common antibiotics), clinical isolates
of Streptococcus pyogenes and Salmonella typhimurium, as well as a clinical isolate of Candida
albicans. Stock cultures of the bacterial strains were maintained in MH I broth containing 10% v/v
glycerol. The stock culture of the fungus was maintained in SAB broth containing 10% v/v glycerol.

Fresh subcultures were made by inoculating the bacterial cultures into MH 11 broth with the exception
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of S. pyogenes which was inoculated into TH broth and the fungus in to SAB broth, followed by an
overnight incubation at 37 °C (bacteria) and 30 °C (fungus). After overnight incubation the optical
density at 600 nm (OD600) was measured and the density was adjusted to 0.08 with fresh MH 11, TH
or SAB broths, as appropriate. This resulted in microbial densities, as noted below in Table 6.2.
Vancomycin and kanamycin were used as positive controls for S. aureus strains (susceptible S.
aureus, MRSA and MDRSA) and gentamycin was used for B-, B+ E. coli, P. aeruginosa, S.
typhimurium and S. pyogenes. Fluconazole was used as a positive control for C. albicans. The MTT
microdilution assay was used for the screening of the crude and partitioned extracts. TLC
bioautography was used for the identification of active column fractions and to determine minimum
inhibitory quantity (MIQ) of the purified compounds.

Table 6.2 Microbial strains used in antimicrobial assays of crude plant materials, partitioned extracts
and partly purified and purified compounds.

Organism Strain? Characteristics cfu/mL
(As00 =0.08)"
Escherichiacoli (B-) ATCC 25922 B lactamase negative 2.54 x 107
sensitive to common
antibiotics
Escherichiacoli (B+) ATCC 35218 f lactamase positive 5.32 x 107
resistant to B-lactam
antibiotics
Pseudomonas aeruginosa ATCC 27853 sensitive to common 6.97 x 107
antibiotics
Salmonella typhimurium clinical isolate 8.59 x 107
Streptococcus pyogenes clinical isolate 3.70x 107
Staphylococcusaureus ATCC 29213 sensitive to common 9.62 x 10
(susceptible) antibiotics
Staphylococcus aureus ATCCBAA community acquired 6.38 x 107
(MRSA) 1026 methicillin resistant S.
aureus (MRSA)
Staphylococcus aureus wild multidrug resistant 3.76 x 108
(MDRSA) (MDRSA) clinical isolate
Candida albicans fungus, clinical isolate 4.56 x 10°

apmerican Type Culture Collection (ATCC) strain designation where applicable. °The inoculum sizes (cfu/mL)at optical
density 0.08 (1 600 nm)were estimated using the spread plate colony count method.

6.2.2 Determination of minimum inhibitory concentration (MIC)

The MTT microdilution assay was used to quantify the minimum inhibitory concentration (MIC)
values of the plant extracts (Awouafack et al. 2013). The plant samples (10 mg/mL) or the antibiotic
(1 mg/mL) were dissolved in 200 uL DMSO and diluted with MH 11 broth to a final volume of 1 mL
for all bacterial strains, except for S. pyogenes for which TH broth was used. SAB broth was used for
C. albicans. Using a 96 well microtitre plate (Greiner), 100 pL of suitable broth was dispensed into
wells 1-11 (from left to right) for each row, 100 pL of the samples or antibiotic was added to well 1

(in different rows for each sample) and mixed thoroughly, after which 100 pL was taken out and
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dispensed into the next well (i.e. well 2). This process of two-fold serial dilution was carried out until
well 10, and skipping well 11, with the final volume dispensed into well 12. 100 pL each of the
microbial inoculum was dispensed into wells 1 to 11, leaving well 12. Since well 11 was free of the
test sample or the antibiotic, this acted as a positive control for the growth of the inoculum and well
12 being free of inoculum served as the sterile control of the assay. 2% DMSO/H 0O was also included
as a solvent control. The plate was incubated at 37 °C for 18 to 20 hours. 20 pL of MTT solution in
methanol (5 mg/mL) was added to each well followed by incubation for 30 minutes. The MIC value
was determined as the lowest concentration of the test sample or antibiotic that showed no visible
colour change from yellow to blue. All wells with the samples that showed no microbial growth (i.e.
yellow wells) were assessed for their minimum bactericidal concentration (MBC) against the bacterial
strains and minimum fungicidal concentration (MFC) against C. albicans by subculturing the tested
material onto fresh agar plates. Plates were incubated overnight at 37 °C. The lowest concentrations

showing no growth were identified as the MBCs or MFCs. All assays were done in duplicate.

6.2.3 TLC bioautography analysis

For the TLC bioautography, the method described by Rahalison et al. (Rahalison et al. 1991) with
modifications was used. An inoculum of each test microbe was prepared in the broth by overnight
incubation. After incubation, optical density of the culture was measured and adjusted to 0.16 by
diluting with the broth (1:50), then an equal volume of molten agar (warm MH Il agar) was added,
resulting in a final dilution of 0.08 optical density. Approximately 10 mL of the inoculum was rapidly
distributed over the TLC plates (10 x 10 cm). After solidification of the medium, the overlayed TLC
plate was incubated overnight at 37 °C. The bioautogram was then gently covered with a methanolic
solution (2.5 mg/mL) of MTT with a sterile micropipette, and then incubated for 5 minutes at 37 °C
for visualisation of the results. The minimum inhibitory quantity (MI1Q) values of the pure compounds

were defined as the minimum quantity of the compounds that showed clear zones of inhibition. MIQ
values were calculated as follow:

MIQ (ug) = C (pg/uL) x V (uL)
C - the concentration of the compound used

V- the volume of compound solution applied onto the TLC plate
All assays were done in duplicate.

6.3 Phytochemical analysis

The n-hexane and ethyl acetate partition of P. persica, n-hexane partition of D. lanceifolia and

dichloromethane partition of H. latifolia (10 mg/mL, 20 pL in methanol) were applied on TLC plates
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in duplicate and developed with the following solvent systems: chloroform:methanol 7:3 for the P.
persica ethyl acetate partition; petroleum ether (b.p. 40 °C):diethyl ether 6:4 for the P. persica
n-hexane partition; petroleum ether:chloroform (6:4) for the D. lanceifolia n-hexane partition; and
EtOAC:chloroform:methanol 3:1:1 for the H. latifolia dichloromethane partition. Chemical
constituents were detected by visualisation at 254 and 365 nm, and by spraying with vanillin-sulfuric

acid reagent and heating of the plates at 100 °C for 1-2 minutes.

6.4 GC-MS analysis

Analytical gas chromatography (GC) of the n-hexane fraction of D. lanceifolia and dichloromethane
fraction of H. latifolia was carried out on a Shimadzu GC17A gas chromatograph witha BP-5 column
(30 mx0.25 mmx25 um) that was programmed from 35-250 °C at 3 °C/min with helium as the carrier
gas. The injector and detector were both programmed at 220 °C. GC integrations were performed on
an SMAD electronic integrator. GC-MS was carried out on a Shimadzu GCMS-QP5000 mass
spectrometer operating at 70 eV ionisation energy. Mass spectra were recorded in electron impact
(El) mode at 70 eV, scanning the 41-450 m/z range. Compounds were identified by their matching
GC retention indices relative to n-alkanes and by comparison of their mass spectra with either known

compounds (NIST database) or published spectra.

GC-MS analyses of the isolated compounds lupeol, plumbagin, B-sitosterol, stigmast-4-en-3-one and
a-cyanobenzyl benzoate were done using the Shimadzu GC-MS-QP2010 (Shimadzu Corporation,
Japan) with a split-splitless injector and a Restek Rxi-5Ms fused silica capillary column
(30 m x 0.25 mm, 0.25 um film) and in EI mode. Helium gas (BOC, NSW, Australia) (99.999%) was
used as a carrier gas forthe TD-20 and GC-MS, while dry nitrogen gas (liquid N2 boil-off, BOC) was
used for the TD-20 purge. The desorption method consisted of first sampling the tubes for 15 minutes
at a flow rate of 60 mL min-! with the secondary trap set to 0 °C, before heating the trap to 300 °C
for 12 minutes. During both sampling and desorption from the secondary trap, the valve, transfer lines
and the interface to the GC-MS were heated to 275 °C. The initial column temperature was 70 °C and
held for 1 minute. Thereafter it was increased to 280 °C at a rate of 10 °C min-! before being held at
280 °C for 2 minutes. The split ratios ranged from 1:20 to 1:200. The ion source and interface
temperatures in the MS were 200 °C and 290 °C, respectively. The datawas acquired either in scan
mode at a scan speed of 5000 with an m/z range of 45 to 300 or by single ion monitoring (SIM). The
datawere processed using GC-MS solution Software (V2.72) from Shimadzu to obtain the peak areas.
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6.5 Chemical study: methods and materials
6.5.1 Bioautography guided isolation of active compounds from P. persica n-hexane partition

The n-hexane partition of P. persica (1 g) was dissolved in methanol (2 mL), mixed withsilica (0.5
g) and evaporated to dryness by rotary evaporation at 37 °C. The sample was then applied to the top
of anormal phase silica gel column (1000 mL, 270 g silica) prepared with 100% petroleum ether (b.p.
40 °C). The column was eluted with a gradient of petroleum ether/diethyl ether 0 to 100%. Forty
fractions (20 mL each) were collected, spotted in duplicate on TLC plates and developed with
petroleum ether (b.p. 40 °C):diethyl ether 3:7. The initial 40 fractions were combined into five major
sub-fractions (Hex-1 — Hex-5 in order of increasing polarity) according to similar TLC Rfvalues. One
of the TLC plates was then stained with vanillin-sulfuric acid reagent, and the other was used for
overlay TLC bioautography testing against susceptible S. aureus, MRSA and MDRSA. Hex-1 (150
mg, yellow oil, three merged spots, R£0.30-0.58; 0.45 active), Hex-2 (130 mg, white solid, four spots,
R¢0.25, 0.46, 0. 65, 0.70, no activity), Hex-3 (65 mg, white solid, four spots, R¢0.65, 0.70, 0.75, 0.85,
no activity), Hex-4 (126 mg, two spots, Rf 0.58, 0.77, no activity) and Hex-5 (82 mg, three spots, Rf
0.72,0.73,0.79; 0.79 active). Further purification of Hex-1 was done using Sephadex LH-20 (50 g in
MeOH) column chromatography that was prepared and eluted with methanol. This yielded
a-cyanobenzyl benzoate (1, 1.5 mg, R¢0.45, petroleum ether:diethyl ether 3:7). Recrystallisation with
methanol of fraction Hex-4 yielded B-sitosterol (2, 65 mg Rs 0.77, petroleum ether:diethyl ether 3:7).
Further purification of Hex-5 by Sephadex LH-20 column chromatography, eluting with methanol,
yielded stigmast-4-en-3-one (3, 1. 7 mg, Rf0.79, petroleum ether:diethyl ether 3:7).

a-Cyanobenzyl benzoate (1): Yellow oil; IR (neat) vmax (cmt): 2248, 1732, 1248; EI-MS m/z 237,
115, 105, 77, 51; 'H NMR (400 MHz, CD30D) § 8.01 (2H, dd, J 7.4, 2.0, H-1 and H-5), 7.73 (1H,
td, J 7.4,2.0H-3),7.70 (2H, dd, J 7.7, 2.0, H-1’ and H-5"), 7.57 (2H, dd, 7.4, 7.4 H-2 and H-4), 7.53
(2H, m, H-2” and H-4"), 7.40 (1H, m, H-3"), 6.93 (1H, s, H-7); 13C NMR (150 MHz, CD30D) § 63,5
(C-7), 117.6 (C-8), 127.8 (C-2 and C-4), 129.1 (C-1’ and C-5°), 129.6 (C-3"), 129.8 (C-1 and C-5),

130.2 (C-2’ and C-4), 131.3 (C-6), 134.7 (C-3), 135.2 (C-6"), 165.9 (C-9).

3

p-Sitosterol (2): White needle-like crystals, m.p. 138-139 °C, lit. 136-139 °C (Kircher et al. 1973).

[0]?°D: -41°, chloroform lit. [o]?°p: -41°, in chloroform (Kircher et al. 1973). IR (neat) vmax (cm™):
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3400 (broad, strong), 2955, 2918, 2850, 1735, 1463, 1377, 1057; EI-MS m/z 414, 396, 381, 367, 354,
341, 329, 315, 303, 288, 273, 255, 241, 231, 213, 199, 185, 173, 159, 145, 133, 119, 105, 95, 81, 55;
fragmentation pattern identical with the authentic sample (Sigma-Aldrich). HREI-MS m/z 414.3855
(calc. 414.3862 for C29H500); 'H NMR (400 MHz, CDCl3) § 5.27 (1H, m, H-6), 3.50 (1H, m, H-3),
2.20 (1H, m, H-4), 2.16 (1H, m, H-4), 1.94 (1H, m, H-12), 1.90 (2H, m, H-8), 1.77 (2H, m, H-1), 1.76
(IH, m, H-7), 1.43 (1H, m, H-7), 1.42 (2H, m, H-2), 1.59 (2H, m, H-25), 1.50 (2H, m, H-15) 1.28
(1H, m, H-20), 1.25 (2H, m, H-22), 1.29 (2H, m, H-22), 1.18 (2H, m, H-28), 1.19 (2H, m, H-16), 1.08
(2H, m, H-23), 1.03 (1H, m, H-17), 0.93 (3H, s, H-19), 0.92 (1H, m, H-14), 0.86 (1H, m, H-9), 0.85
(3H, d, J 6.9, H-21), 0.85 (1H, m, H-24), 0.61 (3H, s, H-18); 13C NMR (150 MHz, CDCl3) § 37.22
(C-1), 31.64 (C-2), 71.80 (C-3), 42.27 (C-4), 140.73 (C-5), 121.72 (C-6), 31.87 (C-7), 31.89 (C-8),
50.09 (C-9), 36.48 (C-10), 21.06 (C-11), 39.74 (C-12), 42.30 (C-13), 56.74 (C-14), 24.28 (C-15),
28.23 (C-16), 56.01 (C-17), 11.84 (C-18), 19.81 (C-19), 36.13 (C-20), 18.76 (C-21), 33.91 (C-22),
26.01 (C-23), 45.79 (C-24), 29.10 (C-25), 19.00 (C-26), 19.38 (C-27), 23.03 (C-28), 11.96 (C-29).

28 29

27

Stigmast-4-en-3-one (3): White solid, m.p. 89-91 °C, lit. 89-91 °C (Kolak et al. 2001). [0]?"p: +71°
(chloroform); lit. +72° in chloroform (Choi et al. 2002). EI-MS m/z 412, 397, 370, 327, 288, 271,
229,207, 147,135, 124,107, 95, 55; 'H NMR (600 MHz, CD3COCD3)$5.62 (1H, s, H-4), 2.45 (1H,
m, H-6), 2.40 (1H, m, H-2), 2.26 (1H, m, H-6), 2.18 (1H, m, H-2), 2.03 (1H, m, H-12), 2.02 (1H, m,
H-1), 1.87 (1H, m, H-7), 1.68 (1H, m, H-25), 1.65 (1H, m, H-1), 1.56 (1H, m, H-11), 1.48 (1H, m, H-
11), 1.27 (1H, m, H-12), 1.22 (3H, s, H-19), 1.15 (1H, m, H-14), 1.05 (1H, m, H-17), 1.01 (1H, m, H-
7), 0.96 (1H, m, H-24), 0.93 (1H, m, H-9), 0.84 (3H, d, J 7.2, H-26), 0.83 (3H, d, J 7.2, H-27), 0.75
(3H, s, H-18); 13C NMR (150 MHz, CD3COCD3) 6 198.62 (C-3), 171.53 (C-5), 124.21 (C-4), 56.65
(C-14), 56.11 (C-17), 54.91 (C-9), 46.71 (C-24), 43.21 (C-13), 40.61 (C-12), 39.33 (C-10), 37.01 (C-
20), 36.41 (C-22), 36.10 (C-1), 34.72 (C-8), 34.64 (C-2), 33.49 (C-6), 33.00 (C-7), 29.09 (C-16),
29.05 (C-25), 26.80 (C-23), 24.80 (C-28), 21.85 (C-11), 20.12 (C-26), 19.40 (C-27), 19.22 (C-21),
17.63 (C-19), 12.30 (C-18), 12.33 (C-29).
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6.5.2 TLC bioautography guided isolation of active compounds from P. persica EtOAc fractions

The sub-fraction EtOAc 2a (800 mg) obtained from the MPhil project (Malewska 2015) was
dissolved in chloroform (0.25 mL), mixed with silica (200 mg) and subjected to normal phase silica
gel column chromatography, eluting with methanol:chloroform 0 to 80% (every 100 mL, increasing
10%). This afforded 40 sub-fractions (20 mL each) that were then combined into three major sub-
fractions based on their Rf values and TLC bioautography with antibiotic susceptible S. aureus:
EtOAc 2al (220 mg, yellowish solid, one elongated merged spot from baseline to R 0.66,
chloroform:methanol:water 7:3:0.2), EtOAc 2a2 (1 mg, white crystals, one smeared spot, R¢0.63,
chloroform:methanol:water 7:3:0.2), EtOAc 2a3 (220 mg, white solid, three main merged spots and
many smeared faint ones, Rs from baseline to 0.45, 0.63 and 0.66, chloroform:methanol:water
7:3:0.2).

The fractions EtOAc 2al and EtOAc 2a3 were further purified separately by normal phase silica
column chromatography with 10% to 90% (every 100 mL, increasing 10%) methanol:chloroform to
afford 35 sub-fractions for 2al and 40 fractions for 2a3, respectively. Sub-fraction 2al was then
combined into five fractions 2al.1-2al.5 and sub-fraction 2a3 was combined into fractions 2a3.1-
2a3.4. Sub-fractions EtOAc 2al.4 and EtOAc 2a3.2, which were active by TLC bioautography
(antibiotic susceptible S. aureus), were further purified by Sephadex LH-20 column chromatography
using chloroform:methanol (1:1, 300 mL) and then 100% methanol (300 mL) to afford gallic acid (4,
11 mg) and sub-fraction EtOac2al. EtOac2al was further purified by Sephadex LH-20 column
chromatography using chloroform:methanol (1:1, 500 mL) and then 100% methanol (100 mL) to
afford 30 fractions. Fractions 19-25 were combined to afford caffeic acid phenylethyl ester (5, 16

mQ).

Gallic acid (4): White crystals, m.p. 251-253 °C, lit. 251-253 °C (Faried et al. 2007). IR vmax (cm™):
3465 (strong, broad), 1706; UV-vis (MeOH) Amax 271, 350, 372 nm; ESI-MS (negative mode) m/z
169 [M-H]-; H NMR (400 MHz, CDClz) 4 6.46 (2H, s, H-2 and 6); 3C NMR (150 MHz, CDCl3) 6
167.9 (C-7), 145.8 (C-3 and C-5), 138.4 (C-4), 109.16 (C- 2 and C-6).
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Caffeic acid phenylethyl ester (5): Creamish amorphous solid, m.p. 127-130 °C, lit. 128-130 °C
(Kart et al. 2010). IR vmax (cmt): 3495 (strong), 1685; UV-vis (MeOH) Amax 325 nm; ESI-MS
(negative mode) m/z 283 [M-H]-; 1H NMR (400 MHz, CDCl3) 6 7.50 (1H, d, J 16, H-7), 7.27 (2H,
m, H-3” and H-5"), 7.28 (2H, m, H-2’ and 6°), 7.20 (1H, m, H-4"), 7.02 (1H, d, J 2.0, H-2),6.92 (1H,
dd, J 8.2, 2.0, H-6), 6.77 (1H, d, J 8.2, H-5), 6.22 (1H, d, J 16, H-8), 4.36 (2H, t, J 7.0, H-8"), 2.99
(2H,t,J 7.0, H-7"). 13C NMR (150 MHz, CDCI3) 6 167.7 (C-9), 148.2 (C-4), 145.5 (C-3), 145.4 (C-
7), 138.0 (C-17), 128.5 (C-3’and 5°), 128.1 (C-2’ and 6°), 126.1 (C-4’), 126.2 (C-1), 121.5 (C-6),
115.0 (C-5), 113.7 (C-8), 113.6 (C-2), 64.7 (C-8°), 34.7 (C-7").

6.5.3 TLC bioautography guided isolation of D. lanceifolia n-hexane fraction

The n-hexane partition of D. lanceifolia (1.0 g) was dissolved in methanol (1 mL), mixed with silica
gel (0.5 g) and dried by rotary evaporation at 37 °C. The sample was then subjected to Biotage column
chromatography (25 g silica SNAP cartridge, flow rate 10 mL/min) eluting with a mobile phase of
petroleum ether (b.p. 40 °C):chloroform (100:0 to 30:70) yielding 20 sub-fractions. The sub-fractions
(40 mL each) were collected, spotted in duplicate on TLC plates and developed with petroleum ether
(b.p. 40 °C):chloroform (4:6). One of the TLC plates was then stained with vanillin-sulfuric acid
reagent, the other was used for overlay TLC bioautography testing against susceptible S. aureus. The
sub-fractions were then combined into seven major sub-fractions according to similar TLC Rt values
and TLC bioautography results to give, in order of increasing polarity, Hex-1 (sub-fractions 1-3, 23.2
mg, many spots, Rf 0.35-0.72, no activity), Hex-2 (sub-fractions 4 and 5, 260 mg, three major spots,
R¢0.60, 0.74, 0.82; 0.74 and 0.60 active), Hex-3 (sub-fractions 6-9, 20.5 mg, many spots, R¢ 0.45-
0.65, no activity), Hex-4 (sub-fractions 10-14, 52.7 mg, many spots, Rf 0.42-0.60; 0.60 active), Hex-
5 (sub-fractions 14 and 15, 45.2 mg, two major spots, R¢0.65, 0.77, no activity), Hex-6 (sub-fraction

16, 255 mg, many spots, Rf 0.55-0.82, no activity) and Hex-7 (sub-fractions 17-20, 156 mg, many
spots, Rf0.47-0.65, no activity).
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Hex-2 (260 mg) was dissolved in methanol, mixed with silica (1 g) and rotary evaporated at 37 °C to
dryness. The solid was applied on top of a normal phase silica column (200 g silica) prepared with
100% petroleum ether (b.p. 40 °C). Elution with an increasing polarity gradient of 100% petroleum
ether:.chloroform yielded 16 sub-fractions, which were spotted in duplicate on TLC plates and
developed with petroleum ether (b.p. 40 °C):chloroform (4:6). One plate was visualised with vanillin-
sulfuric acid reagent and the other tested by TLC bioautography. The fractions were combined based
on their TLC Rt values and bioautography results into five sub-fractions: Hex 2.1 (sub-fractions 1-5,
5 mg, three major spots, Rr 0.60, 0.72, 0.80, no activity), Hex 2.2 (2.5 mg, sub-fractions 6-8, three
major spots, R¢ 0.60, 0.74, 0.80; 0.74 active), Hex 2.3 (125 mg sub-fractions 7-10, one major spot, R¢
0.74 active), Hex 2.4 (50 mg, sub-fractions 10-11, two major spots, Rf 0.60 and 0.74; both active),
Hex 2.5 (4.5 mg, sub-fractions 12-16, many spots, Rs0.45-0.65, no activity). Crystallisation of Hex
2.3 with methanol gave compound 1 as a yellow crystalline solid (80 mg).

Sub-fraction Hex 2.4 (50 mg) was dissolved in chloroform:methanol 1:1 (0.10 mL) and subjected to
size exclusion column chromatography (1000 mL column, Sephadex LH-20, 50 g,
chloroform:methanol 1:1), eluting with chloroform:methanol 1:1. This afforded 20 sub-fractions that
were combined to give 4 sub-fractions based on similar Rt values: Hex 2.4.1 (10 mg, many spots,
spots Rf 0.72-0.82, no activity), Hex 2.4.2 (10 mg, one major spot; 0.74 active), Hex 2.4.3 (15 mg,
smeared spot, R¢0.70-0.74; 0.74 active) and Hex 2.4.4 (10 mg, one smeared spot, R¢ 0.70-0.72, no
activity). Sub-fraction 2.4.2 was recrystallised with methanol to afford 1 as a pure compound (2 mg).

Sub-fraction 2.4.3 was further purified by Sephadex LH-20 using chloroform:methanol 1:1 to afford
compound 1 (3 mg).

Hex-4 (52.7 mg) was dissolved in methanol and subjected to Sephadex LH-20 size exclusion column
chromatography, eluting with methanol. This yielded 16 sub-fractions, which were spotted in
duplicate on TLC plates and developed, one being visualised with vanillin-sulfuric acid reagent, the
other tested by TLC bioautography (antibiotic sensitive S. aureus). The fractions were combined
based on their TLC Rt values and bioautography results into two major sub-fractions, Hex 4.1 and
Hex 4.2, which both had one major spot by TLC along with slight impurities. Further
chromatographic separation of fraction Hex 4.1 yielded compound 2 (0.5 mg, Rf 0.60, petroleum

ether:chloroform (4:6), active).

Lupeol (1): Yellowish crystals, m.p. 212-214 °C, lit. 213-215 °C (Agarwal and Rangari 2003). IR
vmax (cm™1): 3346 (broad, strong), 2934; EI-MS m/z 426; 1H NMR (CDCls, 400 MHz) & 4.66, 4.54
(2H, d, J 2.25, H-30a and H-30b), 3.16 (1H, dd, J 10.9, 5.3, H-3), 2.35 (1H, m, H-19), 1.88 (1H, m,
H-21), 1.64 (3H, s, H-29), 1.64 (2H, m, H-2), 1.63 (2H, m, H-1), 1.60 (1H, m, H-12a), 1.48 (1H, m,

H-6), 1.36 (1H, m, H-6), 1.38 (1H, m, H-11), 1.23 (1H, m, H-11), 0.97 (1H, m, H-12b), 1.56 (2H, m,
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H-15), 1.44 (1H, m, H-16), 1.36 (2H, m, H-7), 1.34 (1H, m, H-22b), 1.34 (1H, m, H-16), 1.16 (1H, m,
H-22a), 1.30 (2H, m, H-21), 1.33 (1H, m, H-18), 1.23 (1H, m, H-9), 1.00 (3H, s, H-26), 0.94 (3H, s,
H-23) 0.92 (3H, s, H-27), 0.80 (3H, s, H-25), 0.76 (3H, s, H-28), 0.73 (3H, s, H-24), 0.65 (1H, m, H-
5); 13C NMR (CDCls, 100 MHz) § 151.00 (C-20), 109.33 (C-30), 79.02 (C-3), 55.30 (C-5), 50.44 (C-
9), 48.30 (C-18), 47.99 (C-19), 43.01 (C-17), 42.84 (C-14), 40.83 (C-8), 40.01 (C-22), 38.87 (C-13),
38.71 (C-4), 38.05 (C-1), 37.17 (C-10), 35.59 (C-16), 34.28 (C-7), 29.85 (C-21), 27.99 (C-23), 27.45
(C-15), 27.42 (C-12), 25.14 (C-2), 20.93 (C-11), 19.31 (C-29), 18.32 (C-6), 18.01 (C-28), 16.13 (C-
25), 15.98 (C-26), 15.38 (C-24), 14.55 (C-27).

—",/IZI 6

Plumbagin (fraction 4.1): Orange solid. EI-MS m/z 188; 'H NMR (CDClz 400 MHz) & 11.98 (1H,
s, OH),7.73 (1H, dd, J 7.5, 1.5, H-8), 7.59 (1H, dd, J 8.0, 7.5, H-7), 7.28 (1H, dd, J 8.0, 1.5 Hz, H-
6), 6.92 (1H, g, J 1.5, H-3), 2.19 (H-3, d, J 1.5, CH3); 33C NMR (CDCls, 100 MHz) 5 190.6 (C-4),
184.3 (C-1), 161 (C-5), 149.8 (C-2), 135.14 (C-3 and C-7), 132.3 (C-9), 123.60 (C-6), 118.6 (C-8),
115.0 (C-10), 15.4 (C-11).

8
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6.5.4 TLC bioautography guided isolation of H. latifolia dichloromethane fraction

The dichloromethane partition of H. latifolia (1.0 g) was dissolved in methanol (1 mL), mixed with
silica gel (0.5 g) and dried by rotary evaporation at 37 °C. The sample was then subjected to normal
phase silica gel chromatography. A mobile phase of chloroform:n-hexane (10:90 to 100%, column
loaded with a 100 g of normal phase silica) yielded 20 sub-fractions. The sub-fractions (20 mL each)
were collected, spotted in duplicate on TLC plates and developed with chloroform:n-hexane 3:7. One
of the TLC plates was then stained with vanillin-sulfuric acid reagent, and the other was used for
overlay TLC bioautography testing against susceptible S. aureus. The sub-fractions did not show any

separation. Size exclusion chromatography was used (50 g of the gel, eluted with 100% methanol,
appx 200 mL). The size exclusion chromatography did not show separation.
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6.6 UHPLC/Q-TOF analysis

The crude 70% aqueous ethanolic extracts of P. persica roots and leaves of H. latifolia and D.
lanceifolia, as well as the n-hexane and ethyl acetate partitions of P. persica, dichloromethane
partition of H. latifolia leaves and n-hexane partition of D. lanceifolia, were analysed by ultra high-
performance liquid chromatography-quadrupole time-of-flight mass spectroscopy with a diode array
detector (UHPLC-DAD-Q-ToF-MS)using a Kinetex F5 100A column. The flow rate was 0.3 mL/min
and the injection volume was 2 pL/min. The mobile phase consisted of solvent A (0.1% formic acid
in water) and solvent B (0.1% formic acid in acetonitrile). The solvent system started at 5% solvent
B and 95% Solvent A, increasing to 100% solvent B at 10 minutes, remaining isocratic for 25 minutes,
to 5% solvent B and 95% Solvent A over the last 1 minute. The system was allowed to equilibrate
for 4.5 minutes between runs. Diode array detection was set to record chromatograms at 210, 280,
360 and 540 nm. The eluent from the DAD was directed to a 6530 Accurate-Mass Q-TOF equipped
with an ESI interface. MS analysis was performed in negative and positive ion mode (m/z 50-1700)
under the following conditions: nitrogen gas, 300 °C; gas flow rate 10L/min; nebuliser pressure 45
psig; capillary voltage 3.5 kV; column temperature 25 °C, in the extended dynamic range mode. As
there was no specific group of target analytes (untargeted analysis) generic settings were applied to
obtain as many compounds as possible. To ensure mass accuracy during the MS analysis, calibration
was performed at the beginning of the sample runs introducing a mixture of reference compounds
(Tuning Mix). Data were analysed using Agilent MassHunter workstation version B.07.00 (Agilent
Technologies, USA).
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Chapter 7 - Conclusions

Plants used as traditional medicines are a proven source of drugs and drug leads. This project was
focused on understanding the antimicrobial properties of and phytochemistry (especially with regards
to antimicrobially active compounds) of the roots of Prunus persica and leaves of Diospyros
lanceifolia and Holboellia latifolia. These three plant parts have all been used in traditional medicinal

applications for treatment of conditions of a likely microbial origin.

Screening of the 70% aqueous ethanolic extracts of the plant parts and partitions was conducted
against nine human pathogenic microorganisms; antibiotic susceptible Staphylococcus aureus
(susceptible S. aureus), methicillin resistant S. aureus (MRSA) and multidrug resistant S. aureus
(MDRSA), susceptible beta-lactamase negative Escherichia coli (B- E. coli), B- lactamase positive
(antibiotic resistant) E. coli (B+ E. coli), Pseudomonas aeruginosa, Streptococcus pyogenes,
Salmonella typhimurium and Candida albicans. The highest inhibitory activities were exhibited by
the P. persica root extract, with MIC values of 156 pg/mL for all strains of S. aureus, followed by
the leaf extract of D. lanceifolia with MIC values of 156 pg/mL for the susceptible strain of S. aureus
and 625 pg/mL for MRSA and MDRSA, 312 pg/mL for antibiotic susceptible E. coli and 156 pg/mL
for P. aeruginosa. The leaf extract of H. latifolia had MIC values of 156 pg/mL for the susceptible
S. aureus, 1250 pg/mL for MRSA and MDRSA and 625 pg/mL for S. typhimurium.

The 70% aqueous ethanolic extracts of P. persica root, and D. lanceifolia and H. latifolia leaves, were
subjected to partitioning with n-hexane, dichloromethane and ethyl acetate and tested for their
antimicrobial properties. The results indicated that the n-hexane (MIC 625 pg/mL S. aureus; 312
pg/mL MRSA, MDRSA, susceptible E. coli and P. aeruginosa strains) and ethyl acetate partitions
(MIC 312 pg/mL for all strains of S. aureus) of P. persica, n-hexane extract of D. lanceifolia (MIC
156 pg/mL for S. aureus and P. aeruginosa; 312 pg/mL MRSA, MDRSA as well B- E. coli; 625
pg/mL for S. typhimurium) and DCM extract of H. latifolia (MIC 156 pg/mL S. aureus and 1250
pg/mL for MRSA as well as MDRSA) possess the strongest antibacterial properties.

Normal phase silica and size exclusion chromatography of the n-hexane partition of P. persica led to
the isolation of a-cyanobenzyl benzoate, B-sitosterol and stigmast-4-en-3-one, while gallic acid and
caffeic acid phenylethyl ester were isolated from the ethyl acetate partition. Similar chromatographic
separation of the n-hexane partition of D. lanceifolia led to the isolation of lupeol and plumbagin.
The structures of these compounds were elucidated based on 1D and 2D NMR, MS, IR and UV-Vis
spectral analyses and comparison with the literature. Attempts to isolate compounds from H. latifolia
were unsuccessful due to insufficient separation and loss of material during normal phase silica

chromatography.
129



a-Cyanobenzyl benzoate showed strong antibacterial activity with MIC/MIQ 78 pg/mL for
susceptible and resistant S. aureus strains, MIC/MIQ 312 pg/mL for the susceptible strain of E. coli
and MIC/MIQ 625 pg/mL for P. aeruginosa. B-Sitosterol was active against the susceptible S. aureus
(MIC/MIQ 312 pg/mL), MRSA and MDRSA (MIC/MIQ 625 pg/mL) and the susceptible strain of
E. coli (MIC/MIQ 2500 pg/mL). Stigmast-4-en-3-one was weakly active against S. aureus and
MRSA and E. coli with MIC/MIQ of 2500 pg/mL for all three strains as well as an MIC/MIQ of 1250
pg/mL for P. aeruginosa with. Gallic acid was active against the susceptible strain of S. aureus
(MIC/MIQ 156 pg/mL), MRSA (MIC/MIQ 312 pg/mL) and the susceptible strain of E. coli and P.
aeruginosa (MIC/MIQ 2500 pug/mL for each). Caffeic acid phenylethyl ester showed activity against
the susceptible S. aureus and E. coli (MIC/MIQ 312 pg/mL) as well as MRSA and MDRSA
(MIC/MIQ 625 pg/mL). Lupeol showed good antibacterial activity against P. aeruginosa (MIQ 156
pg/mL) and E. coli (MI1Q 312 pg/mL), weak activity against S. aureus and MRSA (MI1Q 2500 pg/mL)

and S. typhimurium (MIQ 625 pg/mL). Plumbagin was tested against susceptible S. aureus only and
exhibited an MIQ of 62 pg/mL.

GS-MS analysis of the n-hexane partition of D. lanceifolia showed the presence of the quinones
plumbagin and 7-methyljuglone, which have been previously reported from this and other Diospyros

species and have both been previously found to have antimicrobial activity.

GC-MS analysis of H. latifolia showed the presence of the common plant volatiles, hexanal and

nonanal. Nonanal was previously isolated from Artemisia ludoviciana and specifically reported for
antidiarrheal properties.

In order to better understand the phytochemistry of the antibacterially active extracts of P. persica,
H. latifolia and D. lanceifolia, a metabolomics approach was used. An aim of metabolomics is to
rapidly assess a complex mixture and to allow for the identification of the constituents, independently
from the isolation process. Twenty seven metabolites in total (including 13 unassignable peaks) were
tentatively identified in P. persica roots. Taxifolin-7-O-rhamnoside and 3’-O-methylcatechin-5-O-
glucuronide were tentatively identified from P. persica species for the first time. Genepolide, (—)-4'-
methoxy-7-O-B-D-glucopyranosyl-8,3’-dihydroxyflavanone, 9,10-dihydroxy-8-oxo-12-octadecenoic
acid, 9S,10S,11R-trihydroxy-12Z-octadecenoic acid and glutinolic acid were also tentatively
identified for the first time from the Prunus genus. Ten compounds were tentatively identified from
H. latifolia leaf extracts and partitions, but due to insufficient data all peaks were deemed unknown.

Fourteen compounds in total were tentatively identified from the leaf extract of D. lanceifolia. Eight
peaks were found unassignable.
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In conclusion, this project has resulted in the isolation of five antibacterially active compounds from
P. persica roots and two from D. lanceifolia leaves using bioassay guided isolation approach, as well
as tentative characterisation of 27 compounds from P. persica, tenfrom H. latifolia and fourteen from
D. lanceifolia using a metabolomics approach. Many of these compounds are well reported for their
antibacterial and other biological properties. Two antibacterially active compounds (lupeol and
plumbagin) previously isolated from D. lancelifolia and two compounds (hexanal and nonanal) not
previously reported from H. latifolia were characterised in these plants by GC-MS analysis. The
metabolomic screening indicated the potential for the isolation of novel compounds from all three
plants. Due to the fact that the characterisation of the compounds in the metabolomics study was
based only on the comparison of the exact molecular mass, generated molecular formulae and UV -
visible absorption spectra with published literature concerning the species and genus phytochemical
composition alone, the detected compounds could only be partially characterised. Further work
looking at MS/MS fragmentation of the peaks and authentic standards is necessary for more
conclusive identification of compounds.

This research also highlighted the pros and cons of bioassay guided isolation and metabolomics for
identification of bioactive compounds from complex plant mixtures. Bioassay guided isolation and
structural elucidation is very time consuming, requires reasonable amounts of material, and may lead
to the isolation and identification of only a relatively limited number of compounds, however NMR
and other spectroscopic methods of the isolated compounds allow identification of the compounds
with high precision. A metabolomics approach enables rapid screening of the natural products from
small amounts of plant material and potentially characterisation of hundredsof compounds in a single
crude plant extract, however, characterisation without standards is only “tentative” and has several
pitfalls, as described in detail in the thesis. The combination of these two approaches is most
promising, especially when applied to metabolomics and bioassay guided isolation of novel bioactive

compounds.
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APPENDIX 1

GC-MS traces of lupeol (compounds 1-3) isolated from Diospyros lanceifolia

Compound 1

Compounds 1-3 and lupeol
standard co-injected
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Caffeic acid phenylethyl ester 1H NMR
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