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Abstract

The MPhil study presented in this thesis was an extension of a collaborative research
partnership between the Indigenous Bioresources Research Group (IBRG) of Macquarie
University and Chungtia village (Chungtia Senso Mokokchung Town, CSMT), Nagaland,
for documentation of ethnobotanical knowledge of Chungtia village Elders and healers as
well as phytochemical and biological activity investigation and isolation of bioactive
constituents from Nagaland medicinal plants.

The project was initiated by Meyanungsang Kichu, a Nagaland person, who conducted an
ethnobotanical study of medicinal plants used by Chungtia villagers and documented 135
plants for their various ethnomedicinal and ethnobotanical applications. This MPhil study
completed an up to date literature review of the 135 medicinal plants, then investigated the
antimicrobial potential of those plants used by Chungtia villagers for skin conditions,
conducted antimicrobial screening of a selection of these, and finally investigated in detail

one plant for its antimicrobial activity and bioactive constituents.

A comprehensive literature review covering traditional usages of all 135 plants by other
Indigenous traditional healers’ worldwide and phytochemical and biological properties of
these plants was conducted. This revealed that the traditional usages by the Chungtia
community of 93 of their medicinal plants are in agreement with the uses of other
Indigenous communities. Thirteen species were found to have no reports on their traditional
uses, other than our first-hand accounts of the Chungtia community. Out of 93 species that
were found to be used in a similar way by other communities, 80 had traditional uses that
were consistent with pharmacological studies that have been reported in the literature and
55 of these plants had also had phytochemical studies conducted that showed bioactive

compounds that aligned with their traditional uses by the Chungtia villagers.

A detailed literature review was conducted on the antimicrobial properties and relevant
phytoconstituents of 35 plants used by the Chungtia villagers for skin related conditions of
a possible microbial origin. This highlighted twelve species with either no antimicrobial
properties reported and/or no antimicrobial compounds identified. Out of these, seven
species (Dendrocnide sinuata, Duabanga grandiflora, Erythrina stricta, Eurya acuminata,
Holboellia latifolia, Maesa indica and Prunus persica) that were available for collection

were selected for antimicrobial screening.
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The antimicrobial screening of the 70% aqueous ethanolic extracts of the plants (D. sinuata
stem, D. grandiflora stem bark, E. stricta stem, E. acuminata leaves, H. latifolia leaves, M.
indica leaves and P. persica roots) was performed using disc diffusion and MTT
microdilution assays against the human pathogenic microorganisms Staphylococcus aureus
(susceptible S. aureus), methicillin resistant S. aureus (MRSA) and multi drug 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
pug/mL for all tested S. aureus strains. Based on the antibacterial screening results, P.
persica was selected for further biological and chemical investigations for its antibacterial

constituents.

The 70% aqueous ethanolic P. persica roots extract was subjected to partitioning with
different polarity solvents (n-hexane, dichloromethane, ethyl acetate). The most potent
inhibitory activity was observed for the n-hexane and ethyl acetate partitions against
susceptible and resistant strains of S. aureus. The GS-MS analysis of the n-hexane partition
revealed the presence of eight constituents, out of which three were reported in the literature

as antibacterial against S. aureus.

TLC bioautographic methods reported in the literature were trialled with the aim to develop
the most appropriate technique for the bioautography guided isolation process. The overlay
method was found to be the most effective for the purpose of this study. TLC bioautography
guided isolation by normal phase chromatography, size exclusion chromatography and
preparative TLC led to the isolation of B-sitosterol (5.1) from the n-hexane partition and
afzelechin (5.2) and ent-epiafzelechin-(20—0—7’,40—8)-(-)-ent-afzelechin (5.3) from
the ethyl acetate partition. The structures of these three compounds were determined based
on various spectroscopic methods, including mass spectrometry, nuclear magnetic

resonance spectroscopy, Infrared spectroscopy and circular dichroism.

[-Sitosterol was found to be moderately active (MIC 1250 pug/mL) against P. aeruginosa
as well as weakly active (MIC 2500 pug/mL) against susceptible strains of S. aureus, E. coli
and S. typhimurium. ent-Epiafzelechin-(2a—0—7’,40—8’)-(-)-ent-afzelechin showed
good antibacterial activity against all the tested strains of S. aureus (MIC 156 pg/mL for
susceptible and 312 pg/mL for resistant) as well as weak activity against the susceptible



strains of E. coli, P. aeruginosa and S. typhimurium (MIC 2500 pg/mL, for all bacteria).
This is the first report of this compound possessing antibacterial activity. The antimicrobial

properties of afzelechin were not tested due to the small quantity of sample.



Chapter 1

This chapter describes the importance of medicinal plant research in the process of
ethnomedicinally guided drug discovery and provides an overview of major groups of
antimicrobial compounds that can be derived from plants. The outline of the thesis aims is
also provided.

1.1 Introduction

With the escalating occurrence of multidrug resistant microorganisms, much research effort
is being focussed on identifying new antimicrobial compounds, including those isolated
from nature (Kirst 2013). Since the introduction of conventional antibiotics in the 1950's,
there has been little use of plant derivatives as antimicrobials. However, interest in using
phytochemicals (products from secondary plant metabolism) for the treatment of microbial
infections has increased from the late 1990's following the poor efficacy of conventional
antibiotics, due in part to their often excessive and inappropriate use in mammalian
infections (Cowan 1999).

Nowadays about 25% of the drugs prescribed worldwide come from plants. Of the 252
drugs considered as basic and essential by the World Health Organisation (WHQO), 11% are
exclusively of plant origin and a significant number are synthetic drugs obtained from
natural plant precursors (Zhang et al. 2013). Examples of important drugs obtained from
plants are digoxin from Digitalis spp., quinine and quinidine from Cinchona spp.,
vincristine and vinblastine from Catharanthus roseus, atropine from Atropa belladonna

and morphine and codeine from Papaver somniferum (Zhang et al. 2013) (Figure 1.1).
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Figure 1.1 Examples of drugs derived from plants.



1.2 How microbial drug resistance develops

Antimicrobial resistance is driven by evolutionary processes and is therefore inevitable
(Wright 2003). Most antibiotics used to treat human diseases originate from natural
templates produced by particular species of bacteria or fungi as a mechanism of competition
to ensure their own survival (for example, to gain a larger share of environmental food
supplies by inhibiting competitors). As the ability to produce poisonous chemicals was
developed by microorganisms to combat competitors, so was the counter-measure, namely
antibiotic resistance. In natural environments such as soil, microbes can develop resistance
through mutations, or can exchange genetic information (including resistance genes), thus
permitting the transmission of resistance to other microbes with great ease (Hancock 2005).

Microbial resistance to antibiotics emerged soon after the first use of these agents in the
treatment of infectious diseases, and continues to pose a significant challenge for the
healthcare sector. The emergence of bacterial strains that exhibit resistance to a variety of
antibiotics, ie strains that are multidrug resistant, is becoming the major cause of treatment
failure of infectious diseases worldwide (Eells et al. 2013). This is attested by the spread,
with associated deaths, of infections by methicillin-resistant Staphylococcus aureus
(MRSA\) (Eells et al. 2013). This bacterium has achieved the status of a “superbug”, in that
there are few antibiotics available for therapy against this pathogen (Eells et al. 2013). The
widespread use of antibiotics, both for human consumption and animal feed, has also
fostered the development of resistance in a variety of Gram-negative and Gram-positive
pathogenic bacteria (Eells et al. 2013).

1.3 Development of medicines from natural products

1.3.1 A short history of herbal medicine

The use of natural products for medicinal purposes is as ancient as human civilisation, but
the history of plant remedies being used as anti-infectious agents is much chequered with

plants falling in and out of favour.

The Bible offers descriptions of approximately 30 healing plants (Cowan 1999).
Hippocrates (in the late fifth century B.C.) mentioned 300 to 400 medicinal plants
(Thomson and Schultes 1978). In the first century A.D., Dioscorides wrote De Materia
Medica, a medicinal plant catalogue, which became the prototype for modern

pharmacopoeias (Cowan 1999). The fall of ancient civilisations forestalled Western
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advances in the understanding of medicinal plants, with much of the documentation of plant
pharmaceuticals being destroyed or lost (Cowan 1999). During the Dark Ages, Arab as
well as Asian cultures were excavating their own older works to build upon them. Also in
the West, the Renaissance years saw a revival of ancient medicine, which was built largely

on the use of plants as medicines (Cowan 1999).

Among Europeans living in the New World, the use of botanicals was a reaction against
invasive or toxic mainstream medicinal practices of the day. Oliver Wendell Holmes noted
that medical treatments in the 1800s could be dangerous and ineffective. Examples include
the use of mercury baths in London “barber shops” to treat syphilis and dangerous
hallucinogens as a tuberculosis “cure.” In 1861 Holmes wrote, “If the whole materia
medica as now used could be sunk to the bottom of the sea, it would be all the better for
mankind - and all the worse for the fishes” (Holmes 1861, Cowan 1999).

The Industrial Revolution and the development of organic chemistry resulted in the
preference for synthetic products for pharmacological treatments. The reasons for this were
that pure compounds were easily obtained, structural modifications to produce potentially
more active and safer drugs could be easily performed and the economic power of the
pharmaceutical companies was increasing. Throughout the development of human culture,
the use of natural products has had magical-religious significance and different points of
view regarding the concepts of health and disease that existed within each culture.
Obviously this approach was against that of the industrialised Western societies, in which
drugs from natural resources were considered either an option for poorly educated or low
income people or simply as religious superstition with no pharmacological value (Rates
2001). However, when traditional antibiotics (products of microorganisms or their
synthesised derivatives) became ineffective, mainstream medicine again acknowledged the

usefulness of antimicrobial and other drugs derived from plants (Cowan 1999).

Most recently, the ascendancy of the human immunodeficiency virus (HIV) as well as the
rapid emergence of multidrug resistant microbial strains have spurred intensive
investigation into plant derivatives that may be effective, especially for use in
underdeveloped nations with little access to expensive Western medicines (Magiorakos et
al. 2012).



1.4 Major groups of antimicrobial compounds from plants

Plants produce an enormous array of phytochemicals that can be divided into two major
groups, namely basic and secondary metabolites. Basic metabolites are the substances that
aid anabolic and catabolic processes required for respiration, nutrient assimilation, and
growth/development of the plants. These processes are required for cell maintenance and
proliferation. In contrast, secondary metabolites are compounds present in cells that are not
necessary for cell survival but are thought to be required for the plants’ survival in the
environment. These compounds are responsible for preventing attacks from insect and
pathogen’s whilst aiding plant reproduction through, for example, providing pollinator
attraction as either floral scent or colouration. This requirement for secondary metabolites
to have highly diverse biological activities has led plants to accumulate a vast catalogue of
compounds (Kliebenstein 2004). Many secondary metabolites are aromatic substances,
most of which are phenols or their oxygen-substituted derivatives (Cowan 1999,
Waterhouse et al. 2001, Simoes et al. 2009). Some other phytochemicals such as
terpenoids, give plants their odour, and others, like quinones and tannins are responsible
for plant pigments or flavours (Cowan 1999). Some examples of plant phytochemicals

possessing antimicrobial activity are described below.

Phenols and polyphenols

Phenols or polyphenols constitute one of the most numerous and widely distributed groups
of substances in the plant kingdom (Harborne 1993). Natural phenols can range from
simple molecules, such as phenolic acids, to highly polymerised compounds, such as
tannins. Polyphenols mainly exist in conjugated form, with one or more sugar residues
linked to phenolic groups, although the sugar units may also be directly linked to an
aromatic carbon. The associated sugars can be present as monosaccharides, disaccharides,
or as oligosaccharides. The most common sugar residue is p-D-glucopyranose, although
galactose, rhamnose, xylose, arabinose, glucuronic and galacturonic acids and many others
are also commonly found. Associations with other compounds, such as carboxylic and
organic acids, amines, and lipids, and linkages with other phenols are also common (Bravo
1998).

Many phenolic and polyphenolic compounds have antimicrobial properties. Some

examples are described below, including their antimicrobial significance.



Simple phenols and phenolic acids

Phenols and phenolic acids (containing a phenolic ring and an organic carboxylic acid
function) are commonly found in nature (Cowan 1999). The simple phenols catechol and
pyrogallol are toxic to microorganisms. Substituted derivatives of hydroxybenzoic and
hydroxycinnamic acids are the predominant phenolic acids in plants, with
hydroxycinnamic acid being the most common. The hydroxycinnamic acid and is found in
common herbs such as rosemary, sage and thyme, and it is effective against viruses (Chiang
et al. 2002, Wang et al. 2004, Wang et al. 2009), bacteria (Fernandez et al. 1996) and fungi
(Wahdan 1998). The site(s) and number of hydroxyl groups on the phenolic ring are thought
to be related to the level of toxicity to microorganisms, with evidence that increased
hydroxylation results in increased toxicity (Geissman 1963, Cowan 1999, Sher 2004). The
mechanisms thought to be responsible for phenolic antimicrobial activity include enzyme
inhibition by the oxidised compounds, possibly through reaction with sulfhydryl groups or
through more non-specific interactions with the proteins (Mason and Bruce P 1987, Cowan
1999), leading to inactivation of the protein and loss of its function. Probable targets in the
microbial cell are surface exposed adhesions, cell wall polypeptides, and membrane-bound
enzymes (Naz et al. 2006). Phenolic compounds possessing a C3 side chain containing no
oxygen are classified as essential oils and are often cited as antimicrobials. Eugenol is a
well known representative found in clove oil (Sher 2004). Eugenol possesses bacteriostatic
and antifungal properties (Sher 2004).

OH
o L YN
OH OH \O A
Pyrogallol Catechol Eugenol

/©/\)J\OH
HO

p-Hydroxycinnamic acid

Figure 1.2 Examples of simple phenols and phenolic acids.
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Flavonoids - flavones, flavonols and anthocyanins

Flavonoids (Figure 1.3) represent the most common and widely distributed group of plant
phenolics. Their common structure is that of diphenylpropanes, with two aromatic rings
linked through three carbons that usually form an oxygenated heterocycle. Flavonoids
occasionally occur in plants as aglycones, although they are most commonly found as
glycoside derivatives (Bravo 1998). Among the flavonoids, flavones (e.g., apigenin,
luteolin, diosmetin), flavonols (e.g., quercetin, myricetin, kaempferol) and their glycosides
are the most common classes. Flavonoids are widespread in the plant kingdom, with the
exception of algae and fungi. Flavonols occur as flavone O-glycosides and C-glycosides
(Herrmann 1988), with the latter characterised by possessing a carbon-carbon linkage
between the anomeric carbon of a sugar molecule and the C-6 or C-8 carbon of the flavone
nucleus. Unlike O-glycosides, sugars in C-glycosides are not cleaved by acid hydrolysis.
Flavanones (e.g., naringenin, hesperidin) can also occur as O- or C-glycosides and are
especially abundant in citrus fruits and prunes (Bravo 1998). Isoflavones (e.g., genistein,
daidzein), with ring B of the flavone molecule attached to the carbon 3 of the heterocycle,
especially occur in legumes. Flavonoids (e.g., catechin, epicatechin, gallocatechin) are the
monomeric constituents of the condensed tannins, although they are also very common as
free monomers (Bravo 1998). Anthocyanins are the most important group of water-soluble
plant pigments and are responsible for the colour of flowers and fruits of higher plants. The
term anthocyanin refers to the glycosides of anthocyanidin (e.g., pelargonidin, malvidin,
cyanidin). In addition to glycosylation, common linkages with aromatic and aliphatic acids,
as well as methyl ester derivatives, also occur. Anthocyanins and polymeric pigments
formed from anthocyanins by condensation with other flavonoids are responsible for the

colour of red wine (Bravo 1998). Examples of flavonoids are presented in Figure 1.3.
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Figure 1.3 Examples of flavonoids.
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Flavonoids are synthesised by plants in response to microbial infection (Dixon et al. 1983),
thus it is no surprise that they have been found in vitro to be effective antimicrobial agents
against a wide array of microorganisms. The efficacy of flavonoids against such a variety
of pathogens can be attributed to the cell-wall permeability of the porins in the outer
membrane of microorganisms — it seems likely that the compounds may block the charges
of the amino acids in porins (Cowan 1999). The activity of flavonoids may also be due to
their ability to complex with extracellular and soluble proteins and then with bacterial cell
walls. More lipophilic flavonoids may also disrupt microbial membranes (Saleem et al.
2010). Flavonoids having free hydroxyl groups at C-5 and C-7 in ring A have been shown
to have the greatest antimicrobial activity (Cowan 1999). Catechins, which contain the most
reduced form of the C3 unit in flavonoid compounds, deserve special mention. These
flavonoids have been extensively researched due to their occurrence in oolong green teas.
It was proven that these teas have antimicrobial activity (Toda et al. 1989) and that they
contain a mixture of catechin compounds. These compounds inhibit in vitro Vibrio
cholerae O1 (Toda et al. 1992), and have been proven active against methicillin resistant
Staphylococcus aureus (Zhao et al. 2001), Bacillus cereus (Friedman et al. 2006) and
Candida albicans (Hirasawa and Takada 2004). Anthocyanidins pelargonidin, delphinidin
and cyanidin, as well as cyanidin-3-glucoside, have been found to be active against

Escherichia coli (Puupponen-Pimia et al. 2001).
Tannins

“Tannin” is a general descriptive name for a group of polymeric phenolic substances
capable of transforming animal hides into leather by forming stable tannin-protein
complexes with skin collagen and precipitating gelatin from solution - a property known as
astringency (Bravo 1998, Cowan 1999). They are found in almost every plant part: bark,
wood, leaves, fruits and roots (Scalbert 1991). Tannins are divided into two groups,
hydrolysable and condensed tannins (Bravo 1998). Hydrolysable tannins are based on
gallic acid, usually as multiple esters with B-D-glucose, while the more numerous
condensed tannins (often called proanthocyanidins) are derived from flavonoid monomers
(Cowan 1999). Tannins are also formed by condensations of flavan derivatives that have
been transported to woody tissues of plants. Alternatively, tannins may be formed by
polymerisation of quinone units (Geissman 1963). Tannins have an ability to complex with
proteins through non-specific interactions such as hydrogen bonding and hydrophobic

effects, as well as by covalent bond formation (Haslam 1996, Cowan 1999). Thus, their

9



mode of antimicrobial action, as described in the section on quinones, may be related to
their ability to inactivate microbial adhesins, enzymes and cell envelope transport proteins.
They also complex with polysaccharides (Cowan 1999). The toxicity of tannins towards
microorganisms is well documented (Scalbert 1991). Tannins have been reported to be
bacteriostatic or bactericidal against S. aureus (Akiyama et al. 2001), Shigella boydii,
Shigella flexneri, E. coli and Pseudomonas aeruginosa (Banso and Adeyemo 2007).
Proanthocyanidins isolated from Cinnamomum burmannii have been shown to possess
antimicrobial activity against common foodborne pathogenic bacteria such as Bacillus
cereus, Listeria monocytogenes, S. aureus, E. coli and Salmonella anatum (Shan et al.
2007).

Coumarins

Coumarins are phenolic substances made of fused benzene and a-pyrone rings (O'Kennedy
and Thornes 1997). Coumarins give hay its characteristic odour (Cowan 1999). They are a
large family of compounds of natural or synthetic origin, associated with various
pharmacological activities, although reports concerning antimicrobial activity of naturally
occurring coumarins are very scarce (Matos et al. 2013). Umbelliferone and scopoletin
isolated from Petroselinum crispum and Ruta graveolens have been reported for their
antibacterial activity, albeit weak, against S. aureus, E. coli, B. subtilis and Streptococcus
epidermidis (Ojala et al. 2000, Sardari et al. 2000, Lee et al. 2003). Decursinol angelate,
isolated from Angelica gigas roots, has been found to be inhibitory toward B. subtilis (Lee
et al. 2003). The fused heterocyclic framework of coumarins has been used as a prototype
scaffold for the synthesis of a wide variety of analogues in order to study and improve their
antimicrobial properties (Matos et al. 2013). A study of coumarin derivatives substituted
on the pyrone ring indicated that 3-carboxyl derivatives show significant antibacterial
activity against S. aureus (Matos et al. 2013). Different 4-substituted coumarins, such as 4-
chlorocoumarin, also exhibit an interesting antimicrobial profile (Matos et al. 2013). Figure

1.4 shows examples of coumarins.

Cl
T KU K o oo
Umbelliferone Scopoletin Decursinol 4-Chlorocoumarin

Figure 1.4 Examples of coumarins.
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Quinones

Quinones are aromatic rings with two ketone substitutions (Cowan 1999). They are
characteristically highly reactive and ubiquitous in nature. These compounds are
responsible for the browning of cut or injured fruits and vegetables and are intermediate
products in the melanin synthesis pathway in human skin (Schmidt 1988). The change from
diphenol (or hydroquinone) and diketone (or quinone) occurs easily through oxidation and
reduction reactions. The individual redox potential of the particular quinone-hydroquinone
pair is very important in many biological systems, for example the function of ubiquinone
(coenzyme Q) in mammalian electron transport systems (Cowan 1999). In addition to
providing a source of stable free radicals, quinones are known to complex irreversibly with
nucleophilic amino acids in proteins (Stern et al. 1996), often leading to inactivation of the
protein and loss of function. For that reason, the potential range of quinone antimicrobial
effects is great. Probable targets in the microbial cell are surface-exposed adhesins, cell
wall polypeptides, and membrane-bound enzymes. Quinones may also render substrates
unavailable to the microorganism (Cowan 1999).

Figure 1.5 Ubiquinone.

Terpenoids and essential oils

Essential oils are plant volatile compounds responsible for their fragrance. These oils, based
on an isoprene structure, are called terpenes; their general chemical structure being C1oHss.
They may occur as diterpenes, triterpenes, and tetraterpenes (C20, C30 and C40,
respectively), as well as hemiterpenes (C5) and sesquiterpenes (C15) (Cowan 1999). When
the compounds contain additional elements, usually oxygen, they are termed terpenoids.
Terpenoids are biosynthesised from acetate units, and as such they share their origins with
fatty acids. They differ from fatty acids in that they contain extensive branching and are
cyclised (Cowan 1999). Examples of common terpenoids are menthol and camphor
(monoterpenes) and farnesol and artemisin (sesquiterpenoids) (Cowan 1999). Terpenes or
terpenoids have been found to be active against bacteria, fungi, viruses and protozoa

(Cowan 1999). Investigation of three monoterpenes, namely linalyl acetate, (+)-menthol
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and thymol, against the Gram positive bacterium S. aureus and the Gram negative
bacterium E. coli suggest that the antimicrobial effect of various monoterpenes may result
from a perturbation of the lipid fraction of microorganism plasma membranes, resulting in
alterations of membrane permeability and in leakage of intracellular materials (Trombetta
et al. 2005). The study of the antibacterial effects of the terpene alcohols farnesol, nerolidol
and plaunotol on S. aureus, focusing on the leakage of K+ ions, indicated that they act on
cell membranes as well (Inoue et al. 2004). Additionally, increasing the hydrophobicity of
kaurene diterpenoids by the addition of a methyl group has been shown to drastically reduce
their antimicrobial activity (Mendoza et al. 1997). The pentacyclic triterpenoids, oleanolic
and ursolic acids have been found to be active against L. monocytogenes (Kurek et al.
2010). The diterpene aframodial, isolated from the seeds of Aframonum longilolius, was
shown to be active against both antibiotic sensitive and methicillin-resistant strains of S.
aureus (Sandjo and Kueteb 2013); the same diterpene was proven to be a broad-spectrum

antifungal (Cowan 1999). Examples of terpenoids are provided in Figure 1.6.
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Figure 1.6 Examples of terpenoids.

Alkaloids

Heterocyclic nitrogen containing compounds are called alkaloids (Cowan 1999). The first
medically important alkaloid, morphine, was isolated in 1805 from the opium poppy
Papaver somniferum by German pharmacist Friedrich Serturner (Wright 2011). Relatives
of many plant families are known to produce antimicrobial alkaloids (Saleem et al. 2010).
Alkaloids may be useful against HIV infection as well as intestinal infections associated
with AIDS. Berberine and harmane are important representatives of the alkaloid group (Al-
Bayati and Al-Mola 2008). Berberine has been shown to be active against methicillin-
resistant S. aureus (Yu et al. 2005), E. coli, P. aeruginosa and B. subtilis (Cerfidkovéa and
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Kostalova 2002), effective against trypanosomes and plasmodia (Cerfidkova and
Kost'alova 2002), and active against C. albicans (Freile et al. 2003). Harmane has been
shown to be active against B. subtilis, S. aureus, E. coli and Proteus vulgaris and two fungal
strains, one filamentous, Aspergillus niger, and one yeast, C. albicans (Nenaah 2010). The
mechanism of action of highly aromatic planar quaternary alkaloids such as berberine and
harmane is attributed to their ability to intercalate with DNA (Cowan 1999). Example of

alkaloids are depicted in Figure 1.7.
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Figure 1.7 Examples of alkaloids.
1.5 Approaches for drug development

The drug development process is a long and arduous one designed to ensure that therapies
released to market are effective as well as safe. It takes many years for a substance to
become commercially available as a drug (Cox and Balick 1994, Schwikkard and
Mulholland 2014) and the process is very costly. It was estimated in the United States that
for every 10,000 pure compounds that are biologically active in screening tests, 20 would
be tested in animal models, and 10 of these would be clinically evaluated but only one
would reach U.S. Food and Drug Administration approval for marketing (Schwikkard and
Mulholland 2014). The time required for this process was estimated as 10 years at a cost of
$231 million (U.S.) (Fabricant and Farnsworth 2001, Schwikkard and Mulholland 2014).

The efficient and effective selection of appropriate plants for investigative purposes in a
drug discovery program is of crucial importance for a successful outcome. A variety of
approaches have been used by researchers with varying levels of success (Schwikkard and
Mulholland 2014). The major selection approaches that are relevant in the search for
bioactive molecules are random screening, the chemotaxonomic approach and the

ethnobotanical approach (Cox 2008).
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1.5.1 Random and targeted screening
Random screening

Random screening relies on collection and screening of available plants from a biodiverse
region that provides chemical diversity. This random collection and broad screening
method has successfully led to the discovery of anticancer drugs, including taxol (from
Taxus brevifolia) and camptothecin (from Campotheca acuminata) performed by the
National Cancer Institute (NCI) USA. The process was, however, tedious and very costly
(Farnsworth 1988, Schwikkard and Mulholland 2014). The NCI screened around 200000
extracts between 1955 and 1980 with limited success. This led to a reduction in focus on
random screenings until 1986, when, with the improvement of screening methods, the NCI
started screening again. By 1995, 40000 extracts had been prepared and 18000 were
screened for activity. The success rate was about 1% (Schwikkard and Mulholland 2014).

Chemotaxonomic approach

The chemotaxonomic approach is based on the fact that botanically related plants very often
produce chemically related secondary metabolites. If a promising agent of a rare structure
is found in a species belonging to a certain genus, other species belonging to the same genus
offer a good chance of yielding related compounds (Schwikkard and Mulholland 2014). As
an example, quinine and closely related alkaloids, have until now only been found in the
bark of Cinchona or Remijia species, both belonging to Rubiaceae (Tringali 2003).

The Ethnobotanical approach

Over the past several decades, ethnobotany has reemerged as an interdisciplinary approach
to drug discovery, involving collaboration between Western trained scientists and
indigenous healers (Oubre et al. 1997). Bruhn and Holmstedt defined the ethnobotanical
approach as “the interdisciplinary scientific exploration of biologically active agents
traditionally employed or observed by man” (Schwikkard and Mulholland 2014). This
approach 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
identified to date, 122 were discovered following ethnobotanical leads. Furthermore, 80%
of these compounds were used by native communities for the same (or related) medicinal

purposes (Fabricant and Farnsworth 2001). For example, galegine, an antihyperglycemic
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agent, was isolated from the plant Galega officinalis L. This plant has been used
traditionally for the treatment of diabetes. Also, the very strong painkiller affinin was
isolated from the plant Heliopsis longipes, which is traditionally applied by Mexican native
healers for the treatment of tooth pain (Schwikkard and Mulholland 2014). The history of
drug discovery and development seems to confirm that the ethnobotanical approach is a
valuable avenue for new medicines. Furthermore, drugs derived from plants with
documented ethnobotanical use are likely to be safer than active compounds isolated from
these with no records of human use (Fabricant and Farnsworth 2001, Cox 2008,
Schwikkard and Mulholland 2014).

The ethnobotanical approach has been applied in the study presented in this thesis as a
method of choice for the discovery of antimicrobial fractions and compounds extracted

from medicinal plants used by the Chungtia tribe of Nagaland, India.

1.6 Objectives of this study

The overall objective of this MPhil project was to undertake chemical and biological
investigations, in partnership with Chungtia villagers, guided by their traditional
knowledge on the medicinal plants they have used for the treatment of skin related ailments

such as wounds, cuts and sores.

This project involved:

Conduct of a comprehensive literature review on plants documented first-hand from
Chungtia villagers for various ethnomedicinal and ethnobotanical uses.

Conduct of a literature review on the plants used by Chungtia elders for the treatment of
skin ailments and subsequent antimicrobial screening of the most promising plants.
Bioassay guided phytochemical investigations and isolation of active compounds from the
one plant determined as having significant potential from the literature reviews and

antimicrobial screening.
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Chapter 2

This chapter introduces Chungtia village as the study area and provides a comprehensive
literature review of the plants that had first-hand information reported for their various

ethnomedicinal and ethnobotanical applications by Chungtia community members.
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Figure 2.1 Map of the study area
2.1 Introduction

Nagaland is located in North-East India. It lies within the Indo-Burma (Eastern Himalayas)
region, which is one of the world’s most biodiverse areas. The biogeography of Nagaland
is unique, with its rich reservoir of plant diversity (Mao et al. 2009). The population of
Nagaland is close to 2 million, with 90% of the population being Indigenous tribal people,

collectively known as the ‘Nagas’. There are 15 major tribes that differ in language, culture

and traditions (Kichu 2010).

Until the first half of the 19" century, Nagaland communities lived secluded lives and their
livelihoods depended solely on plants and animals. Through this process, they have
developed their own traditional knowledge of medicines by experimenting with the
available resources (mainly plants) and this knowledge has been passed down orally for

generations (Kichu 2010).
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Due to globalisation and westernisation of native cultures, Indigenous medicinal plant
knowledge is being lost worldwide as well as in Nagaland (Cordell 2002, Mawere 2014).
Elderly people that possess this knowledge are dying and communities are being dislocated.
The number of studies that have been undertaken to document and preserve the medicinal
plant knowledge in Nagaland is very scarce (Kichu 2010). There is still much to be
documented in Nagaland given the nature of the biodiversity of the country and the cultures
and traditions of its people (Kichu 2010). Moreover, the Chungtia village Ao tribe, with
which this study concerns, is the only Nagaland tribal community that has not had their

medicinal knowledge formally documented to date (Pfoze et al. 2014).

This project was originally established by former PhD student and Nagaland native
Meyanungsang Kichu, who followed specific requests from Elders of Chungtia village to
assist in the preservation of their medicinal plant knowledge and to undertake studies to
determine the bioactive constituents of some of their medicinal plants (Kichu 2010). He
undertook a systematic documentation of 135 medicinal plants following first-hand
interviews with Elders of Chungtia Village. The motivation of these villagers to document
their customary medicinal plant knowledge was particularly strong as in recent years this
village has lost several key Elders who have been the custodians of significant medicinal
knowledge. It is essential for this information to be conserved because of its historical and
cultural value. Given that the majority of plant-based medicines have arisen from
Indigenous medicinal systems (Fabricant and Farnsworth 2001), the disappearance of this
knowledge would also be a significant loss to the wider scientific community and the public
(Kichu 2010).

2.2 Establishment of the collaborative research partnership and the authorising
body
2.2.1 Chungtia village
Chungtia inhabitants belong to the Ao tribe, and their village is located in the Mokokchung
district, Nagaland, India. Topographically it is a hilly area, with vegetation predominantly
of a semi-evergreen forest type. January and February are the coldest months, when the
temperature can drop down to 2 °C, and the summer months’ average temperatures are mild
and oscillate between 27 to 32 °C. The region is influenced by a monsoonal climate with a
high yearly rainfall that falls over nine months of the year with an average of 2,500 mm.

July and August receive the most rainfall (Kichu 2010).
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2.2.2 Council of Chungtia Senso Mokokchung Town (CSMT): the authorising
body
Over the course of time, Chungtia villagers have migrated and settled in Mokokchung town
and at present there are about 230 households, with a population of around 1200 villagers
in the town. In order to look after their wellbeing, they have established their own governing
body, the Council of Chungtia Senso Mokokchung Town (CSMT) (Kichu 2010).

The CSMT was established in the year 1960 and is the sole governing body of the Chungtia
residents. The CSMT executive members, headed by the President, are elected by the
Chungtia residents and every resident is a de facto member of the CSMT. The CSMT
functions on its own, within the jurisdiction of Mokokchung town, and in turn is supervised
by the Chungtia Village Council (CVC). The CVC is the main governing body of Chungtia
village in which the executive members are represented by one member each from the 14
clans of Chungtia village. The CVC often seeks help from the CSMT in matters of
importance. For this project, the CVC authorised the CSMT to enter into a collaborative
research partnership with Macquarie University, on behalf of the Chungtia villagers (Kichu
2010).

2.2.3 Establishment of the collaborative research partnership

A collaborative research partnership was established between the Indigenous Bioresources
Research Group (IBRG) of Macquarie University, Sydney, Australia, and the Council of
the CSMT, Mokokchung, Nagaland, on behalf of Chungtia villagers (Kichu 2010). This
partnership was formalised by a collaborative research agreement that followed the
principles of the Convention of Biological Diversity (CBD) (Tuxill and Nabhan 2001)
along with the stepwise Participatory Action Research (PAR) methodology of UNESCO
(Tuxill and Nabhan 2001) and the ethical guidelines of the National Health and Medical
Research Council (NHMRC, 2003) for working with traditional knowledge holders. It was
co-developed with the CSMT to ensure that:

e All research took place with the full consent of the CSMT.

e All interviewees were informed of the project aims and their participation was

entirely voluntary.

e Ownership of traditional knowledge was respected and confidentiality was

maintained concerning any information not in the public domain.
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e Publication of any data was only allowed with the consent of the CSMT.

e For any commercial interest, a process of further negotiation would be undertaken

for appropriate benefit sharing with the village community.

2.3 First-hand medicinal plants documentation

The CSMT, in consultation with the CVC, had the role of inviting Chungtia village Elders
(residents of Chungtia village) to be interviewed on their first-hand medicinal plant
knowledge. They especially encouraged Elders considered to be the key custodians of
traditional knowledge to participate, upon their consent (Kichu 2010). Kichu made two
field trips over a period of two years to Chungtia village for the interviews and collection

of voucher specimens of plants.

The interviews identified that the villagers had a strong preference for using medicinal
plants for treatment of common ailments such as fever, cold, cuts and wounds and
gastrointestinal problems, even though conventional treatments are available to them
(Kichu 2010).

Overall, the interviews conducted by Kichu resulted in the collection of first-hand
information on ethnomedicinal and ethnobotanical applications of 135 plants. This chapter
documents the recorded uses, preparation and mode of administration by the Chungtia
villagers of the 135 medicinal plants and provides a review of literature up to September
2014 on each plant including customary (traditional and contemporary) medicinal usages
worldwide and available biological and chemical data. The results are presented in Table
2.1.
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Table 2.1 Ethnobotanical plants documented in Chungtia village and their reported ethnobotanical usages worldwide as well as phytochemical
and pharmacological properties

Scientific name
(Botanical family)

(CD = cultivated/WD =
wild)

(Herbarium accession
number,

(ASSAM Acc. No)
Himalayan Endemic (E)
Native (N) Cosmopolitan
(C) Introduced (1)

Acacia pennata (Linn.)
Willd. (Mimosaceae)
(WD) (69649) (N)

Acorus calamus Linn.
(Araceae) (WD) (69659)

©)

Local name

Zanghi

Mukupen

Part
Used?

Stem (F)

Leaves

(F)

Recorded uses,
preparation and
mode of
administration by
Chungtia villagers

Stem is crushed
into river or creek
water to poison fish

Leaf decoction is
used in bath for the
treatment of
influenza

Agreement
of literature
with
customary
use(s)

Leaves: to
poison fish
Neuwinger
(2004)

Roots,
leaves:
fevers

(Rajput et al.

2014)

Literature with
reference to
different
customary
use(s)

Roots, leaves:
gynaecological
diseases, skin
diseases (Zheng
and Xing 2009)

WR

Rhizomes:
Stomach ache,
epilepsy,
toothache, killing
head lice, insect
repellant (Pfoze et
al. 2012)

Biological activity

Leaves: anti-
inflammatory; bark:
antioxidant (Dongmo et
al. 2007)
(Sowndhararajan et al.
2013)

WR

Roots, leaves:
antibacterial against S.

aureus, P. aeruginosa, E.

coli, B. subtilis, B.
cereus, S. dysenteriae, S.
flexneri, V. cholerag, S.
paratyphi, S. pyogenes,
K. pneumoniae,
antifungal against C.
albicans; roots: antiviral
against HSV-1, HSV-2,
anticonvulsant,
anticancer (Rajput et al.
2014)

Literature
with
reference
to bioactive
chemical
constituent

WR®

(Daduang et
al. 2011,
Sowndharar
ajan et al.
2013)

WR

(Rajput et
al. 2014)

2Plants parts used. F — fresh, D — dry, B — both. °N | — Number of informants. ‘WR — Widely referenced.
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Adenia trilobata Engl.
(Passifloraceae) (WD)
(69536) (E)

Tenik tepang

Adhatoda vasica Nees.
(Acanthaceae) (CD)
(69665) (N)

Sungjem wa

Albizia chinensis (Osb) Mokokwa
Merr. (Mimosaceae) (WD)

(69660) (N)

Albizia lebbeck Linn.
Benth. (Mimosaceae)
(WD) (69677) (N)

Moang

Leaves

(F)

Leaves

(F)

Leaves &
stem (F)

Stem (B)

Leaf poultice is
bandaged onto the
knee to relieve pain

Leaf extract is
applied externally
for treatment of
fever, cold and
body ache. Leaves
are also used to
ward off evil spirits

Leaves or stem bark
are crushed into
river or creek water
to poison fish.
Leaves are putina
sack with unripe
bananas to assist
the ripening process

Sack filled with
stem bark is
crushed with a
stone in river for
poisoning (killing)
fish. For tempering
anok (machete), the
anok is wrapped
with sun dried stem
bark & burned until
red hot. It is then

3

6

9

None found

WR

Flowers,
fruits: fever,
cold (Roy et
al. 2013)

Leaves: To
poison fish
(Leaman et
al. 1995)

None found

None found

WR

Roots: bronchitis,
asthma, bilious
vomiting, sore
eyes (Lone et al.
2013)

WR

Bark: gastric ulcer
& chronic
gastritis,
inflammation
(Perumal et al.
2010, Yu et al.
2013)

WR

Leaves:
conjunctivitis,
ulcer, cold,
cough; bark:
diabetes; whole
plant: bites &
stings from
Venomous
animals (Zia-Ul-

None found

WR

Leaves, roots:
antibacterial against S.
aureus, B. subtilis, P.
aeruginosa, S.
typhimurium, antipyretic;
leaves, roots: antiviral
against HIV-1, HIV-2,
H1N1; leaves, flowers:
anticholinesterase,
abortifacient (Lone et al.
2013, Roy et al. 2013)

WR

Bark, leaves: anti-
inflammatory; leaves:
antioxidant (Kumari et
al. 2011, Kokila et al.
2013)

WR

Bark: anti-diabetic,
antioxidant, anti-
inflammatory (Ahmed et
al. 2014, Bajpai et al.
2014)

None found

WR

(Lone et al.
2013, Roy
et al. 2013)

WR

(Kumari et
al. 2011,
Kokila et
al. 2013)

WR

(Ahmed et
al. 2014,
Bajpai et al.
2014)
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Albizia lucidior (Skud)
Hara (Mimosaceae) (WD)
(69595) (N)

Allium chinense G. Don
(Liliaceae) (CD) (69679)

(N)

Allium hookeri Thw.
(Liliaceae) (CD) (69628)

(N)

Allium sativum Linn.
(Liliaceae) (CD) (69602)

(©)

Sunemtong

Alolasung

Repchalasung

Lasung

Roots (F)

Bulbs (F)

Leaves

(F)

Bulbs (B)

immersed in water
for 1 second. This
resultsin a
hardening of the
metal

Root infusion is 3
applied topically to
abscesses & boils

During fever, the 10
bulbs, roasted in
mustard oil, are
rubbed on the body.
Fresh bulbs are
eaten raw for
treating high blood
pressure. Bulb paste
is applied topically
to treat spider &
snake bites & skin
diseases

Leaves are eaten 10
raw for vermifuge

During high blood 10
pressure, bulbs are

kept in the mouth
without chewing for

half an hour each

day. Bulb paste is

None found

Bulbs:
cholesterol
levels,
circulatory
system, heart
asthma, skin
diseases
(Bah et al.
2012)

None found

Bulbs:
cardiac
diseases
(Jouad et al.
2001)

Hagi et al. 2013,
Ahmed et al.
2014, Meena et
al. 2014)

None found

WR

Bulbs: bronchitis,
pleurisy, angina
pectoris, chest
pain, diarrhoea
(Bah et al. 2012)

Leaves &
rhizomes: skin
diseases,
veterinary, bone
fracture, also used
in rituals to
protect against
evil spirits
(Namsa et al.
2011)

WR

Leaves &
rhizomes: bone
fracture; bulbs;
tuberculosis

Bark: anticancer (Cai et
al. 2002)

WR

Bulbs: cytotoxic,
antioxidant,
antimicrobial against P.
aeruginosa, S. aureus,
cardioprotective (Bah et
al. 2012, Lanzotti et al.
2014)

None found

WR

Bulbs, leaves: cancer;
bulbs:
hypercholesterolemia,
hypertension, peripheral,

None found

WR

(Bah et al.
2012)

None found

WR

(Bhandari
et al. 2014,
Gulfraz et
al. 2014)
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Alstonia scholaris (Linn.)

R. Br. (Apocynaceae)
(CD) (69541) (N)

Amaranthus gangeticus
Linn. (Amaranthaceae)
(CD) (69699) (N)

Aquillaria agallocha
Roset. (Thymelaeaceae)
(CD) (WD) (69604) (N)

Loomi

Tsumarlua

Sungza

Leaves,
roots &
stem (B)

Leaves

(F)

Roots &
stem (F)

applied externally
for spider & snake
bites

Decoction of stem,
leaves & roots is

taken orally to treat
gastritis, jaundice &
also drunk as a liver

tonic

Boiled leaves are

consumed to treat
indigestion & also
taken as a laxative

Either an infusion
or decoction of the
roots or stem is

4

10

Stem:

gastrointesti

nal
disorders,
diarrhoea

(Dey and De

2012)

None found

Roots:
dysentery

(Namsa et al.
2011) (Bunalema
et al. 2014)

WR

Bark: fever,
dysentery,
astringent,
anthelmintic,
antiperiodic,
dysentery,
malarial fever
(Meena et al.
2011, Khyade et
al. 2014)

WR

Whole plant:
nutrient,
antioxidant
(Njume et al.
2014)

WR

Whole plant; liver

complaints

arterial disease,
antibacterial against S.
aureus, E. coli, P.
aeruginosa, S.
epidermidis, K.
pneumoniae, antioxidant
(Pittler and Ernst 2007,
Gulfraz et al. 2014);
adverse effects: (Borrelli
et al. 2007)

WR

Bark: antimalarial; bark,
leaves, stem bark:
antibacterial against S.
aureus, E. coli, P.

aeruginosa, B. subtilis, S.

typhi, S. dysentery;
leaves: anti-
inflammatory; aerial
parts: antidiarrhoeal
(Arulmozhi et al. 2007,
Mukherjee et al. 2012,
Khyade et al. 2014)

WR

Whole plant: anticancer;
leaves: menorrhagia,
anti-diarrhoea,
haemorrhages from the
bowels, antipyretic,
expectorant (Tripathi et
al. 1996, Escobedo-
Lépez et al. 2014)

WR

Leaves, bark:
antibacterial against E.

WR

(Mukherjee
etal. 2012,
Khyade et
al. 2014,
Zhu et al.
2014)

(Sani et al.
2004)

WR

(Dash et al.
2008,
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Artemisia vulgaris Linn.
(Asteraceae) (WD)
(69505) (C)

Chinangchibaza

Artocarpus chaplasha Unem
Roxb. (Moraceae) (WD)

(69688) (N)

Artocarpus heterophyllus
Lamk. (Moraceae) (CD)
(69596) (N)

Polong

Asclepias curassavica
Linn. (Asclepiadaceae)
(CD) (69617) (1)

Noklangchang

taken orally thrice a
day to treat
dysentery &
malaria

Roots infusion is
taken orally to treat
dysentery

Roots (F)

Ripe fruits  Eaten either raw or

(B) as an infusion taken
orally twice a day
for liver, kidney &

gall bladder
problems

Sap Sap is applied
topically to treat
skin disease

Fruits (F)  Leaf paste is

& leaves applied topically for

(D) cuts & wounds

10

(Talukdar
2014)

None found

None found

WR

Leaves:
wounds;
latex: boils
(Sharma et
al. 2001,
Partha 2014)

Leaves:
warts,
wounds,
healing
process

(Shamsi-
Baghbanan et al.
2014)

WR

Leaves: cough &
common cold
(Partha 2014)

Stem bark:
diarrhoea (Sharma
et al. 2001)

WR

Roots: diarrhoea,
fever; leaves:
ulcers, wound
healing; leaves,
stem bark:
anaemia, asthma,
dermatitis,
diarrhoea, cough
(Jagtap and Bapat
2010)

WR

Leaves: menstrual
problems, piles,
gonorrhoea,

coli, B. subtilis, (Dash et
al. 2008)

WR

Leaves: antibacterial
against S. aureus, E. coli,
P. aeruginosa, B. cereus;
aerial parts: anti-
inflammatory, analgesic
(Ashok and Upadhyaya
2013, Ahmadizadeh et
al. 2014)

Seeds: antioxidant,
cytotoxic (Ahmed et al.
2013)

WR

Fruits: cytotoxic; seeds:
antibacterial against S.
aureus, E. coli, P.
aeruginosa, B. subtilis;
leaves: wound healing
(Baliga et al. 2011, Nair
et al. 2013, Zheng et al.
2014)

WR

Aerial parts: anti-
inflammatory; whole
plant: antibacterial

Talukdar
2014)

WR

(Melguizo-
Melguizo et
al. 2014)

None found

WR

(Baliga et
al. 2011,
Madruga et
al. 2014)

WR

(Sundararaj
an and

30



Averrhoa carambola L.

(Averrhoaceae) (CD)
(69692) (N)

Bambusa tulda Roxb.
(Bambusoideae) (WD)
(CD) (69605) (N)

Basella alba Linn.
(Basellaceae) (WD)
(69633) (C)

Jarkona

Longme

Latsungen

Fruits (F)
& leaves

(D)

Ash,
leaves (B)
& roots

(F)

Leaves

(F)

Either fresh fruit or
dried leaves or
dried fruits made
into a powder are
consumed during
high blood
pressure, bladder &
intestinal problems

Ash is used as dye,
leaf decoction is
used in bath during
common cold &
fresh roots juice is
taken orally as
vermifuge

Leaves eaten either
raw or boiled to
treat gastritis & as a
laxative

8

6

3

(Sundararaja
n and
Koduru
2014)

Fruits:
diuretic in
kidney,
bladder
complaints
(Kumar
2014)

None found

Whole plant:
demulcent,
diuretic,
laxative
(Rahman et
al. 2013)

roundworm
infection,
abdominal
tumours (Baskar
etal. 2012,
Ghildiyal et al.
2014)

WR

Fruits, leaves:
vomiting,
headache, chicken
pox, ringworm
(Kumar 2014)

Shoots: tetanus
(Sharma and
Borthakur 2008,
Singh et al. 2010)

WR

Leaves:
dysentery,
diarrhoea,
anaemia, cancer
(Adhikari et al.
2012)

against S. aureus, E. coli,
P. aeruginosa, B.
subtilis, antiviral against
adeno virus, coxsackie
B2, herpes type-1,
measles, poliovirus-1;
latex: antifungal against
C. albicans;
(Sundararajan and
Koduru 2014)

WR

Fruits: antioxidant,
cardioprotective; roots:
antidiabetic; bark:
antibacterial against S.
typhi, P. aeruginosa, E.
coli, antioxidant,
cytotoxic (Scholz et al.
2010, Das et al. 2013,
Pantaledn-Velasco et al.
2014, Xu et al. 2014)

None found

WR

Leaves: antibacterial
against S. typhimurium,
antioxidant, anti-
inflammatory, anticancer
(Adhikari et al. 2012)

Koduru
2014)

WR

(Scholz et
al. 2010,
Zainudin et
al. 2014)

(Nirmala et
al. 2014)

WR

(Adhikari et
al. 2012)
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Bauhinia variegata Linn.
(Caesalpiniaceae) (CD)
(69599) (N)

Owepanghef

Begonia picta Smith Tesenlawa
(Begoniaceae) (WD)

(69642) (E)

Brassica oleracea Linn. Pandacobi
(Brassicaceae) (CD)

(69510) (1)

Leaves

(F)

Leaves

(F)

Foliage

(F)

Boiled immature 1
leaves are

consumed during
gastrointestinal
problems

Leaves are used to 2
cleanse hands by
crushing between
palms. Leaves are

also used in

cooking for their

sour taste

The fresh juice of 1
the foliage is

consumed to treat
jaundice

WR

Bark:
dysentery,
diarrhoea,
stomach
disorders,
ulcers (Lim
2014)

Whole plant:

cuts &
wounds
(Sapkota
2014)

None found

WR

Bark:
anthelmintic, skin
diseases (Lim
2014)

WR

Whole plant:
headaches; roots:
conjunctivitis;
(Singh and Hamal
2013, Sapkota
2014)

WR

Whole plant:
laxative,
constipation,
dyspepsia,
hypertension, heat
burn (Ahmed et
al. 2014)

WR

Leaves: antiulcer,
antidiabetic, antibacterial
against S. aureus, E. coli,
P. aeruginosa, B.
subtilis, K. pneumoniae,
V. cholerae, S.
typhimurium, S.
dysenteriae; stem bark:
antimicrobial against S.
aureus, E. coli, P.
aeruginosa, C. albicans,
A. niger, anthelmintic,
hepatoprotective; seeds:
antiviral (Mali et al.
2007, Lim 2014)

None found

WR

Whole plant: anticancer
(Chaudhary et al. 2014)

WR

(Jash et al.
2014, Lim
2014)

None found

(Stoewsand
1995)
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Cajanus cajan (Linn.)
(Fabaceae) (CD) (69672)
(N)

Calotropis gigantea Linn.

(Asclepiadaceae) (WD)
(69691) (N)

Cannabis sativa L.
(Cannabaceae) (CD)
(69608) (N)

Mahajang

Kutjak moli

Ganja

Leaves

(F)

Leaves

(F)

Leaves

(F)

Leaf decoction is
consumed to
provide relief from
fever

Leaf poultice is
used topically to
treat bone
dislocation, body
pain, sprain &
burns

Leaf decoction is
taken orally for
stomach ache

10

Leaves:
yellow fever
(Nwodo et
al. 2011)

Stem: latex
applied on
sprain
(Uprety et
al. 2011)

Leaves,
twigs:
indigestion
& stomach
acidity
(Ghosh and
Das 2011)

WR

Roots: cancer;
leaves: analgesic,
constipation,
gingivitis (Pal et
al. 2011, Amri
2014)

WR

Latex: dog bite
(Elkington et al.
2014)

WR

Leaves, seeds:
analgesic (Adnan
et al. 2014)

WR

Roots: anticancer; aerial
parts: antimicrobial
against S. aureus, B.
subtilis, S. epidermidis,
anthelmintic; leaves:
antioxidant; leaves, stem,
roots: antiviral against
measles (Nwodo et al.
2011, Pal et al. 2011)

WR

Leaves: antioxidant,
antibacterial against S.
aureus, E. coli, P.
aeruginosa, S. flexneri,
S. dysenteriae, S. sonnei,
B. cereus, B. subtilis,
antifungal against C.
albicans, insecticidal,;
flowers: analgesic
activity; root bark:
wound healing (Pathak
and Argal 2007,
Deshmukh et al. 2009,
Kuldeep et al. 2014,
Parvin et al. 2014)

WR

Flowers, leaves:
anticancer,
antidepressant; leaves:
antibacterial against S.
aureus, E. coli, P.
aeruginosa, E. faecalis,
S. typhimurium (de
Mello et al. 2014,

WR

(Pal et al.
2011)

WR

(Dhalendra
et al. 2014)

WR

(Kusari et
al. 2014)
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Capsicum annum Linn. Metsu
(Solanaceae) (CD)

(69658) (1)

Carica papaya Linn. Kumita

(Caricaceae) (CD) (69626)
U]

Cassia floribunda Cav.
(Caesalpiniaceae) (WD)
(69535) (1)

Napongchami

Fruits (F)

Fruits &
sap (F)

Leaves

(F)

Fruits are eaten 2 Fruits:
during loss of appetiser
appetite, indigestion (Bhatia et al.
& to purify blood 2014)
Decoction of unripe 6 Fruits:

fruit is consumed as stomach
liver tonic & to complaints
treat gastritis. (Vijand
Boiled unripe fruit Prashar

is consumed as a 2014)
laxative. The sap is

used as preservative

for citrus juices &

extracts of other

herbs

Warmed leavesare 8  None found

made into a paste &
applied externally
for fungal infection,
eczema, contact

WR

Fruits: antiseptic,
carminative (lwu
2014)

WR

Fruits: diuretic,
diarrhoea,
dysentery,
antibacterial,
abortifacent (Vij
and Prashar 2014)

Young pods are
cooked as
vegetable
(Chandra et al.
2013)

Naveed et al. 2014,
Romano et al. 2014)

WR

Fruits: antimicrobial
against S. aureus, E. coli,
P. aeruginosa, P.
mirabilis, V. cholerae, C.
albicans, antiviral
against HSV-1,
analgesic,
cardioprotective,
antidiabetic, anti-
inflammatory, anti-
diarrhoeal (Khan et al.
2014)

WR

Fruits: antioxidant,
wound healing; leaves:
antibacterial against S.
aureus, E. coli, P.
aeruginosa, K.
pneumonia, P. mirabilis,
anti-inflammatory,
anticancer; latex:
antifungal against C.
albicans; bark:
antifertility; roots:
diuretic; seeds:
anthelmintic (Vij and
Prashar 2014)

WR

Seeds: antioxidant,
antidiabetic, antibacterial
against E. coli, S.
pyogenes, S. typhi, S.

WR

(Materska
2014)

WR

(Eke et al.
2014,
Nguyen et
al. 2014)

WR

(Vadivel et
al. 2011)
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Catharanthus roseus Supienaro
(Linn.) G. Don

(Apocynaceae) (CD)

(69517) (1)

Celosia cristata L. Alonaro

(Amaranthaceae) (WD)
(69520) (N)

Centella asiatica L.
(Apiaceae) (WD) (69598)

(N)

Longtsukolok

Leaves

(F)

Flowers &

leaves (F)

Whole
plant (F)

dermatitis, allergic
reaction, prickly
heat & burns.
Caution - only for
external use

Leaf decoction is
taken orally for
gastroenteritis
problems & as a
laxative

Decoction of
flowers is taken
orally for urinary

tract infection. Leaf

paste is applied

topically for cuts &

wounds

Plant is boiled &
consumed for
gastrointestinal
problems

None found

Whole plant:

urinary tract
infections;
leaves:
sores,
wounds
(Surse
Sunita and
City 2014)

Leaves:
Stomach
pain,
amoebic
dysentery
(Dey and De
2012)

WR

Whole plant:
dengue fever,
diabetes, cancer,
diarrhoea (Islam
et al. 2014)

WR

Whole plant:
kidney stone;
leaves: dysentery,
menstrual
bleeding,
inflammation &
worms (Desale et
al. 2013, Surse
Sunita and City
2014)

WR

Whole plant:
burns
(Bahramsoltani et
al. 2014)

paratyphi (Vadivel et al.
2011, Singh et al. 2013)

WR

Whole plant: anticancer
(Inoue and Craker 2014)

WR

Leaves: antiviral,
antioxidant,
anthelmintic; flowers:
antimicrobial against S.
aureus, E. coli, P.
aeruginosa, B. subtilis, S.
typhimurium, C. albicans
(Yun et al. 2008, Surse
Sunita and City 2014)

WR

Whole plant:
antibacterial against S.
aureus, E. coli, P.
aeruginosa, B. subtilis, S.
sonnei, wound healing,
anti-inflammatory,
antioxidant,
antinociceptive, collagen
stimulant; leaves:
antidepressant,
antiepileptic, antiulcer,
antiviral against HSV-1,

WR

(Rai et al.
2014)

WR

(Surse
Sunita and
City 2014)

WR

(Gohil et al.
2010)
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Chrysanthemum indicum
L. (Asteraceae) (CD)
(69529) (1)

Cissampelos pareira Linn.

(Menispermaceae) (WD)
(69675) (1)

Cissus repens Lam.
(Vitaceae) (WD) (69537)

(N)

Asurongmang

Likhazung

Zerebliwa

Leaves

(F)

Roots (B)

Leaves

(B)

Leaf paste is
applied topically to
treat lip scab
(angular cheilitis) &
scabies

Roots are eaten raw
or infusion is taken
orally for high
blood pressure,
malaria, dysentery,
piles,
gastrointestinal
problems &
diabetes. Powdered
dried roots are used
for long term
storage

Leaf decoction is
taken orally for
high blood
pressure, urinary,
spleen & kidney
problems

2

Flowers:
boils,
itchiness of
skin (Lim
2014)

Roots: fever,
heart
diseases &
leprosy,
diarrhoea,
gastrointesti
nal disorders
(Rudrapal et
al. 2012,
Semwal et
al. 2014)

None found

WR

Flowers, leaves,
stem: cough,
hepatitis, nerve
tonic, rheumatism
(Ahmed et al.
2014)

WR

Roots: diuretic,
febrifuge, for
heart trouble,
dysentery, sores,
snakebite &
jaundice (Semwal
et al. 2014)

WR

Stem, leaves:
jaundice, muscle
pain; muscle
cramp; muscle
fatigue; joint pain
(de Boer et al.

HSV-2 (Jagtap et al.
2009, Gohil et al. 2010)

WR

Leaves: antiplasmodial,
hepatoprotective,
antifungal against C.
albicans; flowers:
analgesic, antibacterial
against S. aureus, E. coli,
P. aeruginosa, S.
pyogenes, S. mutans,
anti-inflammatory (Wang
et al. 2009, Lim 2014)

WR

Leaves: antidiabetic;
roots: antimalarial: active
against P. falciparum,
antibacterial against S.
aureus, E. coli, S.
typhimurium, K.
pneumoniae, antiulcer,
cardiovascular activity
(Basumata et al. 2012,
Singh et al. 2013, Ngoci
et al. 2014, Semwal et al.
2014)

WR

The whole plant:
analgesic, anti-
inflammatory; roots:
antiulcer,
cardioprotective
(Umbare et al. 2011,
Chang et al. 2012,

WR
(Lim 2014)

WR

(Patel et al.
2014,
Semwal et
al. 2014)

WR

(Fernandes
and Banu
2012)
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Citrus microcarpa Bunge
(Rutaceae) (CD) (69618)
©

Nimbutinga

Clerodendron Oremwa
colebrookianum D. Don
(Verbenaceae) (WD) (CD)

(69531) (N)

Coix lacryma-jobi Linn. Jemur

(Poaceae) (WD) (69662)
(N)

Fruits (F)

Leaves

(F)

Fruits &
leaves (F)

Fresh fruit juice is
taken judiciously
for stomach ache &
gas formation
(purgative)

Boiled leaves are
consumed to treat
high blood pressure
& also eaten as a
delicacy. Caution -
ingestion of drupe
may induce body
swelling &
vomiting

Fruits & leaves are
cooked &
consumed as
vitamin source

10 None found

10 WR

Leaves: high
blood
pressure
(Nath and
Bordoloi
1991, Kalita
et al. 2012,
Pfoze et al.
2012)

7  Seeds:
consumed
for their
nutrients
(Bhandari et
al. 2012)

2012, Sarker et al.
2012)

WR

Infusion of leaves
is given during
headache &
hypertension
(Olowa et al.
2012)

WR

Leaves: liver pain
& viral fever,
gastric disorders,
dysentery,
diarrhoea,
abdominal pain,
diabetes (Kalita et
al. 2012, Singh et
al. 2013)

WR

Leaves: urinary
complaints,
stomach
problems, fever,
small pox, as
tonic; roots:
menstrual
disorders; seeds:
dysentery,
diuretic & as diet
drink (Katewa et

Fernandes and Banu
2012)

WR

Fruits: antibacterial
against Streptococcus
spp, E. coli, V. cholerae,
Salmonella spp, E. tarda,
gastroprotective,
antiulcer (Sharma 2011,
Lim 2012)

WR

Leaves: hypertension,
diabetes (Nath and
Bordoloi 1991, Kotoky
et al. 2005, Kalita et al.
2012)

WR

Leaves: anti-trichomonas
(Brandelli et al. 2013)

WR

(Dharmawa
netal.
2008,
Ghafar et
al. 2010,
Cheong et
al. 2012,
Cheong et
al. 2012,
Lim 2012)

WR

(Majaw and
Moirangthe
m 20009,
Kalita et al.
2012)

WR

(Bhandari
et al. 2012)
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Costus speciosus (Koenig ~ Aokmejang
ex Retz) JE Smith

(Costaceae) (WD) (69496)

(N)

Crataeva nurvala Buch- Kongkawa

Ham. (Capparaceae) (WD)
(69690) (N)

Croton caudatus Gieseler Khemetsu koila
(Euphorbiaceae) (WD)

(69664) (N)

Stem (F)

Leaves

(F)

Leaves &
roots (F)

Inner stem is 10
chewed for tooth

ache & as

vermifuge

Warmed leaves are 8
applied externally

to relieve pain &

body swelling.

Boiled leaves are
consumed as liver

tonic

Fresh leaves or 1
roots are chopped

into fine pieces &
soaked in water
overnight & the

extract is drunk

twice a day for

cancer, sinusitis &

Tubers:
applied to
decayed
tooth to
relieve pain
(Renuga and
Bai 2013)

WR

Bark: liver
problems,
indigestion,
flatulence
(Sharma et
al. 2012)

Leaf juice:
stomach
tonic,
anticancer
(Medhi and
Borthakur
2012)

al. 2001, Sangtam
et al. 2012)

WR

Leaves: fever,
skin diseases,
abortion,
diarrhoea,
jaundice, arthritis;
roots: pneumonia,
rheumatism,
dropsy, urinary
diseases, jaundice
(Pawar and Pawar
2014)

WR

Bark: urinary
disorders, kidney
& bladder stones;
leaves: joint
disorders
(Bhattacharjee
and Shashidhara
2012)

WR

Roots & leaves:
for the treatment
of arthritis & to
stop paralysis
(Yusuf et al.
2007)

WR

Aerial parts: anti-
inflammatory, analgesic,
antipyretic, antibacterial
against S. aureus; roots:
antidiabetic, diuretic,
estrogenic (Saraf 2010,
Srivastava et al. 2013,
Pawar and Pawar 2014)

WR

Whole plant:
hepatoprotective; stem
bark: urinary tract
infections, antibacterial
against B. cereus, E. coli,
anti-inflammatory,
antidiabetic, antifertility
(Bopana and Saxena
2008, Bhattacharjee and
Shashidhara 2012,
Prasobh 2014)

WR

Leaves: antioxidant,
anticancer (Nath et al.
2013)

WR

(Pawar and
Pawar
2014)

WR

(Kalidhar
2006,
Bhattacharj
ee and
Shashidhara
2012)

WR

(Zou et al.
2010,
Lokendrajit
et al. 2012)
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Cucurbita pepo L. Moyamatsu Fruits & Leaves & fruitsare 10 None found WR WR WR
(Cucurbitaceze) (CD) leaves (F)  cooked & Seeds: diuretic, Fruits: antioxidant, (Emmanuel
(69682) (1) consumed as . - .
vitamin source urinary system cytoprotective (Song et and Ganiyu
problems, prostate al. 2013) 2013)
problems (Khan
et al. 2013)
Curculigo capitulata Kurivu Rhizomes  Outer skin of 9 Nonefound  Leaves: cuts & Roots: cardioprotective (Chang et
(Lour.) Kuntze (F) rhizomes is peeled wounds (Shil et (Chang et al. 1997) al. 1997)
(Hypoxidaceae) (WD) off & soaked in al. 2014)
(69527) (N) water until it turns
slimy & then
consumed for
gastritis & squeezed
into eyes for
treating eye
infection (dirt,
conjunctivitis)
Curanga amara Juss. Syn:  Longri Leaves Fresh leaves are 10 None found  None found Leaves: antioxidant None found
Picria fel-terrae (F) chewed or infusion (Choi and Hwang 2005)
(Scrophulariaceae) (WD) taken orally to treat
(CD) (69538) (N) dysentery, high
blood pressure,
food poisoning,
gastroenteritis &
loss of appetite.
Caution - extremely
bitter
Cyclea peltata Diels. Tsungrempangmoli  Leaves Leaf decoction is 6  Roots: skin WR WR WR
(Menispermaceae) (WD) (B) applied topically to disorders . . ] .
(69650) (N) abscesses & boils. (Begum and Roots: gastric Wh_ole pla_nt. . (Shine et al.
Leaves also added Nath 2000) ulcer & aII_|ed antibacterial agalnst_S. 2014)
to bath to ward off _stoma_ch ailments, aureus, S: haemiolytlcus,
evil spirits Jgundl_ce & B. cereus; roo.ts.
digestive hepatoprotective

gastrointestinal
problems

39



Datura stramonium Linn.
(Solanaceae) (WD)
(69528) (C)

Debregeasia longifolia
(Burm. f.) Wedd.
(Urticaceae) (WD)
(69504) (N)

Dendrocnide sinuata (BI.)
(Urticaceae) (WD)
(69508) (N)

Kohima sangjem

Natsulawa

Zaklojawa

Leaves

(F)

Leaves

(F)

Stem (F)

Warmed leavesare 5
applied externally
to relieve back pain

Leaf decoction is 3
taken orally to treat
diabetes, fever &

high blood

pressure. Boiled

leaves are eaten as a
delicacy

Outer fresh stemis 10
scraped off & the
mucilage secreted is
applied on fresh

cuts & wounds
(haemostatic).

Caution - produces

Leaves:
relieving
pain (Das et
al. 2012)

Leaves:
diabetes
(Pfoze et al.
2012)

Roots:
injury,
itching skin
(Srivastava
2010)

disorders; leaves:
antihypertensive
& cardiac
depressant
activities
(Abraham and
Thomas 2012,
Shine et al. 2014)

WR

Seeds: purgative,
cough, fever,
asthma; leaves:
wounds, pain
(Sayyed and Shah
2014)

Bark: bone
fracture (Dangwal
et al. 2010)

Whole plant:
elephantiasis
(Rahman et al.
2013)

(Abraham and Thomas
2012, Bhat et al. 2014,
Shine et al. 2014)

WR

Leaves: anti-asthma
antiulcer, wounds
healing, anti-
inflammatory, anti-
rheumatic, antimicrobial
against S. aureus, E. coli,
P. aeruginosa, P.
vulgaris, A. niger,
cytotoxic; seeds:
analgesic effect on both
acute & chronic pain
(Das et al. 2012, Sayyed
and Shah 2014)

Leaves: antibacterial
against S. aureus
(Mariani et al. 2014)

Leaves: antimicrobial
against E. coli, P.
aeruginosa, E.
aerogenes, antioxidant
(Tanti et al. 2011)

WR

(Sayyed
and Shah
2014)

(Jian et al.
2010, Zhao
et al. 2013)

None found
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Diospyros lanceifolia
Roxb. (Ebenaceae) (WD)
(69544)

Dolichos lablab L.
(Fabaceae) (CD) (69523)

(N)

Drymaria cordata (Linn.)
Willd. (Caryophyllaceae)
(WD) (69530) (C)

Urcha

Napakauv

Pipivula

Fruits &
roots (F)

Leaves &
pods (B)

Whole
plant (F)

extremely painful
sting

Fruits or roots are 10
crushed in stream to
poison fish

Cooked pods are 8
consumed to treat
diarrhoea, nausea,
vomiting & poor
appetite. For insect
& poisonous spider
bites & bee stings,
leaf paste is applied
topically. Caution -
fatal when
consumed after a
dog bite

Plants warmed in 6
fire are crushed into
a paste & applied
topically to treat
fungal infection
(ringworm), contact
dermatitis & lip
scab (angular
cheilitis). For
sinusitis, leaf paste
is inserted into the
nostril. To
deodorise armpits,
plant is wrapped in
banana leaves &
toasted for 5-10
minutes & then

Seeds: to
poison fish
(Wiart 2006)

None found

Leaves:
sinusitis
(Pfoze et al.
2012)

Fruits: to poison
fish; seeds: skin
diseases
(Mallavadhani et
al. 1998)

WR

Whole plant:
boils, pimples
(Juyal and
Ghildiyal 2013)

Leaves: fever
(Kalyan and
Pallwabee 2014)

None found

Seeds: antibacterial
against S. aureus, E. coli,
P. aeruginosa; whole
plant: antidiabetic (Jain
2014, Singhal et al.
2014)

WR

Whole plant: anti-
inflammatory,
antinociceptive,
antipyretic; aerial parts,
leaves: antibacterial
against S. aureus, E. coli,
P. aeruginosa, B. subtilis
(Kalyan and Pallwabee
2014, Nono et al. 2014)

None found

None found

WR

(Nono et al.
2014)
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Dryopteris filix-mas (L.) Nachav
syn Cyclosorus parasiticus
Schott (Dryopteridaceae)

(WD) (69507) (C)

Duabanga grandiflora Kisati
(Roxb. ex DC.) Walp.
(Sonneratiaceae) (CD)

(WD) (69686) (N)

Elsholtzia blanda Benth.
(Lamiaceae) (WD)
(69524) (N)

Changjang

Whole
plant (F)

Stem bark
F)

Leaves

(B)

applied to armpits.
For ear pain &
infection (otitis
media), leaves,
mustard oil &
spider exuvia are
pounded, filtered &

a few drops

instilled into the ear

Whole plant is 3 WR

crushed into the Leaves:

stream to poison ’

fish. Infusion is 9;’“‘ i

sprayed as pesticide rneumatism,

& insecticide. microscopic

Leaves are laid |r;]s_e(l:<ts n

down in chicken CS.'C Enst |

coop for killing (ZOT??) etal.

chicken ticks/bugs.

Leaf paste is used

to treat skin

irritation & snake &

insect bites

Fresh bark is 3  Bark: skin

scraped off & diseases,

applied topically to eczema

treat skin diseases, (Shankar

cuts & wounds and Devalla
2012)

Leaf paste is 4 Aerial parts:

applied to fresh cuts fever,

& decoction of cholera, skin

leaves is added to diseases &

bath during cold or inflammatio

fever. Leaf paste is n; leaves:

also inserted into used to treat

WR

Leaves: eye

disease (Zheng et

al. 2013)

Roots: juice to

cure upset

stomach (Biswas

et al. 2010)

WR

Flowers: piles
(Singh et al.
2014)

Leaves: antiproliferative
(Wei et al. 2013)

Leaves: decreasing skin
damage, skin whitening,
antibacterial against S.
aureus, E. coli
(Tsukiyama et al. 2010,
Othman et al. 2011)

WR

Leaves, roots:
antibacterial against S.
aureus, antiviral against
influenza virus,
antioxidant (Liu et al.

WR

(Wei et al.
2013,
Hunyadi et
al. 2014)

WR

(Auamchar
oen et al.
2009)

WR

(Luetal.
2000, Chen
et al. 2005)
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Entada pursaetha DC.
(Leguminosae) (WD)
(69616) (N)

Keling

Equisetum ramosissimum
Desf. Subsp. Debile
(Equisetaceae) (WD)
(69499) (C)

Avpenba

Eryngium foetidum Linn.
(Apiaceae) (WD) (69668)

M

Aong thonia

Erythrina stricta Roxb. Lochet

(Fabaceae) (WD) (69629)
(N)

Seeds (B)

Stem (F)

Leaves

(F)

Stem bark
(F)

the nostril to treat
sinusitis

Seeds extract is
used for head wash
to treat head lice &
dandruff

Stem decoction is
taken orally for
kidney problems

Leaves are
consumed either
raw or cooked for
indigestion

Bark paste is
applied topically to
treat contact
dermatitis, eczema
& skin infections

inflamed
glands (Rai
and
Lalramnghin
glova 2010)

10 None found

6 None found

3 Leaves,
fruits, roots:
indigestion
(Rahmatulla
h et al.
2009)

10 None found

WR

Seeds: to reduce
pain of inflamed
swellings (Sutha
et al. 2010)

WR

Aerial parts:
stomach ache
(Bulut and
Tuzlaci 2013)

WR

Leaves: abscesses
& hoils (Fongod
et al. 2014)

WR

Bark: treat
disruptions in
menstrual cycle
(Kumar and
Bharati 2014)

2007, Guo et al. 2012,
Ishwori et al. 2014)

WR

Stem: hepatoprotective,
antioxidant (Gupta et al.
2011)

WR

Whole plant: antipyretic,
anti-inflammatory
(Amoroso et al. 2014)

WR

Whole plant:
anthelmintic,
antibacterial against
Erwinia spp, S.
choleraesuis,
antimalarial; leaves: anti-
inflammatory (Paul et al.
2011)

WR

Stem: spasmolytic,
diuretic, anticonvulsant,
analgesic, antiviral,
antifungal against C.
albicans, A. niger; bark:
antibacterial against B.
cereus, B. subtilis, S.
aureus, S. lutea, E. coli,
P. aeruginosa, S. typhi,

(Tapondjou
et al. 2005)

WR

(Wang and
Jia 2004)

WR

(Paul et al.
2011,
Bhavana et
al. 2013,
Mohammad
hosseini et
al. 2013)

WR

(Rukachaisi
rikul et al.
2007)
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Eucalyptus globulus Eucalyptus
Labill. (Myrtaceae) (CD)

(69663) (1)

Eupatorium odoratum Zasen

Linn. (Asteraceae) (WD)
(69523) (1)

Euphorbia pulcherrima
Willd. ex Klotzsch
(Euphorbiaceae) (CD)
(69615) (1)

Muluchangnaro

Leaves

(B)

Leaves

(F)

Flowers &
leaves (F)

Steam from boiling
leaves is inhaled for

nasal decongestion

Leaf paste is

applied topically to

fresh cuts &
wounds

Death may result
when flowers or
leaves are fed

accidentally to pigs

3

10

2

WR

Leaves:
spasmodic,
decongestant
, asthma,
migraine,
congestive
headache
(Sivasankari
et al. 2014)

WR

Leaves: cuts
& wounds
(Hasan et al.
2013)

Aerial parts:
poisonous
for animals
(Cortinovis
and Caloni
2013)

WR

Leaves, flowers:
diabetes, high
blood pressure
(Amel 2013)

WR

Roots: stomach
pains, during
gastric ulcer;
leaves: cuts &
wounds, blisters
& skin irritation
(Singh et al.
2013)

Leaves: rheumatic

pain (Adsul et al.
2013)

S. paratyphi, S. boydii, S.
dysenteriae, V. mimicus,
V. parahaemolyticus
(Hussain et al. 2010, de
Araljo-Janior et al.
2012)

WR

Leaves: antibacterial
against P. aeruginosa
(Pereira et al. 2014)

WR

Leaves: antifungal
against C. albicans,
antibacterial against S.
aureus, E. coli, P.
aeruginosa, B. subtilis,
B. cereus, P. mirabilis
(Sharma et al. 2013,
Unnithan et al. 2014)

Flower, leaves, stem,
whole plant:
antimicrobial against S.
typhi, S. paratyphi, E.
coli, C. albicans, A.
niger; aerial parts: toxic
for animals ('Yakubu and
Mukhtar 2011, Caloni et
al. 2013); aerial parts:
anticonvulsant,

WR

(Pereira et
al. 2014)

WR

(Sharma et
al. 2013,
Unnithan et
al. 2014)

None found
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Euphorbia royleana Boiss.
(Euphorbiaceae) (CD)
(69684) (N)

Eurya acuminata DC.
(Theaceae) (WD) (69612)

(©)

Ficus elastica Roxb. ex
Hornem. (Moraceae) (CD)
(69619) (N)

Garcinia cowa Roxb.
(Guttiferae) (WD) (69631)

(N)

Takterak

Mesetwa

Ngisa

Songtula

Milky sap
(F)

Fruits &
leaves (F)

Roots &
sap (F)

Stem bark
& seeds

(D)

Milky sap is 3
applied topically to
treat skin diseases

& body pain

Leaf infusion is 4
taken orally to treat
dysentery/diarrhoea
. Leaf paste is
applied topically to
cuts & wounds.
Fresh fruits are
crushed & mixed
with water & drunk
3 to 4 times to treat
gas formation

Root juice orsapis 3
applied topically to
snake bite & cuts &
wounds

Decoction of dried 10
bark or seed covers

are taken orally to

treat

Latex: skin
diseases
(Yadav and
Bhandoria
2013)

Leaves:
stomach
disorders,
dysentery,
diarrhoea &
cholera, skin
diseases
(Adhikari et
al. 2007,
Joshi and
Joshi 2007)

Leaves: skin
infections &
skin
allergies
(Van Kiem
et al. 2012)

WR

Leaves:
dysentery &
diarrhoea

WR

Latex: cuts to stop
bleeding; leaves:
earache (Joshi et
al. 2011)

Leaves: cough
(Holdsworth and
Sakulas 1986)

Fruits: to stupefy
fish & make them
float (Srivastava
2010)

WR

Fruits: coughs,
cold (Kabir et al.
2014)

antinociceptive but not
toxic (Singh et al. 2012)

WR (Singh and
Singh 2012,
Rai et al.
2014)

Latex: antibacterial
against B. subtilis, E.
coli, anti-inflammatory
(Bani et al. 2000,
Sharma 2013)

Leaves, stem:
antibacterial against S.
aureus (Grosvenor et
al. 1995)

None found

WR (Almahyl et

Leaves: antioxidant, al. 2003)

anticancer, antibacterial
against P. aeruginosa, B.
cereus, K. pneumoniae,
P. mirabilis, E.
aerogenes (Almahyl et
al. 2003, Parekh and
Chanda 2007, Sirisha et
al. 2010, Kaur and Arora
2013)

WR WR

(Ritthiwigr
om et al.
2013,

Fruits, leaves, twigs:
antibacterial against S.
aureus, E. coli, P.
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Garcinia pedunculata
Roxb. Ex Buch.-Ham.

(Guttiferae) (WD) (69630)

(N)

Girardinia palmata
(Forsk.) Gaud.
(Urticaceae) (WD)
(69661) (N)

Glycine max (L.) Merr.
(Fabaceae) (CD) (69680)
M

Gmelina arborea Roxb.
(Verbenaceae) (WD)
(69518) (N)

Asong

Ongpangzakl

Alichami

Ekong

Stem bark
& seeds

(D)

Leaves

(F)

Seeds (B)

Drupe (F)

dysentery/diarrhoea
. Seeds are edible

Decoction of dried
bark or seed covers
are taken orally to
treat
dysentery/diarrhoea
. Seeds are edible

Leaf paste is

applied to dog bites.

Dogs stung with
this plant may die

Roasted seeds are
made into powder
& taken with tea to
treat dysentery

Mesocarp of the
drupe is applied
topically to treat
skin diseases

10

10

(Hazarika
and Nautiyal
2012)

Pericarp:
dysentery &
diarrhoea
(Rai and
Lalramnghin
glova 2010)

None found

None found

Roots: skin
problems
(Acharya et
al. 2012)

WR

Fruits: effective in
jaundice (Barukial
and Sarmah 2011)

Roots: to treat
allergy caused by
food (Rai and
Lalramnghinglova
2010)

WR

Seeds: common
cold (Negi and
Maikhuri 2013)

WR

Leaves, bark:
constipation,
indigestion

aeruginosa, B. subtilis,
B. cereus, S.
typhimurium, S.
epidermidis, antimalarial,
anti-inflammatory; fruits:
cytotoxic (Ritthiwigrom
et al. 2013, Auranwiwat
et al. 2014)

WR

Fruits: antioxidant
(Sharma et al. 2014)

None found

WR

Whole plant: antioxidant,
antibacterial against S.
aureus, E. coli, P.
aeruginosa, B. subtilis, S.
pyogenes, S. viridans, S.
faecalis, K. pneumonia,
P. vulgaris (Ponnusha et
al. 2011, Sharma 2011)

WR

Stem bark: antibacterial
against E. coli, S. typhi,
K. pneumoniae, P.

Auranwiwa
tetal.
2014)

WR

(Chowdhur
y 2014)

None found

WR

(Medic et
al. 2014)

WR

(Chothani
et al. 2011,
Kulkarni et
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Gonatanthus pumilus (D.
Don) Engler & Krause
(Araceae) (WD) (69498)

(N)

Gossypium herbaceum
Linn. (Malvaceae) (CD)
(69611) (1)

Gynocardia odorata R.
Br. (Flacourtiaceae) (WD)
(69501) (N)

Longtong

Khumpa

Lamen

Leaves &
stem (F)

Roots (F)

Leaves

(F)

Small quantity of
the leaves or stem is
mixed with food &
given as vermifuge
to pigs. Caution -
extremely
poisonous & death
may result if
ingested by
humans. Rhizomes
also causes extreme
itching when
contacted

Root decoction is
taken orally as
diuretic

Leaf paste is
applied to bee sting
& leaves are used to
protect from bee
sting during honey

8

2

6

None found

None found

None found

(Doley et al.
2014)

Roots, tubers:
burns & wounds
(Bhat et al. 2013)

WR

Seeds: cough,
asthma, skin
disease; roots: to
cause abortion
(Khaleequr et al.
2012)

Seeds: leprosy,
skin disorders
(Rai and

mirabilis, S. dysentriae,
leaves: anti-
inflammatory,
antinociceptive (El-
Mahmood et al. 2010,
Kulkarni et al. 2013,
Panda 2014)

Tubers: antiproliferative
(Dhuna et al. 2007)

WR

Whole plant:
antidiabetic; leaves:
diuretic; flowers:
antiulcer; seeds:
antifertility, antibacterial
against B. cereus, S.
typhimurium, S.
epidermidis, (Khaleequr
et al. 2012, Velmurugan
and Bhargava 2014)

Whole plant: cytotoxic
(Asif et al. 2014)

al. 2013,
Chothani
and Patel
2014)

(Dhuna et
al. 2007)

WR

(Khaleequr
et al. 2012)

(Asif et al.
2014)
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Gynura crepidioides
Benth. (Asteraceae) (WD)
(69506) (1)

Monglibaza

Hedyotis scandens Roxb. Termoli
(Rubiaceae) (WD) (69539)

(E)

Hodgsonia macrocarpa Assa
(Blume) Cogn.

(Cucurbitaceae) (WD)

(69667) (E)

harvest. Caution -
plant growing near
drinking water
source or channel
can contaminate the
drinking water & if
consumed results in
abnormal
enlargement of
neck

Leaf decoction is 4
taken orally to treat
diabetes

Leaf paste is 8
applied topically to
cuts & wounds &
infusion or
decoction is taken
orally to treat
urinary tract
infection, piles, &
gastrointestinal
problems & also
taken as a laxative.
Roots are chewed
& applied topically
to bee sting

Leaf paste is used 6
for massaging body
pain & roasted seed

None found

Leaves:
itches,
scabies &
eczema;
roots: gastric
problems
(Subba and
Basnet
2014)

None found

Lalramnghinglova
2010)

Leaves:
headache,
insomnia,
constipation, in
pregnancy for
easy delivery
(Singh et al.
2013)

WR

Roots: sprain;
whole plant:
peptic ulcer
(Subba and
Basnet 2014)

Fruits: skin
disease (Shankar
and Devalla 2012)

Leaves: antioxidant None found
(Zhang et al. 2012)

WR WR

Whole plant: (Ke-qun
antibacterial against S. 2013)
aureus, E. coli, P.

vulgaris, K. pneumoniae

(Subba and Basnet 2014)

Leaves: cytotoxic None found

(Rizwana et al. 2010)
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Holboellia latifolia Wall.
(Lardizabalaceae) (WD)
(69500) (E)

Houttuynia cordata
Thunb. (Saururaceae)
(CD) (69532) (N)

Ipomoea nil (Linn.) Roth.
Pharbitis nil
(Convolvulaceae) (CD)
(69678) (C)

Kalanchoe pinnata (Lam.)
Pers. (Crassulaceae) (CD)
(69515) (1)

Mezetsuk

Nokna

Makenchangnaro

Nokchamoli

Leaves

(F)

Whole
plant (F)

Flower &
leaves (F)

Leaves

(F)

is consumed as a
laxative

Foam from crushed
leaves is applied
topically to burns

Eaten raw to treat
dysentery/diarrhoea
, gas formation &
as vermifuge

Leaf & flower paste
is applied topically
to burns

Warmed leaf paste
is applied topically
to treat ringworms,
skin diseases &
burns

10

Leaves:
burns
(Begum and
Nath 2000)

Leaves:
dysentery
(Kumar et
al. 2014)

None found

WR

Leaves: skin
diseases,
eczema,
pruritus
(Bhat et al.
2014)

Roots:
rheumatism
(Lepcha and Das
2011)

WR

Leaves: cholera,
purification of
blood, skin
diseases (Kumar
et al. 2014)

Seeds:
abortifacient
(Bhatt et al. 2013)

WR

Leaves: blood
dysentery
(Anisuzzaman et
al. 2007)

None found

WR

Whole plant: anti-
inflammatory, antiviral
against SARS, influenza,
HSV-1, HSV-2, dengue
virus, antibacterial
against S. typhimurium,
antidiabetic, antioxidant;
leaves: antiobesity (Wei
2001, Kumar et al. 2014)

WR

Seeds: antimicrobial
against S. aureus, S.
pneumonia, E. coli, C.
freundii, K. pneumoniae,
C. albicans, A. niger,
antitumour (Hussain et
al. 2014, Lee et al. 2014)

WR

Roots: antibacterial
against S. aureus, E. coli,
P. aeruginosa; leaves:
antibacterial against B.
cereus, B. subtilis,
diuretic, hepatoprotective
(Wiart et al. 2004, Quazi
Majaz et al. 2011)

None found

WR

(Chen et al.
2014,
Kumar et
al. 2014)

WR

(Lee et al.
2014)

WR

(Milad et
al. 2014)
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Lagenaria siceraria
(Molina) Standl. (CD)
(Cucurbitaceae) (1)

Lantana camara Linn.
(Verbenaceae) (WD)
(69620) (1)

Lasia spinosa (L.)
Thwaites (Araceae) (WD)
(69655) (N)

Aakuf

Aiangketba naro

Turang

Leaves

(F)

Whole
plant (F)

Leaves &

stem (F)

Juice extract of 6
leaves is applied
topically to treat

skin diseases &
inflammation

Plant decoction is 1
taken orally to treat
jaundice, cold &

fever

Decoction of 10
stem/leaves is taken
orally as vermifuge.

Leaf paste is

applied topically to

treat skin diseases.
Young tender

leaves are edible

WR

Roots:
wounds;
fruits: skin
disorders
(Goji et al.
2006, Giday
et al. 2007)

WR

Leaves:
fevers, dry
cough,
jaundice
(Pfoze et al.
2012)

Leaves: cuts
& injuries
(Rao and
Jamir 1982)

WR

Fruits:
cardioprotective,
purgative,
diuretic; leaves:
jaundice; seeds:
diuretic,
anthelmintic
(Kubde et al.
2010)

WR

Leaves: cuts,
rheumatism,
ulcers, vermifuge
(Ghisalberti 2000)

WR

Leaves: bone
fracture (Uddin et
al. 2014)

WR

Fruits: cardioprotective,
analgesic & anti-
inflammatory; seeds:
anticancer; leaves:
antimicrobial against S.
aureus, E. coli, P.
aeruginosa, C. albicans,
A. niger (Badmanaban
2010, Kubde et al. 2010)

WR

Flowers, leaves:
antibacterial against E.
coli, P. aeruginosa, B.
subtilis, E. faecalis;
leaves: anti-
inflammatory (Kumar et
al. 2013, Pradeep et al.
2013, Arya et al. 2014)

WR

Whole plant: antioxidant;
leaves: antioxidant,
cytotoxic, antimicrobial
against B. cereus, B.
subtilis, S. aureus, S.
lutea, E. coli, P.
aeruginosa, S. typhi, S.
paratyphi, S. boydii, S.
dysenteriae, V. mimicus,
C. albicans, A. niger
(Goshwami et al. 2013,
Wong et al. 2014)

WR

(Gangwal et
al. 2010,
Kubde et al.
2010)

WR

(Ghisalberti
2000,
Ingawale
and
Goswami-
Giri 2014)

WR

(Brahma et
al. 2014)
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Lycopersicon esculentum
Linn. (Solanaceae) (CD)
(69654) (1)

Luffa acutangula Linn.
(Cucurbitaceae) (CD)
(69676) (N)

Macropanax undulatus
(Wall. ex G. Don) Seem.
(Araliaceae) (WD)
(69540) (N)

Maesa indica (Roxb.)

Wall. (Myrsinaceae) (WD)

(69514) (N)

Manihot esculenta Crantz.

(Euphorbiaceae) (CD)
(69695) (1)

Benganatasula

Pokka

Semza

Kensametong

Alicha

Fruits (F)

Flowers,
fruits &
leaves (F)

Leaves

(F)

Leaves

(F)

Tubers

(B)

Juice from unripe
fruits is taken orally
twice a day to treat
urinary problems &
kidney pain

Flowers, fruits &
leaves are boiled &
consumed as a
laxative & to aid
digestion

During common
cold & high fever
leaves are laid
down & slept on.
Leaves can be seen
in many bird nests,
particularly
flamingo & bulbul

Leaf paste is
applied topically to
cuts & wounds
(haemostatic)

Tubers are used
with some rice &
herbs to produce
fermented beer &
this is taken for

3

10

Roots: blood
in urine
(Maroyi
2012)

Whole plant:
laxative &
purgative
(Abid 2005)

None found

None found

Tubers:
fermentation
process
(Jansz and

WR

Fruits: fever
(Rahmatullah et
al. 2013)

WR

Leaves, fruits,
seeds:
haemorrhoids,
diuretic, leprosy,
conjunctivitis,
demulcent,
nutritive (Rahman
2013)

None found

Fruits: to expel
intestinal parasites
(Jamir and
Takatemjen 2010)

Leaves: viral
infections,
antitumor (Yusuf
et al. 2007,

WR

Fruits: antioxidant,
antifungal against C.
albicans (Alam et al.
2014, Nour et al. 2014)

WR

Fruits: antioxidant,
antidiabetic, anti-
inflammatory,
antibacterial against B.
subtilis, S. aureus, E.
coli, H. pylori, K.
pneumoniae, S. typhi,
hepatoprotective (Abid
2005, Mohan G and
Sanjey J 2014)

None found

Whole plant: antiviral
activity (Sindambiwe et
al. 1998)

Roots: toxic to humans
due to cyanogenic
glucosides; leaves:
antitumor (Aregheore
and Agunbiade 1991,

WR

(Gautam
2013)

WR

(Mohan G
and Sanjey
J 2014)

None found

(Ahmad
and Zaman
1973,
Kuruvilla et
al. 2010)

(Jansz and
Uluwaduge
2012,
Nuwamany
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Melastoma malabathricum

(Melastomataceae) (WD)
(69652) (N)

Melia composite Willd.

(Meliaceae) (WD) (69669)

(N)

Mentha cordifolia Opiz ex
Fresen. (Lamiaceae) (CD)
(69683) (1)

Mikania cordata (Burm.
F.) B. L. Rob.
(Asteraceae) (WD)
(69534) (1)

Nemna

Aiet

Pudina

Indialeelang

Fruits &
leaves (F)

Fruits &
leaves (F)

Leaves

(F)

Leaves &
stem (B)

gastrointestinal
problems

Fruits are edible &
leaf paste is applied
to cuts & wounds

Fruits/leaves are
consumed to expel
gas from stomach

Leaf paste is
applied topically to
fresh cuts & skin
diseases. Crushed
leaves are inhaled
for nostril
decongestion

Leaf/stem paste is
inserted into the
rectum for about 5
minutes to treat
dysentery/diarrhoea
& piles. Leaf/stem
paste is applied
topically to treat
skin diseases &
cuts. Dried
powdered leaves
are also used with
other plants

10

10

Uluwaduge
2012)

WR

Leaves: cuts
& wounds
(Joffry et al.
2011)

None found

None found

WR

Leaves: cuts
& wounds
(Uddin and
Hassan
2014)

Ohemu et al.
2014)

WR

Leaves:
dysentery,
diarrhoea, piles,
gastric ulcers
(Joffry et al.
2011)

Whole plant:
anthelmintic,
diuretic (Sutha et
al. 2014)

None found

WR

Leaves: blood
coagulation,
jaundice, snake
bite (Nayeem et
al. 2011, Shil et
al. 2014)

Yusuf et al. 2007, Jansz
and Uluwaduge 2012)

WR

Leaves, stems & flowers:

antibacterial against S.
aureus (Joffry et al.
2011, Dej-adisai et al.
2014)

Leaves: antibacterial
against E. aerogenes, S.
flexneri (Sutha et al.
2014)

Leaves: antimicrobial
against B. subtilis, P.
aeruginosa, C. albicans,
A. niger (Ragasa et al.
2001, Saranraj and
Sivasakthi 2014)

WR

Leaves: antibacterial
against S. aureus, S.
typhi, S. sonnei, S.
pyogenes, P. aeruginosa,
antidiarrhoeal (Hamill et
al. 2003, Salgado et al.
2005, Nayeem et al.
2011)

aetal.
2014)

WR

(Malek et
al. 2003,
Joffry et al.
2011, Arya
et al. 2014)

None found

(Ragasa et
al. 2001)

WR

(Nayeem et
al. 2011,
Chetia et al.
2014)
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Millettia cinerea Benth. Suli
(Fabaceae) (WD) (69666)

(E)

Mimosa pudica Linn. Amidangku-
(Mimosaceae) (WD) ayaklawa
(69526) (1)

Mirabilis jalapa Linn. Chumdangnaro

(Nyctaginaceae) (CD)
(69609) (1)

Mussaenda roxburghii Hk.
f. (Rubiaceae) (WD)
(69502) (E)

Andipeernaro

Roots &
vines (F)

Leaves

(F)

Leaves &

roots (F)

Leaves

(B)

Roots are crushed 10
into stream or creek

to poison fish. Vine
extract is used in
massages to relieve

body pain

Leaf paste is 8
applied topically to
treat inflammation

& decoction is

taken orally for
gastrointestinal
problems

Decoction of 4
leaves/roots is taken
orally as a diuretic

& to treat ear ache

Fresh leaf paste is 10
applied topically to

cuts & wounds.

Leaves are also

used in combination

with other herbs to

brew rice beer

Leaves: To None found

ease back &

leg

discomfort

(Tao 2001)

WR WR

Leaves: Leaves: cuts &

dysentery, wounds; roots:

diarrhoea, bilious fevers,

ulcer, piles leprosy, urinary

swelling infections

(Joseph et (Morvin et al.

al. 2013, 2014, Pazyar et

Islam et al. al. 2014)

2014)

WR WR

Roots: Roots: purgative,

diuretic scabies, muscular

(Lim 2014) swelling; leaves:
boils, abscesses
(Lim 2014)

WR WR

Leaves: Bark: diarrhoea

boils, to (Shil et al. 2014)

brew rice

beer (Deori

et al. 2007,

Rahman

2010)

None found

WR

Shoots: wound healing;
leaves: antibacterial
against K. pneumoniae,
analgesic, anti-
inflammatory,
antidiarrhoeal, antiulcer;
roots: antifertility
(Gandhiraja et al. 2009,
Joseph et al. 2013,
Mishra et al. 2013)

WR

Flowers: spasmolytic/
spasmodic; leaves:
antinociceptive, anti-
inflammatory,
abortifacient (Lim 2014)

WR

Leaves: antimicrobial
against B. cereus, B.
subtilis, S. aureus, S.
lutea, E. coli, P.
aeruginosa, S. typhi, S.
paratyphi, S. boydii, S.
dysenteriae, V. mimicus,
V. parahaemolyticus,
cytotoxic (Roy and Saraf
2006, Vidyalakshmi et

None found

WR

(Zhang et
al. 2011,
Ahmad et
al. 2012)

WR
(Lim 2014)

WR

(Roy and
Saraf 20086,
De Utpal et
al. 2012)
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Myrica esculenta Buch.-
Ham., ex D. Don
(Myricaceae) (CD)
(69522) (N)

Nephrolepis cordifolia
(Davalliaceae) (WD)
(69623) (C)

Nerium indicum, Mill.
(Apocynaceae) (CD)
(69674) (C)

Mediong

Seraenjen

Sharonnaro

Fruits &
leaves (F)

Tubers (F)

Flowers

(F)

Fruits are edible &
leaf paste is applied
to cuts & wounds

Tubers are crushed
& taken orally with
water to treat
hiccups & sneezing.
They are also used
as a diuretic. A few
drops of juice
extract are inserted
into the nostrils to
treat sinusitis. Fresh
tubers are crushed
& applied topically
or a slice of tuber is
rubbed into the
affected areas for
the treatment of
skin infections

Flower decoction is
used to kill lice &
insects

10

Sap: cuts &
wounds
(Manandhar
1995)

WR

Bulbs &
tubers: upset
stomach &
urinary
problems;
leaves:
wounds
(Samuel and
Andrews
2010,
Balendra
and Ravi
2012)

WR

Flowers:
insecticidal:
(Hiremath et
al. 1997)

Fruits, bark:
cough, asthma,
dysentery,
diarrhoea (Singh
etal. 2014)

WR

Rhizomes: cough,
rheumatism, chest
congestion, nose
blockage & loss
of appetite
(Kumari et al.
2011)

WR

Roots: snake bite
(Khan et al. 2014)

al. 2008, Hossain et al.
2013)

Fruits: antioxidant,
antipyretic; stem bark:
antimicrobial against B.
subtilis, S. aureus, S.
epidermidis, E. coli, P.
aeruginosa, A. niger
(Agnihotri et al. 2012,
Pant et al. 2014)

WR

Fronds: antibacterial
against P. mirabilis, E.
aerogenes, P.
aeruginosa, S.
typhimurium, E. coli, K.
pneumoniae, B. subtilis,
B. cereus, S. faecalis
(Rani et al. 2010)

WR

Flowers: larviciadal
(Raveen et al. 2014)

(Agnihotri
et al. 2012,
Pant et al.
2014)

WR

(Chakrabort
y and
Verma
2005, Chan
et al. 2006)

WR

(Pandya et
al. 2013,
Dey and
Chaudhuri
2014)
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Ocimum basilicum Linn.
(Lamiaceae) (CD) (69543)

(N)

Nangperra

Oroxylum indicum (Linn.)
Vent. (Bignoniaceae)
(WD) (69637) (N)

Oxalis acetosella L. Waroetsu
(Oxalidaceae) (WD)

(69607) (C)

Paederia foetida Linn.
(Rubiaceae) (WD) (69694)

(N)

Atsulelang

Ochamiliau

Whole
plant (B)

Bark (F)

Leaves

(F)

Stem (F)

Infusion is taken
orally to treat
stomach upset &
gas formation. It is
also added in bath
to treat influenza

Decoction is taken
orally to treat
dysentery &
rheumatism

Eaten raw as
diuretic, vermifuge
& to treat gas
formation &
dysentery

Decoction is taken
orally to treat
intestinal problems

10 Aerial parts:
stomach
ache (Alanis
et al. 2005)

2  Roots:
dysentery &
rheumatism
(Deka et al.
2013)

2 None found

6 WR

Leaves:
intestinal
problems,
dysentery,
diarrhoea:
(Chanda et
al. 2013)

WR

Leaves: cough &
cold
(Kadirvelmurugan
etal. 2014)

WR

Roots:
biliousness,
fevers, bronchitis,
intestinal wormes,
vomiting, asthma;
fruits: stomachic,
anthelmintic,
expectorant,
(Deka et al. 2013)

None found

WR

Leaves: burns,
gout, rheumatism
(Chanda et al.
2013)

WR

Seeds: antibacterial
against S. aureus, E. coli,
S. typhi, B. subtilis,
antioxidant, cytotoxic;
leaves: antiviral against
influenza (Jadhav et al.
2014, Shirazi et al. 2014)

WR

Stem bark, root bark:
antibacterial against S.
aureus, E. coli, B.
subtilis, S. dysenteriae,
anthelmintic, antiulcer;
leaves: gastroprotective,
anti-inflammatory,
anticancer (Dev et al.
2010, Deka et al. 2013,
Raghu et al. 2013)

Whole plant: antioxidant,
antibacterial against B.
subtilis, B. cereus, P.
vulgaris, E. coli (Chetia
et al. 2014)

WR

Whole plant:
antidiarrhoeal, analgesic;
leaves: hepatoprotective,
anti-inflammatory,
antitussive, antiulcer,
anthelmintic (Chanda et
al. 2013, Soni et al.
2013)

WR:

(Shirazi et
al. 2014)

WR

(Deka et al.
2013)

None found

WR

(Kumar et
al. 2014)
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Passiflora edulis Sim. Entsulashi
(Passifloraceae) (CD)

(69700) (1)

Phyllanthus emblica, Linn.  Lher
(Euphorbiaceae) (WD)

(CD) (69671) (N)

Phyllanthus urinaria Linn. ~ Asularlir
(Euphorbiaceae) (WD)

(69696) (N)

Leaves

(F)

Fruits (B)

Fruits &
leaves (F)

Leaf decoction is
taken orally once a
day after meal to
treat high blood
pressure

Fresh or dried fruits
are eaten raw or
infusion or
decoction is taken
orally to treat
cough, high blood
pressure, bladder &
kidney problems &
also taken as a
laxative

Fruits or leaves are
eaten raw to treat
fever, kidney pain,
jaundice, dysentery
& gastrointestinal
problems. They are

10

10

WR

Fruits: high
blood
pressure
(Lim 2012,
Lim 2012)

WR

Fruits:
maintains
blood
pressure,
cough, sore
throat
(Bhatia et al.
2014)
(Khuankaew
et al. 2014)

WR

Leaves:
dysentery,
diarrhoea
(Thapa et al.
2014)

WR

Leaves: cuts,
wounds,
dysentery,
diarrhoea,
insomnia (Lim
2012, Lim 2012)

WR

Fruits: loss of
appetite (Badhan
Biswas et al.
2014)

WR

Whole plant:
malaria

(Khuankaew et al.

2014)

WR

Leaves: antioxidant, anti-
inflammatory, wound
healing; fruits:
antihypertensive, anti-
hyperglycaemic
anticancer; rind:
antihypertensive; leaves,
stem, fruits: antibacterial
against S. aureus, B.
subtilis, E. coli, P.
aeruginosa, S. paratyphi,
K. pneumoniae; roots:
antiviral against HSV-1
(Lim 2012, Lim 2012,
Konta et al. 2014)

WR

Fruits: cardioprotective,
anti-hyperglycaemic,
antioxidant, kidney-
protective, antimicrobial
against S. aureus, B.
subtilis, B. cereus, E.
coli, P. aeruginosa, S.
typhi, C. albicans, A.
niger (Fatima et al. 2014,
Seraj et al. 2014) (Liu et
al. 2009, Tasanarong et
al. 2014)

WR

Leaves & twigs: antiviral
against enterovirus 71,
coxsackie virus Al6,
leaves: anti-
inflammatory,

WR

(Ingale and
Hivrale
2010) (Lim
2012, Lim
2012)

WR

(Liu et al.
2009, Yang
and Liu
2014)

WR

(Lai et al.
2008, Hu et
al. 2014,
Sarin et al.
2014)
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Physalis alkekengi L.
(Solanaceae) (WD)
(69647) (N)

Piper betel (Piperaceae)
(CD) (69697) (N)

Plantago erosa Wall.
(Plantaginaceae) (WD)
(69625)

Polygonum hydropiper
Linn. (Polygonaceae)
(WD) (69641) (C)

Entsupilvu

Patiwa

Sangnem

Nikmeremlawa

Fruits (F)

Leaves

(F)

Leaves

(F)

Leaves

(F)

also taken as a
laxative

Eaten raw or 5
infusion is taken

orally for kidney &
bladder problems

Leaf paste is 10
applied topically to

cuts & wounds.

Fresh leaves are

chewed with lime,

areca nut & tobacco

to treat dental caries

Boiled leaves are 4
consumed as a
laxative

Leaf paste is 4
applied topically to
treat fungal

WR

Fruits:
kidney
stones,
urinary
ailments
diuretic
(Jari¢ et al.
2007,
Joharchi
2014)

WR

Leaves: cuts
& wounds
(Latheef et
al. 2014)

None found

WR

Leaves &
roots:
eczema &

WR

Fruits: jaundice
(Joharchi 2014)

WR

Leaves: nerve
pain, joint pain,
cough & oedema
(Islam et al. 2014)

WR

Leaves: wounds
& boils
(Sanglakpam et
al. 2012)

WR

gastroprotective,
antibacterial against H.
pylori (Lai et al. 2008,
Yeo et al. 2014)

WR

Aerial parts: antifungal
against C. albicans;
fruits: intestinal
microflora balance
(Torabzadeh and Panahi
2013, Li et al. 2014)

WR

Leaves: analgesic,
antimicrobial against S.
aureus, E. coli, S. typhi,
S. dysenteriae,

anthelmintic (Akter et al.

2014, Venkateswarlu
2014)

WR

Leaves: anti-
inflammatory (Barua et
al. 2011)

WR

Leaves: antibacterial
against S. aureus, B.
subtilis, S. epidermidis,

WR

(Zhou et al.
2012, Fu
and Jian-gin
2013, Li et
al. 2014)

WR

(Nagori et
al. 2011,
Akter et al.
2014,
Saxena et
al. 2014,
Venkateswa
rlu et al.
2014)

(Barua et
al. 2011)

WR

(Duraipandi
yan et al.
2010,
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Prunus persica (L.) Stokes  Mokori

(Rosaceae) (CD) (69503)
U]

Psidium guajava Linn. Monaim

(Myrtaceae) (CD) (69513)
U]

Punica granatum Linn. Jarem
(Punicaceae) (CD)

(69621) (N)

Leaves,
roots &
seeds (F)

Leaves

(F)

Fruits (D)
& leaves

(B)

infections & skin
infections

Fresh roots are 10
soaked in water
overnight & taken
orally to treat
typhoid. Also used
to treat skin related
infections. Seed
endosperms are
consumed to treat
dysentery/diarrhoea
, & leaf extract is
applied topically to
treat skin diseases
(acne)

Leaves are chewed 10
& swallowed to

treat constipation &
dysentery/diarrhoea

Leaf decoction is 10
taken twice a day

before meals to

treat

dysentery/diarrhoea

scabies
(Rahmatulla
hetal.
2009)

Leaves:
killing
maggots,
skin
diseases, ear
infections,
cough,
bronchitis
(Pfoze et al.
2012)

WR

Leaves:
vomiting,
diarrhea &
dysentery
(Pfoze et al.
2012)

WR

Leaves:
dysentery,
diarrhoea

Leaves: snake bite
(Van Minh et al.
2014)

WR

Seeds: external
parasites; leaves:
laxative (Gilani et
al. 2000, Bhatia et
al. 2014)

WR

Leaves: cough,
pulmonary
ailments
(Alsarhan et al.
2014)

WR

Leaves: epilepsy
(Sharma et al.
2013)

E. coli, E. faecalis, P.
aeruginosa, K.
pneumoniae, P. vulgaris,
Erwinia sp; whole plant:
antioxidant &
anticholinesterase
(Duraipandiyan et al.
2010, Ayaz et al. 2014)

WR

Leaves, fruits:
cardioprotective,
spasmolytic, anti-
inflammatory,
antioxidant (Kono et al.
2013, Kruger et al. 2014)

WR

Leaves: antidiarrhoeal,
antibacterial against S.
enteritidis, B. cereus,
hepatoprotective,
analgesic, anti-
inflammatory (Joseph
and Priya 2011, Ravi and
Divyashree 2014)

WR

Leaves: infectious
diarrhoea (Birdi et al.
2010)

Akhter et
al. 2014,
Ayaz et al.
2014)

WR

(Kimetal.
2014,
Kruger et
al. 2014)

WR

(Joseph and
Priya 2011,
Ravi and
Divyashree
2014)

WR

(Prakash
and Prakash
2011,
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Rhus javanica var.
roxburghiana
(Anacardiaceae) (WD)
(69603) (N)

Rhus roxburghii Hook. f.

(Anacardiaceae) (WD)
(69673) (N)

Ricinus communis Linn.
(Euphorbiaceae) (WD)
(CD) (69516) (N)

Saccharum officinarum
Linn. (Poaceae) (CD)
(69622) (N)

Tangma

Jarak

Pakawa

Mostutong

Fruits (B)

Whole
plant (F)

Leaves &
seeds (F)

Culms (F)

. Dried fruit cover
is also used for the
same purpose

Infusion of the 10
fresh or dried fruits
(gall) is taken orally
once or twice a day
to treat gas
formation, stomach
ache, mushroom
poisoning,
dysentery, high
blood pressure &
allergies (rash)

Causes contact 10
dermatitis

A quarter of a 10
roasted seed is

chewed &

swallowed as a
laxative. Caution -
high dose causes
extreme diarrhoea
(not advisable for
children). Leaves
are used for rearing
silk worms

Juice is taken orally 10
twice a day to treat
jaundice

(Joseph and
Priya 2011)

WR

Fruits:
dysentery
(Mahato and
Chaudhary
2005)

None found

WR

Seeds:
laxative
(Preeti and
Verma
2014)

WR

Stem:
jaundice
(Nath and

WR

Fruits: swelling &
wounds (Malla et
al. 2014)

None found

WR

Seeds:
constipation
(Belayneh and
Bussa 2014)

WR

Leaves: women
ailments:
leucorrhoea

WR

Whole plant:
antibacterial against
MRSA; fruits:
antidiarrhoeal; roots:
chronic heart diseases;
stem bark: anti-
inflammatory (Kumar et
al. 2010, Su and Kuo
2012, Cho et al. 2013,
You et al. 2013, Yang et
al. 2014)

None found

WR

Leaves: anti-
inflammatory,
antibacterial against S.

aureus, P. aeruginosa, K.

pneumoniae, B. subtilis,
insecticidal, cytotoxic;
seeds: analgesic,
antiulcer; stem:
antioxidant (Preeti and
Verma 2014)

WR

Leaves: antibacterial
against S. aureus, B.
subtilis, P. aeruginosa,

Rummun et
al. 2013,
Rathi et al.
2014)

WR

(Rayne and
Mazza
2007, Cho
et al. 2013)

None found

WR

(Preeti and
Verma
2014)

WR

(Abbas et
al. 2014)
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Choudhury (Ghildiyal et al. P. mirabilis; flowers:

2010, Abbas  2014) antioxidant (Palaksha et
et al. 2014) al. 2013, Thangavelu et
al. 2014)
Scutellaria glandulosa Yimramoli Whole Plant infusion is 10 None found  None found None found None found
Colebr. (Lamiaceae) (WD) plant (B)  taken orally to treat
(69542) (N) stomach upset &
gas formation.
Infusion is also
used in bath to treat
influenza
Solanum indicum Linn. Ao longkok Fruits & Unripe fruits are 10 None found WR WR WR
(Solanaceae) (CD) leaves (F)  roasted & Roots: asthma Berries: analgesic, (Deb et al.
(69627) (N) consumed once or ith i tiovreti thelminti 5014 Yin
twice a day as (Savithramma e antipyretic, anthe c, ,
o al. 2007) anti-inflammatory, CNS et al. 2014)
anthelminthic depressant activity (Deb
(pinworm). Fresh ot gl 2014) y
leaves, rice & water '
are ground, dried,
powdered & used
as brewing cake for
rice beer
Solanum myriacanthum Atsu longkok Seeds (F)  Fumes from the 10 WR WR Fruits: anthelmintic (Yadav and
(Solanaceae) (WD) burning seeds are Seeds. fruits:  Fruits: tonsillitis (Tandon et al. 2011, Tangpu
(69597) (C) channelled into the ! ' ' ' Yadavand Tangpu 2012) 2012)

tooth ache body worms
(Kala 2005, (Nanda et al.
Rajkumari et  2013)

affected area to
treat tooth ache

al. 2013)
Sonerila maculata Roxb. Alichang Leaves Leaf paste is 4 None found  None found None found None found
(Melastomaceae) (WD) (F) applied topically to
(69509) (N) treat insect bites &
inflammation
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Spermacoce scaberrima
Blume (Rubiaceae) (WD)
(69643) (N)

Ongpangentilawa

Spermacoce poaya Linn. Intifada

(Rubiaceae) (WD) (69698)
(N)

Spilanthes acmella Linn. Okensencha
(Asteraceae) (WD)

(69639) (1)

Spondias pinnata (Linn. Pakho
F.) Kurz. (Anacardiaceae)

(WD) (69519) (N)

Leaves

(F)

Leaves

(B)

Flowers

(F)

Drupes &
leaves (F)

Leaf paste is 4
applied

immediately to

snake bite

Fresh leaves are 4
chewed &

swallowed as a

laxative. Dried leaf
paste pounded with

rice grains is used

for brewing rice

beer

Flowers are chewed 6
2 to 4 times a day to
treat tooth ache

Fresh immature 10
leaves are eaten raw

to treat

gastrointestinal

problems. Ripe

drupes are eaten

raw or the juice is

taken orally as a

None found

None found

WR

Leaves,
flowers:
tooth ache
(Prachayasitt
ikul et al.
2013)

WR

Fruits:
bilious
dyspepsia
(Bora et al.
2014)

None found

None found

WR

Leaves, flowers:
rheumatism,
fever, diuretic,
flu, cough, rabies,
tuberculosis,
antimalarial
(Prachayasittikul
et al. 2013)

WR

Seeds: skin
diseases,
ringworm,
abscess; stem
bark: rheumatism,
gonorrhoea, anti-
tubercular (Akhter

None found

None found

WR

Flowers: antipyretic,
anti-inflammatory;
leaves: analgesic,
antibacterial against K.
pneumoniae; aerial parts:
antibacterial against S.
pyogenes, S. mutans, P.
gingivalis, antioxidant,
diuretic; roots:
antimalarial
(Prachayasittikul et al.
2013, Pavunraj et al.
2014)

WR

Stem bark: ulcer-
protective, antibacterial
against S. aureus, E. coli,
B. subtilis, P. mirabilis,
anti-diarrhoeal (Bora et
al. 2014)

None found

None found

WR

(Prachayasi
ttikul et al.
2013, Das
2014,
Pavunraj et
al. 2014)

WR

(Akhter

2014, Bora
et al. 2014,
Khan 2014)
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liver tonic &

2014, Bora et al.

appetiser 2014)
Stereospermum Sengpet Stem (F) Stem bark paste is 7 WR WR WR WR
ch«_alonm_des (Linn. f.) DC applied to treat euts Flowers: Roots: oedema, Stem bark: antimicrobial ~ (Haque et
(Bignoniaceae) (WD) & wounds & skin o X .
. diabetic blood disorders, against S. aureus, B. al. 2006,
(69610) (N) diseases. Stem bark . . -~
. boils bronchial asthma,  subtilis, B. cereus, E. Choudhury
paste is also used as . . .
o (Gunasekara  vomiting, coli, P. aeruginosa, S. etal. 2011,
an antiseptic & a . . . .
. nand jaundice, typhi, S. paratyphi, S. Sumanth et
decoction of stem ; ! !
. Balasubrama rheumatism, boydii, S. dysenteriae, V. al. 2013)
bark is taken orally . - e
to treat allergies nian 2012) paralysis mimicus, V. .
(Sumanth et al. parahaemolyticus, C.
2013) albicans, A. niger
(Haque et al. 2007,
Sumanth et al. 2013)
Stixis suaveolens (Roxb.)  Aiemaluv Fruits, Root infusion is 10 Nonefound  Leaves: None found None found
Pierre (Capparidaceae) roots & taken orally to treat epididymitis and
(WD) (69525) (N) seeds (F)  spleen enlargement. orchitis (Zheng
Fruits & seeds are and Xing 2009)
edible
Tagetes erecta, Linn. Pesunaro Whole Plant infusion is 1 WR WR WR WR
(Asteraceae) (CD) (69670) plant (F) Faken_orally to treat Flowers: Leaves: colic, Leaves: antifungal (Piccaglia
n intestinal problems, M AR . . .
L skin diseases diuretic, malaria against C. albicans, S. et al. 1996,
rheumatic pain, . .
. o . like sores, (Lim 2014) aureus, MRSA, S. Gupta and
boils, skin infection . -
& sinusitis burns, epidermidis, wound Vasudeva
wounds, healing; flowers: 2010,
ulcers, antinociceptive & anti- Rhama and
eczema (Lim inflammatory activities Madhavan
2014) (Chakraborthy 2009, 2011,
Chomnawang et al. Dasgupta et
2009, Chatterjee and Ali  al. 2012,
2010, Kiranmai et al. Lim 2014)

2011)
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Terminalia chebula Retz.

(Combretaceae) (WD)
(CD) (69640) (N)

Thunbergia grandiflora
Roxb. (Acanthaceae)
(WD) (69497) (N)

Tithonia diversifolia
(Hemsl.) A. Gray

(Asteraceae) (CD) (69687)

(©)

Urtica dioica L.
(Urticaceae) (WD)
(69601) (N)

Ningkha

Koktsuli

Zoninaro

Zaklutasula

Drupes

(B)

Stem (F)

Leaves

(F)

Leaves

(F)

Drupes are eaten as
a good source of
vitamins & to treat
stomach ache

Fluid from stem is
added to the eye to
treat eye infection

Infusion is taken
orally to treat high
blood pressure,
malaria & leaf paste
is applied topically
to treat abscesses &
body pain

Leaf paste is
applied topically to
treat dog & snake
bites

10 WR

Bark, fruits:
gastritis,
constipation,
indigestion,
ulcer,
vomiting,
diarrhoea
(Thapa et al.
2014)

3 WR

Leaves,
stem: eye
problems
(Hossan et
al. 2014)

1 WR

Leaves:
malaria, pain
(Lifongo et
al. 2014)

10 None found

WR

Fruits: cough

(Khuankaew et al.

2014)

WR

Leaves, stem:
inflammation,
cuts & wounds,
astringent
(Hossan et al.
2014)

WR

Leaves: hepatitis,
diabetes (Lifongo
et al. 2014)

WR

Leaves, whole
plant: cancer,
anti-rheumatic,
diabetes,
stomachic, cough,
colds, throat
diseases, oedema,
sedative, laxative,

WR

Whole plant: antiulcer,
gastrointestinal motility
(Rathinamoorthy and
Thilagavathi 2014)

WR

Flowers: antibacterial
against S. aureus, E. coli,
P. aeruginosa, K.
pneumoniae, B. cereus,
S. typhi, P. mirabilis, S.
pyogenes (Jeeva et al.
2011)

WR

Leaves: antimalarial:
active against P.
falciparum; aerial parts:
anti-hyperglycaemic
(Adebayo and Krettli
2011, Zhao et al. 2012)

WR

Leaves: anti-
inflammatory,
antibacterial against S.
aureus, E. coli, P.
aeruginosa, S. typhi, S.
flexneri, E. faecalis, K.
pneumoniae, anti-
nociceptive (Sabzar et al.

WR

(Rathinamo
orthy and
Thilagavath
i 2014)

(Subramani
an and Nair
1971,
Ismail et al.
1996)

WR

(Zhao et al.
2012, Gu
2014,
Lifongo et
al. 2014)

WR

(Sabzar et
al. 2012)
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Viola betonicifolia Boj.
Ex. baker (Violaceae)
(WD) (69651) (N)

Hingpangmoli

Wedelia chinensis (Osb.) Enze
Merrill (Asteraceae) (WD)
(CD) (69693) (N)

Zanthoxylum
acanthopodium DC.
(Rutaceae) (WD) (CD)
(69600) (N)

Changpet

Leaves

(F)

Leaves

(F)

Leaves

(F)

Leaf paste is 4 None found

applied to draw out

stings or thorns

Fresh leaves are 10 WR

eaten raw in the .
Leaves:

form of a salad to ) .
gastrointesti

treat nal disorders
gastrointestinal (Mollik et
problems al. 2010)

A mixture of leaves 8 WR
with Rhus javanica

fruit extract is taken hi?(l:fisc:i des
orally to treat insect '
stomach ache. repellent:
Leaves soaked in P R
seeds:

lukewarm water are

. stomach
used in bath to treat
- ache, fever
influenza. Leaf (Gupta and
infusion is sprayed Mandi 2013)

asthma,
hypertension,
kidney stones
(Altundag and
Ozturk 2011)

WR

Whole plant:
antipyretic,
anticancer,
febrifuge,
purgative,
epilepsy, nervous
disorder
(Alamgeer et al.
2013)

WR

Leaves: anti-
inflammatory,
dermatological
disorders
(Mundepi et al.
2014)

WR

Leaves: fever,
dyspepsia, cough,
bronchitis; seeds:
rheumatism
(Ishwori et al.
2014)

2012, Hajhashemi and
Klooshani 2013)

WR

Whole plant: antipyretic,
anti-analgesic, anti-
inflammatory
(Muhammad et al. 2012)

WR

Leaves: anti-ulcerogenic,
anti-inflammatory,
antibacterial against S.
aureus, E. coli, P.
aeruginosa, S.
pneumoniae (Manjamalai
et al. 2012, Nomani et al.
2013)

WR

Leaves: antibacterial
against S. aureus, P.
aeruginosa, B. cereus, C.
perfringens (Ishwori et
al. 2014)

WR

(Muhamma
detal.
2012,
Muhammad
et al. 2013)

WR

(Banu and
Nagarajan
2013)

WR

(Negi et al.
2012)
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on pest infected
plants as pesticide

Zanthoxylum rhetsa Ongret Seeds (D)  Seeds are crushed 10 Fruits: to WR WR WR

(Roxb.) DC. (Rutaceae) in the stream to poison fish . . )

(WD) (69689) (N) poison fish. Leaf (Yumnam Stem: gastritis & Stem bark_, roots: (Krohn et
: - : . diabetes antibacterial against S. al. 2011,
infusion is sprayed and Tripathi (Tangjang et al aureus, E. coli, P Tantapakul
on pest infected 2013) djang ' ' T P

2011) aeruginosa, S. etal. 2012)
typhimurium (Nagaraja
2011, Tantapakul et al.
2012)

CD - Cultivated. WD — Wild. E - Himalayan endemic. N — Native. C — Cosmopolitan. | — Introduced. WR - widely reported. F — Fresh. D — Dry. B — Both. N | - number of
informants. Bacteria: B. cereus - Bacillus cereus, B. subtilis - Bacillus subtilis, C. perfringens - Clostridium perfringens, C. freundii — Citrobacter freundii, E. aerogenes -
Enterobacter aerogenes, E. coli - Escherichia coli, E. tarda - Edwardsiella tarda, H. pyroli - Helicobacter pylori, K. pneumoniae - Klebsiella pneumoniae, Porphyromonas
gingivalis — P. gingivalis, P. aeruginosa - Pseudomonas aeruginosa, P. mirabilis - Proteus mirabilis, P. vulgaris - Proteus vulgaris, S. choleraesuis - Salmonella choleraesuis,
S. enteritidis - Salmonella enteritidis, S. paratyphi - Salmonella paratyphi, S. typhi - Salmonella typhi, S. typhimurium - Salmonella typhimurium, S. lutea - Sarcinia lutea, S.
boydii - Shigella boydii, S. dysenteriae - Shigella dysenteriae, S. flexneri - Shigella flexneri, S. sonnei - Shigella sonnei, S. aureus - Staphylococcus aureus, MRSA — methicillin
resistant S. aureus, MDRSA — multi drug resistant S. aureus, S. epidermidis - Staphylococcus epidermidis, S. haemolyticus - Staphylococcus haemolyticus, S. mutans -
Streptococcus mutans, S. pneumoniae — Streptacoccus pneumoniae, S. pyogenes - Streptococcus pyogenes, S. viridans - Streptococcus viridans, V. cholerae - Vibrio cholera,
V. mimicus - Vibrio mimicus, V. parahaemolyticus - Vibrio parahaemolyticus. Parasite: P. falciparum - Plasmodium falciparum. Fungi: A. niger - Aspergillus niger, C. albicans
- Candida albicans.

plants as pesticide
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The literature review presented above on the 135 plants used by Chungtia villagers (Kichu
2010) compared reported traditional usages of the plants by communities worldwide with
the Chungtia applications. Ninety three species were found to be utilised for the same
ethnomedicinal or ethnobotanical purposes by other communities and 31 were found to be
used for different purposes. Thirteen had no ethnomedicinal or ethnobotanical uses reported
by any community other than the first-hand reports by the Chungtia villagers. Out of the
ninety three species for which customary usages were found to be similar with other
communities’ reports, 80 were validated by pharmacological research and 55 have been
studied for the presence of phytoconstituents aligned with their bioactivities. For the
thirteen species exclusively reported for their usages by Chungtia villagers, only three have
been validated by pharmacological research and no bioactive compounds responsible for
the activities have been determined. Detailed analysis of the literature search results are

presented below.

2.4 Results and discussion
2.4.1 Informants and data collection

Over a period of two years (2007-2009), Kichu made two trips to Chungtia village to
conduct first-hand interviews and for collection of voucher specimens. During the first trip,
ten village elders, including two herbal practitioners were interviewed. Although it was
apparent from the interviews that the villagers strongly rely on their traditional knowledge
and that it is an important part of their culture, it was also evident that the knowledge was
endangered. This could be attributed to the facts that several key custodians of that
knowledge have died before passing it on, the younger generation are using more Western
medicines and the villager’s general wellbeing is improving due to modernisation of their
lifestyle. The lack of awareness on the importance of traditional knowledge preservation

was noted as a concern by the village Elders (Kichu 2010).

During the second trip, follow up interviews were conducted with two herbal practitioners
and one village Elder (Kichu 2010).

2.4.2 Medicinal plants recorded, their habit and habitat
In the study conducted by Kichu, a total of 135 plant species belonging to sixty nine
families and 123 genera were identified as having medicinal and household maintenance
value. The most often cited were plants belonging to the Asteraceae family with nine
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species used, followed by the Euphorbiaceae family with seven species and Solanaceae
with six species (Kichu 2010). Of all the plants, sixty eight were woody (tree, shrub, woody
vine or liana) and sixty seven were herbs or herbaceous vines. Seventy eight were collected
in the wild, forty seven were cultivated and ten were collected as both, wild and cultivated
(Kichu 2010).

2.4.3 Information regarding the parts used and the preparation modes

In many cases, different parts of the same plant as well as the whole plant were used for
the management of various ailments. The most frequently cited were leaves, followed by
fruit, stem, roots, flowers, sap/latex and bulbs, with the whole plant least used (Kichu
2010). The most preferred modes of preparation were in the form of pastes, decoctions,
infusions, juices and poultices. Decoction refers to boiling the plant in water and infusion
means soaking the plant in cold water. Banana leaves were preferred as the wrapping
material for the poultice treatments. In terms of administration, oral consumption was most
utilised followed by topical applications. Preparations in most cases were made from single
plants, but some plant mixtures were also recorded (Kichu 2010).

2.4.4 Usage categories

Table 2.2 summarises the ailments and classifies them into categories according to
Chungtia villagers’ system of classification and the number of plants in each category.
From the 135 plants recorded first-hand, 53 have been used for one ailment or ailments
relative to one category and eighty two have been applied to treat various disorders
classified under different categories. The most common uses of the plants are for
gastrointestinal complaints, followed by skin infections, cuts, sores and wounds, then

musculoskeletal problems.

67



Table 2.2 Usage grouped by category and number of plants used for the treatment of each

(Kichu 2010).

Usage category Ethnobotanical/ethnomedicinal applications  No.
plants
used

Gastrointestinal ailments Gastritis, indigestion, mushroom poisoning, 61
food poisoning, laxative, gas formation,
diarrhoea, nausea, vomiting, poor appetite,
dysentery, intestinal problems, stomach ache,
stomach upset, loss of appetite, gastroenteritis,
spleen problems, spleen enlargement, hiccups,
jaundice, liver problems, liver tonic, vermifuge,
anthelminthic, typhoid, vitamin sources

Skin related treatments Skin diseases, abscesses and boils, cuts and 35
wounds, burns, skin irritation, fungal infection,
eczema, contact dermatitis, prickly heat, lip scab
(angular cheilitis), scabies, allergic reactions,
acne, rash, antiseptic, cleansing agents, contact
dermatitis, haemostatic

Musculoskeletal problems Knee pain, body ache, body pain, back pain, 16
body swelling, bone dislocation, sprain,
rheumatism, inflammation

Influenza/cold/fever Influenza, cold, fever, sneezing, cough 13

Hypertension High blood pressure, blood purification 13

Urinary tract infections and kidney and Gall bladder, bladder problems, piles, diuretic, 12

bladder ailments urinary tract infections, kidney problems,
kidney pain

Snake/insect/dog bites Snake bites, spider bite, dog bite, bee sting 12

Eye, ear, nose problems Sinusitis, nasal decongestion, eye infection, ear 11
pain and infection (otitis media), ear ache,

Others To ward off evil spirits, tempering machete 9
(hardening metal), food preservative, ripening
process, dyes, armpit deodorisation

Fish poisoning Fish poisoning 7

Beer fermentation Beer fermentation 4

Dental disorders Tooth ache, dental caries 4

Pesticides/insecticides pesticide and insecticide, head lice 4

Diabetes Diabetes 3

Malaria Malaria 3

Cancer Cancer 1

2.4.5 Comparing traditional usages

The uses of plant species described by Chungtia community members were compared with
several studies related to the traditional ethnomedicinal and ethnobotanical knowledge

worldwide.

The first-hand Chungtia use reports comprised 135 species. Ninety two of these plants have
been used for the same or very similar purposes by other tribal traditional healers, 123
species have been additionally found to have different ethnomedicinal applications reported
worldwide and twelve species (A. trilobata, A. lucidor, C. amara, M. undulatus, M.
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cordifolia, O. acetosella, R. roxburghii, S. glandulosa, S. maculata, S. scabberima, S.
poaya and S. suaveolens) were found to be exclusively applied by Chungtia community

members, not being mentioned in any other customary knowledge study.

Interestingly, B. alba, C. papaya and C. roseus, which are used by the Chungtia community
for their laxative effects were reported by other communities as antidiarrhoeal, and P.
persica used as an antidiarrhoeal by Chungtia villagers, was reported by others as a
laxative. P. persica leaves contains phytochemicals responsible for both spasmogenic
(causing spasm) and spasmolytic (able to relieve spasm) properties, thus the same plant
could be successfully used for the treatment of both ailments (Gilani et al. 2000). However,
no literature reports have been found concerning spasmogenic or spasmolytic activities of

B. alba, C. papaya and C. roseus.

2.4.6 Comparing pharmacological and phytochemical studies with Chungtia
community traditional applications
Gastrointestinal ailments: Forty four out of sixty one plants used for gastrointestinal
disorders were reported in pharmacological studies for possessing biological activities
supporting the traditional usage by Chungtia villagers. These biological activities
comprised of antibacterial, antidiarrhoeal, antiulcer, gastroprotective, hepatoprotective and
anthelmintic properties. Phytochemical studies of forty plants identified compounds with

relevant biological activities, also supporting the Chungtia applications.

The most common pharmacological properties reported with relevance to gastrointestinal
complaints was antibacterial activity against bacteria known to cause diarrhoea and
stomach cramps (E. aerogenes, S. sonnei, S. flexneri, E. coli and S. boydii) (Murray et al.
2013); dysentery (S. dysenteriae) and cholera (V. cholerae) (Murray et al. 2013);
gastroenteritis (E. tarda, V. parahaemolyticus, V. mimicus) (Murray et al. 2013); food
poisoning (S. choleraesuis, S. typhimurium, S. enteritidis, B. cereus, B. subtilis, C.
perfringens, Erwinia spp) (Murray et al. 2013); enteric fever (S. typhi, S. paratyphi); and
peptic ulcers (H. pylori). Thirty one of the forty four plants were reported as possessing
antibacterial activity against at least one of the bacterial species listed above. Moreover, of
these plants, pharmacological studies identified antidiarrhoeal properties for A. scholaris,
A. gangeticus, C. annum, M. cordata, M. pudica, P. foetida, P. guajava and P. granatum;
anti-ulcer properties for C. asiatica, C. pareira, C. macrocarpa, M. pudica, O. indicum, P.
foetida, S. pinnata T. chebula and W. chinensis; hepatoprotective properties for B.
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variegata, L. acutangula, P. foetida and P. guajava; gastroprotective properties for C.
macrocarpa, O. indicum and P. urinaria; anthelmintic properties for B. variegata, C.
papaya, E. foetidum, O. indicum and P. foetida; and gastrointestinal motility properties for
T. chebula. No reports concerning any kind of bioactivity or phytochemical studies were

found for S. glandulosa and S. poaya.

Skin related treatments: Plants used to treat skin related disorders were the second largest
group. Twenty nine species were reported for possessing biological activities relevant to
the Chungtia applications. Biological activities relevant to treating skin related ailments
included antimicrobial, anti-inflammatory, antioxidant and collagen production. All twenty
nine plants were reported for antimicrobial properties against at least one of the
dermatologically relevant pathogens such as the bacteria S. aureus, S. pyogenes, S.
epidermidis, S. lutea, S. haemolyticus and P. aeruginosa and the fungi C. albicans and A.
niger (Murray et al. 2013). Additionally, A. scholaris, A. curassavica, C. indicum, D.
cordata, E. royleana, G. arborea, L. siceraria, M. pudica, P. persica and T. erecta have
been reported for their anti-inflammatory activity; A. chinense, C. floribunda, C. cristata,
D. sinuata, F. elastica, L. spinosa, M. esculenta, P. hydropiper and P. persica have been
found to be antioxidant; and A. heterophyllus, D. grandiflora, and T. erecta have been
shown to support wound healing by increasing collagen production. The phytochemicals
responsible for the reported plants activities have been isolated for twenty species.

Musculoskeletal problems: Out of the sixteen species used for musculoskeletal problems
by the Chungtia villagers, seven plants were reported for possessing pharmacological
activities consistent with their applications; ie. analgesic (C. gigantea, D. stramonium, L.
siceraria and M. pudica), anti-inflammatory (C. nurvala, D. stramonium, E. royleana, L.
siceraria, M. pudica, O. indicum and T. erecta), anti-rheumatic (D. stramonium) and
antinociceptive (T. erecta). The phytochemicals responsible for the bioactivities have been
isolated for nine plants. S. maculata and A. trilobata have not been reported for their

pharmacological or phytochemical properties.

Influenza, colds and fever: For the plants used for influenza, colds and fever, A. calamus
and N. cordifilia were found to be antibacterially active against S. pyogenes (causes throat
infections) and K. pneumoniae (causes lung and lower respiratory tract infections). A.

calamus, A. vasica, E. blanda, O. basilicum and C. cajan were found to be antiviral and A.
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vasica and D. cordata antipyretic. B. tulda, M. undulatus and S. glandulosa have not been

reported for pharmacological or phytochemical studies.

Hypertension: Ten of the plants were reported for possessing relevant biological activities
for use in treatment of hypertension. Those included: cardioprotective (A. chinense, A.
carambola, C. annum, C. pareira, C. repens and R. javanica), anti-hyperglycaemic (A.
sativum, P. eludis, P. emblica and T. diversifolia), and anti-hypertensive (A. sativum, C.
colebrookianum, P. eludis and P. emblica). All of these plants have also been shown to

have compounds with pharmacological properties aligned with their medicinal uses.

Urinary tract infections and kidneys and bladder problems: Out of the twelve plants used
for urinary, kidney or bladder problems, only three were found to be validated by
pharmacological and phytochemical research. G. herbaceum was found to be diuretic, H.
scandens was found to be active against P. vulgaris (causes urinary tract infection) (Murray
et al. 2013) and P. emblica was reported to possess kidney-protective properties

(Tasanarong et al. 2014).

Bites and stings: Twelve plants have been reported by Chungtia Elders as remedies for
animal bites and insect stings. Of these S. maculata and S. scabberima were not reported
for pharmacological or phytochemical studies, while A. chinense, A. sativum, D. lablab and
H. scandens have been found to be antimicrobial against S. aureus, P. aeruginosa, E. coli
and S, epidermidis and U. dioica was found to be antibacterial against S. aureus, E. coli, P.

aeruginosa as well as anti-inflammatory and anti-nociceptive.

Ear, eyes and nose problems: Eleven plants were reported by Chungtia villagers as
treatments for ear, eyes and/or nose problems. Seven of these plants were found to possess
relevant pharmacological properties. E. blanda has been found to be antibacterial and
antiviral; D. cordata, E. globulus, M. cordifolia, N. cordifolia, T. erecta and T. grandiflora
have been shown to be antibacterial; and D. cordata, M. jalapa and T. erecta are anti-

nociceptive.

No relevant pharmacological or phytochemical research has been reported to validate the

usage of the seven plants used by the Chungtia community to poison a fish.
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Four plants have been reported by Chungtia Elders for the treatment of dental disorders
such as tooth ache (S. acmella, S. myriacanthum and C. speciosus) and dental caries (P.

betel). C. speciosus and P. betel have been reported as possessing analgesic activities.

Four species (Z. rhetsa, Z. acanthopodium, N. indicum and E. pursaetha) have been used
by Chungtia villagers as pesticides and insecticides. None of the plants have been studied
for their biological properties or their chemical composition aligned with their

ethnobotanical application.

Three plants (G. crepidioides, D. longifolia and C. pareira) are used by the Chungtia
community as a treatment for diabetes. C. pareira has been found to possess antidiabetic
properties in pharmacological research; however, the compounds responsible for the

antidiabetic properties have not been isolated.

Of the three plants (T. diversifolia, C. pareira and A. agallocha) used by the Chungtia
community to treat malaria, C. pareira and T. diversifolia have been reported to be active
against the malaria causing parasite P. falciparum. The compounds responsible for this

activity have not been isolated.

Only one plant, Croton caudatus was reported to be traditionally applied as a treatment for
cancer. The plant was reported as possessing anticancer properties but compounds

responsible for these have not been isolated.

2.4.7 Toxicity
Chungtia village healers indicated five plants that might cause toxic or adverse effects such
as body swelling and vomiting, contact dermatitis, animal and even human death. The
literature search of all the 135 plants highlighted a total of fifteen plants that could have
adverse effects, but literature reports confirmed toxic effects have been reported for only
two of the Chungtia reported plants, namely Ricinus communis and Euphorbia
pulcherrima. In the case of R. communis the plant have been reported to cause diarrhoea.
It was confirmed in the literature that poisoning might occur when broken seeds are
ingested. Unbroken seeds will pass through the digestive system without expelling its toxin
(ricin) and thus will not cause unwanted effects. E. pulcherrima, which has been reported
by Chungtia Elders as poisonous when fed to pigs, has also been reported for its toxicity to

ruminants. For the thirteen remaining plants, excluding these two confirmed cases, the
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toxicity reports concerned plant parts different to these used by Chungtians. It might be that
the plant parts applied by Chungtia villagers have no toxic effects, but caution with the
usage of them is warranted. Toxicity reported by Chungtia community members’ and that

in the literature is summarised in Table 2.3.
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Table 2.3 Literature study of the plants surveyed having toxic/adverse effects

Scientific name Plant part Toxic/adverse Toxic/adverse effects reported in literature
eﬁecéshrjr;]);)trifd by Toxic effect Toxic part Toxic compound/ Citation
community extract
(Kichu 2010)
Acorus calamus Leaves No reports Carcinogenic, toxic Rhizomes B-Asarone (Rajput et al. 2014)
Adhatoda vasica ~ Leaves No reports Abortifacient/oxytocic Leaves Vasicine (Roy et al. 2013)
Calotropis Leaves No reports Inhibit Roots/latex Calotropin (Gupta et al. 1990, Fahim
gigantea spermatogenesis/abortifacient Kadir et al. 2014)
(Srivastava et al. 2007)
Carica papaya Sap & fruits ~ No reports Abortifacient/azoospermia Seeds Chloroform extract ~ (Lohiya et al. 2002)
Anti-fertility/decline in sperm  Bark Ethanolic extract (Vij and Prashar 2014)
motility
Catharanthus Leaves No reports Hypotension, neurotoxicity, Roots, shoots Vincristine, (Fahim Kadir et al. 2014)
roseus anaemia, seizure vinblastine
Clerodendron Leaves Ingestion of drupe No reports No reports No reports No reports
colebrookianum may induce body
swelling &
vomiting
Costus speciosus  Fruits & No reports Anti-fertility/estrogenic Rhizomes Diosgenin (Patel et al. 2012, Pawar
leaves activity and Pawar 2014)
Crataeva nurvala  Leaves No reports Anti-fertility/estrogenic Stem bark Ethanolic extract (Bhaskar et al. 2009)
activity
Datura Leaves No reports Hallucinogenic/anticholinergic ~ Seeds Atropine, (Roblot et al. 1994,
stramonium toxicity hyoscyamine, Boumba et al. 2004)
scopolamine
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Euphorbia
pulcherrima

Gonatanthus
pumilus

Gossypium
herbaceum
Manihot esculenta

Mimosa pudica

Mirabilis jalapa

Rhus roxburghii

Ricinus communis

Flowers &
leaves

Leaves &
stem

Roots

Tubers

Leaves

Leaves &
roots

Whole plant

Seeds &
leaves

Death may result
when fed accidently
to pigs

Extremely
poisonous & death
may result if
ingested by
humans. Rhizome
also causes extreme
itching when
contacted

No reports
No reports

No reports

No reports
Causes contact
dermatitis

High doses causes
extreme diarrhoea

Poisonous for animals

No reports

Anti-fertility/azoospermia or
oligospermia

Neurotoxic
Anti-fertility/gonadotropin &

estradiol secretion

Abortifacient

No reports

Bloody diarrhoea

Aerial parts

No reports

Seeds

Tubers

roots

Roots

No reports

Seeds

Eaten fresh

No reports

Gossypol

Linamarin &
lotaustralin

Agueous roots
extract

Antiviral protein
MAP

No reports

Ricin

(Cortinovis and Caloni
2013)

No reports

(Khaleequr et al. 2012)
(Rivadeneyra-Dominguez et
al. 2013)

(Joseph et al. 2013)

(Lim 2014)

No reports

(Fahim Kadir et al. 2014)
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2.5 Conclusions

A review was conducted on 135 plant species, comprising 69 families and 123 genera, for
their ethnobotanical and ethnomedicinal uses by Chungtia villagers and communities
worldwide and on their reported biological properties and bioactive constituents. Sixty
eight different applications by the Chungtia villagers were identified, which were classified
into sixteen categories. Ninety thee plants’ traditional usages by the Chungtia community
were found to be in agreement with other community reports. Additionally, 31 plants were
reported to be used differently by other communities. Thirteen plants had no
ethnomedicinal or ethnobotanical uses reported by any community other than the first-hand
reports by the Chungtia villagers, and only three of these have been investigated for their
biological properties. Out of the ninety three species for which customary usages were
found to be similar with other communities’ reports, 80 were validated by pharmacological
research and 55 have been studied for the presence of phytoconstituents aligned with their

bioactivities.

Traditional healers and Elders of Chungtia village possess significant knowledge of
medicinal plants and their application for the treatments of many ailments. It has been
proven in pharmacological studies that many traditionally used medicinal plants of the
villagers possess important therapeutic value. These findings validate their traditional
medicinal usage by Chungtia villagers and highlight the significance of the traditional

knowledge of the Chungtia Elders.
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Chapter 3

Selection of Plants with Antimicrobial Potential

This chapter describes the rationale behind the selection of Chungtia medicinal
plants for subsequent antimicrobial screening, along with detailed ethnomedicinal,
pharmacological and phytochemical information on these species from the published

literature.

3.1 Background

As described in Chapter two, thirty five plants were identified following first-hand
interviews with Chungtia villagers as being used for skin related treatments that were
likely to have a microbial aetiology. The aim of this chapter was to identify which of these
plants were worthy of further investigation for their antimicrobial properties and bioactive

constituents.

3.2 The choice of plants with potential antimicrobial properties.

Current estimates indicate that nearly 6 million people suffer from chronic wounds
worldwide (Vadivel 2014). The prevalence of chronic wounds in the community was
reported as 4.5 per 1000 population whereas that of acute wounds was nearly doubled at
10.5 per 1000 population. Chronic wounds are also a major cause of morbidity in
developing countries (Kumar et al. 2007). Among rural people skin injuries are common,

sustained as a result of working in the fields or burns from cooking (Kumar et al. 2007).

The presence of pathogenic bacteria and fungi is often a causative or contributing factor
for skin infections and the healing of sores and wounds (Edwards and Harding 2004).
Thus, plants used customarily for the topical treatment of skin infections, sores and
wounds are likely to possess antimicrobial properties (Bowler 2002). The thirty five plants
used by Chungtia villagers for skin infections, sores and wounds were therefore selected
for a comprehensive literature search on their antimicrobial activities and any
antimicrobial chemical constituents reported. This review provided the basis for logical
selection of Chungtia plants for subsequent chemical and biological investigations. The
literature search results (updated to September 2014) are presented in Table 3.1.
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Table 3.1 Reported antimicrobial activities and antimicrobially active extracts/chemical constituents from plants used by Chungtia villagers for
skin related conditions of possible microbial aetiology

Plant scientific name

Skin related uses by Chungtia villagers

Antimicrobial activity

(Plant part: microbe against which active)

Antimicrobial extracts/compounds

(Plant part: active extract/
compound)

Albizia lucidior

Artocarpus heterophyllus

Asclepias curassavica

Begonia picta

Calotropis gigantea

Root infusion is applied topically to
abscesses and boils

Sap is applied topically to treat skin
diseases

Leaf paste is applied topically for cuts and
wounds

Leaves are used to cleanse hands by
crushing between palms

Leaf poultice is used topically for burns

None found

WR

Fruits, wood: P. aeruginosa, B. subtilis, E.
coli, S. aureus, C. albicans, A. niger (Khan et
al. 2003, Ragasa et al. 2004); seeds: S.
aureus, E. coli, B. subtilis (Nair et al. 2013)

WR

Leaves, seeds: P. aeruginosa (Lentz et al.
1998); aerial parts, roots: E. coli, K.
pneumoniae, P. vulgaris, P. aeruginosa, S.
aureus, B. subtilis (Neto et al. 2002,
Hemavani and Thippeswamy 2012, Kurdekar
et al. 2012, Reddy et al. 2012)

Aerial parts: S. aureus (Kichu 2010)*

WR

Leaves: S. aureus, K. pneumoniae, B. cereus,
P. aeruginosa, E. coli (Kumar et al. 2010);
flowers: S. aureus, E. coli, B. subtilis, S.
lutea, S. sonnei, S. shiga, S. dysenteriae, P.
aeruginosa, B. cereus, S. agalactiae, S.
flexneri, C. albinans, A. niger (Habib and
Karim 2009, Parvin et al. 2014); stem, roots:
S. aureus, E. coli, P. aeruginosa, S. typhi, V.
cholerae (Radhakrishnan et al. 2013)

None found

Seeds: lectins (Nair et al. 2013); fruits:
cycloartenone, cycloartenol,
diastereomeric 2,3-butanediol (Ragasa
et al. 2004)

Aerial parts: ethanol, chloroform,
petroleum ether extracts (Hemavani and
Thippeswamy 2012); roots: chloroform,
water extracts (Kurdekar et al. 2012);
leaves, roots: petroleum spirit, ethyl
acetate, methanol extracts (Reddy et al.
2012)

Aerial parts: Ethanolic aqueous extract
(Kichu 2010)*

Leaves: water extract (Kumar et al.
2010), methanol extract - hexane, ethyl
acetate partitions (Parvin et al. 2014);
flowers: ethyl acetate extract -
anhydrosophoradiol-3-acetate, di-(2-
ethylhexyl)phthalate (Habib and Karim
2009); stem, roots: methanol, ethanol,
acetone, hexane, ethyl acetate extracts
(Radhakrishnan et al. 2013)
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Cassia floribunda

Celosia cristata

Chrysanthemum indicum

Cyclea peltata

Dendrocnide sinuata

Drymaria cordata

Duabanga grandiflora

Elsholtzia blanda

Warmed leaves are made into a paste and

applied externally for fungal infections and

burns

Leaf paste is applied topically for cuts and

wounds

Leaf paste is applied topically to treat lip
scab (angular cheilitis)

Leaf decoction is applied topically for
abscesses and boils

Outer fresh stem is scraped off and the
secreted mucilage is applied on fresh cuts
and wounds

Toasted whole plants are crushed into a
paste and applied topically to treat fungal
infection (ringworm)

Fresh bark is scraped off and applied
topically to skin diseases and cuts and
wounds

Leaf paste is applied to fresh cuts

Leaves: S. aureus (Kichu 2010)*; seeds: E.
coli, M. pyogenes, S. typhi, S. paratyphi
(Singh et al. 2013)

WR

Flowers: S. aureus, B. subtilis, C. albicans
(Yun et al. 2008); whole plant: B. subtilis
(Bazzaz and Haririzadeh 2003, Gnanamani et
al. 2003)

WR

Flowers: S. aureus, E. coli, B. subtilis, S.
typhi, P. vulgaris, P. mirabilis, K.
pneunoniae, E. faecalis, Candida sp
(Shunying et al. 2005); leaves: P.
aeruginosa, C. albicans (Pradhan et al. 2011)

Tuber: E. coli, P. vulgaris, P. mirabilis, S.
pyogenes (Raja et al. 2011); whole plant: E.
coli, P. aeruginosa, K. pneumoniae, P.
vulgaris, V. cholerae (Abraham and Thomas
2012)

Leaves: S. aureus, E. coli, P. aeruginosa
(Tanti et al. 2011)

Whole plant: S. aureus, E. coli, P.
aeruginosa, B. subtilis (Mukherjee et al.
1997, Pulok et al. 1997, Nono et al. 2014)

Whole plant: S. aureus, E. coli (Othman et al.
2011)

WR

Aerial parts: S. aureus, E. coli, B. subtilis, S.
flexneri, S. typhimurium (Fang et al. 1990,
Guo et al. 2012)

Leaves, seeds: ethanol extract (Kichu
2010, Singh et al. 2013)

Flowers: ethanol, methanol extract (Yun
et al. 2008); whole plant: ethanol extract
(Bazzaz and Haririzadeh 2003)

Flowers: essential oils (Shunying et al.
2005); leaves: essential oils (Pradhan et
al. 2011)

Tuber: methanol, hexane extracts (Raja
et al. 2011); whole plant: ethanol,
methanol, chloroform, hexane, ethyl
acetate, acetone extracts (Abraham and
Thomas 2012)

Leaves: methanol, water extracts (Tanti
etal. 2011)

Whole plant: methanol extract
(Mukherjee et al. 1997, Nono et al.
2014)

Whole plant: aqueous ethanolic, ethyl
acetate extracts (Othman et al. 2011)

Aerial parts: essential oils - 1,8-cineole,
R-(+)-a-phellandrene, bornyl acetate,
camphene, linalool, a-terpinene,
a-pinene (Fang et al. 1990, Guo et al.
2012)
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Erythrina stricta

Eupatorium odoratum

Euphorbia royleana

Eurya acuminata

Ficus elastica

Gmelina arborea

Bark paste is applied topically to treat
contact dermatitis, eczema and skin
infections

Leaf paste is applied topically to fresh cuts
and wounds

Milky sap is applied topically to treat skin
diseases

Leaf paste is applied topically to cuts and
wounds

Root juice or sap is applied topically to cuts
and wounds

Mesocarp of the drupe is applied topically
to treat skin diseases

WR

Stem bark: S. aureus, MRSA, MDRSA, E.
coli, P. aeruginosa, B. subtilis, B. cereus, S.
paratyphi, S. typhi, S. boydii, S. dysenteriae,
V. mimicus, V. parahemolyticus, C. albicans,
A. niger (Kichu 2010, Hussain et al. 2011);
whole plant; E. coli, B. subtilis (Sharma
2013)

WR

Leaves: S. aureus, E. coli, B. subtilis, K.
aerogenes (Inya-Agha et al. 1987); whole
plant: S. epidermidis, P. aches, MRSA
(Chomnawang et al. 2005, Chomnawang et
al. 2009); flowers: M. tuberculosis
(Suksamrarn et al. 2004)

WR

Whole plant: S. aureus, B. subtilis, B. cereus,
C. albicans (Shi et al. 2008); rhizomes: S.
aureus, E. coli, B. subtilis (Pratush et al.
2013)

Leaves, stem: S. aureus (Grosvenor et al.
1995)

WR

Leaves: B. cereus, P. aeruginosa (Almahy et
al. 2003), K. pneumoniae, P. mirabilis
(Parekh and Chanda 2007); bark of aerial
roots: S. aureus, S. faecalis (Mbosso et al.
2012)

WR

Fruits: S. aureus, P. aeruginosa, B. subtilis
(Nayak et al. 2012); root bark: S. aureus, E.
coli, P. aeruginosa, B. subtilis (Audipudi and
Chakicherla 2010); leaves, stem bark: E. coli,

Stem bark: maackiaflavanone B,
alpinumisoflavone, lupalbigenin,
cristacarpin, erystagallin A,
erythrabyssin 11 (Kichu 2010)*, hexane,
ethyl acetate fractions (Hussain et al.
2011); whole plant: ethanol extract
(Sharma 2013)

Leaves: essential oils (Inya-Agha et al.
1987); whole plant: chloroform, ethyl
acetate, methanol fractions
(Chomnawang et al. 2005), ethanol
extract (Chomnawang et al. 2009);
flowers: isosacuranetin (Suksamrarn et
al. 2004)

Whole plant: ent-11-hydroxyabieta-
8(14),13(15)-dien-16,12R-olide,
helioscopinolide A, helioscopinolide B
(Shi et al. 2008); rhizomes: ethanol,
water extracts (Pratush et al. 2013)

Leaves, stem: aqueous ethanolic extract
(Grosvenor et al. 1995)

Leaves: emodin, sucrose, morin, rutin
(Almahyl et al. 2003); aqueous
ethanolic extract (Parekh and Chanda
2007); bark of aerial roots - ficusamide,
elasticoside (Mbosso et al. 2012)

Fruits: ethanol extract (Nayak et al.
2012); root bark: methanol, chloroform
extracts (Audipudi and Chakicherla
2010); leaves, stem bark: water, ethanol,
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Hedyotis scandens

Holboellia latifolia

Ipomoea nil

Kalanchoe pinnata

Lagenaria siceraria

Lasia spinosa

Maesa indica

Mentha cordifolia

Leaf paste is applied topically to cuts and
wounds

Foam from crushed leaves is applied
topically to fire burns (demulcent)

Leaf paste is applied topically to fire burns
(demulcent)

Warmed leaf paste is applied topically to
treat ringworms, skin diseases and burns

Juice extract of leaves is applied topically
to treat skin diseases

Leaf paste is applied topically to treat skin
diseases

Leaf paste is applied topically to cuts and
wounds

Leaf paste is applied topically to fresh cuts
and skin diseases

K. pneumoniae, P. mirabilis, S. dysenteriae,
S. typhi (EI-Mahmood et al. 2010)

Stem: S. aureus, E. coli, P. vulgaris, K.
pneumoniae (Subba and Basnet 2014)

None found

Whole plant, seeds: S. aureus, E. coli, S.
pneumoniae, K. pneumoniae, C. albicans, A.
niger (Hussain et al. 2014)

WR

Leaves: S. aureus, E. coli, B. cereus, B.
subtilis, S. pyogenes, S. faecalis, P.
aeruginosa, K. pneumoniae, S. typhi, S.
dysenteriae, P. vulgaris, P. aeruginosa,
(Biswas et al. 2011, Pattewar 2012)

WR

Leaves, seeds: S. aureus, P. aeruginosa, S.
pyogenes; fruits: P. aeruginosa, S. pyogenes
(Goji et al. 2006); leaves: S. aureus. E. coli,
P. aeruginosa, K. aeruginosa, C. albicans, A.
niger K. pneumoniae, S. typhi, E. faecalis
(Badmanaban 2010, Nagaraja et al. 2011)

Aerial parts: S. aureus (Kichu 2010)*; leaves:
S. aureus, E. coli, P. aeruginosa, B. cereus.
B. subtilis, S. paratyphi, S. typhi, S. boydii, S.
dysenteriae, V. mimicus, C. albicans, A. niger
(Goshwami et al. 2013)

None found

WR

Leaves: B. subtilis, P. aeruginosa, C.
albicans, A. niger (Ragasa et al. 2001)

hexane, chloroform extracts (El-
Mahmood et al. 2010)

Stem: ethanol extract (Subba and Basnet
2014)

None found

Whole plant, seeds: ethanol, methanal,
water, dichloromethane extracts
(Hussain et al. 2014)

Leaves: methanol extract (Wiart et al.
2004), chloroform extract (Muthuvelan
and Raja 2008), water, methanol extract
(Akinpelu 2000, Pattewar 2012); aerial
parts: ethanol extract (Biswas et al.
2011)

Leaves, seeds, fruits: methanol extract
(Goji et al. 2006); leaves: ethanol, water
extracts (Badmanaban 2010), petroleum
ether, chloroform, ethanol, water
extracts (Nagaraja et al. 2011)

Aerial parts: aqueous ethanolic extract
(Kichu 2010)*; leaves: petroleum ether,
dichloromethane, ethyl acetate, water
extracts (Goshwami et al. 2013)

None found

Leaves: 5,6,4'-trihydroxy-7,8,3'-
trimethoxyflavone, piperitenone
epoxide (Ragasa et al. 2001)

125



Mikania cordata

Mussaenda roxburghii

Myrica esculenta

Nephrolepis cordifolia

Piper betel

Polygonum hydropiper

Leaf paste is applied topically to treat skin
diseases and cuts

Fresh leaf paste is applied topically to cuts
and wounds

Leaf paste is applied to cuts and wounds

Fresh tubers are crushed and applied
topically or a slice of tuber is rubbed into
the affected areas for the treatment of skin
infections

Leaf paste is applied topically to cuts and
wounds

Leaf paste is applied topically to treat
fungal infections and scabies

WR

Leaves: S. aureus, S. typhi, S. sonnei, S.
pyogenes, S. epidermidis, P. aeruginosa, E.
coli, C. albicans (Hamill et al. 2003, Nayeem
etal. 2011)

Leaves: B. cereus, B. subtilis, S. aureus, S.
lutea, E. coli, P. aeruginosa, S. typhi, S.
paratyphi, S. boydii, S. dysenteriae, V.
mimicus, V. parahemolyticus (Hossain et al.
2013); aerial parts: S. aureus, E. coli (De
Utpal et al. 2012)

WR

Stem bark: S. aureus, E. coli, P. aeruginosa,
B. subtilis S. epidermidis, C. albicans, A.
niger (Mahato and Chaudhary 2005,
Agnihotri et al. 2012); leaves: S. aureus, E.
coli, S. epidermidis (Bamola et al. 2008)

Leaves, tuber: S. aureus (Kichu 2010)*;
fronds: E. coli, P. aeruginosa, B. subtilis, B.
cereus, S. typhimurium, S. faecalis, K.
pneumoniae, E. aerogenes (Rani et al. 2010)

WR

Leaves: S. aureus, E. coli, P. aeruginosa, B.
subtilis, B. cereus, P. mirabilis, P. vulgaris,
S. agalactiae, S. faecalis, E. aerogenes, S.
typhimurium, K. pneumoniae C. albicans, A.
niger (Nair and Chanda 2008, Akter et al.
2014, Saxena et al. 2014)

WR

Aerial parts: S. aureus (Kichu 2010)*; roots:
S. aureus, E. coli, P. aeruginosa, B. subtilis,

S. typhi, S. sonnei, E. aerogenes, C. albicans,
A. niger (Hasan et al. 2009); leaves: S.

Leaves: ethanol extract (Hamill et al.
2003, Nayeem et al. 2011)

Leaves: methanol extract (Hossain et al.
2013); aerial parts: shanzhiol (De Utpal
et al. 2012)

Stem bark: methanol extract (Mahato
and Chaudhary 2005), essential oils
(Agnihotri et al. 2012); leaves: ethanol
extract (Bamola et al. 2008)

Leaves, tuber: aqueous ethanolic extract
(Kichu 2010)*; fronds: water extract
(Rani et al. 2010)

Leaves: methanol and ethanol extracts
(Nair and Chanda 2008, Datta et al.
2011), (Akter et al. 2014), essential oil
(Saxena et al. 2014)

Roots: chloroform extract (Hasan et al.
2009); leaves - confertifolin
(Duraipandiyan et al. 2010)
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aureus, E. coli, P. aeruginosa, B. subtilis, S.
epidermidis, E. faecalis, K. pneumoniae,
Erwinia spp., P. vulgaris (Duraipandiyan et

al. 2010)
Prunus persica Fresh roots are soaked in water overnight Roots: S. aureus (Kichu 2010)* Roots: aqueous ethanolic extract (Kichu
and used to treat skin infections. Leaf juice 2010)*
extract is applied topically to treat skin
diseases.
Stereospermum chelonoides Bark paste is applied to treat cuts and skin WR Stem bark: hexane, chloroform extracts
diseases Stem bark: S. aureus, E. coli, P. aeruginosa (Haque et al. 2007), stereochenol A,
F ST T N : ' stereochenol B, caffeic acid (Haque et
B. cereus, B. subtilis, S. lutea, S. typhi, S. al. 2006, Kaisa 2011)
paratyphi, S. boydii, S. dysenteriae, V. ' ’
mimicus, V. parahemolyticus, C. albicans, A.
niger (Haque et al. 2007)
Tagetes erecta Whole plant infusion used to treat boilsand ~ WR Whole plant: ethanol extract
skin infection (Chomnawang et al. 2009); roots:

Whole plant: MRSA,; roots: S. aureus, E.
coli, P. aeruginosa, C. albicans, A. niger
(Chomnawang et al. 2009, Chatterjee and Ali
2010)

petroleum ether, chloroform, ethyl
acetate, methanol, water extracts -
bithienyl (Gupta and Vasudeva 2010,
Dasgupta et al. 2012, Lim 2014)

*Studies performed within our research group. WR - widely referenced. Bacteria: B. cereus - Bacillus cereus, B. subtilis - Bacillus subtilis, C. perfringens - Clostridium
perfringens, E. aerogenes - Enterobacter aerogenes, E. coli - Escherichia coli, E. tarda - Edwardsiella tarda, H. pyroli - Helicobacter pylori, K. aerogenes - Klepsiella
aerogenes, K. pneumoniae - Klebsiella pneumoniae, M. pyogenes - Micrococcus pyogenes, P. acnes - Propionibacterium acnes, P. aeruginosa - Pseudomonas aeruginosa, P.
vulgaris - Proteus vulgaris, S. choleraesuis - Salmonella choleraesuis, S. enteritidis - Salmonella enteritidis, S. typhi - Salmonella typhi, S. paratyphi - Salmonella paratyphi,
S. typhimurium - Salmonella typhimurium, S. lutea - Sarcinia lutea, S. boydii - Shigella boydii, S. dysenteriae - Shigella dysenteriae, S. flexneri - Shigella flexneri, S. sonnei
- Shigella sonnei, S. aureus - Staphylococcus aureus, MRSA - methicillin resistant Staphylococcus aureus, MDRSA - multi drug resistant Staphylococcus aureus, S.
epidermidis - Staphylococcus epidermidis, S. haemolyticus - Staphylococcus haemolyticus, S. agalactiae - Streptococcus agalactiae, S. pneumoniae - Streptococcus
pneumoniae, S. pyogenes - Streptococcus pyogenes, S. viridans - Streptococcus viridans, V. cholera - Vibrio cholera, V. mimicus - Vibrio mimicus, V. parahaemolyticus -
Vibrio parahaemolyticus. Fungi: A. niger - Aspergillus niger, C. albicans - Candida albicans.
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The literature review revealed that thirty two (89%) of the plants used by the Chungtia
villagers topically for ailments of a likely microbial aetiology have already been
documented for their antimicrobial activities and thirteen of them have had their
antimicrobially active compounds isolated. This validates and strongly supports the
reliance of Chungtia villagers on these plants as a treatment for sores, wounds and other
skin related ailments. This review identified three plants, namely Albizia lucidior,
Holboellia latifolia and Maesa indica that have not been described in the literature as
possessing antimicrobial properties. A further ten species, namely Begonia picta, Cyclea
peltata, Dendrocnide sinuata, Duabanga grandiflora, Erythrina stricta, Eurya acuminata,
Hedyotis scandens, Ipomoea nil, Mussaenda roxburghii and Prunus persica were found
to have limited reports on their antimicrobial activities. Moreover, the compounds
responsible for these activities have not been determined. These thirteen plants were
therefore regarded as valuable for further antimicrobial investigations. Antibacterial
activity of B. picta (leaves), C. floribunda (Leaves), E. stricta (bark), L. spinosa (leaves)
and P. persica (roots) 70% aqueous ethanolic extracts have been previously screened
within our research group by Kichu (Kichu 2010). E. stricta and P. persica were found to
have very good antibacterial properties against a susceptible strain of S. aureus (MIC =
0.156 mg/mL), while B. picta, C. floribunda and L. spinosa had moderate antibacterial
properties (MIC = 0.612 mg/mL) against the same strain. None of the plants showed
activity against E. coli and P. aeruginosa. Chemical constituents responsible for E. stricta
activity were partly isolated, but active compounds of P. persica were not identified
(Kichu 2010). Thus, based on this result, both plants remained on the list for further

screening against susceptible as well as antibiotic resistant microbial strains.

3.3 Selection of plants for antimicrobial screening

Following the identification of the above thirteen plants of interest, seven species (D.
sinuata, D. grandiflora, E. stricta, E. acuminata, H. latifolia, M. indica and P. persica)
were short listed for collection within Nagaland. Their choice was based on their ease of
access to the Chungtia villagers for collection and relative availability in reasonable
quantities for initiating laboratory investigations. All the chosen plants are highly regarded
for their medicinal properties by the Chungtia community members. The next section

provides some salient botanical and ethnomedicinal features of these seven plants.
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3.4 Detailed literature review of the seven selected plants

3.4.1 Dendrocnide sinuata

Figure 3.1 Dendrocnide sinuata photo Meyanungsang Kichu (Bl.) (Urticaceae) Zaklojawa
(Kichu 2010).

Dendrocnide is a genus of thirty seven species in the nettle family Urticaceae. It comprises

from evergreen shrubs to large trees. The genus is widely distributed across South-East

Asia, Australia and the Pacific Islands (Chew 1969, Mabberley 2008). Several of the plants

are known to sting violently, producing urticaria and shock (Everist 1972). Young stems

and branches of this genus are densely covered with stinging hairs. Leaves are elliptical in

shape with dentate margins and sparsely covered with stinging hairs on veins.

Dendrocnide sinuata is a dull green, perennial herb. Its minute rigid hairs or prickles
excrete a venomous fluid when pressed. The stem is obtusely four-angled, arising from a
branching root with flashy shoots and many fibres. The leaves are opposite and armed with
stings. The flowers are white and bell shaped (Tanti et al. 2011).

In Chungtia village the local name of the plant is Zaklojawa. It is utilised as a treatment for
fresh cuts and wounds, with the fresh outer stem applied on affected areas. Caution is
recommended when used as the plant produces an extremely painful sting (Kichu 2010).
The antibacterial activity of the leaves of this plant was reported fairly recently. The
methanol and water extracts were found to be active against S. aureus, E. coli and P.
aeruginosa, but the bioactive compounds responsible for the antibacterial activity are still
to be isolated (Tanti et al. 2011). Moreover, the stem of the plant, which is used by the

Chungtia tribe for their medicinal purposes has not been antimicrobially screened.
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D. sinuata has been widely applied for a variety of diseases, including skin related
disorders, by many tribes of India. Tribal communities of Western Mizoram use root
decoctions boiled with crabs to treat jaundice (Lalfakzuala et al. 2007). The plant is well
known and utilised by the communities of Arunachal Pradesh. The Nyishi community of
this region use the powdered plant roots in the form of a paste applied against swollen
muscles. It is also used to treat injuries and itching. Leaves of D. sinuata can be mixed with
leaves of Stephania glabra (2:1) and boiled with water. 1-2 teaspoons of the decoction is
administered as a remedy for fever and malaria. The Apani community of Arunachal
Pradesh use young boiled leaves. The decoction is administered in case of urinary disorder
or reddish urine; it is also used as a remedy for dysentery (Srivastava et al. 2010, Tanti et
al. 2011). The Adibasi community of Assam use leaves and roots of D. sinuata ground
together to a paste to treat painful boils (Tanti et al. 2011). The Karbis community of Assam
use juice of the leaves to treat chronic fever. The Khashi community of Meghalaya use a
paste of the roots and leaves to cure swelling and blind abscesses (Tanti et al. 2011) and
the Bodo community of Assam use the roots to expel intestinal worms (Rajeswar Pegu
2013). The community of Sanitpur (Assam) use roots ground to a paste and mixed with
curcuma powder to treat septic ulcers (Chutia 2012). The methanol extract of the leaves
have been reported to possess antibacterial activity as well as very good antioxidant
activity, but chemical constituents responsible for these properties have not been reported
(Tanti et al. 2011).

3.4.2 Duabanga grandiflora

R iR e A
Figure 3.2 Duabanga grandiflora (Roxb. ex DC.) Walp. (Sonneratiaceae) Kisati photo
Meyanungsang Kichu (Kichu 2010).
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Duabanga is a small genus of lowland evergreen rainforest trees distributed throughout
South-East Asia. Duabanga grandiflora Roxb. ex DC Walp. (Sonneratiaceae) (Figure 3.2)
grows to 10-25 m with an erect undivided trunk. The lower limbs are long, sparingly
branched and loosely covered with large spreading leaves. The leaves are often recurved,
and are deep green above, and almost white beneath. The large blossoms expand in April,
with a rank odour when they first burst, but become inodorous before the petals drop. The
fruit is the size of a small apple. The wood is white and soft (Hooker 1855). The local
Chungtia name of the plant is Kisati.

Chungtia villagers use fresh bark of D. grandiflora, which is scraped off and applied
topically to cure skin diseases, cuts and wounds (Kichu 2010). Aqueous ethanolic (70%)
and ethyl acetate extracts of the whole plant have been shown to possess antibacterial
activity against S. aureus and E. coli, but the compounds responsible have not been isolated

(Othman et al. 2011). The plant bark has not been screened for its antimicrobial properties.

Apart from being utilised as a skin related remedy, D. grandiflora has widespread
medicinal uses by many Indigenous communities. The stem and root juice is used by the
Chittagong community in Bangladesh to treat upset stomach (Biswas et al. 2010). It is
reported that the hill tribes of Northern Thailand use poultices from its leaves to treat
stomach pain (Auamcharoen et al. 2009). D. grandiflora leaves have also been used as a
traditional Thai medicine to treat various ailments of human skin (Tsukiyama et al. 2010).
It has been reported in pharmacological research that methanol extracts of the leaves cause
skin whitening and possess anti-aging and anti-inflammation properties. The compound
eugeniin, which has strong activity for type 111 collagen production, has been isolated from
the extract (Tsukiyama et al. 2010). The stem bark has been shown to contain 3f-
hydroxyursane-9(11),12-diene, 3B-hydroxy-12-oleanen-11-one, oleanolic acid, 3-O-(E)-
coumaroyloleanolic acid, 3B-hydroxyolean-9(11),12-diene, hyptatic acid A, betulinic acid,
divergioic acid, (E)-5-(2-formylvinyl)-7-methoxy-2 (3,4 methylenedioxyphenyl)
benzofuran, vanillin, p-sitosterol, p-sitosterol  glucoside and  3-hydroxy-4-

methoxycinnamaldehyde (Figure 3.3) (Kaweetripob et al. 2012).
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3-beta-Hydroxyursane-9(11),12-diene

0 Betulinic acid

Vanillin /O:©\/\/
HO AP

3-Hydroxy-4-methoxycinnamaldehyde

(E)-5-(2-Formylvinyl)-7-methoxy-2 (3,4 methylenedioxyphenyl) benzofuran

Figure 3.3 Chemical constituents of D. grandiflora.
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3.4.3 Erythrina stricta

Figure 3.4 Erythrina stricta Roxb. (Fabaceae) Lochet photo Meyanungsang Kichu (Kichu
2010).

The genus Erythrina comprises of more than 100 species distributed in tropical and
subtropical regions of the world. Erythrina stricta Roxb. (Fabaceae) (Figure 3.4) is a large
flowering tree belonging to the family Leguminosae. The bark of E. stricta is grey and
armed with whitish prickles. Leaves of the plant are stalked and trifoliate and shiny on the
upper side. The flowers are arranged into dense clusters with spindle shaped pods. The
seeds are red and kidney shaped. E. stricta is distributed throughout Nepal, India, Tibet and
China (Manandhar 2002).

The plant in Nagaland is locally called Lochet. The Chungtia villagers use the stem bark
topically as a paste or as an infusion to treat various skin related conditions such as contact
dermatitis, eczema and skin infections (Kichu 2010). Antimicrobial activity reports in the
published literature are relatively recent and very scarce. n-Hexane and ethyl acetate
fractions of the stem bark have been reported to be active against S. aureus, E. coli, P.
aeruginosa, B. subtilis, B. cereus, S. paratyphi, S. typhi, S. boydii, S. dysenteriae, V.
mimicus, V. parahemolyticus, C. albicans and A. niger (Hussain et al. 2011) and the whole
plant ethanol extract has been reported to be active against E. coli and B. subtilis (Sharma
2013).

Our research group has reported antibacterial activity of the plant (stem bark, 70% aqueous
ethanolic extract) against antibiotic susceptible, methicillin resistant (MRSA) and multi
drug resistant (MDRSA) strains of S. aureus and has identified some of the compounds

responsible for its antibacterial properties such as erystagallin A and erythrabyssin 1. These
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compounds have shown very good activity against all tested S. aureus strains (Kichu 2010).
The plant merits further study, due in part to the wide and diverse range of medicinal uses

cited throughout India and south Asia.

The Lotha-Naga tribes of the Wokha district of Nagaland use stem bark paste of E. stricta
to treat rheumatism, stomach ache, asthma, dysentery and epilepsy (Jamir and Takatemjen
2010). The Mikirs Indigenous people inhabiting the Karbi-Anglong district of India, use
the flowers, which are pounded and taken as a tonic. A lotion made by burning the wood is
applied on facial inflammation (Jain and Borthakur 1980). The Garasia tribe of the Sirohi
district, Rajahstan use extracts of fresh or dried flowers orally to cause abortion (Meena
and Yadav 2011). The people of Assam apply the root paste on gout. The root juice mixed
with milk is given orally to treat gout (Nath et al. 2011). Gorkha district people of Nepal
use the squeezed juice of the bark of Garuga pinnata mixed with equal parts of the bark of
E. stricta and Ficus semicordata to treat stomach disorders (Manandhar 1990). The leaves
of E. stricta are frequently used in Indian traditional medicinal systems for the treatment of
joint pain and related inflammatory disorders (Umamaheswari et al. 2009). These
medicinal uses have been validated by pharmacological investigations that have identified
some of the active constituents and which have quantified their medicinal effects. For
example, E. stricta leaves were proven to exhibit cardioprotective effects on isoproterenol
induced myocardial infarction in rats (Kuppusamy et al. 2010). n-Hexane and chloroform
extracts of E. stricta roots were reported to possess antiplasmodial, antimycobacterial and
cytotoxic activity and the compounds responsible for these activities, namely erythrabissin-
I, erythrabyssin 11, erystagallin A and 5-hydroxysophoranone were isolated (Figure 3.5)
(Rukachaisirikul et al. 2007).
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Erystagallin A
OH O  5-Hydroxysophoranone

Figure 3.5 Chemical constituents of E. stricta.

3.4.4 Eurya acuminata

Figure 3.6 Eurya acuminata DC. (Theaceae) Mesetwa photo Meyanungsang Kichu (Kichu
2010).

The genus Eurya includes about 50 species distributed throughout South-East Asia and the
islands of the Pacific. Members of the genus are commonly dioecious shrubs and small
trees. The unisexual flowers are usually in dense clusters in the axils of leaves (Herat and
Theobald 1977). Eurya acuminata DC. (Theaceae) (Figure 3.6) is a tree growing to a height
of 3 m with a straight trunk and reddish brown, smooth to slightly fissured bark. Flowers
are dioecious, either male or female borne, on similarly unisexual plants. The fruit is berry-
like, fleshy and purple-black. Leaves are alternate and lanceolate (Herat and Theobald
1977).
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In Nagaland the plant is known as Masetwa. Chungtia villagers use the plant leaves as an
infusion orally to treat dysentery and diarrhoea. In addition, the leaf paste is applied
topically to cuts and wounds. Leaves and stem aqueous ethanolic extracts have been shown
to be active against S. aureus (Grosvenor et al. 1995). Even though the plant is well
documented for its healing skin properties and has a wide variety of other ethnomedicinal
uses, the cited Grosvenor et al. publication related to its antibacterial properties has been

the only one found. Moreover, the plant chemical composition has not been investigated.

As mentioned above, E. acuminata is utilised as a treatment of many types of diseases,
including skin disorders by various tribal communities worldwide. The village
communities of Kali Gandaki, Bagmati and Tadi Likhu watersheds of Nepal use the plant
for the treatment of skin diseases, for example, the juice of the leaves is used to cure itches
and scabies (Joshi and Joshi 2007). Communities of Papua New Guinea chew the leaves to
prevent cough and in China leaves and fruit are eaten to aid digestion (Holdsworth and
Sakulas 1986). People of Uttaranchal State, India use the leaves to treat stomach disorders,
dysentery, diarrhoea and cholera (Adhikari et al. 2007). The Nyishi community of
Arunachal Pradesh use a decoction of the leaves as a permanent dye (Srivastava 2010). The
root extract of E. acuminata is used to treat diarrhoea by Chakma Communities of
Chittagong Hill Tracts of Bangladesh (Khisha et al.). The Raji tribal community of
Uttaranchal Champawat and Pithoragarh districts use the bark of the plant, ground into a

paste and taken as a remedy for scurvy and various skin diseases (Negi et al. 2002).

3.4.5 Holboellia latifolia

B ¥
Figure 3.7 Holboellia latifolia Wall. (Lardizabalaceae) Mezetsuk photo Meyanungsang
Kichu (Kichu 2010).
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Holboellia is a genus of flowering plants in the Lardizabalaceae family. There are twenty
species in the genus, mostly perennial, evergreen vines, although some are deciduous; all
are restricted to the Himalayas and China. The flowers are monoecious, ie separate male
and female flowers are produced on the same plant. Holboellia latifolia Well.
(Lardizabalaceae) (Figure 3.7), locally known by the Chungtia villagers as Mezetsuk, is a
vigorous, frost resistant, evergreen climber. The trunk of the plant grows up to 15 cm thick
with vertically fissured corky bark when old. Branches and twigs are glabrous, striated,
often twining at the tips. Leaves are compound, usually 3-5-foliolate and petiolate (La Dell
2008). Clusters of small, greenish-white (male) and purple (female) flowers are produced
on the same plant. Flowering occurs in spring. H. latifolia is acommon horticultural variety,
mostly grown for its dark green foliage and edible fruits (Christenhusz 2012). The fruit is
a berry, oblong or ovate-oblong, with usually a rounded base and apex, flesh-coloured or
rosy-purple with many-seeds. The seeds are almost orbicular and straight, embedded in
pulp (Wang et al. 2009).

The Chungtia community apply foam from crushed leaves to burns as a demulcent (Kichu
2010). No biological activities or phytochemical studies for H. latifolia have been reported.
Further study of this species is justified because, in addition to its cited use by the Chungtia
villagers, other villagers of the North-Eastern portion of India, comprising the states of
Arunachal Pradesh, Assam, Manipur, Meghalaya and Mizoram, use juice from the ground
leaves to treat burns (Begum and Nath 2000).

3.4.6 Maesa indica

Figure 3.8 Maesa indica (Roxb.) Wall. (Myrsinaceae) Kensametong photo
Meyanungsang Kichu (Kichu 2010).
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Maesa is a genus in the family Myrsinaceae. Plants of this genus are shrubs or trees. The
inflorescence is composed of axillary panicles. The corolla is campanulate (bell-shaped),
marked with glandular dots or lines. Fruit can be dry or fleshy, spherical and crowned with
persistent sepals and styles. Seeds are numerous (Caris et al. 2000, Stahl and Anderberg
2004). Maesa indica Roxb. Wall (Figure 3.8), locally known by the Chungtia villagers as
Kensametong, is a large, evergreen shrub, with thin bark (Srinivasan 1955). The leaves are
ovate to elliptic-lanceolate, serrate, and acute, with the base rounded to narrow. Flowers
are bisexual, small, 4-5 mm across, and white (Utteridge and Saunders 2004). The corolla
lobes are ovate, obtuse or rotate, minutely dentate at margins. The berries are whitish,
surrounded by a persistent calyx. The shrub has soft, brownish wood that is used as a fuel.

Flowering occurs from January to April (Caris et al. 2000).

The Chungtia villagers apply the leaf paste of M. indica topically to treat cuts and wounds
(Kichu 2010). No antimicrobial activity of M. indica has been reported in the literature to
date, but antimicrobial properties of the genus have been reported. Thus, the plant could

be worthy of investigation from a chemotaxonomic point of view.

M. indica has widespread medicinal citations. The Yao people of China use a decoction of
the leaves to treat numbness of limbs and hepatitis (Long and Li 2004). The Kani tribe from
Tamil Nadu apply leaf juice externally to stimulate hair growth. Combined juice of the
leaves, roots bark and unripened fruits is applied on the body before bathing to increase
body resistance to disease (Ayyanar and Ignacimuthu 2005). The Lotha-Naga tribes of
Nagaland eat the fruits to expel intestinal parasites (Jamir and Takatemjen 2010). The
Chakma community of Arunachal Pradesh use a decoction of leaves for bathing during
fever (Sarmah et al. 2008). M. indica has been reported to exhibit antiviral activity against
Ranikhet disease and vaccinia viruses (Sindambiwe et al. 1998). Antibacterial, anti-
inflammatory, antiviral, molluscicidal and antioxidant activity have been reported for the
Maesa genus (Sindambiwe et al. 1998). B-Sitosterol and quercetin-3-rhamnoside have been

isolated from M. indica leaves (Figure 3.9) (Kuruvilla et al. 2010).
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beta-Sitosterol Quarcetin-3-rhamnoside

Figure 3.9 Chemical constituents of M. indica.

3.4.7 Prunus persica

Figure 3.10 Prunus persica (L.) Stokes (Rosaceae) Mokori photo Meyanungsang Kichu
(Kichu 2010).
Prunus persica L. Stokes (Rosaceae) (Figure 3.10), known by Chungtia villagers as
Mokori, is a deciduous tree of the subfamily Prunoideae of the family Rosaceae. It grows
to a height of 5 to 10 m and is commonly cultivated in West Asia, Europe, Himalayas and
India up to an altitude of approximately 300 m. 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 and with five petals. The fruit has yellow or whitish flesh and a
delicate aroma. The single, large seed is red-brown, oval shaped and is surrounded by a

wood-like husk.

The Chungtia villagers consume the liquid from fresh roots soaked in water to treat typhoid
and the seed endosperm to treat dysentery and diarrhoea. The liquid from the roots and
aqueous decoctions of the leaves are also used to treat skin related infections (Kichu 2010).

All plant parts have been reported for various pharmacological properties, with the
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exclusion of the roots. Moreover, antibacterial activity of the plant has not been reported

for any part of the species, except by Kichu (Kichu 2010).

Nearly all parts of P. persica have been used ethnomedicinally (Lim 2012). In Pakistan, the
flowers are considered a purgative, while decoctions of the leaves are used as an
anthelmintic, laxative and sedative (Gilani et al. 2000). Tribal communities of the North-
West Frontier Province of Pakistan apply crushed, fresh leaves directly onto wounds to
assist healing and alleviate burning sensations (Abbasi et al. 2010). Communities of the
Baramulla district of India use a decoction of the leaves to treat abdominal pain (Yousuf et
al. 2013), while Manipuri folklore healers of India use the leaf decoction to treat
hypertension (Lokesh and Amitsankar 2012). The Shinasha, Agew-awi and Amhara
peoples of North-West Ethiopia use seeds of the plant to treat malaria (Giday et al. 2007).
P. persica flowers are applied in Asian countries to whiten skin and to treat skin disorders
(Kim et al. 2002). The seeds are commonly used in Japan and China as an ingredient in
Kampo (Chinese medicine) prescriptions to treat a great variety of disorders such as
women’s diseases including premenstrual syndrome and threatened abortion in early
pregnancy (Lee et al. 2008), as well as degenerative disorders such as hypermenorrhea,
dysmenorrhea, leiomyoma and infertility (Sakamoto et al. 1992). The plant seeds are also
a part of a Kampo prescription for the treatment of “Oketsu” (stagnation of blood
circulation) syndrome (Kosuge et al. 1984), rheumatic heart disease, chronic kidney
disease, Parkinson’s disease (Yao et al. 2013) and breast cancer (Liu 2012). The plants’
traditional medicinal applications have been validated by the findings of anticancer
(Fukuda et al. 2003), hepatoprotective, nephroprotective (Lee et al. 2008), anti-
inflammatory (Rho et al. 2007), acetylcholine esterase inhibitory (Suh et al. 2006),
estrogenic and anti-estrogenic (Kim et al. 2008), cardioprotective, anti-hyperglyceamic
(Kono et al. 2013), spasmogenic, spasmolytic (Gilani et al., 2000), UV-protective and
antioxidant (Vattem and Shetty 2005, Wu et al. 2011) bioactivities. Phytochemical
screening has also revealed the presence of many compounds related to the reported
activities. These include alkaloids (persicaside), cyanogenic glycosides (amygdalin and
prunasin), phenolic acids (caffeic acid, chlorogenic acid, p-coumaric acid, ferulic acid),
tannins (quinic acid) and flavonol glycosides (isoquercetin, multiflorin B and trifolin)
(Figure 3.11).
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Figure 3.11 Chemical constituents of P. persica.
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3.5 Conclusions

A literature review of thirty five plants used by Chungtia villagers for skin infections,
sores and wounds of a likely microbial origin was conducted on their antimicrobial
activities and antimicrobial constituents reported. Holboellia latifolia and Maesa indica
had no reports on antimicrobial activity or their antimicrobial chemical constituents.
Although Dendrocnide sinuata, Duabanga grandiflora and Eurya acuminata are known
to possess antibacterial activity, the relevant bioactive constituents have not been isolated.
These plants were therefore regarded as worthy of further investigation for their
antimicrobial activities and bioactive constituents. For Prunus persica and Erythrina
stricta, antibacterial activity was reported by Kichu (Kichu 2010). Some constituents

responsible have been isolated from E. stricta but not from P. persica.
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Chapter 4

Nagaland Medicinal Plants and Their Antimicrobial Activity

This chapter describes the results of antimicrobial screening of the chosen Chungtia

medicinal plants.

4.1 Introduction

First-hand ethnobotanical documentation of medicinal plants used by Chungtia villagers in
Nagaland identified 135 plants out of which 35 were used as treatments for skin related
ailments such as sores, wounds and skin infections and as cleansing agents (Kichu 2010).
These applications suggested that the plants might possess antimicrobial properties. As
detailed in Chapter 3, a thorough literature search for antimicrobial and phytochemical
studies on these 35 plants highlighted seven that had not been reported for any antimicrobial
properties or the reports have been very scarce for compounds relevant to their medicinal
uses. The aim of the research presented in this chapter was to investigate these seven plants
for their antimicrobial activity and to use this data to select a plant for further bioassay

guided phytochemical studies.

4.2 Selection of microorganisms for antimicrobial activity testing

Antibiotic susceptible and resistant strains of Staphylococcus aureus (S. aureus) and
Escherichia coli (E. coli) as well as Streptococcus pyogenes (S. pyogenes), Salmonella
typhimurium (S. typhimurium), Pseudomonas aeruginosa (P. aeruginosa) and the fungus
Candida albicans (C. albicans) were selected for preliminary antimicrobial screening of
the plant extracts as they are pathogens commonly isolated from a variety of clinical

conditions.

Staphylococcus aureus is a Gram-positive facultatively anaerobic coccus and is the most
common cause of wound infections (Zinner 1999, Purohit and Solanki 2013). The
characteristic golden yellow colour, which is seen in colonies of this organism, is caused
by the carotenoid pigment staphyloxanthin which is responsible for S. aureus’ virulence
(Liu et al. 2008). The bacterium can cause a range of illnesses, from minor skin infections,
such as pimples, impetigo, boils (furuncles), scalded skin syndrome and abscesses, to life-
threatening diseases such as pneumonia, meningitis, toxic shock syndrome (TSS),
bacteraemia and sepsis. S. aureus is one of the five most common causes of nosocomial

infections and is often the cause of postsurgical wound infections (Thompson et al. 1982,
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Purohit and Solanki 2013). The spectacular adaptive capacity of this pathogen has resulted
in the emergence and worldwide spread of lineages with resistance to the majority of
available antimicrobial agents. The choice of therapy against such multidrug resistant S.
aureus (MDRSA) as well as methicillin resistant S. aureus (MRSA) strains has been
narrowed to a few antibacterial agents (Mwangi et al. 2007). These bacteria are most often
acquired in hospitals and aged care facilities, but are becoming increasingly prevalent in

community acquired infections (Wertheim et al. 2005).

Escherichia coli is a Gram-negative rod-shaped bacterium that is commonly found in the
large intestine of warm-blooded organisms (Guarner and Malagelada 2003). Although the
pathogenic strains of E. coli are regarded primarily as a cause of urinary tract infections
and foodborne disease, they can be also responsible for post-surgical wound infections
(Shields et al. 2013). E. coli is the fourth most common organism implicated in surgical
site infections (Shields et al. 2013). Extended-spectrum beta-lactamase producing E. coli
(E. coli B+) are resistant to many antibiotics including penicillins, narrow- and extended-
spectrum cephalosporins and aztreonam. In the past, most infections caused by E. coli p+
have been nosocomially acquired or care facilities related. However, infections due to E.

coli B+ organisms are an increasing problem in the wider community (Doi et al. 2012).

Group A Streptococci are extracellular Gram-positive pathogens (Cunningham 2000).
Streptococcus pyogenes (Group A) exclusively colonises humans and can cause a wide
range of primary infections of the skin, throat and other mucosal surfaces, including
pharyngitis and impetigo (Smith and Babcock 2010). Occasionally, life-threatening
invasive diseases, such as streptococcal toxic shock syndrome and necrotising fasciitis,
both associated with high mortality rates, can result from S. pyogenes infection. A
resurgence of invasive S. pyogenes diseases and rheumatic fever has appeared in outbreaks

over the past 10 years (Stockmann et al. 2012).

Salmonella typhimurium is a Gram-negative bacterium and facultative intracellular
pathogen (Fields et al. 1986). S. typhimurium is known to initiate infection of mammalian
hosts by penetrating the intestinal epithelium of the small bowel (Jones et al. 1994). Its
most common route of infection is oral, but topical wound infections have also been
reported (Murphy and Evans 2012). This bacterium is a major cause of enteric infections
in humans associated with significant morbidity and mortality, especially in developing
countries, however, it has also been isolated from infected burns (Murphy and Evans 2012)
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and surgical wound infections (Leaper et al. 2011). Overall, it is estimated to cause about
1.2 million illnesses every year in the United States, with around 23,000 hospitalisations
and 450 deaths (Murphy and Evans 2012).

Pseudomonas aeruginosa is a Gram-negative bacterium that can be pathogenic for animals
and humans. It can be found in soil, water and skin flora. It thrives not only in normal
atmospheres, but also in hypoxic atmospheres, thus, it has colonised many natural and man-
made environments. It uses a wide range of organic material for growth and it is this
versatility that enables the organism to infect damaged tissues. P. aeruginosa is most
commonly isolated from acute and chronic wounds such as pressure ulcers (bed sores) or
diabetic ulcers (Turner et al. 2014). The symptoms of P. aeruginosa infections are
inflammation and sepsis. If the colonisation occurs in body organs such as the lungs, the
urinary tract and kidneys, the result can be fatal. Because the bacterium thrives on most
surfaces, it can also be found on the surfaces of medical equipment, causing cross-

infections in hospitals and clinics (Stover et al. 2000).

Candida albicans is a commensal fungus that is a member of the skin and mucosal flora
(Sudbery 2011). C. albicans is an opportunistic human pathogen that causes fungal skin
infections in mainly immunocompromised patients, patients suffering from burns and
newborn (especially premature) babies (Sudbery 2011). The fungus is also a common cause
of mucosal and cutaneous infections. Oral candidiasis is an infection of the oral cavity that

affects immuno-compromised as well as immune-competent patients (Weindl et al. 2014).

4.3 Selection of antimicrobial test methods

Two complementary assays, i.e. the disc diffusion assay and MTT microdilution assay were

chosen for the testing.

4.3.1 Disc diffusion assay

The disc diffusion assay is one of the most commonly used methods for determination of
microorganisms’ susceptibility to antibiotics due to its simplicity, rapidity and low cost
(Valgas et al. 2007). In this method, filter paper discs are impregnated with the test samples,
which are then placed on the surface of an agar plate inoculated with the microorganism.
The assay is based on the ability of compounds to diffuse into an agar layer and to inhibit
microbial growth if the test sample possesses antimicrobial properties. A clear zone of
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inhibition appears around the disc if the samples are active. Due to the fact that the method
relies on the ability of the test substance to diffuse into the agar layer, this method is not
suitable for some types of compounds i.e. non polar or large molecules (Valgas et al. 2007).
The method is also semi-quantitative and is best used as a qualitative method.

4.3.2 MTT microdilution assay

Microdilution assays allow the testing of a range of samples and sample concentrations in
a single microtitre plate. The MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium
bromide) microdilution assay works on the principle that yellow MTT can be reduced to
MTT formazan by living cells (Figure 4.1). This mechanism has been exploited to measure
cell proliferation and cytotoxicity (Mosmann 1983) and for antibacterial assays of natural
products (Appendino et al. 2008, Chérigo et al. 2009). Although the mechanism is
unknown for bacteria and fungi, the mechanism of cellular MTT reduction to MTT
formazan is due to mitochondrial dehydrogenases (Liu et al. 1997) and possibly some other

non-mitochondrial dehydrogenases or xanthine oxidase (Burdon et al. 1993).

MTT MTT Formazan

Figure 4.1 Enzymatic conversion of MTT (yellow) to MTT formazan (blue) by living cells.

In the MTT microdilution assay method for antimicrobial activity, a known volume of
liquid medium is dispensed into the wells of a microtitre plate, serial dilutions of the test
samples are added and a suspension of known microbial density is dispensed into the wells.
After incubation, a solution of MTT is dispensed into each well to detect the microbial
growth by a colour change from yellow to dark blue (dark blue wells indicate microbial
growth and yellow indicates no microbial growth). The minimum inhibitory concentration
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(MIC) is determined as the lowest concentration at which no growth (yellow colour) is
observed (Abate et al. 1998).

The MTT microdilution assay can be applied to obtain quantitative data and it is generally
regarded as a low cost and reliable colorimetric assay (Abate et al. 1998). Accuracy of the
assay can be compromised by samples that are coloured (such as plant extracts), redox
active and/or samples that are not soluble in the medium, which is predominantly aqueous.

4.4 Results and Discussion

As described in Chapter 3, Dendrocnide sinuata (stem), Eurya acuminata (leaves),
Duabanga grandiflora (stem bark), Prunus persica (roots), Erythrina stricta (stem), Maesa
indica (leaves) and Holboellia latifolia (leaves) have been used topically by Chungtia
villagers for skin related conditions. These plant parts were collected, air dried and ground
by Chungtia villagers, then transported to the research laboratory (Macquarie University,
Australia). They were then extracted with 70% aqueous ethanol (Houghton and Raman
1998). The crude extracts were screened against susceptible S. aureus and the resistant
strains MRSA and MDRSA, E. coli f+ and E. coli p-, P. aeruginosa, S. typhimurium, S.

pyogenes and C. albicans.

4.4.1 Disc diffusion assay
The ideal concentration of crude plant material for the disc diffusion assay should be 1-5
mg per disc and a microbial density of 1.5x108 cfu/mL (Jeevan et al. 2004, Kuete et al.
2008). In this study, the quantity of 2 mg of extract per disc was used. For interpretation of
the results, an arbitrary scoring system was applied. Zones of inhibition larger than 15 mm
in diameter (including the 6 mm disc) were considered as high activity, between 10 and 15
mm as moderate activity and less than 10 mm as weak activity. None of the plant extracts
inhibited growth of P. aeruginosa, S. typhimurium, S. pyogenes or C. albicans in the disc
diffusion assay. Only P. persica and E. stricta showed moderate activity against all three
strains of S. aureus. D. sinuata extracts showed moderate inhibitory activity against all S.
aureus strains as well as against E. coli B—and D. grandiflora showed moderate inhibition

against the susceptible strain of S. aureus (Table 4.1).
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Table 4.1 Positive disc diffusion assay results with the selected plants

Plant sample Diameter of inhibition zone including disc (in mm)
S. aureus MRSA MDRSA E. coli -
P, persica roots 10 10 10 na
E. stricta stem 12 10 10 na
D. sinuata stem 12 10 10 10
D. grandiflora stem bark 10 na na na
Gentamycin nt nt nt 16
Vancomycin 15 12 12 nt

Sample concentration: 2 mg/disc. Disc size: 6 mm. na = not active, nt = not tested. The results obtained by
the author are in agreement with a previously assayed sample (Kichu 2010). Zone of inhibition includes 6
mm disc diameter.

While the disc diffusion assay is a commonly used method for antimicrobial screening of
medicinal plants (Das et al. 2010, Sokovi¢ et al. 2010, Raja et al. 2011), the activity
measured as zone of inhibition is influenced by numerous factors including size and
polarity of substances (Valgas et al. 2007). Moreover, Whatman filter paper discs, which
are commonly used and were utilised in this study, can also influence results (\Valgas et al.
2007). Paper discs are composed of cellulose, which contains many free hydroxyl groups
present on glucose and renders the surface of the discs hydrophilic (Burgess et al. 1999).
Therefore, polar compounds can adsorb to the surface of the discs and not diffuse into the
medium. As a consequence, some polar compounds that possess antimicrobial activity may
not show a zone of inhibition in the disc diffusion assay (Valgas et al. 2007). Non-polar
compounds would not be influenced by the hydroxyls on the surface of the paper, but
because of their hydrophobic nature they may not diffuse through the aqueous medium.
Large molecules also often diffuse poorly. Thus, some antimicrobial non-polar compounds
and large molecules may also have negative results in the disc diffusion assay despite being
antimicrobial. A combination of the disc diffusion assay with at least one other assay is
therefore often preferred for screening (Valgas et al. 2007).

4.4.2 MTT Microdilution assay
The crude extracts of the seven plants were also assayed against all test microbes using the
MTT microdilution assay. Unlike for the disc diffusion assay, all of the plants showed
activity against susceptible S. aureus as well as the resistant MRSA and MDRSA strains,
with MIC values ranging from 625 pg/mL for E. acuminata and M. indica to 156 pg/mL
for P. persica (all S. aureus strains). The P. persica extract showed the strongest inhibitory
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activity against MRSA and MDRSA (MIC = 156 pg/mL), and the inhibition was more
potent than that of the control antibiotic vancomycin (MIC = 312 pg/mL for MRSA and
MDRSA). D. grandiflora exhibited high antimicrobial potential against all S. aureus
strains, with MIC values of 156 pug/mL for the susceptible strain and 312 pg/mL for both
resistant strains. D. sinuata inhibited growth of all S. aureus strains, with MIC values 312
pg/mL for the susceptible strain, 1250 pg/mL for MRSA and 2500 pg/mL for MDRSA,
respectively, as well as for E. coli - with an MIC of 1250 pg/mL. M. indica, E. stricta, H.
latifolia, D. sinuata and E. acuminata showed activity against S. typhimurium with MIC
values ranging from 2500 pg/mL for M. indica and E. acuminata to 625 pg/mL for the
remaining plants. None of the plant extracts exhibited activity against E. coli B+, S.

pyogenes, P. aeruginosa and C. albicans (Table 4.2, Figure 4.2).

160



Table 4.2 Positive MTT Microdilution assay results with the selected plants

Plant name MIC (pg/mL)
S.aureus MRSA  MDRSA S. typhimurium E. coli B-

M. indica leaves 625 625 625 2500 na

E. stricta stem 312 312 312 625 na

H. latifolia leaves 156 1250 1250 625 na

D. grandiflora stem bark 156 312 156 na na
D. sinuata stem 312 1250 1250 625 1250

E. acuminata leaves 625 625 625 2500 na

P. persica roots 156 156 156 na na

Kanamycin 156 nt nt nt nt
Gentamycin nt nt nt 312 156

Vancomycin nt 312 312 nt nt

na - not active at 2.5 mg/mL, nt - not tested. MIC values were determined as the wells with the lowest sample
concentration that showed no change from yellow to dark blue colour after addition of MTT.

ug/mL 2500 1250 625 312 156

Figure 4.2 The 96 well plate of selected plants tested against MDRSA: 1. M. indica, 2. E.
stricta, 3. H. latifolia, 4. D. grandiflora, 5. D. sinuata, 6. E. acuminata, 7. P. persica. MIC
values were determined as the wells with the lowest sample concentration that showed no
change to blue colour after addition of MTT. Concentration range from 156 pug/mL to 2500
pg/mL. The last column to the right is sterile control.
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According to several researchers, crude plant extracts with MIC values below 1000 pg/mL
are worth further investigation (Rios and Recio 2005, Appendino et al. 2008, Chérigo et al.
2009), although some researchers suggest that extracts showing activities at concentrations
lower than 2000 pg/mL in the preliminary screening should be considered of interest
(Palombo and Semple 2001). In this study, MIC values less than 312 pg/mL were
considered as good activity, between 612 pg/mL and 1250 pg/mL as moderate activity and
greater than 1250 pg/mL as poor activity. The P. persica assay results for the MTT
microdilution and disc diffusion tests were consistent with those previously obtained in the
research group (Kichu 2010) against antibiotic susceptible strains of S. aureus, E. coli and

P. aeruginosa.

Based on these assay results, P. persica was regarded as the most promising plant for
further antimicrobial and phytochemical studies. All the tested medicinal plants showed
very good to good activity against susceptible S. aureus and good to moderate activity
against MRSA and MDRSA, which is consistent with the strong reliance of the Chungtia
villagers on the use of these plants for skin related conditions.

4.5 Conclusions

The antibacterial activity of seven plant samples used by Chungtia villagers to treat skin
related conditions of a likely microbial aetiology were analysed using the disc diffusion
and the MTT microdilution assays. In the disc diffusion assay, P. persica and E. stricta
showed moderate antimicrobial activity against all strains of S. aureus and D. sinuata
displayed weak activity against all strains of S. aureus as well as against an antibiotic
sensitive strain of E. coli. No other plant extracts exhibited activity in the disc diffusion
assay. In the MTT microdilution assay all of the plant extracts displayed antibacterial
activity against susceptible as well as resistant strains of S. aureus. The most potent
inhibitory activity was observed with P. persica roots, with an MIC of 156 pg/mL for all
the strains of S. aureus, followed by the stem bark of D. grandiflora, with MIC values of
156 pg/mL for the susceptible S. aureus and MDRSA and 312 pg/mL for MRSA. The
results support the use of the two different assay methods for antimicrobial evaluation.
Based on these results, P. persica was selected for further investigation of the antibacterial

constituents.
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Chapter 5

Chemical and Biological Studies on Prunus persica Root Extracts

This chapter describes the studies carried out with the extracts of P. persica roots to
determine their antimicrobial potential and to isolate and identify bioactive fractions and

molecules.

5.1 Introduction

As described in Chapter 4, the crude 70% aqueous ethanolic extract of Prunus persica L.
Stokes (Peach) roots, collected from Chungtia village, Nagaland, exhibited very good
antibacterial activity against antibiotic sensitive as well as antibiotic resistant strains of S.
aureus. Although P. persica is well known for its healing properties, there are no reports
concerning the plant’s antimicrobial activity. Moreover, of all the examined plant parts,

roots seem to be completely left out.

The aim of the work presented in this chapter was to further examine the antibacterial
properties of the partitioned extracts of P. persica roots with a range of Gram-negative and
Gram-positive bacteria, to conduct phytochemical screening, optimise a bioautography

method for bioassay-directed fractionation, and to begin to identify the active constituents.

5.2 Results and discussion
5.2.1 Partitioning of P. persica root extract and phytochemical screening

Dried powdered roots of P. persica (1 kg) were extracted with 70% aqueous ethanol and
the extract was partitioned between water and n-hexane, DCM and EtOAc to help
fractionate the components based on their polarity. The partitions were subjected to
qualitative phytochemical screening with vanillin—sulfuric acid, p-anisaldehyde and
Dragendorff’s reagents, iodine, ferric chloride and lead(Il) acetate as the staining agents.
Vanillin-sulfuric acid reagent is particularly used for the detection of steroids (red or blue
spots) (Gibbons 2005, Ebada et al. 2008), however some authors suggest that terpenes (red,
blue or violet spots) and phenols (pink, red or orange spots) can also be detected (Wagner
1996, Gibbons 2005, Spangenberg 2008, Waksmundzka-Hajnos et al. 2008).
p-Anisaldehyde reagent can be applied for detection of terpenes and steroids (blue or green
colouration) (Wagner 1996), while iodine has a high affinity for unsaturated and aromatic

compounds (yellow-brown spots) (Waksmundzka-Hajnos et al. 2008). Dragendorff’s
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reagent is a specific reagent for the detection of heterocyclic nitrogen compounds such as
alkaloids, which appear as dark orange or red spots (Waksmundzka-Hajnos et al. 2008).
Ferric chloride and lead acetate are used for detection of flavonoids, phenols and tannins
(Waksmundzka-Hajnos et al. 2008, Gowri and Vasantha 2010). Formation of blue or green
spots with ferric chloride indicates the presence of phenols. Formation of yellow or red
spots with lead acetate indicates the presence of tannins (Gowri and Vasantha 2010).

A TLC chromatogram of the n-hexane partition stained light blue with vanillin-sulfuric
acid reagent and dark blue with p-anisaldehyde reagent, suggesting that terpenes and/or
steroids might be present in this partition. With the vanillin-sulfuric acid reagent, TLC
chromatograms of the DCM, EtOAc and water partitions were predominantly red and pink,
suggesting the presence of terpenes (red, violet or blue), steroids (red or blue) and/or
phenols (red, pink or orange). Figure 5.1 depicts TLC chromatograms of the n-hexane,
DCM, EtOAc and water partitions sprayed with vanillin—sulfuric acid reagents and p-
anisaldehyde. Additional tests were performed to confirm whether steroids, terpenes or
phenols were present in the n-hexane, DCM, EtOAc and water fractions.

Hex DCM EtOAc  water Hex DCM EtOAC water

Figure 5.1 P. persica partitions run on normal phase TLC plates developed in petroleum
ether:diethyl ether 3:7 and stained with vanillin-sulfuric acid (left picture) and p-
anisaldehyde (right picture) reagents.

After insertion of TLC chromatograms into an iodine chamber, brown spots appeared for
all partitions, suggesting the presence of unsaturation. None of the chromatograms showed
any orange or red spots after spraying with Dragendorff’s reagent, which indicated the

absence of alkaloids.

168



The n-hexane, DCM, EtOAc and water partitions as aqueous methanol solutions were
treated with FeCls, The DCM, EtOAc and water partitions turned blue. This indicated the
presence of phenols (Gowri and Vasantha 2010). For detection of tannins, the above
mentioned partitions were treated with lead acetate. In each case, with the exception of n-
hexane, a yellow precipitate was produced, which indicated the presence of tannins (Gowri
and Vasantha 2010). Similar tests were also carried out using developed TLC plates. Two
chromatograms were run under the same conditions (chloroform:methanol 6:4), one treated

with FeCls, the other with lead acetate. The results are depicted in Figure 5.2.

water DCM EtOAC water DCM EtOAC

Figure 5.2 TLC chromatograms run on normal phase TLC plates (chloroform:methanol
6:4). Left picture - chromatogram treated with FeCls, Right picture - chromatogram treated
with lead acetate.

Thus, phytochemical testing suggested the presence of terpenes and/or steroids in the n-
hexane partition of P. persica, unsaturated compounds in all partitions, the presence of
phenols/tannins in the DCM, EtOAc and water partitions and the total absence of alkaloids

in all partitions.

5.2.2 Preliminary antibacterial screening of P. persica root extract

The n-hexane, DCM, EtOAc and water partitions were tested against Staphylococcus
aureus (antibiotic sensitive), methicillin resistant Staphylococcus aureus (MRSA), multi
drug resistant Staphylococcus aureus (MDRSA), Escherichia coli (B-lactamase negative
and positive), Pseudomonas aeruginosa, Salmonella typhimurium, Streptococcus pyogenes
and Candida albicans using the disc diffusion assay and MTT microdilution assay. While
the crude 70% aqueous ethanolic root extract had only shown activity against the
susceptible and resistant strains of S. aureus, the partitions were tested against the suite of
microorganisms as partitioning can often lead to concentration of active compounds,
revealing further biological activities.
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5.2.2.1 Disc diffusion assay
The diameter of zone of inhibition in mm including the 6 mm disc diameter was used as a
measure of the antimicrobial activity in the disc diffusion assay. As mentioned in Chapter
4, an arbitrary scoring system was applied for the interpretation of the results where the
zones of inhibition larger than 15 mm in diameter (including the disc) are considered as
high activity, between 10 and 15 mm as moderate activity and less than 10 mm as weak

activity. The results of the disc diffusion assay are shown in Table 5.1.

Table 5.1 Antimicrobial activity of P. persica partitioned extracts by disc diffusion assay

Prunus persica Zone of inhibition (diameter in mm)
partitions S. aureus MRSA MDRSA E. coli (B-, B+),
Susceptible P. aeruginosa
S. typhimurium
S. pyogenes
C. albicans
n-Hexane 8 10 10 na
DCM 7 7 7 na
EtOAc 12 12 11 na
Water 12 10 10 na
Vancomycin (2 pg) 15 12 12 na
Gentamycin (2 pg) nt nt nt 16, 16, 12, 18, 10*
Fluconazole nt nt nt 10**

Assays performed in duplicate. Sample amount 2 mg/disc. Zone of inhibition was determined as diameter of
complete inhibition, including 6 mm disc. na — not active, nt — not tested. *Values are diameters of zone of
inhibition against E. coli (B-) and (B+), P. aeruginosa, S. typhimurium and S. pyogenes, respectively. ** Zone
of inhibition against C. albicans.

All of the tested partitions showed moderate to weak antibacterial activity against antibiotic
sensitive as well as antibiotic resistant strains of S. aureus. The strongest activity was noted
for the EtOAC and n-hexane P. persica partitions, with interestingly the n-hexane partition
showing better antibacterial properties against the antibiotic resistant MRSA and MDRSA
strains than against the antibiotic sensitive S. aureus. None of the extracts possessed activity
against antibiotic sensitive and resistant strains of E. coli or P. aeruginosa, S. typhimurium,
S. pyogenes and C. albicans. This is consistent with results obtained from the MTT

microdilution assay described below.
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5.2.2.2 MTT microdilution assay
The n-hexane, DCM, EtOAc and water partitions were tested against antibiotic sensitive
and resistant strains of S. aureus and E. coli and antibiotic sensitive strains of P. aeruginosa,
S. typhimurium, S. pyogenes and C. albicans using the MTT microdilution assay. Partitions
with MIC values < 312 pug/mL were considered as good activity, between 612 pg/mL and
1250 pg/mL as moderate activity and > 1250 pg/mL as poor activity (Rios and Recio 2005).
The results are shown in Table 5.2.

Table 5.2 Antibacterial activity of P. persica partitions by the MTT microdilution assay

Prunus persica Minimum inhibitory concentration
partitions (MIC, pg/mL)
S. aureus MRSA MDRSA E. coli (-, p+),
Susceptible P. aeruginosa
S. typhimurium
S. pyogenes
C. albicans
n-Hexane 625 312 312 na
DCM 625 625 625 na
EtOAC 312 312 312 na
Water 1250 1250 1250 na
Vancomycin 156 312 312 na
Gentamycin nt nt nt 156*, 312**
Fluconazole nt nt nt 312%***

MIC values were determined as the wells with the lowest concentration of the samples that displayed no
yellow to blue change of the MTT colour. *MIC values for E. coli (-, f+), P. aeruginosa and S. typhimurium.
**MIC value for S. pyogenes. ***MIC value for C. albicans.

All of the tested partitions showed activity against the susceptible and resistant strains of S.
aureus. None of the partitions were active against E. coli, P. aeruginosa, S. typhimurium,
S. pyogenes and C. albicans. The EtOAc partition showed the strongest activity with MIC
values of 312 pug/mL against both antibiotic sensitive and antibiotic resistant strains of S.
aureus. The DCM and n-hexane partitions showed moderate activity against the susceptible
strain of S. aureus (MIC 625 pg/mL), with the n-hexane partition having stronger and
considered good antibacterial properties against MRSA and MDRSA (MIC 312 ug/mL).
The water partition showed poor antibacterial activity in the microdilution assay and good
antibacterial activity in the disc diffusion assay. The discrepancy between those two assays
might be due to factors such as size, polarity and solubility of substances assayed, which
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affect the two assays in different ways. This is discussed in details in chapter four, section
4.3. None of the partitioned extracts possessed activity against the antibiotic sensitive and

resistant strains of E. coli or P. aeruginosa, S. typhimurium, S. pyogenes and C. albicans.

The greater resistance of Gram-negative bacteria to plant extracts is expected. For example,
a study on 56 extracts of 39 Australian medicinal plants for their antimicrobial activities
found only one extract with partial inhibition of Gram-negative bacteria, while all extracts
were active against at least one Gram-positive bacterium (Palombo and Semple 2002). The
reason for the different sensitivity between Gram-positive and Gram-negative bacteria
could be ascribed to the morphological differences in the bacterial cell wall structures.
Gram-negative bacteria are resistant to many antibiotics due to the presence of a
lipopolysaccharide-containing additional outer membrane with low permeability that
functions as an extra barrier preventing the entrance of antibiotics into the cell (Bernal et
al. 2013). The Gram-positive bacteria should be more susceptible, having only an outer

peptidoglycan layer that is more permeable (Santos et al. 2013).

5.2.3 GS-MS analysis of n-hexane partition
Following the promising antibacterial activity, the n-hexane partition was selected for
further analysis to identify the components responsible for its bioactivity. As described
earlier, p-anisaldehyde treatment of the TLC chromatogram of the n-hexane partition
indicated the possible presence of terpenes (Wagner 1996). A GC-MS (DB-Wax) study on
the volatile oil composition of P. persica fruit reported the presence of a number of
terpenols such as linalool, terpinen-4-ol, hotrienol, o-terpineol and 3,7-dimethyl-1,5-
octadien-3,7-diol (Aubert and Milhet 2007). These compounds have all been reported for
possessing antimicrobial properties except for 3,7-dimethyl-1,5-octadien-3,7-diol.
Linalool and hotrienol have been shown to be active against S. aureus, E. coli, P.
aeruginosa, S. typhimurium, S. flexnerii and V. cholerae (Pattnaik et al. 1997). Terpinen-
4-ol was reported to possess activity against Candida species and a-terpineol has been

reported to be active against S. aureus and P. aeruginosa (Jirovetz et al. 2005).

GC-MS analysis was performed on the P. persica roots n-hexane partition at the School of
Chemistry, University of New South Wales by Dr Joseph Brophy. Eight phytochemicals
were identified (Table 5.3 and Figure 5.3) by comparing their GC retention times relative
to n-alkanes (C5-C26) and also by comparison of their mass spectra (m/z values) with either

known compounds or published spectra. The major constituents identified were hexadec-
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1-ene, octadec-1-ene, palmitic acid, ethyl palmitate, linoleic acid, oleic acid, stearic acid
and ethyl stearate. As described in Section 5.2.2.2, the n-hexane partition showed moderate
antibacterial properties against susceptible S. aureus and good antibacterial properties
against MRSA and MDRSA in the MTT microdilution assay. According to the literature,
palmitic acid (Kurtulmus et al. 2009), linoleic acid (Dilika et al. 2000) and oleic acid
(Dilika et al. 2000) possess good activity against S. aureus. The antimicrobial activity of
the n-hexane partition could therefore be at least partly ascribed to the presence of these

bioactive compounds.

Table 5.3 GS-MS analysis of P. persica n-hexane partition using DB-5 column

Compound Retention time (min) m/z value Reference
Hexadec-1-ene 15.433 224 (Oros and Simoneit 2001)
Octadec-1-ene 17.800 252 (Oros and Simoneit 2001)

Palmitic acid 19.617 256 (Hayyan et al. 2011)
Ethyl palmitate 19.933 284 (Politi et al. 2011)
Linoleic acid 21.333 280 (Hayyan et al. 2011)

Oleic acid 21.383 282 (Hayyan et al. 2011)

Stearic acid 21.600 284 (Hayyan et al. 2011)
Ethyl stearate 21.867 312 (Politi et al. 2011)
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Figure 5.3 Structures of major components of n-hexane partition identified by GC-MS
analysis.
5.2.4 TLC bioautography guided isolation studies of partitions

Preliminary antibacterial screening showed that the n-hexane and EtOAc partitions
possessed the most promising antibacterial activity against antibiotic sensitive S. aureus,
MRSA and MDRSA. Thus, these partitions were chosen for further investigation. The
preliminary phytochemical screenings gave insight into the possible chemical compositions
of the partitions, suggesting that the n-hexane partition contained terpenes (supported by

GC-MS studies) and steroids and the EtOAc partition contained phenols and tannins.

TLC bioautography can be considered as one of the most effective methods for targeting
active compounds, such as antibacterial and antifungal constituents (Islam et al. 2003),
present in a mixture. This method combines thin layer chromatographic (TLC) separation
and in situ activity determination, facilitating the localisation and directed isolation of
active constituents (Shahverdi et al. 2007). TLC bioautography was therefore chosen as a
method for bioassay guided isolation studies of the antibacterial n-hexane and EtOAc
partitions. In order to determine the optimal TLC bioautography method for studies on the
partitions, approaches reported in the literature were trialed and modified. The susceptible

strain of S. aureus was used for the method development.
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5.2.4.1 TLC bioautography method development
A number of variations of the TLC bioautography method have been reported in the
literature, however the basic common principles are as follows: i) the fractions or pure
compounds are run in duplicate on TLC plates with an appropriate solvent system; ii) one
of these plates is retained as a reference chromatogram and visualised for detection of
compounds, the other plate (on which the bioautography is performed) is brought in contact
with the microorganism; iii) after incubation an appropriate dyeing agent is added to

provide a visible zone of inhibition.

According to the method of how the TLC plate is exposed to the microorganisms, TLC
bioautography can be divided into direct bioautography (Hamburger and Cordell 1987)
where the microorganisms are grown directly on the TLC plate; contact bioautography
(Goodall and Levi 1947) where antimicrobial compounds are transferred from the TLC
plate to an inoculated agar plate through direct contact; and agar overlay bioautography
(Harborne 1984) where an inoculated agar medium is poured onto the TLC plate. For this
study MTT was chosen as the staining agent due to its ability to convert yellow MTT into
blue MTT formazan in the presence of viable cells (Abate et al. 1998).

Direct TLC bioautography

For direct TLC bioautography, the microorganisms suspended in broth are grown directly
on TLC plates, and after incubation, visualised with an appropriate dye (Islam et al. 2003).
Different procedures have been described in the literature referring to the ways of bringing
the bacterial suspensions in contact with the TLC plates (\Valgas et al. 2007). Some authors
recommend spraying bacterial suspensions on the TLC plates (Islam et al. 2003), and some
suggest dipping the TLC plates in bacterial inoculums (Valgas et al. 2007). The dipping
method was opted for in this study to keep bacteria in a closed system and limit their contact
with the environment. For this technique, before spotting and running up the sample, it was
necessary to precondition the TLC plates by preheating them at 120°C for at least 3 hours.
This prevented detachment of the constituents from the plates when soaked (Horvath et al.
2002). The plates were then incubated for 24 hours and the microorganisms grown directly
on them. The literature recommendation for the incubation of inoculated plates is to store
them in a water-vapour chamber to prevent drying out (Horvath et al. 2002). In this study,
empty petri dishes were used to provide a sterile environment for the inoculated TLC plates.
The vapour chamber was made of a plastic box lined with wet cotton wool. The petri dishes
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with the TLC plates were closed inside and placed in the incubator. Visualisation of
inhibition zones was performed directly on the TLC plates, using MTT as a staining agent.
The bacterial growth on the plates was very poor, which was most likely due to the drying
out of the plates, suggesting that the water-vapour chamber was not effective enough. In
the next attempt, petri dishes with sterile agar were used to provide a moist environment
for the TLC plates, which were then placed directly in an incubator without the aid of a
vapour chamber. The petri dishes provided adequate conditions for bacterial growth. After
staining, the spots where bacteria did not grow (the zones of inhibition) were seen as white
areas against a purple background. The method was easy to perform and gave accurate
localisation of active compounds. However, it was noticed that dipping the TLC plates in
broth inoculated with bacteria left uneven patterns on the plates that could obscure the zones
of inhibition (Figure 5.4). This effect was decreased by an extra 2 hours incubation of the
stained plates, however this led to more intense dyeing of the plates, which also affected

visibility of the zones.

Figure 5.4 Direct bioautography method on TLC chromatogram. Red arrows pointing at
the places where the “wavy” pattern of the background could be confused with the
inhibition zones.

Contact bioautography

For contact bioautography, developed chromatograms are placed face down onto an
inoculated agar layer to enable diffusion of active compounds from the TLC plates into the
agar. After removal of the chromatograms, the agar plates are incubated and visualised with
the appropriate dye (Rahalison et al. 1991). This method resembles a disc diffusion assay,
where the inhibition zones are observed on the agar surface in the places where the active
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substances diffused into the agar. In the course of this study, it was found that for this
technique, the bacteria should be added to the molten agar and poured onto a petri dish
rather than streaked on the agar surface. This ensured even growth and staining with the
dye. Moreover, the streaked bacteria tended to be washed off while staining and the results
were unreadable. This method was found to be very time consuming. To favor diffusion of
the test compound over bacterial growth, it has been suggested that the developed TLC
plates need to be left face down on the inoculated agar plates in the fridge for at least 6
hours prior to the incubation (Valgas et al. 2007). This indeed enabled better diffusion and
improved the results, however this method was found less sensitive than the direct one. The
sensitivity issue has been also noted by Rahalison et al. and has been stated to be due to the
transfer process of the phytochemicals from the chromatogram into the agar layer resulting
in larger inhibition zones that decrease the ability to discriminate between active

compounds with similar R values (Rahalison et al. 1991).

Overlay bioautography

For the overlay TLC bioautography method, developed TLC plates are placed face up on
sterile petri dishes and molten, warm, inoculated agar is rapidly distributed over each of
them. After solidification of the medium, the TLC plates are incubated overnight and
stained with the dye (Rahalison et al. 1991). This method is a hybrid between contact
bioautography where antimicrobials are diffusing from the TLC plates into an agar layer
and direct bioautography where a microbial suspension in broth is distributed over the
developed TLC plates. In principle, the overlay technique resembles the disc diffusion
assay and therefore the results might be influenced by the ability of compounds to diffuse
into the agar overlay. The agar medium needs to be cooled down before mixing with
bacteria and it was found that such agar is difficult to distribute evenly due to its rapid
solidification. A uniform surface is crucial for this method - too thin a layer of agar dries
out during the incubation, and too thick a layer interferes with the diffusion process. To
prevent quick solidification and ensure an even distribution of the agar layer, the agar was
poured onto the petri dishes whilst on a hot plate (approximately 40 °C). An agar-broth mix
was also trialed. The mixture was very easy to distribute, solidified more slowly and the
layer achieved was thin and even, but did not dry out. After incubation and staining with

MTT, very clear zones of inhibition were observed (Figure 5.5).
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Figure 5.5 The broth-agar mix variant of the overlay TLC bioautography.

In summary, contact TLC bioautography was decided inadequate for the purpose of this
study due to its low sensitivity and extended time. The final choice was made between
direct TLC bioautography, which was found to be very sensitive, quick and easy to perform
but limited by the ability of the microorganism to grow directly on the TLC plates
(Rahalison et al. 1991) and the overlay method which was more demanding manually but
gave clearer inhibition zones. It was decided that the broth-agar mix variation of the overlay
technique would be the most suitable for the purpose of this study. This technique is time
efficient, sensitive and the results are very clear and readable. Because the chromatograms
are overlaid with a thin layer of transparent, inoculated agar, it is possible to discern which
Rt regions caused the inhibition of bacterial growth. The broth-agar mix of the overlay

method is presented above (Figure 5.5).

5.2.4.2 Bioautography guided isolation studies of the n-hexane partition of P.
persica

As described in Section 5.2.3.2, the n-hexane partition of P. persica showed good
antibacterial activity against the susceptible S. aureus strain as well as MRSA and MDRSA.
Normal phase silica gel flash column chromatography was performed on the partition (~2
g) and the fractions were pooled together according to their similar normal phase TLC
profiles. This yielded 12 major sub-fractions, out of which Hex-2, -7, -8, -9, -10 -11 and -
12 showed activity against susceptible S. aureus by TLC bioautography, and Hex-7, -10, -
11 and -12 showed activity by the MTT microdilution assay against the same bacterial

strain. Antibacterial properties of these seven sub-fractions were further investigated by
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TLC bioautography as well as the MTT microdilution assays against the MRSA and
MDRSA strains. They were not tested against antibiotic sensitive or resistant strains of E.
coli (B+ and B-), P. aeruginosa, S. typhimurium, S. pyogenes or C. albicans as the n-hexane
partition had shown no activity against them. The results of the TLC bioautography and

MTT microdilution assays are summarised in Table 5.4.

Table 5.4 MTT microdilution and TLC bioautography assay results (petroleum
ether:diethyl ether 3:7) of sub-fractions of the n-hexane partition against susceptible S.
aureus, MRSA and MDRSA

Fraction Yield Antibacterial activity
No. mg Susceptible S. aureus MRSA MDRSA
MIC Rt values MIC Rt values MIC Rt
values values values values
(Mg/mL) (Mg/mL) (Mg/mL)
Hex-2 15 na 0.8 na na na na
Hex-7 80 625 0.75 1250 0.75 na na
0.65 0.65 na
Hex-8 30 na 0.4 na 0.4 na 0.4
0.35 0.35 0.35
Hex-9 33 na 0.3-0.4* na na na na
Hex-10 26 1250 bl-0.35* 625 bl-0.45* 625 bl-0.35*
Hex-11 20 1250 bl-0.30* 1250 bl-0.40* 1250 bl-0.30*
Hex-12 24 312 bl-0.35* 312 bl-0.45* 312 bl-0.35*
Vancomycin 156 312 312

*Rs range where inhibition zones were observed. Samples were run on normal phase TLC plates using
(petroleum ether 40-60 °C:diethyl ether 3:7). na - not active at 2.5 mg/mL, bl - baseline.

An arbitrary system was applied where the MIC values < 312 pg/mL were considered as
good activity, between 625 pg/mL and 1250 pg/mL as moderate activity and > 2500 pg/mL
as poor activity (Dickson et al. 2007, Appendino et al. 2008, Cherigo et al. 2009). Although
fractions Hex-2, -8 and -9 showed activity by TLC bioautography, they were not active
with the MTT microdilution assay at 2500 pg/mL, therefore the fractions were not included
for further studies. Hex-10 and -11 showed moderate activity against susceptible as well as
resistant strains of S. aureus. Hex-10 had an MIC value of 1250 pg/mL against susceptible
S. aureus and of 625 pg/mL against MRSA as well as MDRSA. Hex-11 had MIC values
of 1250 pg/mL for all S. aureus strains. Hex-12 showed good activity against all three
strains of S. aureus, each with MIC values of 312 pg/mL. TLC bioautography of the Hex-

10, Hex-11 and Hex-12 fractions showed large overlapped inhibition zones, consistent with
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a number of active compounds being present (Figure 5.6). The fractions, however, had
relatively small amounts of samples (26 mg for Hex-10, 20 mg for Hex-11 and 24 mg for
Hex-12), with each sample being a complex mixture showing 6 to 12 distinct spots by TLC.

Purification of them was therefore not attempted.

Hex-10 Hex-11 Hex-12

Figure 5.6 TLC bioautography of Hex-10, -11 and -12 against antibiotic sensitive S. aureus,
developed in petroleum ether:diethyl ether 3:7.

Hex-7 (80 mg) was the only other fraction that showed activity in both the MTT
microdilution and TLC bioautography assays. TLC bioautography of Hex-7 showed two
active spots against S. aureus and MRSA and an MIC value of 625 pg/mL for the
susceptible S. aureus and 1250 pg/mL for MRSA (Table 5.4). Consequently, the fraction
was considered to be moderately active and was of sufficient quantity to warrant further
investigation. Hex-7 was found to be stable to normal phase silica by 2D TLC and was thus
subjected to normal phase silica column chromatography. The separation yielded three sub-
fractions Hex-7a (8 mg), Hex-7b (20 mg) and Hex-7c¢ (10 mg), which were analysed by
TLC bioautography against all three strains of S. aureus. Hex-7a showed four spots, out of
which one (Rf 0.75, petroleum ether:diethyl ether 3:7) was active against both susceptible
S. aureus and MRSA (Figure 5.7). The MIC test against the sensitive strain of S. aureus,
however, showed no activity at 2500 pg/mL. Attempted further purification by PTLC
yielded a fraction (~0.1 mg) that appeared as one spot by TLC and was active against
susceptible S. aureus as well as MRSA, but was not of sufficient quantity to conduct

structural analysis.
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Figure 5.7 Hex-7a sub-fraction, developed in petroleum ether:diethyl ether 3:7. On the left
side: TLC bioautography result (MRSA); red arrow points to the possible target compound.
On the right side: the actual view of the developed chromatogram; the red arrow points at
the same, active compound.

Hex-7b showed two distinct spots (Rf 0.55 and 0.65, petroleum ether:diethyl ether 3:7) and
a smear from R¢ 0.65-0.75. The spot of Rf 0.65 was active against the susceptible S. aureus
and MRSA by TLC bioautography and Hex-7b was moderately active in the MTT
microdilution assay, with an MIC 1250 pg/mL. Purification by recrystallisation with
methanol gave a white precipitate (7b1, 1 mg) and soluble part (7b2, 12 mg when dried).
TLC chromatography of the soluble part with different solvent system revealed it contained

at least four compounds and further separation was not attempted.

The white precipitate (7b1) was recrystallised twice with diethyl ether to give a white
needle-like solid (compound 5.1, 0.5 mg) with Rf 0.55 and staining blue with
p-anisaldehyde spray reagent. The sample was subjected to EI-MS analysis and the
spectrum was compared with National Institute of Standards and Technology (NIST)
library data. The molecular ion peak of m/z 414 and the fragmentation pattern was found
to be consistent with B-sitosterol, CzsHsoO. The structure was confirmed by other
spectroscopic analyses as well as by spectroscopic data comparison with an authentic
sample of B-sitosterol (Sigma-Aldrich). This is discussed in Section 5.2.3.4.

Hex-7c showed one distinctive spot on the TLC chromatogram of the same Rfas f-
sitosterol, along with some lower Rt impurities. The spot stained blue with p-anisaldehyde,
was not active against any of the S. aureus strains in the TLC bioautography assay and was

not tested by the MTT microdilution assay. Precipitation with methanol and
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recrystallisation with diethyl ether yielded further B-sitosterol (compound 5.1, 1.5 mg). The
isolated B-sitosterol did not show any antibacterial activity when tested against susceptible
S. aureus, MRSA and MDRSA in the TLC bioautography assay (Figure 5.8), despite
literature reports on the compound noting antibacterial activity against S. aureus (tested by
disc diffusion and microdilution assays) (Mokbe and Hashinaga 2005, Cho et al. 2012).

R 51 Hex R 5.1 Hex

Figure 5.8 Left picture: TLC chromatogram following staining with p-anisaldehyde. Red
arrows indicate the dark blue colour of Sigma-Aldrich reference sample of B-sitosterol (R)
and compound 5.1 (isolated B-sitosterol), with the same R values. Right picture: TLC
bioautography test result against susceptible S. aureus. Red arrows indicate the lack of
inhibition zones of R and 5.1. Hex: n-hexane partition. Chromatograms run in petroleum
ether:diethyl ether 4:7.
5.2.4.3 Antimicrobial studies of B-sitosterol

Literature reports concerning antimicrobial properties of B-sitosterol are inconsistent. It has
been found to be active against S. aureus, E. coli, B. subtilis, B. cereus and S. enteritidis in
the disc diffusion assay (Mokbe and Hashinaga 2005, Cho et al. 2012) and in the MTT
microdilution assay (MIC 0.33 mg/mL for S. aureus and MIC 0.30 mg/mL for E. coli
(Mokbe and Hashinaga 2005). On the other hand, Beltrame et al. reported that -sitosterol
exhibited no antibacterial activity against either S. aureus, E. coli or P. aeruginosa in the
MTT microdilution assay at 0.1 mg/mL, but inhibited growth of Bacillus subtilis at 0.05
mg/mL (Beltrame et al. 2002), while Hess et al. found it was resistant to E. coli and S.
aureus at doses < 5 mg/mL in a microdilution assay (Hess et al. 1995). Hamburger and
Cordell et al. found B-sitosterol inactive against B. subtilis and E. coli in a direct TLC

bioautography assay (Hamburger and Cordell 1987). Given the conflicting previous reports
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of antibacterial activity for -sitosterol, it was of interest to explore further if the presence
of B-sitosterol could be contributing to the antibacterial activities of Hex-7 and Hex-7b sub-
fractions, using the MTT assay. Due to the low amount of the isolated compound (2 mg),
only the reference sample of B-sitosterol (Sigma-Aldrich) was tested. It was tested against
susceptible and resistant strains of S. aureus, susceptible and resistant strains of E. coli, P.
aeruginosa, S. typhimurium, S. pyogenes and C. albicans. Positive results are presented in
Table 5.5.

Table 5.5 Antimicrobial properties of B-sitosterol (Sigma-Aldrich) tested by MTT
microdilution assay

Compound Antibacterial activity (ug/mL)

S. aureus S. typhimurium E. coli B- P. aeruginosa
B-Sitosterol 2500 2500 2500 1250
Kanamycin 156 nt nt nt
Gentamycin nt 312 312 312

nt - not tested

In this study, B-sitosterol was found to possess moderate activity against P. aeruginosa with
MIC 1250 pg/mL and weak activity with MIC 2500 pg/mL against susceptible strains of
S. aureus and E. coli as well as weak activity against S. typhimurium in the MTT
microdilution assay. Due to both limited time and plant material, further studies on the n-

hexane partition were not investigated.

5.2.4.4 Structural elucidation of p-sitosterol (compound 5.1)

Compound 5.1 (Figure 5.9) was isolated as a white crystalline solid. The structure was
tentatively identified from the electron-impact mass spectrum (EI-MS) of the compound,
which showed a molecular ion at m/z 414 and a fragmentation pattern consistent with
[-sitosterol (C29Hs00) based on the NIST library, as well as by comparison with the EI-MS
of an authentic sample of B-sitosterol from Sigma-Aldrich (Appendices 3 and 4). HR-MS
supported the molecular formula of C29Hs00 (found: 414.3855, calculated: 414.3862) and
the melting point (138 °C) was consistent with the literature melting point for p3-sitosterol
(136-139 °C) (Kircher and Rosenstein 1973).
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Figure 5.9 The structure of compound 5.1 (B-sitosterol).

The EI-MS showed fragment ions consistent with loss of water (m/z 396, M-HOH), plus
loss of a methyl group (381, M-CHs-HOH), the loss of the side chain of B-sitosterol (273,
M-side chain), and loss of the side chain and water (255, M-side chain-HOH) (Jamaluddin
et al. 1994).

The IR spectrum showed a band at 3400 cm, indicative of an OH group (Joshi and Poudel
2011, Rani et al. 2014). No other characteristic functional group bands were seen
(Appendix 5).

The 3C NMR spectrum showed the presence of twenty nine aliphatic signals. The DEPT
spectrum showed the presence of six methyl, eleven methylene, nine methine and three
quaternary carbon atoms. The *H-NMR spectrum showed four singlets of three hydrogens
each, at 8 0.66, 0.82, 0.84 and 0.99, consistent with shielded methyl groups attached to
quarternary carbons, along with doublets of three hydrogens each at 6 0.91 (d, J 6.5 Hz);
0.80 (d, J 6.9 Hz), consistent with methyl groups next to methines. These were in agreement
with *H NMR signals reported for the methyl groups of B-sitosterol (Joshi and Poudel
2011). A doublet at 6 5.33 (d, J 5.3 Hz) was consistent with an olefinic proton. No other
olefinic proton signal was present, confirming the double bond was trisubstituted. A
multiplet at 6 3.50 equivalent to a single proton was assigned to a proton adjacent to an OH
group. Three multiplets, equivalent to two protons each, appeared at 6 1.80, 1.97 and 2.25
and were assigned to three methylene groups. The remaining protons appeared as multiplets
at 8 1.05-1.64. These proton and carbon signals were all in agreement with literature reports
for B-sitosterol (Joshi and Poudel 2011, Rani et al. 2014) and identical with the proton and
carbon signals obtained for the authentic sample. The NMR data of compound 5.1 and
comparison with the authentic sample of [B-sitosterol is presented in Table 5.6 and

Appendix 1 and 2.
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Table 5.6 NMR data of compound 5.1 and a reference sample of B-sitosterol (Sigma-
Aldrich) (600 MHz, CDCls)

position dc dc OH OH multiplicity
5.1 reference 5.1 reference
(Jin H2) (Jin Hz)

1 37.22 37.12 1.13m 1.12m CH;
2 31.64 31.63 1.81m 1.81m CH;

3-OH 71.80 71.80 3.50m 3.50m CH
4 42.27 42.27 2.27m 2.27m CH;

221m 221m

5 140.73 140.73 - - -
6 121.72 121.72 5.33d (5.3) 5.33d (5.3) CH
7 31.87 31.87 149 m 149 m CH;
8 31.89 31.89 1.97m 1.97m CH
9 50.09 50.09 091 m 0.90 m CH
10 36.48 36.48 - - -
11 21.06 21.05 147m 145m CH;
12 39.74 39.74 1.97m 1.96 m CH;
13 42.30 42.29 - - -
14 56.74 56.74 0.94m 0.94m CH
15 24.28 24.28 155m 155m CH;
16 28.23 28.23 1.81m 1.81m CH;
17 56.01 56.01 0.94m 0.94m CH
18 11.84 0.66 s 0.65s 0.65s CHs
19 19.81 0.99s 0.81d (8.6) 0.81d (8.6) CHs
20 36.13 36.12 1.33m 1.33m CH
21 18.76 18.75 0.89d (6.5) 0.89d (6.5) CHs
22 33.91 33.90 1.29m 1.29m CH;
23 26.01 26.00 1.13m 1.12m CH;
24 45.79 45.79 0.91m 0.90 m CH
25 29.10 29.10 1.64m 1.64m CH
26 19.00 19.00 0.79d (8.6) 0.79d (8.6) CHs
27 19.38 19.38 0.98s 0.98s CHs
28 23.03 23.03 1.24m 1.24m CH;
29 11.96 11.96 0.83d (8.6) 0.83d (8.6) CHs
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5.2.4.5 Bioautography guided isolation studies of the EtOAc partition of P.
persica
The EtOAc partition of P. persica was the most active fraction with MIC value of 312
pg/mL for all tested strains of S. aureus. Normal phase silica gel column chromatography
of the partition (8 g) resulted in collection of four major sub-fractions based on their TLC
profiles (EtOAc-1 to EtOAc-4). Antibacterial activity of the sub-fractions was determined
by the MTT microdilution and TLC bioautography assays tested initially against
susceptible S. aureus (Table 5.7). The EtOAc partition did not show any activity against E.
coli, P. aeruginosa, S. typhimurium, S. pyogenes and C. albicans in preliminary
antibacterial screening and the sub-fractions were therefore not tested against these

bacteria.

Table 5.7 MTT microdilution and TLC bioautography assay results (chloroform:methanol:
water 7:3:0.4) of sub-fractions EtOAc-1-4 tested against susceptible S. aureus

Fraction Yelds (g) Antibacterial activity
MIC values (ug/mL) Ry valuesT
EtOAc-1 0.2 na na
EtOACc-2 1.8 2500 0.63-0.66*
EtOAc-3 3 312 bl-0.45*
EtOAc-4 2 625 bl-0.3*
Vancomycin 156

na - not active at 2500 pug/mL. bl - baseline. *Merged inhibition zones. TChloroform:methanol:water 7:3:0.2.

EtOAc-3 showed the most promising activity against susceptible S. aureus (MIC 312
pug/mL), followed by EtOAc-4 (MIC 625 pg/mL) and EtOAc-2, which showed weak
activity against the tested bacteria (2500 pug/mL). All three (EtOAc-2-4) fractions that
showed activity were further investigated.

EtOAc-2 showed two distinct spots of Rf 0.45 and 0.63 and two faint spots of R¢ 0.60 and
0.66 (methanol:chloroform:water 7:3:0.2) on the TLC chromatogram, suggesting
purification would be relatively straightforward. The distinct spots (Rf 0.45 and 0.63)
stained pink with vanillin- sulfuric acid spray reagent and the faint spots of Rt values 0.60
and 0.66 gave no colour with this dye (Figure 5.10). In the TLC bioautography assay against
susceptible S. aureus, the spots of Rfvalues 0.45, 0.63 (stained pink) and 0.66 (no colour

with dye) gave strong inhibition zones. Despite the weak activity seen in the MTT assay
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for EtOACc-2, further separation was of interest due to the observed strong and well defined
inhibition zones by TLC bioautography. EtOAc-2 was subjected to normal phase flash
silica column chromatography. This afforded sub-fractions EtOAc-2a and EtOAc-2b.
These were tested by TLC bioautography as well as the MTT microdilution assay against
susceptible S. aureus, MRSA and MDRSA.

EtOAc-2a showed two distinct spots of Rf wvalues 0.63 and 0.66
(chloroform:methanol:water 7:3:0.2) that were active against the susceptible strain of S.
aureus by TLC bioautography. The fraction was also weakly active against this strain by
the MTT microdilution assay (MIC 2.5 mg/mL). It was not active against MRSA and
MDRSA. The spot of Rf 0.63 stained pink with vanillin-sulfuric acid dye, while the spot of

Rt 0.66 was colourless.

EtOAc-2a was subjected to size exclusion column chromatography (SEC) with LH-20
sephadex, eluting with methanol. This yielded three sub-fractions: EtOAc-2al (200 mg,
one spot of R¢ 0.66, chloroform:methanol:water 7:3:0.2, no colour with vanillin dye),
EtOAc-2a2 (150 mg, one spot of Rf 0.63 chloroform:methanol:water 7:3:0.2, pink with
vanillin dye) and EtOAc-2a3 (220 mg, two spots on TLC plate, 0.66 and 0.63). Even though
none of these sub-fractions showed activity against susceptible S. aureus either by TLC
bioautography or the MTT microdilution test, further purification was attempted due to the

relatively clean nature of these fractions and their reasonable quantities.

EtOAc-2a2 was subjected to purification by preparative TLC and yielded compound 5.2 (2
mg, R¢ 0.63, chloroform:methanol:water 7:3:0.2, stained pink with vanillin-sulfuric dye).
Decomposition of the compound, however, was observed after 10 months in the freezer, as
confirmed by NMR. Structural elucidation of compound 5.2 (see Section 5.2.4.6) identified

it as afzelechin.

EtOAc-2al was subjected to purification by preparative TLC but the initially clean spot of
Rf 0.66 subsequently appeared as three smeared spots of R¢ values ranging from 0.55 to
0.70. 2D TLC of EtOAc-2al had been performed prior to the preparative TLC and had
implied the compounds present were stable in the silica gel environment, but the results of

the attempted purification suggested decomposition had occurred.
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Neither compound 5.2 or EtOAc-2al were active by either the TLC bioautography or the
MTT microdilution assays against the susceptible S. aureus. This was despite spots at their
R¢ values having shown activity for the EtOAC-2 fraction in the previous TLC
bioautography assay. Thus, EtOAc-2al and compound 5.2 were co-spotted and tested
against susceptible S. aureus in the TLC bioautography assay (Figure 5.10). No
antibacterial activity was observed, ruling out synergistic antibacterial effects of the
compounds in these samples. This implies that either other compounds were responsible
for the activities and were lost or the compounds decomposed during the purification steps
for EtOAC-2.

2al 2al+5.2 5.2 2a

Figure 5.10 TLC chromatogram developed in chloroform:methanol:water 7:4:0.2, tested
against susceptible strain of S. aureus. Fractions EtOAc-2al (2al), EtOAc-2a (2a) and
compound 5.2 spotted, along with a co-spot of compound 5.2 and EtOAc-2al (2al+5.2).
Blue arrow points to the co-spotted fraction, red arrows point to the Rs values consistent
with compound 5.2.

EtOAc-2b showed two faint spots of Rf 0.63 and 0.66 and one distinct spot of R¢ 0.45
(chloroform:methanol:water 7:3:0.2). The spots of Rf 0.63 and 0.66 showed very faint
inhibition zones against the susceptible strain of S. aureus and no activity for MRSA and
MDRSA, while the spot of R 0.45 showed strong inhibition zones by TLC bioautography
against all three tested strains of S. aureus. The fraction was also moderately active against
susceptible S. aureus by the MTT microdilution assay (MIC 1250 pg/mL). Purification by
crystallisation with methanol yielded yellow crystals (one distinct spot of R¢ 0.45, stained

pink with vanillin-sulfuric acid reagent). The crystals (1 mg) were collected, washed with

188



chloroform and subjected to LC-MS (ESI-MS) negative ion mode analysis which showed
the presence of one compound (5.3) with a molecular ion at m/z 543 [M-H]" consistent with
the formula C3oH24010 and consistent with the mass of the compound previously isolated
from the EtOAc fraction by Kichu (Kichu 2010). The compound isolated by Kichu (ent-
epiafzelechin-(20—0—7’,40—8’)-(-)ent-afzelechin) was not active in the MTT
microdilution test at the concentration of 2.5 mg/mL, but was not tested by TLC
bioautography or the disc diffusion assay. Compound 5.3 showed strong and well defined
inhibition zones against all strains of S. aureus by TLC bioautography (Figures 5.11 and
5.12). The MTT microdilution assay was not attempted due to the small amount of sample.

2al 5.2 5.3 2a Cr2b 2

Figure 5.11 TLC chromatogram developed in chloroform:methanol:water 7:3:0.2 and
stained with vanillin-sulfuric acid dye. Fraction EtOAc-2al (2al), isolated compound 5.2
(5.2), isolated compound 5.3 (5.3), fraction EtOAc-2a (2a), isolated crystals of fraction 2b
(Cr 2b) and fraction EtOAc-2 (2). Red arrows point to the Rf values consistent with
compound 5.2 and blue arrows point to the R values consistent with compound 5.3.
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Compound 5.3

Figure 5.12 TLC bioautography result of compound 5.3 with visible well defined inhibition
zone. Chromatogram developed in chloroform:methanol:water 7:4:0.4, tested against
susceptible strain of S. aureus.

The mother liquor remaining after crystallisation of EtOAc-2b showed no antibacterial
activity against the susceptible S. aureus as well as MRSA and MDRSA by the MTT
microdilution test. This suggested that the moderate activity (MIC 1250 pug/mL) of EtOAc-
2b was likely to be due to the presence of the crystallised compound 5.3. Compound 5.3

was also isolated from EtOAc-3a, as described below.

The most active sub-fraction EtOAc-3 (MIC 312 pug/mL against susceptible S. aureus), was
subjected to normal phase silica column chromatography. This yielded two further sub-
fractions EtOAc-3a and EtOAc-3b based on their normal phase TLC profiles and

bioautography test results.

Sub-fraction EtOAc-3a appeared on the TLC chromatogram as one major spot with R¢ 0.45
(chloroform:methanol:water 7:3:0.4). This was consistent with compound 5.3 isolated from
the EtOAc-2b fraction. EtOAc-3 also showed on TLC a faint smear within R 0.48-0.55.
The major spot stained pink with vanillin-sulfuric acid reagent and was active against all
three strains of S. aureus in the TLC bioautography assay (Figures 5.10 and 5.11). EtOAc-
3a was recrystallised with methanol (2x) and the solid washed with chloroform to give
yellow crystals (further compound 5.3, 40 mg). Spectral analysis confirmed the structure
as ent-epiafzelechin-2a—0—7’,40—8")-(-)ent-afzelechin  (see Section 5.2.4.6).
Antimicrobial testing by the MTT microdilution assay was also conducted and are
described in Section 5.2.4.5.
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Sub-fraction EtOAc-3b showed two smeared spots of Rt ranging from the baseline to 0.30
on a normal phase TLC chromatogram run in chloroform:methanol:water 7:3:0.4. Both
spots gave positive results when treated with FeCls and lead acetate reagents for the
presence of phenols and tannins (blue and yellow colour, respectively) and were active
against susceptible and resistant strains of S. aureus by TLC bioautography and moderately
active with the MTT microdilution assay (MIC 625 pg/mL for susceptible S. aureus and
MRSA and MIC 1250 pg/mL for MDRSA).

Various approaches were trialled for the separation of the major components. The most
often cited in the literature method for the isolation of phenols and tannins is size exclusion
chromatography (SEC) Sephadex LH-20 (Yanagida et al. 1999, Yanagida et al. 2003,
Herderich and Smith 2005, Sarneckis et al. 2006, Kaufman et al. 2009). After application
on a Sephadex LH-20 SEC column, EtOAc-3b adsorbed to the gel and was unable to be
eluted with methanol. Elution with acetone recovered the sample (Murphy and D'Aux
1975), but separation was not achieved. Okuda et al. (1989) observed that Sephadex LH-
20 tends to absorb large molecular weight condensed tannins (CTs), and possibly some
large hydrolysable tannins (HTs) so strongly that they cannot be eluted subsequently
(Okuda et al. 1989). Normal phase and reversed phase silica gel chromatography failed to
separate the mixture. Preparative thin layer chromatography provided some separation, but
the isolated compounds had different Rr values to those originally observed in EtOAc-3b
when spotted as a reference mixture. 2D TLC confirmed that the compounds were
decomposing. CTs and HTs are highly reactive and their chemistry might be influenced by
many factors, one of them being extracting solvents. For example methanol cleaves the
depside bonds in gallotannins (Harborne 1989) and water easily degrades large and
complex tannins into smaller compounds (Okuda et al. 1990). The other possibility was
that the separated compounds oxidised rapidly. Okuda et al. (1989) commented that
isolated condensed tannins oxidise fast in air at room temperature (Okuda et al. 1989).

Sub-fraction EtOAc-4 was active against the susceptible strain of S. aureus in both the
MTT assay (MIC 625 pg/mL) and by TLC bioautography (R¢ baseline-0.3, merged
inhibition zones) and stained pink with vanillin-sulfuric acid reagent. The attempted
purification by SEC and normal phase silica gel chromatography met the same challenges

as for fraction EtOAc-3b and separation of the compounds was not achieved.

191



5.2.4.6 Antibacterial activity of isolated compound 5.3
Antimicrobial activity of compound 5.3 was tested against susceptible as well as resistant
strains of S. aureus and E. coli and susceptible strains of P. aeruginosa, S. typhimurium, S.
pyogenes and C. albicans by the MTT microdilution assay. The positive results are
presented in Table 5.8. Compound 5.3 was found to have good activity against the
susceptible strain of S. aureus (MIC 156 pg/mL) and both resistant strains of S. aureus
(MIC 312 pg/mL) and weak activity for the susceptible strain of E. coli, S. typhimurium
and P. aeruginosa. The compound was inactive against the resistant strain of E. coli as well

as S. pyogenes and C. albicans.

Table 5.8 Antimicrobial activity of compound 5.3 by MTT microdilution assay

Compound Antibacterial activity (ug/mL)
S.aureus MRSA  MDRSA E. colip- S. P.
typhimurium  aeruginosa
Compound 5.3 156 312 312 2500 2500 2500
Vancomycin 156 312 312 nt nt nt
Gentamycin nt nt nt 312 312 312

nt - not tested

This is the first report of compound 5.3 possessing antibacterial activity.

Due to limited time, further studies on the EtOAc partition were not investigated. A

summary of the bioassay-guided fractionation is provided in Figure 5.13.
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Plant material (1 kg) extracted in 70%
aqueous ethanol, evaporated and freeze dried

n-hexane DCM EtOAC Water
24 60 8¢ 59
EtOAcC sub-fractions
EtOAc-1 EtOAC-2 EtOAc-3 EtOAc-4
MIC/B
SA na/na 2500/a 312/a 625/a
MRSA nt/nt nt/nt nt/nt nt/nt
MDRSA nt/nt nt/nt nt/nt nt/nt
Yields 200 mg 184 39 29
EtOAC EtOAC EtOAC EtOAC
22 2b 3a 3b
MIC/B .
SA 2500/a na/na nt/a nt/a 625/a
MRSA na/na nt/nt nt/a nt/a 625/a
MDRSA na/na nt/nt nt/a nt/a 1250/a
Yields 800 mg 600mg 1mg 65mg 2.2g
EtOAC EtOAC Comp. 5.3
MIC/B 2al Comp. 5.2 2a3
SA na/na na/na na/na 156/a
MRSA  nt/nt nt/nt nt/nt 312/a
MDRSA nt/nt nt/nt nt/nt 312/a
Yields 220 mg 2 mg 150 mg 40 mg

Figure 5.13 Large scale bioautography guided fractionation of EtOAc partition. a: active,
na: not active, MIC: minimum inhibitory concentration in MTT microdilution assay
(ng/mL), B: overlay bioautography method.

193



5.2.4.7 Structural elucidation of isolated compounds 5.2 and 5.3

Structural elucidation of compound 5.2

Compound 5.2 (Figure 5.14) was obtained as a creamish amorphous solid. Electrospray
ionisation mass spectrometry (ESI-MS) (negative ion mode) indicated a molecular ion at
m/z 273 [M+H]", consistent with the molecular formula C15H1405 (Appendix 9). A UV
absorption maxima was observed at 273 nm, consistent with the presence of a flavan
structure (Bilia et al. 1996).

The 1*C NMR (Appendix 6) spectrum showed the presence of three aliphatic (CH2x 1, CH
X 2, C-O-H x 1) and 12 aromatic (CH x 6, C x 3, C-O x 3) signals. The DEPT spectrum
revealed the presence of one methylene, six methine (two of double intensity) and six
quaternary carbon atoms. The *H NMR spectrum of compound 5.2 exhibited characteristic
signals for two highly shielded meta coupled aromatic protons [645.83 and 5.91 (each d,
J 2.2 Hz)], and a pair of para-disubstituted aromatic protons [0 7.21 (d, J 8.5 Hz) and 6.77
(d, J 8.5 Hz)]. The proton signals at 6 4.58 (d, J 8.0 Hz), 3.97 (m), 2.87 (dd, J 5.5, 16.1 Hz)
and 2.49 (dd, J 8.5, 16.1 Hz) were characteristic of a flavan C ring of a flavan-3-ol skeleton
with a phloroglucinol pattern for ring A [6 5.91 (d, J 2.1 Hz) and 5.83 (d, J 2.1 Hz)]
(Hussein et al., 1999; Zhou et al., 2005).

A calculation of index of hydrogen deficiency (IHD) for the molecular formula of C15H140s
gave a total IHD of nine. Twelve aromatic carbons accounted for two separate aromatic
rings, which gives an IHD of eight. The *H NMR and *C NMR spectra showed the
molecule does not contain any further double bonds. The presence of three aliphatic
carbons, out of which two are CH, one a CHz, and one C-OH suggested the presence of
another heterocyclic ring to account for the remaining IHD. An HSQC experiment
established the bond correlation between the H and C nuclei (Table 5.9, Appendix 7).

Figure 5.14 The structure of compound 5.2.
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The *H-13C long range coupling information obtained from the heteronuclear multiple bond
connectivity (HMBC) experiment allowed the rings to be connected (Figure 5.15,
Appendix 8). The proton peak at on 2.87 (H-4) correlated with d¢c 68.87 (C-3), 6c 157.88
(C-5), 6¢ 152.28 (C-9), 6¢ 100.8 (C-10) and the proton peak at 61 4.58 (H-2) correlated with
8¢ 68.87 (C-3), 8¢ 157.28 (C-9), ¢ 131.5 (C-11) and 8¢ 159.58 (C-12, 16).

Figure 5.15 Key HMBC correlations of flavonoid rings of compound 5.2.

The coupling constant (d, J 8.0 Hz) for o 4.58 indicated a flavan H-2 signal with a 2,3-
trans configuration (Min-Won et al., 1992) and this was confirmed by the chemical shift
appearance of a signal at 6 82.7 (C-2) (Vdovin et al., 1997). NMR data are provided in
Table 5.9.

Based on this spectroscopic evidence and by comparison with the literature, the compound
was identified as afzelechin (Wan and Chan 2004, Saijyo et al. 2008). This was first isolated
from Corymbia calophylla (formerly Eucalyptus calophylla) from Australia (Hillis and
Carle 1963) and since then has been isolated from various other plants such as Saxifraga
ligulata (Tucci et al. 1969, Reddy et al. 1999). This compound has also been synthesised
(Wan and Chan 2004).
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Table 5.9 NMR data of compound 5.2 (400 MHz, CD30D)

Position dc OH HMBC Multiplicity
(JinHz)
2 82.77 4.58d (8.0) C-3,C-9, C-11, C- CH
12, C-16
3 68.87 3.97m CH
4 29.15 2.87dd (5.5, 16.1) C-3,C-5,C-9,C-10 CH:
2.49dd (8.5, 16.1)
5 157.88 C
6 95.48 5.83d(2.1) C-5,C-8 CH
7 157.8 C
8 96.41 591d(2.1) C-6, C-9, C-10 CH
9 157.28 C
10 100.8 C
11 1315 C
12 129.58 7.21d (8.5) C-2,C-16,C-14 CH
13 116.21 6.77 d (8.5) C-11, C-14,C-15 CH
14 156.86 C
15 116.21 6.77 d (8.5) C-11, C-14,C-13 CH
16 129.58 7.21d (8.5) C-2,C-12,C-14 CH

Structural elucidation of compound 5.3

Compound 5.3 (Figure 5.16) was obtained as white crystals. The compound changed colour
when tested for melting point (decomposition at 238 °C). ESI-MS (negative ion mode)
indicated a molecular ion at m/z 543 [M-H] (Appendix 15). HRMS confirmed the
molecular formula of C3oH24010 (found: 567.1266 [M+Na], calculated: 567.1267).

The IR spectrum exhibited strong absorption bands for OH groups (3319 cm™) as well as a
band at 1067 cm™ indicative of the presence of a C-O stretch in the molecule (Appendix
16). It also showed characteristic bands for aromatic groups. An UV absorption maxima

observed at 273 nm suggested the presence of a flavan structure (Bilia et al. 1996).

The molecular formula of C3oH24010 gave a total IHD of nineteen. Twenty four aromatic
carbons accounted for four separate aromatic rings, which gives an IHD of sixteen. The
remaining number of IHDs in the molecule was three. The *H NMR and 3C NMR spectra
showed the molecule does not contain any further double bonds. The presence of six
aliphatic carbons, out of which one is a CH, one a CHy, three CHOs and one a O-C-O
suggested the presence of another three heterocyclic rings to account for the remaining
three IHDs.
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The *H NMR and 3C NMR spectra were done in deuterated acetone (CD3COCD3) as well
as in deuterated methanol (CD30D). Seven protons at o 8.64, 6H 8.55 (2 H), dn 8.22, o
6.92, dn 4.33 and 5n 4.22 were observed in CD3sCOCD; that were not present in the *H
NMR spectrum in deuterated methanol (CD30D). Based on this data, the peaks were
assumed to account for exchangeable protons assigned to seven OH groups. This was
consistent with the IR spectrum indicating the presence of OH functionality in the

molecule.

The H NMR spectrum (CDsCOCD3) (Table 5.10) of compound 5.3 exhibited
characteristic peaks for two meta-coupled doublets [6H 6.06 and 5.92 (each d, J 2.2 Hz)]
and an aromatic singlet (61 6.13). Two pairs of A2B; aromatic system protons [oH 7.35 and
6.85 (each d, J 8.6 Hz) and 61 7.39 and 6.89 (each d, J 8.6 Hz)] revealed the presence of
para-disubstituted aromatic rings that were identified as p-hydroxyphenyl systems from
the 1¥C-NMR chemical shifts of carbon signals at 8 129.3 and 6 115.2 (Bilia et al. 1996,
Prasad 2000). Additionally, an isolated AB system [6n 4.22 and 4.24 (each d, J 3.5 Hz)] in
the heterocyclic proton region was observed, characteristic of the C-ring protons of A-type
proanthocyanidins, consisting of two flavanyl units. Such a structural type was supported
by the typical acetal carbon resonance at ¢ 100.55 in the *C NMR spectrum (Table 5.11).
Moreover, the *H NMR spectrum showed striking similarity to compound 5.2 (afzelechin).

The 3C NMR spectrum showed the presence of six aliphatic (CH2x 1, CH x 1, CHO x 3,
0-C-0 x 1) and twenty four aromatic signals (CH x 11, C x 5, C-O x 8). The DEPT
spectrum revealed the presence of one methylene, fourteen methine (two of double
intensity) and thirteen quaternary carbon atoms. An HSQC experiment established the bond

correlation between H and C nuclei (Table 5.10).

The *H-3C long range coupling information obtained from the HMBC experiment allowed
the rings to be connected. on 7.39 (H-12) correlated with ¢ 100.1 (C-2), 6c 158.5 (C-14)
and dc 129.3 (C-16); 01 4.24 (H-4) correlated with 6¢c 67.1 (C-3), 8¢ 100.1 (C-2), d¢c 103.7
(C-10), 8¢ 106.3 (C-8"), 8¢ 150.6 (C-9°), 8¢ 151.8 (C-7°), 8¢ 153.8 (C-9) and ¢ 156.5 (C-
5); on 7.53 (H-16) correlated with 6¢ 100.1 (C-2), 8¢ 129.3 (C-12) and 6c 158.5 (C-14); 6n
7.39 (H-12°) correlated with 8¢ 83.6 (C-2°), 8¢ 129.87 (C-11") and &¢ 158.5 (C-14°); ox
4.81 (H-2") correlated with 8¢ 29.2 (C-4"), 8¢ 67.7 (C-3°), 8¢ 129.87 (C-117), 8¢ 129.80 (C-
12°) and 6¢ 150.6 (C-9°); and on 3.04 (H-4’) correlated with d¢ 67.7 (C-3”), 8¢ 83.6 (C-2°),
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dc 102.7 (C-10%), 6¢ 150.6 (C-9) and 6c 155.5 (C-5"). This data supported the structure
shown in Figure 5.16.

Figure 5.16 Tentative structure of compound 5.3.

The existence of a (2—0—7’) rather than a (2—0—5’) ether linkage was deduced from
the HMBC correlations between the phenolic proton at oH 8.64 attached to ¢ 155.5 (C-5")
and both 8¢ 96.4 (C-6') and 8¢ 102.7 (C-10"). The (4—8', 2—0—7") interflavonoid linkage
of compound 5.3 was supported by observation of the HMBC cross-peaks of 61 4.22 (H-3)
with 8¢ 106.3 (C-8') and of dn 4.24 (H-4) with 8¢ 151.8 (C-7"), éc 106.3 (C-8'), and &¢
150.6 (C-9") (Figure 5.18). HMBC experiments assigned the OH groups to C-5°, C-14, C-
14’, C-7, C-5 and C-3 respectively. The HMBC correlations between the rings are depicted
in Figure 5.17 and the exchangeable hydrogen HMBC correlations are presented in Table
5.10.

Figure 5.17 Key long-range coupling correlation between the flavanoid rings of proposed
compound 5.3 identified by HMBC experiment.
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Circular dichroism (CD) measurements allowed the establishment of absolute
configurations at C-2 and C-4. A strong negative Cotton effect in the diagnostic wavelength
region (232 nm) led to assignment of a 4S-configuration of the C-ring, which indicated a
(2a, 4a)-configuration of the C-ring since the linkage of the two units of A-type
proanthocyanidins must be cis (Hikino et al., 1982). Moreover, the absence of NOESY
cross-peaks between the on 4.24 (H-4) proton and 6n 7.39 (H-12’' and H-16') was in
agreement with the a-orientation of the two flavane moieties (Prasad 2000). Figure 5.18.

A

Figure 5.18 Key NOESY correlations of flavonoid rings of compound 5.3.

The absolute configuration at C-2’ of the F-ring was established from the CD spectrum
(Appendix 17). Flavan-3-ols with 2R and 2S absolute configuration give rise to negative
and positive Cotton effects, respectively, in the 260—280 nm region of their CD spectra
(Bilia et al. 1996, Rawat et al. 1998, Prasad 2000). Thus, the weak positive Cotton effect
around 270 nm ([®]271 +580) observed in compound 5.3 indicated that the absolute
configuration at C-2 of the F-ring differed from that of the C-ring, indicating a 2S-
configuration of the F-ring (Bilia et al. 1996).

The large coupling constant (J 8.0 Hz) between H-2’ and H-3’ of the F-ring reflected a
relative trans-configuration (Bilia et al. 1996, Rawat et al. 1998, Prasad 2000).
Consequently, the absolute configurations at C-2 and C-3 of the F-ring were deduced to be
S and R, respectively, and the lower flavanyl unit of compound 5.3 was thus confirmed as

ent-afzelechin (Figure 5.19).
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Figure 5.19 trans-Configuration of the lower flavanyl moiety.
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Table 5.10 NMR data of compound 5.3 (600 MHz, CD3COCD3)

C#

14-OH

3I
3°-OH
4I

5|
5°-OH
6|

7
g
9
10'
11
12'
13'
14
14°-OH
15
16'

dc

100.1
67.1

28.8
156.5

97.8
157.9

96.1
153.8
103.7
131.4
129.3
115.2
158.5

115.2
129.3

83.6
67.7

29.2

155.5
96.4

151.8
106.3
150.6
102.7
129.87
129.80
116.0
158.5

116.0
129.8

OH
(JinHz)

4.22d (3.5)
4.33d (4.8)
4.24.d (3.5)

6.92s
5.91d (2.2)

8.22s
6.06d (2.2)

7.53d (8.6)
6.85 d (8.6)

8555
6.85d (8.6)
7.53d (8.6)

4.81d (8.5)

4.13m
4.24 s

3.04dd (5.5,
16.5)
2.61 dd

8.64 s
6.13s

7.39 d (8.6)
6.89 d (8.6)

8.55 s
6.89 d (8.6)
7.39d (8.6)

HMBC

C-2,C-3,C4
C-3,C-2, C-10, C-8,
C-9,C-7,C-9,C-5

C-4,C-5,C-6
C-10, C-5,C-7

C-6,C-7,C-8
C-6, C-10, C-9

C-2,C-14, C-16
C-15,C-11, C-14

C-13, C-15,C-14
C-13,C-11,C-14
C-2,C-12,C-14

C-4',C-3, C-11', C-
12, C-9'

C-3’,C4
C-3', C-2', C-10', C-
9, C-5

C-5, C-6’, C-10°
C-10,, C-8', C-7', C-
5I

C-2', C-11', C-14
C-11', C-14', C-15'

C-13’, C-14’, C-1¥°
C-11', C-13, C-14'
C-2', C-11', C-14'

Multiplicity

C
CH

CH
C

CH

CH

CH
CH

CH
CH
CH
CH

CH2

CH
CH

Key NOESY

C-8

C-7,C-8’,
C-o

C-10°

C-6’, C-10

Based on the gathered evidence, the compound was characterised as ent-epiafzelechin-

(20—0—7’,40—8")-(-)ent-afzelechin. This is consistent with the compound previously

isolated from P. persica roots by Kichu (Kichu 2010), although he found it inactive against
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susceptible and resistant strains of S. aureus (Kichu 2010), while it was found active in

these studies. The NMR data of this compound is presented in Appendices 10-14.

5.2.4.7 Comparison of antimicrobial activities between local Prunus persica

plant material and the Nagaland sample of the plant

Due to the difficulties that were met when processing and transporting samples from
Nagaland to Australia, and the desire for further plant material for further testing and active
compound isolation, a locally collected sample of P. persica roots was examined as a
prelude to possible future investigations. The roots (300 g) were collected from Macquarie
University grounds (Herring Rd, Sydney, NSW) and freshly extracted with 70% aqueous
ethanol. Antibacterial activity was measured using the MTT assay against susceptible as
well as resistant strains of S. aureus. An MIC of 156 pug/mL was seen for all of the S.
aureus strains. The results indicated the local plant material possessed strong and
comparable antibacterial activity to that observed for the Nagaland plant material,

suggesting it could be a good alternative for future studies.

5.3 Conclusions and future directions

An aqueous ethanolic extract of the roots of P. persica was partitioned with n-hexane, DCM
and EtOAc. Phytochemical studies were conducted to give an idea of the type of
compounds present in the partitions and these included terpenes, steroids and phenolics.
The n-hexane and EtOAc partitions showed the most promising antibacterial properties,
with activity against susceptible S. aureus as well as MRSA and MDRSA strains. GC-MS
analysis of the n-hexane partition identified three compounds known to be active against S.
aureus, namely palmitic acid (Kurtulmus et al. 2009), linoleic acid (Dilika et al. 2000) and
oleic acid (Dilika et al. 2000).

TLC bioautography methods in the literature were examined to find the most appropriate
conditions to provide guidance as to which compounds should be targeted in the isolation
process. This identified overlay TLC bioautography as an appropriate method.
Chromatographic methods allowed isolation of three compounds, B-sitosterol from the
n-hexane partition, and afzelechin and ent-epiafzelechin-20—0—7’,40—8")-(-) ent-
afzelechin from the EtOAC partition, respectively. All compounds were characterised using

spectroscopic methods.
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B-sitosterol was found to possess weak activity against susceptible S. aureus as well as S.
typhimurium and E. coli - and moderate activity against P. aeruginosa. ent-Epiafzelechin-
(2a—0—7’,40—8’)-(-)ent-afzelechin was found to possess strong antibacterial activity
against all tested strains of S. aureus and weak activity against E. coli f-, S. typhimurium
and P. aeruginosa. Afzelechin was antibacterially tested only by TLC bioautography due
to insufficient quantity and was found inactive against susceptible S. aureus. It was also

observed to decompose upon storage.

There were other active compounds detected by TLC bioautography especially in the
n-hexane partition, but due to the low amount of Nagaland P. persica plant material, and
in some cases issues of possible instability, they were not isolated. Preliminary examination
of a local (Sydney, Australia) sample of P. persica roots, showed comparable activity to
the Nagaland sample. This suggests that local P. persica would be worthy of exploration

for future studies, including the isolation of further bioactive compounds.
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Chapter 6

Experimental

6.1 Reagents and equipment

All the solvents used for extractions and chromatographic separations were of analytical
HPLC grade. 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). The TLC plates were
visualised using UV light (254 nm and 365 nm) and different spray reagents. Normal phase
column chromatography was performed using silica gel 60 (0.040-0.063 mm). Size
exclusion chromatography (SEC) was carried out using Sephadex LH-20 (Sigma-Aldrich).
Mueller Hinton Il agar, horse blood agar, sabouraud dextrose (SAB) broth, potato dextrose
agar, Todd Hewitt (TH) broth and Mueller Hinton (MH) Il broth were purchased from
Bacto laboratories Pty Ltd (Australia). Filter paper discs (6 mm) used for disc diffusion
assays were from Whatman (UK). Kanamycin, gentamycin, vancomycin and fluconazole
were obtained from Amresco (USA). Flat bottom 96-well microtitre plates were from
Greiner. MTT (3-[4,5-dimethylthiazol-2-yl]-2, 5-diphenyltetrazolium bromide) was
purchased from Sigma-Aldrich. B-Sitosterol (95%) was purchased from Sigma-Aldrich.

The freeze dryer system was from Labconco (USA). The 'H, $3C, HSQC, COSY, HMBC
and NOESY NMR spectra were recorded on Bruker Avance AMX 400 and Bruker
DRX600K 600 MHz NMR Spectrometers (Germany) using standard pulse sequences.
Chemical shifts were calculated relative to the chloroform (*H & 7.24 and 3C § 77.2),
acetone (*H & 2.04 and 3C § 205.8 and 30.6) and methanol (*H § 3.31 and C § 49.0)
solvent peaks. A Shimadzu 2010 LC-MS system was used for electrospray ionisation mass
spectrometry (ESI-MS) analysis. A Shimadzu GC-17 system was used for electron impact
mass spectrometry (EI-MS) analysis. Analytical gas chromatography (GC) was carried out
on a Shimadzu GC17A gas chromatograph. High resolution mass spectrometry (HR-MS)

was determined using a Bruker Apex 3 instrument.
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6.1.1 Collection, preparation and importation of plant materials to Australia
Seven plants, namely Dendrocnide sinuata, Eurya acuminata, Duabanga grandiflora,
Maesa indica, Holboellia latifolia, Prunus persica and Erythrina stricta were selected to
be imported and subjected to antimicrobial screening.

All plant materials 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 20009.

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. VVoucher specimens
for each plant were deposited at Botanical Survey of India (BSI), Shillong Branch, India.
For further processing, D. sinuata, E. acuminata, D. grandiflora, M. indica, H. latifolia and
E. stricta 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 plants 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 micropulveriser for
grinding. 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).

A local plant specimen of P. persica roots and bark was collected from Macquarie
University grounds (North Ryde, NSW, Australia) by IBRG ethnobotanist Mr David
Harrington in June 2014. A voucher specimen was lodged at the IBRG Herbarium, voucher
number 0001.
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6.1.2 Preparation of plant materials for antimicrobial screening

Nagaland Plant materials were prepared in Nagaland as described above. Freshly collected
roots of the local (Australian) P. persica specimen were chopped with a heavy duty Waring
blender (John Morris scientific) to produce the ground material. All plant materials were
suspended in 70% aqueous ethanol, shaken overnight at room temperature and vacuum
filtered to collect the filtrates. The materials were re-extracted as above, two more times,
and the combined filtrates were rotary evaporated (Buichi) at 37 °C. The water residues
were freeze dried overnight. The results are tabulated in Table 6.1.

Table 6.1 Weight and appearance of freeze dried extracts (small scale extraction) for
antimicrobial screening

Plant sample Voucher no. Weight and appearance of extracts
E. stricta stem 69629 0.45 g dark brown solid
P. persica root” 69503 2.30 g dark red solid
P. persica root* 0001 2.32 g dark red solid
M. indica leaf 69514 0.9 g green gum
H. latifolia leaf 69500 0.50 g dark green gum
D. grandiflora stem bark 69686 0.30 g very dark red solid
E. acuminata leaf 69612 0.3 g brown solid
D. sinuata stem 69508 0.2 g brown gum

*Plant material collected in Nagaland. * Plant material collected locally (Australia). Initial weight of samples-
10g, extracted with 100 mL, 70% aqueous ethanol x 3.

For the disc diffusion assay, the freeze dried, powdered crude extracts (10 mg) were
dissolved in 200 uL DMSO and then diluted to a final volume of 1 mL in milliQ water.
Discs (6 mm, Whatman) were loaded with the samples and dried with a hair dryer to afford
a concentration of 1 mg per disc. For the MTT microdilution assay, the crude extracts (10
mg) were dissolved in 200 uL of DMSO and diluted with MH 11 broth to give a starting
concentration of 10 mg/mL. 100 pL of each sample was transferred into the first well
containing 100 L of broth and 100 pL of bacteria giving a starting concentration of 2500
pg/mL.
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6.1.3 Preparation of P. persica extracts
6.1.3.1 Preparation of dried plant material of P. persica for large scale

extraction and partitioning

Powdered dried root of P. persica (Nagaland specimen, 1 kg) was suspended in 70%
aqueous ethanol (1 L) and shaken overnight at room temperature. The extract was then
filtered and the process repeated three times. After removal of ethanol by rotary evaporation
(Buchi) at 37 °C, the remaining aqueous residue (approximately 900 mL) was successively
partitioned with n-hexane (1 L), DCM (1 L) and EtOAc (1 L). The process was repeated
three times. This afforded four partitions, ie n-hexane (2 g, green solid), DCM (6 g, fair red
solid) and EtOAc (8 g, dark red solid) partitions and the remaining water residue which

was deemed the water partition (5 g, blackish red solid).

6.2 Bioassays: methods and materials
6.2.1 Microbes

Table 6.2 Microbial strains used in antimicrobial assays of crude plants materials,
partitioned extracts as well as partly purified and purified compounds

Organism Strain? Characteristics cfu/mL
(Aeoo = 0.08)b
Escherichia coli (5-) ATCC 25922 /3 lactamase negative — 2.54 x 107
sensitive to common
antibiotics
Escherichia coli (f+) ATCC 35218 S lactamase positive 5.32 x 107
Pseudomonas aeruginosa ATCC 27853 sensitive to common 6.97 x 10’
antibiotics
Salmonella typhimurium clinical isolate 8.59 x 10’
Streptococcus pyogenes clinical isolate 3.70 x 107
Staphylococcus aureus ATCC 29213 sensitive to common 9.62 x 10’
(susceptible) antibiotics
Staphylococcus aureus ATCC BAA community acquired 6.38 x 10’
(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°

aAmerican Type Culture Collection strain designation where applicable. "The inoculum sizes (cfu/mL) at
optical density 0.08 (2 600 nm) were estimated using the spread plate colony count method (Willey et al.,
2011).
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The use of all microbial strains was approved by the Macquarie University Biosafety
Committee (approval references 05/14 LAB, TEM170512BHA). All cultures were
provided by Dr John Merlino (Department of Microbiology, Concord Hospital, Sydney).

Stock cultures of the bacterial strains were maintained in MH 11 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 in MH 11 broth
with the exception of S. pyogenes which was inoculated in Todd Hewitt broth and the
fungus in SAB broth followed by an overnight incubation at 37 °C (bacteria) and 30 °C
(fungus), respectively. For all antimicrobial assays, the bacteria were grown overnight in
MH |1 broth and C. albicans in SAB broth. After overnight incubation the optical density
at 600 nm (ODsno) was measured and the density was adjusted to 0.08 with fresh MH 11 or
Todd Hewitt or SAB broths, as appropriate.

6.2.2 Disc diffusion assay
For the disc diffusion assay the freeze dried samples (10 mg) were dissolved in 200 pL

DMSO, and then diluted to a final volume of 1 mL in distilled water. Discs were loaded
with the samples and dried with a hair dryer to afford a sample concentration of 2 mg per
disc. The MH 11 agar medium was prepared for all bacterial strains (except S. pyogenes) as
per the manufacturer’s protocol and autoclaved at 121 °C for 20 minutes. Potato dextrose
agar was used for C. albicans and horse blood agar for S. pyogenes. The molten media were

poured into petri plates (10 to 15 mL) and allowed to solidify.

Using a sterile cotton swab, the diluted culture of the microorganism was swabbed evenly
on the entire surface of the appropriate agar plate to provide a lawn of microbes. Whatman
discs (6 mm) impregnated with the samples were then placed on the inoculated plate and
pressed down gently. The plates were incubated at 37 °C for 18 hours (bacteria) and at 30
°C for 24 hours (C. albicans), and the diameter of the zones of inhibition was measured
with a ruler (including the 6 mm disc diameter). Negative control discs were prepared with
20% DMSO/H-0. Positive control discs were impregnated with appropriate antibiotics 2
pg per disc. Vancomycin and kanamycin were used as positive controls for S. aureus strains
(susceptible S. aureus, MRSA, MDRSA) and gentamycin was used for -, B+ E. coli, P.
aeruginosa and S. typhimurium and S. pyogenes. Fluconazole was used as a positive control

for C. albicans.
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6.2.3 MTT Microdilution assay
For the MTT microdilution assay, the samples (10 mg/mL) or the antibiotic (1 mg/mL)

were dissolved in 200 pL DMSO and diluted with MH I1 broth for all bacterial strains with
the exception of S. pyogenes for which Todd Hewitt (TH) broth was used. SAB broth was
used for C. albicans. Using a 96 well microtitre plate, 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 dispensed to 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. 5% aqueous DMSO was also included
as a negative control. The plate was incubated at 37 °C for 18 to 20 hours and finally 20
pL of solution of MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazoliium bromide) in
methanol (5 mg/mL) was added to each well and again incubated for 30 minutes. The MIC
values were determined as the lowest concentration of the test sample or antibiotic that

showed no visible colour change from yellow to blue.

6.2.4 Direct bioautography

Normal phase silica gel TLC plates were preconditioned by heating at 120 °C in the oven
for approximately 4 hours. The plant samples (50 ug) in methanol were spotted on the TLC
plates (10x10 cm) in duplicate, gently dried, developed with the appropriate solvent
systems and dried with a hair dryer (cold air flow) for complete removal of solvents. One
of the TLC chromatograms was retained as the reference plate. The inoculum of test
bacteria was prepared by overnight incubation and its OD was adjusted to 0.08 with MH 11
broth (1:100 dilution). The test TLC chromatogram was then dipped in the bacterial
inoculum (susceptible S. aureus) under sterile conditions, left submerged for approximately
15 seconds, removed and placed on the agar plate facing upward. The chromatogram was
incubated overnight at 37 °C and gently covered with a thin layer of a solution of MTT in
methanol (2.5 mg/mL). The stained chromatogram was then incubated for approximately
1 hour to allow visualisation. White zones of inhibition against a purple background

indicated antibacterial activity.
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6.2.5 Contact bioautography

The test samples were spotted in duplicate and developed as described above. The inoculum
of test bacteria was prepared as above. Agar for this test was prepared by mixing it with the
bacterial inoculum to achieve 0.08 OD (dilution 1:100). The agar plate was then prepared
by pouring molten, inoculated agar into a petri dish. After solidification of the agar, the
developed TLC plate (10x10 cm) was placed on the agar surface facing downward and left
for approximately 6 hours in the fridge. The chromatogram was then removed and the agar
plate was incubated overnight at 37 °C. Zones of inhibition were visualised by pouring a
solution of MTT in methanol (2.5 mg/mL) onto the agar layer and incubating at 37 °C for
approximately 15 minutes.

6.2.6 Overlay bioautography

For spotting and developing TLC plates, the same method as described above was used.
The TLC chromatogram was placed on an agar plate with the silica gel facing upwards. An
inoculum of test bacteria was prepared in the broth by overnight incubation. After
incubation, OD of the culture was measured and adjusted to 0.16 by diluting with the broth
(1:50), then an equal volume of molten agar was added, resulting in a final dilution of 0.08
OD. Approximately 20 mL of the inoculum was rapidly distributed over the TLC plate
(10x10 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 the visualisation of results.

6.3 Phytochemical testing: methods and materials

Crude and partitioned extracts were tested for the preliminary detection of different classes
of compounds. An iodine chamber, vanillin-sulfuric acid, p-anisaldehyde and
Dragendorff’s spray reagents were used for the detection of unsaturated compounds,
terpenes, steroids and alkaloids, respectively. Ferric chloride and lead(l1) acetate were used
for detection of phenols and tannins. The detection of unsaturated compounds, steroids,
terpenes and alkaloids was performed on normal phase silica gel TLC plates developed in
different solvent systems. The detection of phenols and tannins was performed in glass test

tubes as well as on normal phase chromatograms.
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Vanillin-sulfuric acid (Johnsson et al. 2007): Vanillin-sulfuric acid reagent was prepared
by mixing 6 g vanillin (Sigma-Aldrich) with 2.5 mL concentrated H2SO4 in 250 mL
ethanol. After spraying with vanillin-sulfuric acid reagent, plates were heated at 100 °C for
1-2 minutes. Terpenes give blue, red or violet spots, phenols colour pink, red or orange and
steroids stain red or blue (Wagner 1996, Gibbons 2005, Spangenberg 2008, Waksmundzka-
Hajnos et al. 2008). The EtOAc, DCM and water tested samples stained red and pink

indicating the presence of steroids, terpenes and/or phenols.

p-Anisaldehyde (Simpson 2011): p-Anisaldehyde reagent was composed of 95 mL
ethanol, 2.5 mL acetic acid, 2.5 mL concentrated sulfuric acid and 0.5 mL p-anisaldehyde.
Terpenes and steroids appear as blue or green coloured spots with p-anisaldehyde reagent
(Wagner 1996). The n-hexane samples stained blue with this dye, indicating the presence

of steroids and/or terpenes.

Dragendorff’s reagent (Appendino et al. 2008): Dragendorff’s reagent was prepared by
adding 10 mL of a 40% aqueous solution of K1 to 10 mL of a solution of 0.85 g bismuth(111)
subnitrate in acetic acid (10 mL) and milliQ water (50 mL). The resulting solution was
diluted with acetic acid and water in the ratio 1:2:10. Alkaloids appear as dark orange or
red spots (Waksmundzka-Hajnos et al. 2008). No alkaloids were detected in the tested

samples.

lodine chamber: An iodine vapor chamber was made by adding a mixture of iodine
crystals powdered with dry silica gel in a sealed glass container. After development and
evaporation of solvents the TLC plates were inserted into the chamber. Compounds with
unsaturated double or triple bonds appear as brown spots. The presence of unsaturation was

observed in most tested samples.

Detection of phenols and tannins: The plant material test sample (about 20 mg) was
dissolved in 4 mL of 25% aqueous methanol. 1 mL of solution was transferred in to a test
tube and a drop of 1% aqueous FeCls solution was added. Blue colour of the solution
indicated the presence of phenols (Gowri and Vasantha 2010). For detection of tannins, in
a test tube containing about 1 mL of plant material test sample, a solution of lead acetate
was added. Formation of a yellow precipitate indicated the presence of tannins (Gowri and
Vasantha 2010). Similar tests were carried out using developed TLC plates. The samples
of plant material were spotted on the normal phase TLC chromatograms and developed in
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the chosen solvent system. Overlaying the TLC plate with a 1% solution of FeCls and
heating in an oven at 100 °C for 1-2 minutes gave blue spots against a white background.
This indicated the presence of phenols in EtOAc, DCM and water fractions. Overlaying the
chromatogram with saturated lead acetate solution and heating in the oven under the same
conditions gave yellow spots against a white background, which indicated the presence of
tannins in DCM, EtOAc and water samples (Gowri and Vasantha 2010).

6.4 GS-MS analysis

Analytical gas chromatography (GC) was carried out by Dr Joseph Brophy at the University
of New South Wales on a Shimadzu GC17A gas chromatograph with a BP-5 column (30
mx0.25 mmx25 pm) 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 a 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 (EI) 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 or published

spectra.

6.5 Chemical study: methods and materials
6.5.1 Bioautography guided isolation of active compounds and fractions from
P. persica n-hexane extract

The n-hexane partition (2 g) of P. persica was dissolved in petroleum ether 40-60 °C (3
mL), mixed with silica gel (1 g) and evaporated to dryness by rotary evaporation at 37 °C.
Petroleum ether of 40-60 °C boiling point was used throughout the whole n-hexane
fractionation process. The sample was then applied to the top of a normal phase silica
column (240 g silica) prepared with 100% petroleum ether. The column was eluted with a
gradient of petroleum ether:diethyl ether (100:0 to 0:100%). 100 of 20 mL fractions were
collected and spotted in duplicate on TLC chromatograms. The chromatograms were then
developed with petroleum ether and diethyl ether 3:7. The presence of compounds was

detected under UV light (254 nm and 365 nm) and by p-anisaldehyde spray reagent.

The bioactivity of all eluted fractions was examined by an overlay TLC bioautography
assay with the susceptible strain of S. aureus (ATCC 29213). The fractions were combined
into 12 major sub-fractions on the basis of their TLC profiles and bioactivity: Hex-1
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(fractions 1-4, 20 mg, orange oil, Rf=0.9-1, petroleum ether:diethyl ether 3:7, one spot on
TLC plate, no antibacterial activity), Hex-2 (fractions 5-7, 15 mg, orange-yellow oil, Rf=
0.8-1, petroleum ether:diethyl ether 3:7, four spots on TLC plate, one spot antibacterially
active), Hex-3 (fractions 8-19, 25 mg, yellow oil with white solid particles, R¢s= 0.7-0.8,
petroleum ether:diethyl ether 3:7, 3 spots on TLC plate, no antibacterial activity), Hex-4
(fractions 20-27, 30 mg, yellow oil with white solid particles, Rf= 0.65-0.77, petroleum
ether:diethyl ether 3:7, two spots on TLC plate, no antibacterial activity), Hex-5 (fractions
28-31, 15 mg, white, solid particles, Rf= 055-0.77, petroleum ether:diethyl ether 3:7, two
spots on TLC plate, no antibacterial activity), Hex-6 (fractions 32-37, 40 mg, creamish
needles, Rf = 0.5-0.75, petroleum ether:diethyl ether 3:7, four spots on TLC plate, no
antibacterial activity), Hex-7 (fractions 38-45, 80 mg, white needles, Rf = 0.55-0.75,
petroleum ether:diethyl ether 3:7, four spots on TLC plate, two antibacterially active,),
Hex-8 (fractions 46-59, 30 mg, white-green solid, R = 0.3-0.5, petroleum ether:diethyl
ether 3:7, three spots on TLC plate, two antibacterially active), Hex-9 (fractions 60-66, 33
mg, white-green solid, Rs= 0.3.-0.45, petroleum ether: diethyl ether 3:7, merged spots of
antibacterial activity), Hex-10 (fractions 67-73, 26 mg, green solid, Rs = baseline-0.45,
petroleum ether:diethyl ether 3:7, 6 spots on TLC plate, merged antibacterial activity), Hex-
11 (fractions 74-82, 20 mg, dark green solid, R = baseline-0.45, petroleum ether:diethyl
ether 3:7, more than 8 spots, merged antibacterial activity), Hex-12 (fractions 83-100, 24
mg, green-white solid, R = baseline-0.45, petroleum:diethyl ether 3:7, more than 6 spots

on TLC plate, merged antibacterial activity).

Only fractions that showed antibacterial activity against susceptible S. aureus (Hex-2, Hex-
7, Hex-8, Hex-9, Hex-10, Hex-11 and Hex-12) were further tested by TLC bioautography
and MTT microdilution assays against methicillin resistant (MRSA) and multi drug

resistant (MRDSA) strains of S. aureus.

Overlay TLC bioautography of Hex-7 showed two active spots (MIC = 625 pg/mL for
susceptible S. aureus and 1250 pg/mL for MRSA). Normal phase silica column
chromatography of Hex-7 (80 mg) with 90 g of silica and elution with petroleum
ether:diethyl ether (100:0 to 0:100%) gave 25 of 20 mL fractions that were pooled together
into three sub-fractions based on their normal phase TLC profiles (petroleum ether:diethyl
ether 3:7) and TLC bioautography results. The compounds were visualised under UV light
(254 nm and 365 nm) and by staining with p-anisaldehyde spray reagent. The solvents of
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all three sub-fractions were evaporated by rotary evaporation at 37°C to afford Hex-7a
(fractions 1-6, 8 mg, yellow needle-like crystals, four spots on TLC plate, one spot [R=
0.75, petroleum ether:diethyl ether 3:7] antibacterially active against susceptible S. aureus
and MRSA), Hex-7b (fractions 7-21, 20 mg, white solid, two spots on TLC plate: Rf=0.55
not antibacterially active and R¢= 0.65 antibacterially active against susceptible S. aureus
and MRSA) and Hex-7c (fractions 22-25, 10 mg, white crystals, one spot on TLC plate: Ry
= 0.55 not active against test bacteria).

Methanol (2 mL) was added to Hex-7b (20 mg) and the mixture was separated into the
soluble part and the white precipitate by centrifugation. The supernatant afforded Hex-7b2
(12 mg) as a white solid after rotary evaporation. The precipitate was collected to give Hex-
7b1 (1 mg) as a white solid. Hex-7b1 was dissolved in diethyl ether, spotted on a TLC plate
and developed with petroleum ether:diethyl ether 3:7, then sprayed with p-anisaldehyde
reagent. It appeared as a single spot of R = 0.55, staining blue. Hex-7b1 was recrystallised
with diethyl ether to give 0.5 mg of a white needle- like solid that was subjected to EI-MS
analysis which identified the compound as B-sitosterol (5.1) from the NIST library.

Methanol (1 mL) was added to Hex-7c (10 mg) and Centrifuged to give a white solid (3
mg) and the supernatant. After rotary evaporation of the supernatant, a white solid (7 mg)
was obtained. The original, obtained by centrifugation solid was recrystallised with diethyl
ether to give white needles (1.5 mg, R¢= 0.55, stained blue with p-anisaldehyde). EI-MS
characterised the compound as further B-sitosterol (5.1). This was combined with f-
sitosterol from Hex-7b1 and NMR and IR analyses were performed.

p-Sitosterol (5.1): White needlelike crystals, mp. 138 °C (lit. 136-139 °C) (Kircher and
Rosenstein 1973). IR (neat) vmax (cm™): 3400 (br strong), 2955, 2918, 2850, 1735, 1463,
1377, 1057. EI-MS m/z 55, 57, 81, 95, 105, 119, 133, 145, 159, 173, 185, 199, 213, 231,
241, 255, 273, 288, 303, 315, 329, 341, 354, 367, 381, 396, 414, fragmentation pattern
identical with the authentic sample. HREI-MS m/z 414.3855 (calc. 414.3862 for C29H500).
'H-NMR (600 MHz CDCls) § 0.65 (3H, s, H-18), 0.79 (3H, d, J 8.6 Hz, H-26), 0.81 (3H,
d, J 8.6 Hz, H-19), 0.83 (3H, d, J 8.6 Hz, H-29) 0.89 (3H, d, J 6.5 Hz, H-21), 0.91 (1H, m,
H-9), 0.91 (1H, m, H-24), 0.94 (1H, m, H-17), 0.94 (1H, m, H-14), 0.98 (3H, s, H-27), 1.13
(2H, m, H-23), 1.13 (2H, m, H-1), 1.24 (2H, m, H-28), 1.29 (2H, m, H-22), 1.33 (1H, m, H-
20), 1.47 (2H, m, H-11), 1.49 (2H, m, H-7), 1.55 (2H, m, H-15) 1.64 (1H, m, H-25), 1.81
(2H, m, H-2), 1.97 (2H, m, H-12), 1.97 (H, m, H-8), 2.21 (1H, m, H-4), 2.27 (1H, m, H-4),
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3.50 (1H, m, H-3), 5.33 (1H, d, J = 5.3 Hz, H-6). 3C NMR (150 MHz, CDCls) & 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).

6.5.2 Bioautography guided isolation of active compounds and fractions from
P. persica EtOACc extract
The ethyl acetate extract (8 g) of P. persica was dissolved in methanol (10 mL), mixed with
silica gel (5 g) and evaporated to dryness by rotary evaporation at 37 °C. The sample was
then applied to the top of a normal phase silica column (270 g silica) prepared with 100%
chloroform. The column was eluted with a gradient of chloroform:methanol (100:0 to
0:100%). 120 of 20 mL fractions were collected and spotted in duplicate on TLC plates.
For detection of active compounds, the plates were developed with
methanol:chloroform:water 3:7:0.2 and 3:7:0.4. 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 fractions were then combined into four major
sub-fractions according to similar TLC Ry values and TLC bioautography results to give
EtOAc-1 (fractions 1-20, 200 mg, yellow solid, R¢= 0.75-0.9, chloroform:methanol:water
7:3:0.4, two spots on TLC plate, none active), EtOAc-2, (fractions 21-53, 1.8 g, orange
solid, four spots of R¢ values 0.45, 0.60, 0.63 and 0.66, chloroform:methanol:water 7:3:0.2,
2 inhibition zones merged Rt 0.63-0.66), EtOAc-3 (fractions 54-90, 3 g, red solid, Rf=
baseline-0.45 chloroform:methanol:water 7:3:0.4, four spots on TLC plate, two active),
EtOAc-4 (fractions 90-120, 2 g, dark red solid, Rf = baseline-0.3,

chloroform:methanol:water 7:3:0.4, two spots on TLC plate, two active).

All sub-fractions except EtOAc-1 showed activity against susceptible S. aureus. The sub-
fractions EtOAc-2 and EtOAc-3 were subjected to further purification.

EtOAc-2 (1.8 g) was dissolved in methanol, mixed with silica (1 g) and rotary evaporated
at 37 °C. The solid was applied on top of a normal phase silica column (200 g silica)
prepared with 100% chloroform. Elution with an increasing polarity gradient of
chloroform:methanol (100 to 0 and 0 to 100%) yielded 30 sub-fractions which were spotted
in duplicate on TLC chromatograms and developed, one being visualised with vanillin-
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sulfuric acid reagent, the other tested by TLC bioautography. The fractions were combined
based on their TLC Rf values and bioautography results into two sub-fractions EtOAc-2a
(800 mg, red solid, two spots, Rf = 0.63-0.66 of merged antibacterial activity,
chloroform:methanol:water 7:3:0.2), EtOAc-2b (600 mg, red solid, three spots, R¢= 0.63,
0.66 and 0.45, spots of Rf= 0.63, 0.66 showed very faint inhibition zones and spot of Ry
0.45 showed strong inhibition, chloroform:methanol:water 7:3:0.2). Crystallisation with
methanol gave ent-epiafzelechin-(2a—0—7, 40— 8)-(-)-ent-afzelechin (5.3) as a yellow
solid (1 mg).

Sub-fraction EtOAc-2a (800 mg) was dissolved in minimal methanol (0.25 mL) and
subjected to size exclusion column chromatography (Sephadex LH-20), eluting with
methanol. This afforded three fractions, EtOAc-2al (220 mg, yellow solid, one spot, R¢=
0.66, no activity, chloroform:methanol:water 7:3:0.2), EtOAc-2a2 (200 mg, white flecks,
one spot, R¢= 0.63, no activity, chloroform:methanol:water 7:3:0.2), EtOAc-2a3 (150 mg,
whitish solid, two spots, none active, Rs= 0.63-0.66, chloroform:methanol:water 7:3:0.2).
Sub-fraction EtOAc-2a2 was subjected to PTLC to provide afzelechin (5.2) (2 mg, R¢0.63,

no antibacterial activity).

Afzelechin (5.2): Creamish amorphous solid. UV (MeOH): Amax 273. ESI-MS m/z 273
[M+H]*, consistent with the molecular formula C1sH140s. *H-NMR (400 MHz, CD3s0D) &
2.49 (1H, dd, J 8.5, 16.1 Hz, H-4), 2.87 (1H, dd, J 5.5, 16.1 Hz, H-4), 3.97 (1H, m, H-3),
4.58 (1H, d, J 8.0 Hz, H-2), 5.83 (1H, d, J 2.1 Hz, H-6), 5.91 (1H, d, J 2.1 Hz, H-8), 6.77
(2H, d, J 8.5 Hz, H-13, 15), 7.21 (2H, d, J 8.5 Hz, H-12, 16). 13C NMR (75 MHz, CD30D)
8 82.77 (C-2), 68.87 (C-3), 29.15 (C-4), 157.88 (C-5), 95.48 (C-6), 157.8 (C-7), 96.41 (C-
8), 157.28 (C-9), 100.8 (C-10), 131.5 (C-11), 129.58 (C-12), 116.21 (C-13), 156.86 (C-14),
116.21 (C-15), 129.58 (C-16)

Sub-fraction EtOAc-3 (3 g) in methanol was mixed with silica (1.5 g) and rotary evaporated
at 37 °C. The solid was subjected to normal phase chromatography (240 g silica), eluting
with an increasing ratio of chloroform:methanol (100 to 0 and 0 to 100%). This afforded
40 fractions that were combined based on their TLC profiles into EtOAc-3a (fractions 1-
10, 65 mg, vyellow crystalline solid, one spot, Rf = 0.45, antibacterial,
chloroform:methanol:water 7:3:0.4) and EtOAc-3b (11-40, 2.2g, red solid, two spots, both

active, R = baseline-0.30, chloroform:methanol:water 7:3:0.4).
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EtOAc-3a (65 mg) was recrystallised with methanol to give ent-epiafzelechin-(20—0—7’,

40—8)-(-)-ent-afzelechin (5.3) as yellow crystals (40 mg).

ent-Epiafzelechin-(2a—0—7’,4a—8’)-(-)-ent-afzelechin (5.3): yellow crystals. mp.
decomposition at 238 °C. UV (MeOH): Amax 273. IR (neat) vmax (cm™): 3391 (br, strong),
2918, 2849, 1700, 1364, 835. CD (MeOH) [0]232— 44.87 [a]p — 113.7° (MeOH). ESI-MS
m/z 543 [M-H]", HREI MS 567.1266 [M+Na], (calc. 567.1267) consistent with the formula
CaoH24010 .*H-NMR (600 MHz, CD3COCD3) § 4.22 (1H, d, J 3.5 Hz, H-3), 4.24 (1H, d, J
3.5 Hz, H-4), 5.91 (1H, d, J 2.2 Hz, H-6), 6.06 (1H, d, J 2.2 Hz, H-8), 7.53 (2H, d, J 8.6
Hz, H-12, H-16), 6.85 (2H, d, J 8.6 Hz, H-13, H-15), 4.81 (1H, d, J 8.5 Hz, H-2"), 4.13
(1H, m, H-3"), 3.04 (1H, dd, J 5.5, 16.5 Hz, H-4’), 2.61 (1H, dd, J 5.5, 16.5 Hz, H-4’), 6.13
(1H, s, H-6"), 7.39 (2H, d, J 8.6 Hz, H-12°, H-16"), 6.89 (2H, d, J 8.6 Hz, H-13’, H-15"),
13C NMR (150 MHz, CD3COCDs3) § 100.1 (C-2), 67.1 (C-3), 28.8 (C-4), 156.5 (C-5), 97.8
(C-6),157.9(C-7),96.1 (C-8), 153.8 (C-9), 103.7 (C-10), 131.4 (C-11), 129.3 (C-12),115.2
(C-13), 158.5 (C-14), 115.2 (C-15), 129.3 (C-16), 83.6 (C-27), 67.7 (C-37), 29.2 (C-4’),
155.5 (C-5%), 96.4 (C-6), 151.8 (C-7"), 106.3 (C-8), 150.6 (C-9°), 102.7 (C-10"), 129.8
(C-11°), 129.8 (C-12°), 116.0 (C-13"), 158.5 (C-14°), 116.0 (C-15"), 129.8 (C-16").
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Chapter 7
Conclusions and Future Directions

The MPhil study presented in this thesis was an extension of a collaborative research
partnership between Macquarie University’s Indigenous Bioresources Research Group
(IBRG) and Chungtia village’s authorising body Chungtia Senso Mokokchung Town
(CSMT), Nagaland. The aims of this study were documentation of ethnobotanical
knowledge of Chungtia village Elders and healers as well as biological and phytochemical

investigation and isolation of bioactive constituents from Nagaland medicinal plants.

The project was initiated by Meyanungsang Kichu, a Nagaland man, who conducted an
ethnobotanical study of medicinal plants used by Chungtia villagers and documented 135
plants for their various ethnomedicinal and ethnobotanical applications. This MPhil study
completed an up to date literature review of the 135 medicinal plants, then investigated the
antimicrobial potential of those plants used by Chungtia villagers for skin conditions of a
microbial aetiology, conducted antimicrobial screening of a selection of these, and finally
investigated in detail one plant for its antimicrobial activity and bioactive constituents.

A comprehensive literature review encompassing traditional usages of all 135 plants by
other Indigenous traditional healers’ worldwide and phytochemical and biological
properties of these plants was conducted. This revealed that 93 plants have been used by
communities other than Chungtia for similar purposes. Thirteen species have not been
reported for any ethnobotanical uses except for within Chungtia village. For 80 plant
species, the traditional uses by Chungtia villagers aligned with biological activities reported
for these plants. Moreover, 55 of these plants have had bioactive compounds isolated that
with activities consistent with their ethnomedicinal uses by the Chungtia villagers. These
findings of bioactivity and bioactive compounds consistent with Chungtia
ethnobotanical/ethnomedicinal usage highlight the significance of the knowledge of Elders
of Chungtia village. Of the thirteen species exclusively used by the Chungtia villagers, only
three plants (M. cordifolia, O. acetosella and C. amara) have been reported for their
biological activities and none have been examined for their bioactive compounds. Given
the validation of the knowledge of Elders of Chungtia village, further exploration of these

plants aligned to their ethnomedicinal uses would be of value.
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Thirty five plants used by the Chungtia villagers for skin related conditions of a microbial
aetiology were reviewed for their antimicrobial properties. This highlighted twelve plants
with either no antimicrobial activities or antimicrobial compounds reported. Out of these,
seven species (Dendrocnide sinuata, Duabanga grandiflora, Erythrina stricta, Eurya
acuminata, Holboellia latifolia, Maesa indica and Prunus persica) that were available for

collection were selected for antimicrobial screening.

The antimicrobial screening was performed on the 70% aqueous ethanolic extracts of D.
sinuata stem, D. grandiflora stem bark, E. stricta stem, E. acuminata leaves, H. latifolia
leaves, M. indica leaves and P. persica roots using disc diffusion and MTT microdilution
assays. Nine human pathogenic microorganisms were screened against, namely, antibiotic
susceptible Staphylococcus aureus (susceptible S. aureus), methicillin resistant S. aureus
(MRSA) and multi drug 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 tested S. aureus strains. Based on the antibacterial
screening results, P. persica was selected for further biological and chemical investigations
for its antibacterial constituents. All of the remaining six plants showed antibacterial
activity against antibiotic susceptible and resistant strains of S. aureus in the MTT
microdilution assay at concentrations less than 2.5 mg/mL. Moreover H. latifolia, the plant
which was identified from the literature search as not having been investigated for its
biological or phytochemical properties, was found to possess very good antibacterial
activity against susceptible S. aureus (MIC 156 pg/mL) and moderate activity against
MRSA and MDRSA strains (MIC 1250 pug/mL for both antibiotic resistant strains) as well
as moderate activity against S. typhimurium (MIC 625 pug/mL). D. grandiflora, the other
plant with very limited reports concerning its antimicrobial and phytochemical properties,
was found to be very active against all three strains of S. aureus (MIC 156 pg/mL for
susceptible and MRDSA and 312 pug/mL for MRSA strains). The results suggest that these
two plants have a potential to be a good source of novel, antibacterially active compounds

and are worthy of further examination in future studies.

P. persica is a significant plant for Chungtia villagers; its roots have been used for the
treatment of typhoid as well as skin related conditions. Even though the plant is very well

documented for various traditional medicinal applications as well as for phytochemical and
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biological activities, the roots of the plant seem to not have been investigated. Moreover,
surprisingly, there are no reports concerning antimicrobial properties of any part of this
medicinally important plant. Preliminary antibacterial testing by Kichu revealed that P.
persica roots (from Nagaland) possessed strong antibacterial properties against a
susceptible strain of S. aureus, but the phytochemicals responsible for this activity were not

determined.

The 70% aqueous ethanolic P. persica root extract was subjected to partitioning with n-
hexane, DCM, EtOAc and the partitionsts were analysed for the presence of their
phytoconstituents using sulfuric-vanillin, p-anisaldehyde, Dragendorff’s reagents, iodine,
ferric chloride and lead(l1) acetate. The tests revealed the presence of terpenes and steroids
in the n-hexane partition, unsaturated compounds in all partitions, and phenols/tannins in
the DCM, EtOAc and water partitions. The preliminary antimicrobial testing showed the
n-hexane and ethyl acetate partitions to possess the strongest antibacterial properties, with
these being active against susceptible and resistant strains of S. aureus. The GS-MS
analysis of the n-hexane partition revealed the presence of eight constituents, out of which

three were reported in the literature as antibacterial against S. aureus.

TLC bioautographic methods reported in the literature were trialled with the aim to develop
the most appropriate technique for the bioautography guided isolation process. The overlay
method was found to be the most effective for the purpose of this study. Normal phase
silica gel chromatography and preparative thin layer chromatography (PTLC) of the n-
hexane partition led to the isolation of B-sitosterol (5.1). TLC bioautography guided
isolation by normal phase chromatography, size exclusion chromatography and PTLC led
to the isolation of afzelechin (5.2) and ent-epiafzelechin-2a—0—7’,40—8")-(-)ent-
afzelechin (5.3) from the EtOAc partition. The structures of these three compounds were

determined based on various spectroscopic methods.

B-Sitosterol was found to be moderately active (MIC 1250 pg/mL) against P. aeruginosa
as well as weakly active (MIC 2500 pug/mL) against susceptible strains of S. aureus, E. coli
and S. typhimurium. ent-Epiafzelechin-2a—0—7",40—8")-(-)ent-afzelechin showed
good antibacterial activity against all the tested strains of S. aureus (MIC 156 pg/mL for
susceptible and 312 pg/mL for resistant) as well as weak activity against the susceptible

strains of E. coli, P. aeruginosa and S. typhimurium (MIC 2500 pg/mL, for all bacteria).
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This is the first report of this compound’s antibacterial activity. The antimicrobial

properties of afzelechin were not tested due to the small quantity of sample.

TLC bioautography detected other antibacterially active compounds, especially in the
n-hexane partition, but due to the low amount of Nagaland P. persica plant material and
the project time constraints, they were not isolated. Preliminary examination of a local
(Sydney, Australia) sample of P. persica roots, gave antimicrobial activity results
comparable to the Nagaland sample. This suggests that local P. persica would be worthy

of exploration for future studies, including the isolation of further bioactive compounds.
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APPENDICES  'H and 3 C NMR of reference sample B-Sitosterol (Sigma Aldrich)
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El mass spectrum of isolated compound 5.1

Spectrum

Line#:1 R.Time:1.467(Scan¥:176)

MassPeaks:452

RawMode: Averaged |.467-1.475(176-177) BascPeak:55.30(21079524)
BG Mode: Averaged 0.875-1.192(105-143)

21000000 $

20000000-
19000000
18000000 ;
17000000
16000000-]
15000000- 9 "
14000000- »
13000000 7 145
12000000 w
|lﬂﬂm00': 9 1y -
10000000-

9000000- - 258
8000000- i
7000000-
6000000-
5000000-
4000000-
3000000
2000000-
wwrm

T [ )
2

134

b 113 341
187

| | | 429
3o 50 70 90 110 130 150 170 190 210 230 250 270 290 310 330 350 370 390 410 430




El mass spectrum of isolated compound 5.1

Spectrum
Line#:1 R Time:1.517(Scan#:182)
MassPeaks 402

R.lﬁ‘m:‘ﬂ\fm 1.517-1.525(182-183) BasePeak:57.00(5245204)
BG Mode: Averaged 1.533-1.567(184-188)
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IR of isolated compound 5.1
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'H and *C NMR of Isolated Compound 5.2
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HSQC of isolated Compound 5.2
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HMBC of isolated Compound 5.2
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COSY of isolated Compound 5.2
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El mass spectrum of Compound 5.2

Line#:1 R Time:1.408(Scan¥:169)
MassPeaks:470

RawMode:Averaged 1.400-1.417(168-170) BascPeak:107.60(47502608)
BG Mode:Averaged 1.167-1.192(140-143)
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'H and **C NMR of Isolated Compound 5.3
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HSQC of isolated Compound 5.3
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HMBC of isolated Compound 5.3
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COSY of isolated Compound 5.3
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NOESY of isolated Compound 5.3
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ESI (-ve) mass spectrum of Compound 5.3
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IR of Compound 5.3
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CD of Compound 5.3
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