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CHAPTERII
INTRODUCTION

Thailand is well known as a rich bio-diversified country. Various medicinal
plants have long been used as the primary source of medicine. Thai people have been
using diverse herbs, vegetables and fruits ior_flavors, spices and condiments in
cuisine. Several of these-items have been used-as-traditional medicines (Manosori et
al., 2006). Traditional medicine is still the mainstay of health care and most of drugs
and cures used come from plants. Medicinal plants contain several classes of
phytochemicals and phytobiological natural products, including their potentials as
therapeutic agents. Natural products froﬁplants have been shown to exhibit a variety
of biological activities such @as antimicrobiaal, antioxidation, antimutagenic, anticarci-
nogenic, antiimmunodulatory properties efc:, ‘making the plants of potential value in
treating various diseases (Punturee et al., 2004) Plants produce a large, diverse array
of organic compounds that appear to have no direct function in growth and
development. These, substances are known as secondary metabolites, secondary
products, or natural preduets:—Fhus; plant secondary fetabolites are involved in
versatile functions on different levels in plant organisms. The utilization of plant
extracts as drug or supplements based on the biological activities from the scientific

basis providesnew:chaice of therapy:

1.1 Plant Metabolites

Phytochemistry deals with “the~chemistry® of 'plant ‘metabolites and their
derivatives. The metabolic performance of living organisms can be distinguished into
primary and secondary metabolism.

Primary metabolism is associated with fundamental life processes common to
all plants. It comprises processes such as photosynthesis, pentose cycle, glycolysis,
and tricarboxylic acid (TCA) cycle that are concerned with aerobic respiration and
adenosine triphosphate (ATP) biosynthesis-the key energy molecule of the cell.

Primary metabolites are produced and converted molecular entities, needed in



anabolic pathways to build, maintain and reproduce the living cell. In catabolic
pathways, primary metabolites provide the chemical energy and precursors for
biosynthesis. Therefore, basic or primary metabolism consists of biochemical
pathways that are in general common to all cells. Additionally, plants produce a large,
diverse array of organic compounds that appear to have on direct function in growth
and development. These substances are derived biosynthetically from plant primary
metabolites and are known as secondary metabolites.

Secondary metabolites generally show greater individuality and diversity in
their molecular structures.than-primary-metabolites-Fhese are structurally diverse and
many are distributed among~a wvery. limited number of species within the plant
kingdom and so can be diagnostic in chemotaxonomic studies. Secondary metabolites
comprise a range of“Chemically diverse compounds often specific to a particular
species, which are not strictly essential for survival. Secondary metabolites are
molecules that are not necessary for the grthh and reproduction of a plant, but may
serve some role in herbivore deterrence die to astringency or they may act as
phytoalexins, killing bacteria that-the plant’recpgnizes as a threat. It was believed that
secondary metabolites were irrelevant for:thé" human diet. Secondary metabolites
carry out a number, of protective function in the.human body. Plant secondary
metabolites can bo0st the-tmmune-system, protect the body from free radicals, kill
pathogenic germs and much more (Rosenthal et al., 2991). In addition, the wide
molecular diversity of secondary metabolites throughout the plant kingdom represents
an extremely srichy biogenic wesource /for: the |discoveryy of novel drugs and for
developing inngvative drugs. Plant secondary metabolites can be classified on the
basis of chemical structure, composition,. their solubility. in.various, solvents, or the
pathway' by which’they are synthesized. A simple classification' includes three main
groups: terpenes (made from mevalonic acid, composed almost entirely of carbon and
hydrogen), phenolics (made from simple sugars, containing benzene rings, hydrogen,
and oxygen), and nitrogen-containing compounds (extremely diverse, may also
contain sulfur) (Agosta, 1996). Figure 1.1 shows in simplified from the pathways
involved in the biosynthesis of secondary metabolites and their interconnections with
primary metabolism. That is, particular secondary metabolites are often found in only

one plant species or related group of species, whereas primary metabolites are found
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throughout the plant kingdom. This research focused on bioactive compounds

possessing antimicrobial and antioxidant activities.

1.2 Antimicrobial from Phytomedicines

An infectious disease is a clinically evident disease resulting from the presence
of pathogenic microbial agents, including viruses, bacteria, fungi, protozoa,
multicellular parasites and prions. These' pathogens are able to cause disease in
human, animal and/or plants. Number one” worldwide infectious disease causes of
death accounting for approximately one=half of all-deaths in tropical countries (Westh
et al., 2004). The clinical effieaCy of many existing antibiotics is being threatened by
the emergence of multidrug-resistant, pathogens (Bandow et al., 2003). The
emergence of pathogenic micrebes with increased resistance to established antibiotics
provides a major ineentives for <the ;discovery of new antimicrobial agents.
Antimicrobial screeningsof plant extracts énd phytochemicals represents a starting
point for antimicrobial drug discovery (Sétze‘r and Vogler, 2006). Many infectious
diseases have been known to be treated Wit'ﬁ'ihgrbal remedies throughout the history of
mankind. =

Medicinal plants.have provided a sourcégdﬁhspiration for novel drug compounds,
as plant derived medicines-have-made-farge contributionis to human health and well
being. In addition, the merits of herbal medicine over orthodox drugs include minimal
or no side effects on the organic functioning of the body, consistent potency, and the
fact that they are wellabsorbed and |distributed, in‘the~area,of:infection (Cheij, 1988;
Nkere, 2003; Okigbo and Omodamiro, 2006) The investigation of certain indigenous
plants for_their. antimicrobial. properties, may ‘yield. useful. results., Many studies
indicated that inisome ‘plants there‘are many substances ‘'such ‘as'phenols, coumarins,
flavonoids, alkaloids, and terpenoids. These compounds may be lethal to microbial
cells or they may simply inhibit various metabolic activities of bacteria, yeast, and
molds (Beuchat, 1994; Davidson, 2001). The antimicrobial phytochemicals can be

divided into several categories, summarized in Table 1.1.



Table 1.1 Major classes of antimicrobial compounds from plants (Cowan, 1999)

Class Subclass Example(s) Mechanism
Phenolics Simple phenols  Catechol Substrate deprivation
Epicathechin Membrane disruption

Phenolic acids  Cinnamic acid Membrane disruption

Quinones Hypericin Bind to adhesions, complexes
with cell wall, inactivate
enzymes

Flavonoids Chrysin Bind to adhesions

Flavones Abyssinone Complex with cell wall,

Inactivate enzymes, Inhibit HIV
reverse transcriptase

Flavonols Totarol -
Tannins Ellagitannin Bind to proteins
Bind to adhesions
Enzyme inhibition
Substrate deprivation
Complex with cell wall
Membrane disruption
' Metal ion complexation
Coumarins Warfarin Interaction with eukaryotic
¢ DNA (antiviral activity)
Terpenoids, essential oils Capsaicin Membrane disruption
Alkaloids Berberine Intercalate into cell wall and/or

Piperine DNA

1.2.1 Phenolics and Polyphenals

Plants produce a great variety of organic compaounds that contain a phenol
group. Phenolic compeunds-are-secondary—meiabolites that are derivatives of the
pentose phosphate, shikimate and phenylpropanoid pathways in plants (Randhir et al.,
2004). Naturally occurring phenolic compounds are widespread in plants and may be
found in a great variety; of+faod systemssandsassphenol-derivatives they may have
antimicrobial agtivity."These naturally occurring “phenols”and phenolic compounds
may be, classified .into the following groups: Stmple phenols_and phenolic acids,

quinines, flavonaids'(flavones; flavenals) and tannin (Cowan, 1999).

1.2.1.1 Simple Phenols and Phenolic Acids

Most of simple phenols are monomeric components of polyphenols and acids
that make up some plant tissues. Some of the simplest bioactive phytochemicals
consist of a single substituted phenolic ring. Cinnamic and caffeic acids are common
representatives of a wide group of phenylpropane-derived compounds which possess

broad spectrum of antimicrobial activities (Figure 1.2).



The site and number of hydroxyl groups on the phenolic group are thought to
be related to their relative toxicity to microorganisms including enzyme inhibition by
the oxidized compounds, possibly through reaction with sulfhydryl groups or through
more nonspecific interactions with the proteins (Mason and Wasserman, 1987).
Phenolic compounds possessing a C3 side chain at a lower level of oxidation and
containing no oxygen are classified as essential oil and often cited as antimicrobial as
well. Eugenol, a well-characterized representative found in clove oil is considered
bacteriostatic against both fungi (Duke, 1985).and.bacteria (Thomson, 1978).

Several plants have-been reporied to possess-antimicrobial activities of these
compounds against microorganisms. The common herbs tarragon and thyme both
contain caffeic acid, whieh s ‘effective against viruses (Wild, 1994), bacteria
(Brantner et al., 1996; Themson, 1978), and fungi (Duke, 1985). The antibacterial
activity of cinnamig® acid  against ;s-pecies of Corynebacteria, Enterococci,
Staphylococci and Streptococci(Naz et al., J2-006). Growth inhibition and decrease of
respiration of Rhodotorula minuta, a basidi-omfycete fungus by cinnamic acid (Fujii et
al., 2002). Additionally, the brewed coff!ee‘ contained caffeic acid as an active
substance which showed inhibitory-effect aéair';fét a strain of Legionella pneumophila,
bacteria involved in, respiratory infection’(Ddgazaki et al., 2002; Furahata et al.,
2002). Apart from; -catechoi—andpyrogaiiol are hydrfoxylated phenols exhibited
toxicity to microorganisms. Their antimicrobial activities were investigated on
Pseudomonas putida, Pseudomonas pyocyanea, Corynebacerium xerosis and two
fungi (Fusarium oxysporum, ®Renicillium<italicum) | phytopathogenic species as test
organisms using, the disc diffusion method (Kocacaliskan et'al., 2006).
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Figure 1.2 Structures of simple phenols and phenolic acids

1.2.1.2 Quinones K

Quinones are ubiquitious in nature ;__1_nd are characteristically highly reactive.
These compounds, being colored, arg responsible for the browning reaction in cut or
injured fruits and vegetables and-are an intér'rn"édiate in the melanin synthesis pathway
in human skin (Schmidt, 1988). More théﬁ"ZOOO paturally occurring quinones, for
example—anthraquinones, naphthoquinonesj 'a;’i-d benzoquinones (Figure 1.3) are
widely distributed in,nature as pigments ahd'és' intermediates in cellular respiration
and photosynthesis (Morton, 1965; Nohl et al., 1986). These compounds provide a
defense role as a result of their effectiveness at inhibiting the growth of bacteria,
fungi, or parasites (Kerten, 1971; Olenick and Hahn, 1974; Martin et al., 1973). The
mechanism of toxicity propased to'exhibit-one or'two mechanisms. Redox cycling is
the concept in which compounds catalytically cycle and generate oxidative radicals,
such as-hydrogen peroxide.and. superoxide, which-then,damage the eell (Seung et al.,
1998). Probable targets'in the*microbial cell are surface-exposed adhesions, cell wall
polypeptides, and membrane-bound enzymes.

Quinones may also render substrates unavailable to the microorganism. As
with all plant-derived antimicrobials, the possible toxic effects of quinones must be
thoroughly examined. Kazmi et al., 1994 described an anthraquinone from Cassia
italica which was bacteriostatic for Bacillus anthracis, Corynebacterium

pseudodiphthericum, and Pseudomonas aeruginosa and bactericidal for Pseudomonas
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Figure 1.3 Structures of seme guinones

pseudomalliae. Hypericia; an anthraqui'nb'ne from Hypericum perforatum reported
that it had general antimiciobial propertie; (Buke, 1985).

Naphthoquinones are widely distribute_d in plants, fungi, and some animals.
Plumbagone, juglone and lawsone are nat_té_féily occurring naphthoquinones of plant
origin that have antibacterial effects on sev_ér-al_,_'__species of both aerobic and anaerobic
organisms (Didry et al., 1986). The antimicrobial activity of the natural
naphthoquinones: alkannin and shikonin and -th—eir derivaiives have been investigated.
In general, they are active against Gram-positive bacteria such as Staphylococcus
aureus, Enterococcus faecium, and Bactllus subtilis, but they are inactive against
Gram-negative bacteria «(Papageorgious ety al., 1999). In addition, plumbagin was
purified and identified from the leave of Nepenthes ventricosa x maxima. This
compound exhibited antifungal activity against phytopathogenic fungi tested,
Alternaria’ alternaia,. ‘Aspergillus niger,. Bipolaris' oryzae, ' Fusarium oxysporum,
Phytophthora capsici, Rhizoctonia solani, Rhizopus stoloniter var. stolonifer and

Sclerotinia sclerotiorum (Shin et al., 2007).

1.2.1.3 Flavonoids
Flavonoids are phenolic substances widely distributed in all vascular plants.
They determine the large variation in color occurring in vegetables and fruits, from

yellow to red and dark purple and have been shown to have contributed to human



health through daily diet (Giulia et al., 1999). Flavonoids are naturally occurring
substances possessing several biological properties. An ever increasing number of
pharmacologic effects have become known through the discovery of new plant
flavonoids and through variations of chemical structure of flavones and related
derivatives (Garbor, 1986) (Figure 1.4).

Flavonoids are also hydroxylated phenolic substances but occur as a Cs-Cs
unit linked to an aromatic ring. They are kknown to be synthesized by plants in
response to microbial infection (Dixon et al; 1983). The structures of flavonoids
lacking hydroxyl groups-en-their 8-rings are more-active against microorganisms than
are those with the -OH groups (€habot et al., 1992). The activity of flavonoids are
probably due to their ability to.form complex with extra-cellular and soluble protein,
as well as bacterial cell'wall. Fhis finding supports the idea that their microbial target
is the permeable membrane. Lipophilic;‘ flavonoids weuld be more disruptive of
microbial membrane strticture (Tsuchiyég_ et al., 1996). Quercetin and naringenin
inhibited the growth of JAspergitlus nig-e'r,’-' Bacillus subtilis, Candida albicans,
Escherichia coli, MicrocogCus {uteus, %@d_omonas aeruginosa, Saccharomyces
cerevisiae and Staphylococcus epideritniéfs (Rauha et al., 2000). The
dihydrofuranoisoflavones isolated from Lupi'hﬁé'species, family Leguminosae showed
an antifungal activity-against-Aspergiiius-flavus-and Brotrytis cinerea (Thara et al.,
1984). Isoquercitrin and rutin from Pelargonium radula’(Cav.) L"Hérit demonstrated
strong inhibitory activity against Staphylococcus aureus, Proteus rettgeri, Candida

tropicalis and Microsporunrgypseum (Pepeljnjak et al:;2005):
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Figure 1.4 Structures of some flavonoids

Catechins, the most reduced form of the C; unit in flavonoids, deserve special
mention.. Recent ‘siudies- have ‘presented ‘data ‘that /showa veriety of biological
activities, of tea catechins, compounds which constitute about 15% (dry weight) of
green tea (Hara, 1997). It has been reported that tea catechins have antibacterial
activity against various foodborne pathogenic bacteria (Hara et al., 1989). These
compounds inhibited in vitro Vibrio cholerae O1 (Borris, 1996), Streptococcus
mutans (Batista et al., 1994; Sakanaka et al.,1989; Sakanaka et al., 1992; Tsuchiya et
al., 1994), Shigella (Vijaya et al., 1995), and other bacteria and microorganisms
(Sakanaka et al., 1992; Thomson, 1978). Ikigai et al., 1993 reported that the
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mechanism of the bactericidal effects of catechins primarily involved acting on and
damaging bacterial membranes of Staphylococcus aureus and Escherichia coli. The
antibacterial activities of catechins were predominantly related to the gallic acid
moiety and the hydroxyl group member. The mode of catechin action involves
inducing rapid leakage of small molecules entrapped in the intraliposomal space and
aggregation of the liposome. In addition, catechin has antifungal activity against plant
pathogen. The infection-inhibiting activity .of epicatechin against Collectotrichum
gloeosporioides in the skin of avocado fruits..Fhe.existence of epicatechin in the skin
of immature avocado fruits-and the«inhibition-of pectate lyase by epicathechin
(Wattad et al., 1994).

1.2.1.4 Tannins ,

Tannins are water soluble polyphenols which differ from most other natural
phenolic compounds instheir ability to pfécipitate proteins such as gelatin from
solution, a property known 'as astringericy"(Spencer et al.,, 1988). Tannins are
commonly found in a large array-of higher‘plant species of both herbaceous and
woody types. They are found 1hi-farge ambuﬁi (more than 10% of dry weight) in
particular organs or tissues which can be almost any-plant.part: bark, wood, fruits and
roots (Haslam, 1989} Fheir-molecular-weights range fiom 500 to 3,000 (Haslam,
1996).

Tannins can be classified into two categories: hydrolyzable and condensed
tannins. Hydrelyzablestanmins: are» esters«<of (phenolichacids=and a polyol which is
usually glucoses; The phenolic acids are either gallic acid in gallotannin or other
phenolic acids_deriving from.the oxidation of gallic acid. in_ellagic tannin (Figure
1.5). On the othér® hand, 'candensed “tannins' are formed biasynthetically by the
condensation of flavonols unit to form proanthocyanidins, the member of galloyl
residues in galloyl esters or the eventual dimerization or polymerization of ellaglic

tannin (Figure 1.5).
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Figure 1.5 Structures.of tannin

Several plants which are rich in, tannins have been shown to possess
antimicrobial a€tivities-against.a number of microorganisms. Scalbert, 1991 reviewed
the antimicrobial properties of tannins. Tannins can be toxic to filamentous fungi,
yeasts; and bacteria ) For example, hydrolysable tannins, tannic @zidwas found to be
inhibitory to the growth of intestinal bacteria such as Bacteroides fragilis, Clostridium
perfringens, Escherichia coli and Enterobacter cloacae (Avorn, 1996). Corilagin
(hydrolysable tannin) isolated from the leaves of sumac (Rhus spp.) and eucalyptus
(Eucalyptus spp.), and geraniin, from geranium (Geranium spp.) and Phyllanthus spp.
(Buckingham, 2005). Both corilagin and geraniin show anti-human-
immunodeficiency-virus (HIV) activity by inhibiting reverse transcriptase (Notka et

al., 2004). In addition, Toda, 1990 reported that pyrogallol tannins, extracted from
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green tea, showed a strong antibacterial activity against Staphylococcus aureus and
Vibrio cholerae. Hydrolyzable tannins can suppress Helicobacter pylori without
affecting intestinal bacterial flora (Funatogawa et al., 2004). Quebracho tannin
(condensed tannin) inhibited both polyphenol oxidase activity and growth of white rot
fungi (Colin, 1991). The antimicrobial mechanisms of tannins can be summarized as
follows: (i) the astringent property of the tannin may induce complexation with
enzymes or substrates, (ii) tannin’s toxicity may be related to its action on the
membranes of the microorganisms, (ii1) complexation of metal ions by tannins may

account for tannin toxicity-(Ahmad et ak, 1996).

1.2.1.5 Coumarins
Coumarins are phenoli¢ substances made of fused benzene and a-pyrone

ring. Coumarins are 2H-1-benzopyran-2-one__s are widely distributed in plants, and are
commonly found in families such as the Um-belliferae/Apiaceae and Rutaceae, both as
free form and glycosides. Coumarins h-a'vé' extensive biological properties that
promote human health and help reduce thé“fri‘s{k of disease (O’Kennedy and Thornes,
1997). =

Coumarins can be classified as 't'hé"following: (i) simple-these are the
hydroxylated, alkoxylated —and atkylated derivatives -of the parent compound,
coumarin, along with their glycosides, (i) furanocoumarins - these compounds consist
of a five-membered furan ring attached to the coumarin nucleus, divided to linear and
angular types with substittients at‘one or<both/of the remaining benzenoid position,
(iii) pyranocoumarins-members of this group are analogous to the furanocoumarins,
but containa.six-membered rings.and.(iv) coumarins substituted. in, the pyrone ring
(Figure 1.6) (Kosteva, 2007).
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Figure 1.6 Structures of Some coumarins

Naturally occurring cotimarins.possess a variety of pharmacological activities
as well as for their antifungal, antimicrobial and antimutagenic properties (Kostova,
2005). Coumarins have heenreparted to accumulate on and/or under the surface of
leaves, fruits, and seeds, where they ma;f_ inhibit growth and sporulation of fungal
pathogen (Matern et al, 1999). Couma_ri:_,hs}; show a better activity against plant
microbial pathogens rather than against huﬁ{z{n_pathogens (Ojala et al., 2000). Curir et
al., 2007 reported that a prenylated coumgfri_r),; pavietin, isolated from the leaves of
Aesculus pavia possessed significant activity 'adainst phytopathogenic fungal parasite,
Guignardia aesculi.. Osthol, a plant coumarin, could inhibit the hypha growth of
Fusarium graminearum by decreasing hyphal absorption to reducing sugar (Shi et al.,
2008). The mixture of prenyletin (70%) and. prenyletin-methyl-ether (30%) isolated
from aerial parts of Pterocaulon polystachyum showed activity against Cryptococcus
neoformans, Microsporum gypseum, Trichophyton rubrum and Trichophyton
mentagrophytes(Stein €t-al,,*2006). The! antibacterial effeécts'of umbelliprenin, known
O-prenylated coumarin, from the roots of Ferula persic var. persica was mostly active
against B. subtilis, B. cereus, E. coli, K. pneumoniae, S. Typhi, S. aureus and S.
epidermidis (Shahvedi et al., 2005).

1.2.2 Terpenoids and Essential oils
Essential oils are volatile, natural, complex compounds characterized by a
strong odor and are formed by aromatic plants as secondary metabolites. Essential oils

are extracted from various aromatic plants generally localized in temperate to warm
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countries like Mediterranean and tropical countries. They can be synthesized by all
plant organs, i.e. buds, flowers, leaves, stems, twigs, seeds, fruits, roots, woods or
bark, and are stored in secretory cells, cavities, canals, epidermic cells or glandular
trichomes (Bakkali et al., 2008). They are liquid, volatile, lipid and rarely colored,
lipid soluble and soluble in organic solvents with a generally lower density than that
of water. Essential oils have been largely employed for their properties already
observed in nature, i.e. for their antibacterial, antifungal and insecticidal activities
(Perry et al., 2003). Essential oils are very<complex natural mixtures which can
contain about 20-60 cemponents at' quite different concentrations. They are
characterized by two or theee. major components at fairly high concentrations
compared to other compomenis present in trace amounts. Generally, these major
components determine‘the biological properties of the essential oils. The components
include two groups of distinct biosyntheﬁcal origin (Croteau et al., 2000; Pichersky et
al., 2006). The main group iS compased of-.-terpenes and terpenoids and the other of
aromatic constituents, all characterized by low'molecular weight (Figure 1.7).

Terpenes form struciurally‘and funétiqnally different classes. They are made
from combinations of several ‘Isoprenes. 'Ii'-herl"'main terpenes are the monoterpenes
(C10) and sesquiterpenes (Cys), but hemitéfp'e’nés (Cs), diterpenes (Cy), triterpenes
(Cs0) and tetraterperies—(Cap)aiso—exist.—Fhe monoterpenes are formed from the
coupling of two isoprene units (Cyp). They are the most representative molecules
constituting 90% of the essential oils and allow a great variety of structure. Example
of plants containing thesey compounds arecangelicay bergamot, caraway, celery,
citronella, coriander, “€ucalyptus, “geranium, juniper, lavandin, lavender, lemon,
lemongrass, .mandarin, mint, orange, peppermint, petitgrain, pine, rosemary, sage and
thyme (Bakkali et al., 2008).

Essential oils have long been recognized that some essential oils have
antimicrobial properties and these have been reviewed in the past as have the
antimicrobial properties of spice (Shelef, 1983; Nychas, 1995). These characteristics
are possibly related to the function of these compounds in plants (Mahmoud and
Croteau, 2002). For example, several studies have shown that thyme oils, particularly
those of Thymus vulgaris and Thymus zygis, possess antimicrobial activity, those of

the phenol type being the most active. The limited occurrence of these phenols in
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nature is one of the reasons why Thymus oils containing thymol and carvacrol have
been of great interest for some time (Pina-Vaz et al., 2004). Both substances appear to
make the cell membrane permeable (Lambert et al., 2001). Studies with B. cereus
have shown that carvacrol interacts with the cell membrane, where it dissolves in the
phospholipids bilayer and is assumed to align between the fatty acid chains (Ultee et
al., 2000a). Anise oil exhibited strong inhibitory activity against Candida blanki and
Candida glabrata. Trans-anethole is the predominant active component of anise oil
(Juglal, 2002). In addition, Pruthi, 1976 reperied that asafoetida oil showed inhibitory
activity toward Candida-tropicalis, Candida albicans MTCC-227, Saccharomyces
cerevisiae, and Aspergillus. Because of the great number of constituents, essential oils
seem to have no specificcellular targets (Carson et al., 2002). Essential oils can
coagulate the cytoplasm and damage lipids and proteins (Burt, 2004). Damage to the
cell wall and membrane can lead to the Iéakage of macromolecules and to lysis (Cox

et al., 2000).
Terpenes — g
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Figure 1.7 Chemical structures of selected compounds of essential oils
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Figure 1.7 (continued)

Oussalah et al., 2006). In_bacteria, the permeabilization of the membranes is
associated with loss of ions and reduction of membrane potential, collapse of the
proton pump and depletion of the ATP pool (Sikkema €t al., 1994; Di Pasqua et al.,
2006; Turina ~etsal.s 2006). 410, eukaryotic, ;cells,~ essential oils can provoke
depolarization® of “the-mitochondrial’ membranes- by ‘decreasing the membrane
potential, affect ionic Ca** cycling and other 4onic channels ‘ard reduce the pH
gradient; affecting-(as‘in bacteria).the praton pump and:the ATP. poal (Novgorodov
and Gudz, 1996). They change the fluidity of membranes, which become abnormally
permeable resulting in leakage of radicals, cytochrome C, calcium ions and proteins,
as in the case of oxidative stress and bioenergetic failure. Permeabilization of outer
and inner mitochondrial membranes leads to cell death by apoptosis and necrosis
(Yoon et al., 2000; Armstron, 2006).
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1.2.3 Alkaloids

The alkaloids are nitrogen-containing compounds widely distributed in
different plant groups. Alkaloids are often classified according to the nature of the
nitrogen-containing structure, e.g. pyrrolidine, piperidine, quinoline, isoquinoline,
indole, etc. (Figure 1.8) (Dewick, 2002). Plants containing these alkaloids have been
used throughout recorded history as poison, but many alkaloids do have valuable
pharmaceutical properties. The first medically useful example of an alkaloid was
morphine, isolated in 1805 from the opium poppy.Papaver somniferum (Fessenden et
al., 1982). In addition, -atrepine, the-racemic form of hyoscyamine, comes from
Atropa belladonna and'is usedto-dilate the pupils of the eye. Atropine is also a CNS

stimulant and is used as a treatment for nerve gas poisoning (Rang, 2007).

pyrrolidine piperidine quinoline

= =
N H
isoquinoline Indole alkaloid

Figure 1.8 Chemical structures of alkaloids

Alkaloids are known to affectibiological functions at very lew concentration.
Many alkaloids are known to be antimicrobial (Rahman et al., 1997; Singh et al.,
1994). The antimicrobial activity of compounds isolated from the leaves of Plumeria
acutifolia revealed that Grandine A, B, C and Phoebegrandine B posses intermediate
activity against B. subtilis and S. aureus (Almahy et al., 2007). The indoloquinoline
alkaloid, cryptolepine, is obtained from the shrub Cryptolepis sanguinolenta
(Periplocaceae). Cryptolepine causes cell lysis and morphological changes of S.

aureus (Sawer et al., 2005). The alkaloid holarrifine-24-ol from the stem bark of
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Holarrhena antidysenterica (Wall.) was found to be active against S. dysenteriae and
S. typhi (Raman et al., 2004). Additionally, ramiflorines A and B isolated from the
stem bark of Aspidosperma ramiflorum showed significant activity against S. aureus
(MIC 25 pg/mL) and E. faealis (MIC 50 pg/mL), with ECsy of 8 and 2.5 pg/mL for
ramiflorines A and B, respectively, against S. aureus (Tanaka et al., 2006). Singh et
al., 1999 reported that a plant quaternary alkaloid A3-Alstovenine (3-hydro-
alstovenine) isolated from the water-soluble base fraction of the bark of Alstonia
venenata. A*-Alstovenine completely inhibifed the spore germination of Cercospora
sp. at 250 mg/L. The antimicrobial effects of the alkaloid may be through another
mechanism, since the compeund-is known to be a DNA intercalator and an inhibitor
of DNA synthesis throughtepoisomerase inhibition (Bonjean et al., 1998;
Dassonneville et al., 2000,Guittat gt al., 2003).

1.3 Antioxidants in Phytomedicings
1.3.1 Free Radicals

A free radical is any atom of molec'urle‘ containing a single unpaired electron in
its outermost shell of electron. Itis highly reaciive because of its extremely unstable
configuration (Karlsson, 1997). Several typeé' of free radicals can be formed both
exogenously and endegenousty. The major free radical species of interest have been
those with an oxygen center referred as reactive oxygen species (ROS) that are more
strongly oxidizing than _normal oxygen molecules. The example of ROS in cells
include hydrogen peroxide (H;05), hypachlorous ‘acid (HOCH and some free radical
such as the hydroxyl radical ("OH), superoxide (O"), alkoxyl radical (RO®), and
peroxylradical (ROO") (Valko etyal.,:20Q7). Durmginormal metabalism two percent
of oxygen consumed for energy production lose an electron and left a single unpaired
electron as an oxygen free radical. It tries to capture an electron from the adjacent
molecules to make itself stabilized and a new radical is formed. The consequence of
this repeated activity as the chain reaction can produce ROS to interact with other
intracellular molecules and cause oxidative to many biomolecules, proteins,
membranes, lipids and genes (Sies, 1997). Cell accumulates these damage overtime

and lead to many diseases such as cardiovascular disease, cancer, Alzheimer’s
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disease, and Parkinson’s disease. External factors, pollution, smoking and ionizing
radiation also trigger the production of new free radicals.

Generally, body has an ability to counteract oxidative stress by antioxidant
defense system containing superoxide dismutase (SOD), catalase (CAT), and
glutathione peroxidase (GPX). SOD converts superoxide to hydrogen peroxide, while
CAT and GPX catalyze hydrogen peroxide to water and oxygen (Choi, et al., 2007).
Additionally, food based antioxidants including vitamins, trace elements, and some
non-nutrients from plant will be very useful,€specially when endogenous antioxidants

are not sufficient to neutralize-free radieals.

1.3.2 Endogenous Antioxidants

An antioxidant'is a.molecule capable of slowing or preventing the oxidation of
other molecules. Antigxidants work-te p'rotect lipids from peroxidation by radicals.
Antioxidants are effective because they arerwilling to give up their own electrons to
free radicals. When a free‘radical gains the electron from an antioxidant it no longer
needs to attack the cell and the chain reac'tion‘of oxidation is broken (Dekkers et al.,
1996). After donating an electron-an antioxi:dan]i becomes a free radical by definition.
Antioxidants in this state aré not harmful’ because .they have the ability to
accommodate the change-in-electrons-without becoming-reactive (Kaczmarski et al.,
1999).

The human body has several mechanisms to counteract damage by free
radicals and other reactiveroxygensspecies«These @act.on different oxidants as well as
in different cellular compartments. There are two lines of antioxidant defense within
the cell, The first. line of defense .is, a .system" of . essential .enzymes, including
superoxide’ dismutases, catalasesand, ‘glutathione ‘peroxidases “which decrease
concentrations of the most harmful oxidants in the tissue. Several essential minerals
including selenium, copper, manganese and zinc are necessary for the formation or
activity of these enzymes (Vouldoukis et al., 2003). The second line of defense
against free radical damage is the electron trapping molecules. These antioxidants,
including glutathione, ubiquinol and uric acid, are produced during normal
metabolism in the body. Under normal conditions, there is a balance between both
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activities and intracellular levels of these antioxidants. This balance is essential for the
survival of organisms and their health (Bagchi and Puri, 1998).

Natural antioxidant enzymes manufactured in the body provide an important
defense against free radicals. The superoxide released by processes such as oxidative
phosphorylation is first converted to hydrogen peroxide and then further reduced to
give water. This detoxification pathway is well known that superoxide ion (O;") is the
starting point in the chain production of free radicals. At this early stage, superoxide
dismutase (SOD) inactivates the superoxide<ica«by transforming it into hydrogen
peroxide (H20,). The latter—is then “quickly catabolized by catalase (CAT) and
glutathione peroxidases (GPx) into dioxygen (Qp) and water (H,O) (Figure 1.9)
(Ames, 1993). Different studies have confirmed that the production of H,O, under the
action of SOD is the triggering factor-in:the natural antioxidant defense mechanisms.
SOD therefore seems 10 be the/key enzyme in the natural defense against free radicals
(Figure 1.10) (Menviellg-Bourg, 2005). |

SOD has been found in almost all o-rgahisms living in the presence of oxygen,
including some anaerobic bacteria. SOD protects oxygen-metabolizing cells against
harmful effects of superoxide free radicals, t:he ]r:nost common free radical in the body.
The O, ion, which has been considered important in-aging; lipid peroxidation and the
peroxidative hemolysis of red blood celis (Fee and Teitelbaum, 1972). SOD’s are
enzymes that catalyze the conversion of two superoxides into hydrogen peroxide and
oxygen (equation A). The benefit here is that hydrogen peroxide is substantially less
toxic than superoxide.(SOD"accelerates this detoxifying reaction roughly 10,000-fold

over the non-catalyzed reaction (Marklund, 1985).

0, * +'0y " 05 +H,0, (equation A)

SOD is a powerful enzyme and acts as a cellular antioxidant. SOD helps the
body use zinc, copper, and manganese. There are two types of SOD: copper/zinc
(Cu/zn) SOD and manganese (Mn) SOD. Each type of SOD plays a different role in
keeping cells healthy. In mammal, Mn SOD is the most abundant in mitochondria,
while the Cu/Zn forms predominant in cytoplasm. SODs are inducible enzyme —

exposure of bacteria or vertebrate cells to higher concentrations of oxygen results in



Figure 1.9 Detoxifi e primary antioxidant
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1)) The main essential enzymes
Superoxide Dismutase (SOD), catalase, glutathione peroxidase (GPx)

2) The electron trapping molecules

Vitamins A, E, C, beta-carotene, flavonoids, trace elements
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Figure 1.10 SOD among the other electron trappers: vitamins A, E, C, beta-carotene,

flavonoids, trace elements (Joanny, 2005)
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rapid increases in the concentration of SOD. SOD can help neutralize free radicals
and in doing so may limit or stop some of the damage they cause. This is a very
important function of SOD because free radicals can be unstable and highly active.
They have the ability to damage any molecule in the body. The result can be tissue
and/or organ damage especially where the production of scavenger enzymes like SOD
is exceeded by the production of free-radicals. SOD is the body’s primary defense
system for tissues and organs against free/radicals. SOD has also been used to treat
arthritis, prostate problems, corneal ulcer, .btra- injuries, inflammatory diseases,
inflammatory bowel disease;-and long-term damage from exposure to smoke and
radiation, and to prevent side.effeets of cancer drug. Inits topical form, it may help to
reduce facial wrinkles, seartissue, heal wounds and burns, lighten dark or
hyperpigmentation, and proteci against harmful UV rays.

CAT is an enzyme present in-the éells of plants, animals and aerobic (oxygen
requiring) bacteria. It is located in a cell org:;nelle called the peroxisome. Peroxisomes
in animal cells are involyed ir‘the" oxidation of faity acids, and the synthesis of
cholesterol and bile acids (Alberts; 2002). HZOZ is a byproduct of fatty acid oxidation.
White blood cells produce H,O; to kit bacté-riaﬁl"'ln both cases, CAT prevents the H,0;
from harming the cell itself. H,O; is pdeU’c'ed as_an,.intermediate during these
chemical processes ang-must-be-removed-to-prevent daimage to cellular machinery.
CAT is frequently used by cells to rapidly catalyze the decomposition of H,O, into

less reactive gaseous oxygen and water molecules (equation B) (Gaetani, 1996).
2H,Q, —» _2H,0 £ O, " (equation/B)

Each molecule of CAT,is a tetramer of four polypeptide ehains. Each chain is
composet of more than 500 amino acids. Located within this tetramer are four
porphyrin heme groups that are very much like the familiar hemoglobins,
cytochromes, chlorophylls and nitrogen-fixing enzymes in legumes. The heme group
is responsible for CAT’s enzymatic activity (Boon, 2007). CAT has one of the highest
turnover rates for all enzymes: one molecule of CAT can convert 6 million molecules

of H,O, to water and oxygen each minute. CAT works closely with SOD to prevent
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free radical damage to the body. SOD converts the dangerous superoxide radical to

H,0,, which CAT converts to harmless water and oxygen (Goodsell, 2007).

GPx is a group of enzyme, the most abundant of which contain selenium.
These enzymes, like CAT, decompose H,0O, and various hydro— and lipid peroxides
(Kinnula et al., 1995). The classical form of GPx is cellular and dispersed throughout
the cytoplasm, but GPx activity is alse found in mitochondria (Buettner, 1998).
Extracellular form of GPx is genetically distinCisfrom cellular GPx (Yoshimura et al.,
1994) and has been detected in several human-tissues, including lung (Chu et al.,
1992). The Km (Michealisseonstant) value for GPxis.lower than that for catalase, and
GPx is considered morerimpertant in physiologic conditions (Kinnula et al., 1995).
Selenium is essential for the‘protein synthe_zsis and enzymatic activity of GPx. It is a
tetrameric protein 85,000 Daltons. It hasjA: atoms of selenium (Se) bound as seleno-
cysteine moieties that confers the catalytic activity. One of the essential requirements
is glutathione as a cosubstrate. There are several Isozymes encoded by different genes,
which vary in celullar location and- substrate specificity. Glutathione peroxidase 1
(GPx1) is the most abundant version, found'j'in‘tl']e cytoplasm of nearly all mammalian
tissues, whose preferred substraie is hydrogen peroxide. Glutathione peroxidase 4
(GPx4) has a high preference for lipid hydroperoxides; itis.expressed in nearly every
mammalian cell, though at much lower levels. Glutathione peroxidase 2 is an
intestinal and extraceliular enzyme, while glutathione“peroxidase 3 is extracellular,

especially aboundant in plasma (Muller et af;; 2007).

GPx reduces H,0, to H,O_ by oxidizing glutathione (GSH) (equation C).
Reduction® of “the oxidizedform | of Iglutathione “(GSSG) jis.then catalysed by
glutathione reductase (equation D). These enzymes also require trace metal cofactors
for maximal efficiency, including selenium for glutathione peroxidase; copper, zinc,

or manganese for SOD; and iron for catalase (Halliwell, 1995).
H,0, + 2 GSH — GSSG + 2 H,0 (equation C)

GSSG + NADPH + H*— 2 GSH + NADP" (equation D)
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1.3.3 Exogenous Antioxidants

Natural antioxidants occur in all parts of plants. These antioxidants include
carotenoids, vitamins, phenols, flavonoids. Plant-derived antioxidants have been
shown to function as singlet and triplet oxygen quenchers, free radical scavengers,
peroxide decomposers, enzyme inhibitors, and synergists (Manach et al., 1998). Fruits
and vegetables contain different antioxidant compounds, such as vitamins C, E and
carotenoids. Many phytochemical = substances in plants, generally phenolic
compounds, display antioxidant properties and; thus, may be important for health
(Vouldoukis et al., 2004). The most current researeh on antioxidant action focuses on
phenolic compounds such as.flavonoids,

1.3.3.1 Dietary Antioxidant

Vitamins C, E, and f-carotene are among the most widely studied dietary
antioxidants. These antioxidants haverspecific activities and they often work
synergistically to enhance the overall antioxidant capability of the body (Bagchi, Puri,
1998) (Table 1.2). |

Table 1.2 Antioxidant function of vitamins & and.C and p-carotene
(Bagchi and Puri, 1998)

Nutrient Function

Vitamin E Chain breaking-antioxidant
Free-radical scavenger
Singlet axygen quencher

Vitamin C Free radical scavenger
Singlet oxygen guencher
Regeneration of vitamin E

[-carotene Singlet oxygen quencher
Chain breaking antioxidant
Free radical scavenger
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L-ascorbic acid (CgHgOg) is the trivial name of vitamin C. The chemical name is 2-
oxo-L-theo-hexono-1,4-lactone-2,3-enediol. L-ascorbic and dehydroascorbic acid are
the major dietary forms of vitamin C (Moser and Bendich, 1990). The body does not
produce vitamin C. Ascorbic acid is widely distributed in fresh fruits and vegetables.
It is present in fruits like orange, lemons, grapefruit, watermelon, papaya,
strawberries, cantaloupe, mango, pineapple, raspberries and cherries. It is also found
in green leafy vegetables, tomatos, broccoli,sgreen and red peppers, cauliflower and
cabbage (Naidu, 2003). Ascorbic acid is well known for its antioxidant activity.
Ascorbate acts as a reducing-agent to-reverse-oxidation in aqueous solution. This
vitamin neutralizes potentially-harmful reactions in the watery parts of the body, such
as the blood plasma, between.cells, eye fluid and lung fluid. It can fight aqueous
radicals before they~get an .opportunity, to damage body lipids (McGregor and
Biesalski, 2006). The formation of dangefous free radicals is prevented by vitamin C
by preventing lipid pegoxidation. Vitamiri-C may help decrease total and LDL
cholesterol and triglycerides, as well as increase HDL levels. Vitamin C’s antioxidant
activity may be helpful in the prevention of some cancers and cardiovascular disease
(Frei, 1999). The antioxidant properties of \)ita]rhin C are thought to protect smokers,
as well as people exposed to secondhand smoke, from the harmful effects of free
radicals (Kallner et al;-198%1)-As-a powerfui-antioxidant; Vitamin C may help to fight
cancer by protectinghealthy cells from free-radical” damage and inhibiting the
proliferation of cancerous cells (Eckert-Maksic et al., 1991).

Vitamin E is!the ‘eollective name.for eight campounds such as a-, B-, y-, and &-
tocopherols and the corresponding four tocotrienals (Herrera and Barbas, 2001). Of
these, astocopherol fias been most studied as it has!/the highest bioavailability (Packer
et al., 2001). Vitamin E is a fat-soluble substance present in all cellular membranes
and is mainly stored in adipose tissue, the liver and muscle. It is an antioxidant that
prevents free radical damage in the body and protects cell membranes from oxidation
by reacting with lipid radicals produced in the lipid peroxidation chain reaction
(Traber and Atkinson, 2007). It is a singlet oxygen quencher, neutralizing these highly
reactive and unstable singlet oxygen molecules. Free radicals can cause cell damage

that may contribute to the development of cardiovascular disease and cancer. Vitamin
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E helps protect against heart disease by limiting the oxidation of LDL-cholesterol
(Rimm et al., 1993). Vitamin E is a very effective option for the reduction of hot
flashes in menopausal women (Ziaei et al., 2007). Vitamin E helps prevent oxidation
of lipoproteins, particularly in smokers, and reduces the stickiness of platelets in the
bloodstream. Vitamin E as an antioxidant helps to stabilize cell membranes and
protect the tissues of the skin, eyes, liver, breast, and testes, which are more sensitive
to oxidation. Due to the ability of wvitamin E to work at higher oxygen pressures, free
radicals are scavenged and tissue Injury 4S _minimized. Besides its anti-aging
properties, vitamin E is-known to afford protection against cancer, ischaemia and
reperfusion injury, cataract, arthritis and certain neurological disorders. Vitamin E is
found in many common ioods, including vegetable oils (such as soybean, corn,
cottonseed and safflower). and producis: made from these oils (such as margarine),

wheat germ, nuts and greendeafy vegetables.

Carotenoids are a group of red, orange and.yellow pigments found in plant foods,
particularly fruits and vegetables. 3-Carotene, a member of carotenoids could be
converted by the body into vitamin A (retinol) and acts a powerful antioxidant and
helps support the immune system. One maolecule of B-carotene can be cleaved by a
specific intestinal enzyme into two molecules of vitamin A(Wang et al., 2000). Other
members of the antiexidant carotenoid family include cryptoxanthin, o-carotene,
zeaxanthin, lutein, and lycopene. However, unlike B-carotene, most of these
antioxidants are‘hot canvertedito vitamin A in significant-amounts (Olson, 1999). B-
Carotene is an effective antioxidant as it is one of the most powerful singlet oxygen
quenchers.. It .can dissipate, the. energy. of .singlet-oxygen, thus preventing this active
molecule from generating freé radicals. Its other“antioxidant praperties include the
scavenging of free radicals. Unlike other nutrient antioxidants, [3-carotene is efficient
at low oxygen pressure. Individuals with the highest levels of B-carotene intake have
lower risks of lung cancer, coronary artery heart disease, stroke and age-related eye
disease than individuals with lowest levels of B-carotene intake (Tanvetyanon and
Bepler, 2008). The richest sources of 3-carotene are yellow, orange, and green leafy
fruits and vegetables (such as carrots, spinach, lettuce, tomatoes, sweet potatoes,

broccoli, cantaloupe, and winter squash).
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1.3.3.2 Phytochemical Antioxidants

Many plant-derived substances, collectively termed “phytochemicals”, are
becoming increasingly known for their antioxidant activity. Phenolic compounds are
secondary metabolites that are derivatives of the pentose phosphate, shikimate, and
phenylpropanoid pathways in plant (Randhir et al., 2004). Phenolics are compounds
possessing one or more aromatic .rings with one or more hydroxyl groups and
generally are categorized as flavonoids, .phenelic acid, stilbenes, coumarins, and
tannins. Their structures are categorized according to the number and position of
hydroxyl group and the.presence of other substituents. The antioxidant activity of
phenolic compounds is«dtie tortheir ability to scavenge free radicals, donate hydrogen
atoms or electron, or chelatesmetal cations _(Amarowiez et al., 2004). The structure of
phenolic compounds isfa key. determina.ﬁt of their radical scavenging and metal
chelating activity, and this jis ‘referred to"as structure-activity relationships. The
antioxidant activity depends on the number and position of the hydroxyl groups in
relation to the carboxy furnction’ group. Phenolic compounds could be a major
determinant of antioxidant potentials of foods, ahd could therefore be a natural source
of antioxidants (Parr and Bolwell,-2000). The most important sources and the classes

of phenols they contath are briefly presented in Table'1.3.

Flavonoids are a group of phenolic compounds with antioxidant acitivity that have
been identified in fruits, vegetables, and other, plant foods and that have been linked to
reducing the risk of major chronic diseases. Flavonaids have a generic structure
consisting of twe aromatic rings (A and B rings) linked by 3 carbons that are usually
in an oXygenated heteracycle-ring; or‘Clring (Rigure 4.11). Diffcrerice in the generic
structure;of the heterocycle C ring classify them as flavonols, flavones, catechins,
flavanones, anthocyanidins, and isoflavonoids (Figure 1.12). These compounds are
well known that flavonoids possess antioxidant properties in vitro and in vivo. The
flavonoids contain a number of phenolic hydroxyl groups attached to ring structures,
which confer the antioxidant activity. Catechin and their epimers serve as powerful

antioxidants for directly eliminating superoxide anion radicals (Chen and Chan,
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Sources Antioxidant compounds References
Fruits
Berries Flavonols, hydroxycinamic acids, Hakkinen et al., 1998; Belitz
hydroxybenzoic acids, anthocyanins and Grosch, 1999; Wang and
Lin, 2000; Manach et al., 2004
Cherries Hydroxycinnamic acids, anthocyanins Belitz and Grosch, 1999;

Blackgrapes

Citrus fruits

Plums, prunes,

apples, pears

Pasley
Beans
Spinach
Teas

Black, green

Alcoholic drinks

Red wine

Cider

Herb and spices
Rosemary

Oregano

Thyme

Anthocyanins, flavonols

Flavones, flavonols; phenolic acids

Hydorxycianamic acids, Catechins

Flavones
Flavanols L

Elavonoids, p-coumaric acid

Flava-3-ols, flavonols

Flavan‘3-ols, flavonals, anthocyanins
Hydroxycinnamic acids

Carnosic acid, carnosol, rosmarinic acid
rosmanol

Rosmarinic acid, phenolic acids, flavonoids

Thymol, carvacrol

Yanishlieva-Maslarova et al.,
2001; Manach et al., 2004
Blitz and Grosch, 1999;
Yanishlieva-Maslarova et al.,
2001; Manach et al., 2004
Yanishlieva-Maslarova et al.,
2001; Beecher, 2003; Manach et
al., 2004

Blitz and Grosch, 1999;
Yanishlieva-Maslarova et al.,
2001; Manach et al., 2004
Manach et al., 2004

Manach et al., 2004
Bergman et al., 2001

Beecher, 2003; Manach et al.,
2004

Beecher, 2003; Manach et al.,
2004
Manach et.al., 2004

Yanishlieva-Maslarove et al.,
2001; Ibanez et al., 2003
Yanishlieva-Maslarove et al.,
2001; Exarchou et al., 2002
Yanishlieva-Maslarove et al.,
2001
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1996). In addition, the antioxidant activities of individual constituent catechin and
catechin-gallate esters of green tea have shown that in vitro they are more effective
antioxidants on a molar basis than vitamin C. This ranking of reactivity follows the
order: epicatechin gallate = epigallocatechin gallate > epigallocatechin > epicatechin
= catechin. These finding are in agreement with the hierarchies of antioxidant
activities against the DPPH®" and superoxide radical reduction (Chen and Ho, 1995).
Proanthocyanidins from grape seeds are apparently responsible for the action on the
cardiovascular system (Pekie et al., 1997) Kaempferol 3-O-a-rhamnoside from
Licania licaniaeflora exhibited DPPH radical seavenging activity and quercetin
derivative from this plant_showed sirong antiradical activity (Braca et al., 2002).
Epicatechin, epigallocatechin, €picatechin gallate and procyanidin B1 and B2 from
grape seed extract showedsstrong DPPH radical scavenging activity (Guendez et al.,
2005). y 4

Figure 1.11 Generic.structure of flavonoids
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Flavonols Flavones

0]

Flavanol (Catechins) Flavanones

Anthocyanins il Isoflavones
Figure 1.12 Structures of main classes of flavonoids

Phenolic acids can e divided into two major groups, hydroxybenzoic acids and
hydroxycinnamic acids (Figure 1.13). Hydroxybenzoie acid derivatives include p-
hydroxybenzoic acid, derivatives, include p-hydroxybenzoic, protocatechuic, vannilic,
syringic, and gallicacid."They are commonly present in the botund form are typically a
component of a complex structuredike lignins and hydrolysable tannins. They can
also bé’found inthe“form of Sugar. derivatives.and organic (acids 'in plant foods
(Sudjaroen, 2009). The antioxidant activity of phenolic acids depends on the number
of hydroxyl groups in the molecule and the activity can be strengthened by steric
hindrance. The electron withdrawing properties of the carboxylate group in benzoic
acids has negative influence on the H-donating abilities of the hydroxyl benzoates.
Hydroxylated cinnamates are more effective than benzoate counterparts (Rice-Evan et

al., 1996). Neochlorogenic acid and cryptochlorogenic acid isolated from prunes can
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scavenge superoxide anion radicals and inhibit oxidation of the methyl linoleate
system (Nakatani et al., 2000)

Ry
R R
R g ’ H
2
R; Z > CooH
Rs COOH Y
(a) (b)

Figure 1.13 Structuressef*common phenolic acids:(a) benzoic acid and derivative;

(b) cinnamic aeid.and derivatives

1.4 Prostate Cancer, _

Prostate cancer is @ malignant (cancerbus) tumor (growth) that consists of cells
from the prostate gland. The tumor usually-gr'dws slowly and remains confined to the
gland for many years. During this tivie, the'tumor produces little or no symptoms or
outward signs (abnormalities on-—physical :exiaimination). As the cancer advances,
however, it can spread beyond the prostate into the surrounding tissues (local spread).
Moreover, the cancef: also can metastasize (spread even farther) throughout other
areas of the body, sucli as the bones, lungs, and liver. Symptoms and signs, therefore,
are more often associated with advanced prostate cancer (Schmid et al., 1993)
(Figure 1.14).

Prostate cancer is the most prevalent type of internal malignancy found in men
over the, age-of-fifty. It is,the.second leading.cause,of cancer-related deaths among
men in Western nations, especially*African-American men (Jemal et-al., 2007). The
causes of prostate cancer are not completely understood. Age is found as the strongest
risk factors and some other risk factors are also studied. Some epidemiologic studies
have suggested that dietary fat closely associated with lipid peroxidation maybe the
important factor for prostate cancer (Vaca et al., 1988). Wang, et al., 1995 suggested
that dietary fat content can influence the tumor growth of androgen-sensitive, human
prostatic adenocainoma cells (LNCaP cells) in nude mice. The highest PSA levels

were found in the high-fat diet group and lowest in the low-fat group which indicated
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Figure 1.14 The location of e:grggf_ e n front of the rectum and just below
the bladder LTI I
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to prostate cancer ession due to di research has established
the strong relationshid]etween

on and chinogenesis including cancer
progression. ROS can act=as secondary messengers to monitor several signaling
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carcinogenesisiaila oxidation processes (Halliwell&l994). The mu@on of p53 protein
has be@ WQﬂ'ﬁeﬂ'@ mpmrﬁﬁq 63%%’ &Tﬁ ﬂibiting various
degrees ©f aggressiveness (Navone et al., 1993). ROS plays the essential role for
migratory/invasiveness phenotypes of prostate cancer. Elimination of excessive ROS
maybe very effective choice decrease prostate cancer formation and metastasis. This
can be extended to some other malignancies due to the strong relation between ROS
and tumor formation. Several studies have investigated the natural agents or
chemopreventive agents from dietary substances to prevent and possible to cure of

cancer (Syed et al., 2008). Many reports mentioned to some natural compounds and
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dietary agents such as selenium, vitamins E and D, lycopene, soy and isoflavone,
green tea, low-fat diet, epigallocatechin-3-gallate (EGCG) from green tea, a few
compound from pomegranate were tested to reduce the possibility of prostate cancer

both growth and progression (Liao et al., 2000).

1.5 Ethnomedical Information and Biological Activities

The Zanthoxylum (Rutaceae) is distributed worldwide from the topics and the
temperated zone. There are over 200 spegies.from small shrubs to large tree.
Throughout the world, Zanthexylum is-fecognized-as-having medicinal qualities such
as treating stomach “ache,toethache, Intestinal worms, rheumatism, scabies,
snakebites, fever and cholera (Pongboonrod, 1979). Zanthoxylum limonella Alston is
widely distributed in the northern part of Thailand. Only one species has been reported
in Thailand (Smitinardy1980) which-is cbmmonly known as Ma-khan (Zanthoxylum
limonella Alston.). Every pait of Z. Iimonellé such as root, bark, stem, fruit and seed is
used for medicinal purpose. This plant-is used traditionally in food, especially in ripe
fruit used as spice and vitamin E“is detec'téd‘in the seed oil (Fish et al., 1975). The
essential oil from the fruit possessed stimdlati’bn effect on different smooth muscle
preparation by non-specific mechanism (Ittipa'n'icihpong et al., 2002). The bark is noted
for its febrifugal, suderific-and diuretic-properties (Pefigboonrod, 1979). The stem
bark has been reported to contain several alkaloids, lupeol, rutaecarpine,
xanthoxyletin, osthol and scopoletin (Somanabandhu et al., 1992). Previous reports of
another species ofi Zanthoxylum, demonstrated: that the chloroform extract from the
bark of Z. budranga showed highly potent antibacterial and antifungal activity, while
the most significant.cytotoxic.activity was.found from the methanol extract of the bark
(Islam et al., 2001). In' addition, the methanol’ extract of.Z. rhetsa.Roxb. stem bark
orally treated to mice at dose 250 and 500 mg/kg significantly reduced the abdominal
contraction induced by acetic acid and the diarrhoeal episodes induced by caster oil in
mice (Rahman et al., 2002). The ripe fruit is used as a condiment in curries. In
addition, vitamin E was detected in the seed oil (Fish et al., 1975) and aromatic
components isolated from the essential oil (Thappa et al., 1976). It also possessed an
antibacterial effect against cholera in rabbits (Nayak, 1961). The major constituent of

the essential oil from dried fruits of Z. rhesta has been reported as sabinene 35.7-
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67.7%. (Shankaracharya et al., 1994 and Shafi et al., 2000) and showed anti-
imflammatory, anesthetic and hypotensive activities (Ahsan et al., 2000). Examination
of chemical composition of essential oil distilled from the fruit of Z. limonella Alston.
revealed the presence of 33 components. Evaluation of the oil composition was
achieved by GC/MS analysis. Limonene (31.09%), terpinen-4-ol (13.94%) and
sabinene (9.13%) were found to be the major component. In addition, the essential oil
from the fruit of Z. limonella possessed stimulation effect on different smooth muscle
preparation by non-specific mechanisms (1tthipanichpong et al., 2002). The
compounds containing in-the-essential @il of seed-from Z. rhetsa were analyzed using
GC/FID and GC/MS. Moneterpene: sabinene, limonene, pinenes, p-cymene and
terpinene were identified asthesmain components of this oil. In addition, terpinen-4-ol
and a-terpineol are also domipant constituents. (Jirovertz et al., 1998). The essential
oil from the fruit of Zanthoxylum Iimoneila was the most effective against the larvae
of Aedes aegypti, which are the main vector Bf dengue hemorrhagic fever (Pitasawat et
al., 2007). :

In addition, limited smencetnfucally proven information is available on the
antioxidative effects on this plant. However the antioxidant activity of Zanthoxylum
in other species was.investigated in prewous research, Yamazaki et al., 2007 reported
that hyperoside (quereetin=3=O=galactoside) and quercitrin (quercetin-3-O-rham-
noside) were found antioxidant compounds of the methanol extract from Japanese
pepper (Z. piperitum DC.) fruit. The DPPH radical scavenging activities hyperoside
and quercitinsowere! @s| strong) antioxidants A Ingo addition,<the antioxidative and
hepatoprotective potential of glycoprotein isolated from Z. piperatum DC fruit (ZPDC
glycoprotein). ZPDC glycoprotein has .a. strong.-Scavenging. activity .against DPPH
radical, superoxide anion and hydroxyl radical in the cell-free 'system and has an
inhibitory effect on hypoxanthine/xanthine oxidase- or glucose/glucose oxidase-
induced cytotoxicity in a dose-dependent manner (Lee and Lim, 2008).
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A OASN AN N Y

1.6 Objective of this Research

1. To screen for antioxidant and antimicrobial activities from various parts of

Z. limonella
2. To separate phytochemical compositions from active fractions using

bioassay guides



CHAPTERII

EXTRACTION AND PRELIMINARY BIOASSAY SCREENING OF

Zanthoxylum limonella Alston.

2.1  Plant Materials

Stem barks, stems, leaves, roots and ripe fruits were collected from Phrae
province, Thailand in January 2007 and votgcher specimen (BKF No0.152276) was
submitted to the Herbarium of the Royal Forest Department of Thailand. In addition,
stem barks and stems were coliected from Chiang-Mai province, Thailand in April
2007.

2.2 Extraction for Peeliminarily Biélfigical Screening Test

All parts of plani mateials Were","s_sébarately milled into coarsely power and
then macerated with CH,Cl, and :.MeOl;Ijl__ata_-room temperature. The extracts were
fitered and evaporated under reduced preé’édre_. In addition, dried and powdered fruits
were hydro-distilled for essential “oil. Tlﬁé;b’ércentage yield of each extract was

calculated as collected in Table-2:1. -

Table 2.1 The percentage yield of the CH,Cl, and MeCH extracts from various parts
of Z. limonella and the percentage yield of esSential oil from the fruits.

Parts %.Yield
CH,CI, extract MeOH extract Hydrodistillation

Chiang-Mai province
Stem-bark 2,08 5/02 -
Stem 0.66 4.62
Phrae province
Stem-bark 0.82 2.52 -
Stem 0.32 1.59
Leave 5.49 6.52
Root 0.39 171

Fruit 19.19 15.23 11.63




38

Table 2.1 reveals that the yields of MeOH extracts were higher than those of
CH,Cl, extracts. The highest percentage yield of the CH,Cl, and MeOH extracts
could be achieved from the fruits. These data showed that the different solvents have
different capacity to extract chemical constituents from plants. The stem-bark and
stem extracts from Chiang-Mai province provided higher yield than those obtained
from Phrae province. This strongly shows that the plant growing in different
geographical locations have the variation insthe amounts of phytochemicals present
(Binns, 2002). All Z. limonella extracts were_ preliminarily screened for antimicrobial

and antioxidant activities.

2.3 The Preliminary Bieassay Screening for Antimicrobial Activity

The CH,CI, and"MeOH/extracts from different plant parts and the essential oil
from the fruits werespreliminarily evé|uated for antibacterial and anticandidal
activities using paper disc diffusion methbd and agar incorporation method for

screening of antifungal activity.

2.3.1 Antibacterial and Anticandidal Activities Screening Test of Extracts and

Essential Oil

The antibacterial and anticandidal bioassays of the CH,Cl, and MeOH extracts
and the essential oil"0f the fruits were tested against (i) tWo Gram-positive bacteria,
Bacillus subtilis ATCC 6633 and Staphylococcus aureus ATCC 25923 and two
Gram-negative bacteria, Esfierichia coli ATCC 25922 and Pseudomonas aeruginosa
ATCC 27853 (ii) the pathogenic yeast likecfungi Candida albicans ATCC 10231, all
at the final concentration of 5 mg’ per disc by-paper disc diffusion method. The
diameter of the inhibition'zone was evaluated as presented-in Table 2:2.

As the results presented in Table 2.2 and Figure 2.1, all CH,Cl, and MeOH
extracts and the essential oil of the fruits displayed antibacterial and anticandidal
activities with different extents. Among the inhibitory effect of these extracts, the
essential oil from the ripe fruits exhibited the most potent antibacterial and
anticandidal activity against all tested bacteria and yeast, with a maximum inhibition
zone against S. aureus (30 mm) and minimum against P. aeruginosa (7.6 mm) at 5

mg/disk. The CH,Cl, extract of the stem from Chiang-Mai province was more
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Table 2.2 Antibacterial and anticandidal activities of CH,Cl; and MeOH extracts from different parts and the essential oil from

fruits of Z.limonella

Parts Diameter of inhibition zone® (mm)

B, subiilis A qurens E. coli P. geruginosa C. albicans

Chiangmai Province

Stern bark CH,C, extract
Stern bark IleOH extract
Stern CH,CL, extract
Stern IvleOH extract

FPhrae Frovince

Sternbark CH,CL, extract
Stembark IieOH extract
Stern CH,CL, extract
Stem IvleOH extract
Leave CH,CL, extract
Leave IvleOH extract
Root CH,CL, extract
Foot IvleOH extract
Fruit CH,CL, extract
Fruit IeOH extract

Fruait {Hyrdrodistillation)
Perdcillin G {10 urit/disc)

Chlorarmphenical (30 pgidisc)

Emphatericin B (25 pfdisc)

105402
i
11.0&0.00
Ha

e
Ha
2+035
M
e
Ha
11.0+£05
a3
72411
e
17.0+159
252*14
A55£23
e

107+ 0.2

6. 5+H12

129+ 0.5
My

1453+ 06
6.1+
152+0.3
64412
M
M
11.5405
a.6+H1.4
115410
M
30.4+1.2
WHEF1T
190+1.4
M

T2+04
M
24402
M

M
M
&
RPN
M
M
TE2+03
M
M
M
20+04
M
M
M

69+ 05
Ha
72404
Ha

72403
Ha
Ha
Ha
Ha
Ha

T2+04
Ha
Ha
Ha

TE+03
Ha
Ha
Ha

20+00
Ha

29403
Ha

Ha
Ha
23+00
Ha
Ha
Ha
23+04
22413
TEHA
Ha
11A+06
Ha
Ha
105+0%

# Values, an average + standard error of 3 replicates, of the mean inhibition zone, NA = Not active

6€
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control essentiabil

Figure 2.1 The inhibition zone of the control (left hand) and essential oil (right hand) from
Z. limonella against (a) B. subtilis, (b) S. aureus, (c) E. coli (d) P. aeruginosa
and (e) C. albicans
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effective than those attained from other extracts and showed moderated activity in
comparison with the essential oil of the fruits with maximum inhibition (12.9 mm)
against S. aureus and minimum against P. aeruginosa (7 mm). These data indicated
that the essential oil of the fruits and the CH,ClI; extract of the stem from Chiang-Mai
province had more antibacterial constituents which were less or absent in the CH,CI,
and MeOH extracts from stem-barks, roots, leaves, and fruits. Previously,
antibacterial and anticandidal activities ©f' Zanthoxylum were investigated. The
essential oil of the dried fruits of Z. xanthoxyloides showed the most extensive zone
for B.cereus and E. faecalis-(Ngassoum et al.;-2003). These data indicated that the
extraction using different’solvents'would lead to various antibacterial compounds. For
instance, the CHCI3 extractsof the 'stem-barks of Z. budrunga showed the more potent
antibacterial activity than that from the petroleum ether and MeOH extracts (Islam et
al., 2001). In additiongBhattagharya-et dl., 2009 performed the in vitro antibacterial
activity of aqueous and EtOH extracts frorﬁ the roots and stem-barks of Z. nitidum
and found that the EtOH/exiract of the root was the most potent with maximum
concentration dependent and the agtieous e*xfrqct of the stem-bark was the least active.
Gram-positive bacteria were nioie sensitivé rtc')l"'the extracts. The essential oil of the
fruits and almost extracts inhibited the 'g'r'OWth of Gram-positive bacteria and
pathogenic yeast more-sefectively than-Gram=negative bacteria. This may be due to
general physiological differences in the membrane constitution of Gram-negative and
Gram-positive bacteria. Lack of activity against Gram-negative bacteria can be
accounted for the presence-of theirthickimembrane layergwhich prevents the entry of
inhibitions (Suffredini et al., 2006).

2.3.2 Antifungal’Activity Screening ofithe CH;Cl, and MeOH Extracts and the
Essential Oil of the Fruits
The antifungal activity of the CH,Cl,, MeOH extracts and the essential oil of
the fruits were tested against five phytopathogenic fungi: Fusarium oxysporum,
Corynespora cassiicola, Exserohilum turcicum, Fusarium oxysporum f. sp.
vasinfectum and Curvularia lunata at the final concentration of 5,000 ppm by agar
incorporation method. The percentage inhibition was calculated as represented in

Table 2.3 and the antifungal activity was depicted as shown in Figure 2.2.
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control essential oil

Figure 2.2 The mycelial growth inhibition zone of the control (left hand) and essential
oil (right hand) from Z. limonella against (a) F. oxysporum f. sp. vasinfectum

(b) F. oxysporum (c) C. lunata (d) C. cassiicola and (e) E. turcicum.
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The data from Table 2.3 still displayed that the essential oil exhibited the
most effective antifungal activity against the mycelial growth of almost
phytopathogenic fungi tested by 100% inhibition higher than those observed from the
other extracts. The CH,Cl, extracts of the stem-barks, stems, and roots showed more
potent activity than other CH,Cl, and MeOH extracts. The lowest activity was
exhibited by the MeOH extract of the leaves and fruits. In addition, the CH,Cl,
extracts of the stem-barks and stems from Chiang-Mai province expressed higher
percentage inhibition than the CH,Cl; exiraCis of.stem-barks, stems, and roots from
Phrae province. From the.data present, the-inhibition effect of the CH,Cl, extract
displayed more potent activity.~than 'the MeOH extract. Antifungal activity of
Zanthoxylum was previously addressed. The 90% aqueous-EtOH extract of the roots
of Z. xanthoxyloides at' 4 mgo/mL inhibited Botrytis cinerea to a fair extent in solid
medium and the stem-bark extract at-0.5 rhg/mL had a fungicidal effect on B. cinerea
in liquid medium (Ngangfet al., 2000y

In summary, the constituents of the essential oil of ripe fruits and the CH,ClI,
extracts of the stems and stem-barks from ‘Chiang-Mai province could serve as a
source of phytochemical constittients uéeflii to cure and to eliminate some
phytopathogenic fungi. '

2.4 The Preliminary Screening for Antioxidant Activity of the CH,Cl,, MeOH

Extracts and the Essential Oil of the Fruits

The CH3Cly extracts, and the) essential il (of the fruits of Z. limonella were in
addition preliminarily evaluated for-antioxidant activity using TLC autographic method
with 2,2-diphenyl-1picryl-hydrazyl (DPPH).in.MeOH (Hostettmann et al.,1997).

Generally, DPPH, a purple=colored stable free radical could be reduced into the
yellow colored diphenylpicryl hydrazine. Thus, if the tested samples could exhibit
antioxidant activity, after spraying DPPH solution for 30 min, yellow spots against
purple background should be observed. The antioxidant activity test results are
collected in Table 2.4.

It was obviously seen that the CH,Cl,, MeOH extracts of the stems, roots and
stem barks either from Phrae or Chiangmai exhibited the highest level of antioxidant

activity, while that of the essential oil and the CH,CI, extract from the fruits showed
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moderate activity and the CH.CIl, extract from leave did not reveal free radical
scavenging effect on DPPH.

According to the antimicrobial and antioxidant activity screening tests, the
essential oil displayed the most effective fraction inhibiting the growth of bacteria, yeast
like fungi and phytopathogenic fungi and good antioxidant activity. In addition, the
CH,CI; extract from the stems showed good antimicrobial activity and exhibited the
highest level of antioxidant activity. Therefore, the essential oil and the CH,Cl, extracts
of the stems were selected for further study te“€valuate for chemical compositions and

biological activity.

Table 2.4 Antioxidant.sereening.test of different parts of Z. limonella

Parts Radical scavenging effect on DPPH
CH,CI, extract = MeOH extract Hydrodistillation

Chiang-Mai Provinceg
Stem barks S ST +++ ND
Stems Skt +++ ND

Phrae Province

Stem barks + 34 i +++ ND
Stems +++ St ND
Leaves - ¥+ ND
Roots +++ +++ ND
Fruits ++ +++ ++

- negative result;+ positive results observed within 30 min; + positive results observed within 15 min;

++ positive results observeddmmediately; ND = NMot-detectable

2.5 EXxperimental Section
2.5.1 Extraction of Plant Materials

Each part of plant was air-dried, minced and extracted with CH,Cl, by
maceration method for three times. The marc was then similarly extracted with
MeOH for three times. Each extract was filtered and evaporated by rotary evaporator

and kept in the dark until used.
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Dried fruits of Z. limonella was powdered with a blender and essential oil was
obtained by hydrodistillation using a Clevenger-type apparatus. Essential oil was

stored at 4°C until analyzed its compositions and bioassays.

2.5.2 The Preliminary Bioassay Screening for Antibacterial and Anticandidal

Activities

Antibacterial and anticandidal activities of the CH,Cl, extract are individually
tested against (i) two Gram-positive bacteria.B..subtilis and S. aureus and two Gram-
negative bacteria E. coli and-P. aeruginosa (it) the pathogenic yeast like fungi C.
albicans. Bacteria strains-were _grown on nutrient-agar, whereas those of yeast were
on yeast malt extract agar. Paper disc diffusion technique (CLSI, 2005) was used for
this screening test. Therculiures were adjusted with sterile saline solution to obtain
turbidity comparable tosthat of McFarlajh-'c.i No 0.5 standard (1.0x10° CFU/mL). A
suspension of the tested microofganism 100" pl. of 10° cells per mL is spread on the
Mueller Hinton agar and Sabouraud dextrose agar plate. Filter paper discs (6 mm in
diameter) were impregnated with. 20 bl of each assayed extract and placed on the
agar surface. Discs impregnated with suitab]e‘s'olvent were used as negative controls.
Discs with standard antibiotic-were used as pesitive controls. These plates were
incubated at 37°C, 24-h for bacteria and-at 37 .C, 48 h for yeast. The diameters of the

inhibition zones are measured in mm. All tests were perfarmed in triplicate.

2.5.3 The Preliminary Bieassay Screening for Antifungal Activity

Antifungal | activity -of  c¢rude 'extract: was individually tested against five
phytopathogenic™ fungi: 3 strains (F. oxysporum, C. cassiicola ,and E. turcicum)
supplied’ by the ‘Division of /Plant Disease and ' Microbiolegy;- Department of
Agriculture, Ministry of Agriculture and Cooperative, Bangkok, Thailand and 2 strains
(F. oxysporum f. sp. vasinfectum, Curvularia lunata.) from naturally infected
pineapple disease. Cultures of each fungus were maintained on potato dextrose agar
(PDA) slants stored at 4'C. Antifungal activity was modified by the method of agar
incorporation (dilution on a solid medium) described by Taudon et al., 1990 and
Dwivedy and Dubey, 1993. The fungal strains were cultivated on PDA medium in

Petri dish. Tested samples including essential oil and its major components were
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diluted with DMSO for CH,Cl,, MeOH crude extracts and 1% tween 80 for essential
oil at various concentrations and 1,000 uL of each solution was aseptically mixed with
9 mL of PDA (liquefied and maintained at melting point in water bath). After cooling
and solidification, the seeding was carried out by inoculation 7 days old mycelium
culture in the middle of Petri dish. Three replicates for each concentration and fungal
species were conducted. The Petri dishes were then incubated at 25°C for 7 days. PDA
plates treated with DMSO and 1% tween 80:without samples were used as a negative
control, whereas those with benomyl were alse Used as positive control.

The antifungal activity of the extract was evaluated according to the method of
Singh et al. (1993) by calculating the percentage inhibition (%Il) using the following
formula.

%inhibitions=(dc — de) x 100

¥ . dc
dci#Colony drameterof control plate (mm)

de: colony diameter :6_15 treatment (mm)

#

2.5.4 The Preliminary Bloassay Screeni'hg__.- for Antioxidant Activities (TLC
Autographic Assay) - T_‘ 7
To detect for-antioxidants present, tHe rextracts were carried out using TLC.
After drying, the TLC rplate was sprayed with 0.2% DPPH-1n MeOH. The presence of
antioxidants was revealed within 30 min as pale yellow zone against a purple

background (Hostettmann et.al., 1997).



CHAPTER III

CHEMICAL COMPOSITION AND BIOACTIVE COMPOUNDS FROM THE
ESSENTIAL OIL OF Zanthoxylum limonella Alston.

3.1  Chemical Compositions of the Essential Oil from the Fruits, Leaves and

Stems of Z. limonella

According to aforementioned results,~the essential oil from the fruits of Z.
limonella showed the .most eFfective antibacterial, anticandidal and
antiphytopathogenic fungi and exnibited good antioxidant activity. Therefore, the
further investigation onsthe #ssential-ails from the fruits, leaves and stems of Z.
limonella were performed by hydrodis't-il’l'ation using. a Clevenger apparatus. The
%yield of each essential il was calculate?i as presented in Table 3.1 and the GC/MS
analysis results are given infTable 3.2. =

o

Table 3.1 The %yield of the essential oil frmﬂﬁxgarious parts of Z. limonella

Parts plant (g) __.-T_gs_'gential oil (9) %yield
fruits , 1,000 116.32 4. 11.63
leaves "= 1,500 1.55 0.10

stems 1,600 013 0.0081




Table 3.2 Chemical composition of the essential oil from Z. limonella

Compounds R (min) fruits (TZ:\::: stems
1. a-pinene 6.13 0.97 8.04 -
2. a-thujene 6.21 - - 3.42
3. topilidene 6.73 - 0.48 -
4. sabinene 7.54 42.73 18.63 -
5. a-phellandrene 7.90 0.70 7.50 3.17
6. limonene 8.22 39.05 5.17 -
7. B-trans-ocimene 8.46 0.12 0.28 -
8. 3-carene 8.81 2.70 6.62 -
9. terpinolene 9.13 0.35 - -
10. 1,8-cineol J. 29 . - 27.20 0.80
11. B-cymene 0.47 W\ 13 2.04 -
12. B-pinene b alegy: W R\ Y 0.07 -
13. linalool 12383l 042 2.94 -
14. cyclopentene 1270 80,09 - -
15. (5E,9E)-1,5,9,13- £2.94 - 0.13 -
tetradecatetraene
16. 5-isopropyl-2-methyl 13.18 0.40 0.11 -
bicyclo-[3.1.0]-hexan-2ol
17. B-caryophyHene 13.56 0.27 7.14 -
18. terpinen-4-ql 13.70 540 2.63 -
19. thujol 14.24 0:10 0.06 -
20. a-caryophyllene 14.33 047 1.25 -
21. cis-p-meth-2,8-dienol 14.41 0.09 - -

22. a-terpineol 14.57 0.98 591 -




Table 3.2 (continued)

50

Compounds R (min) fruits (TZ:\::: stems

23. dihydromyrcene 14.78 - 0.07 -
24. cis-geraniol 14.90 0.36 0.22 -
25. trans-carveol 15.22 0.19 - -
26. cis-carveol 15.80 0.29 - -
27. butylatedhydroxytoluene 16.13 - - 86.62
28. cedr-8-en-15-ol 16.23 0.43 - -
29. (S)-carvone 16.35 0.33 - -
30. cuminaldehyde 1671 0.04 - -
31. y-elemene iJ.26 " 1.54 -
32. 5-hydroxy-methyl- 17.82=" - - 0.50

1,3,3-trimethyl-2- |

(3-methyl-buta-1,3-

diemyl-cyclopentanol)
33. (92)-9,17-octadecadienol 18.63 - 0.08 -
34. valencene 19.01 - 0.38 -
35. a-gurjunene 19.68 - 0.28 -
36. y-cadinene 19.98 - 0.09 -
37. spathulenol 20.16 0.52 - -
38. aromadendrene oxide 20.24 - 0.37 -
39. heptadecanoate (C17:0) 20.53 - - 1.02
40. p-anisaldehyde 21.04 - - -
41. a-bulnesene 21.32 3 0.17 -
42. decanedioic acid 21.79 - - 1.12
43. 1H-indene 22.57 - 0.17 -
44.9,12,15-octadecatrieno 27.95 - - 3.55

ate (C18:3n3)
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Table 3.2 (continued)

. %Area
Compounds R (min) fruits leaves stems
45. 3-chloro-5-hydroxy 38.61 - - -
cholestan-6-yl acetate
46. dictamine 40.64 1.84 - -
Total 99.96 99.57 100

From Table 3.1, %yield-of the essential-oil-from leaves, fruits and stems were
0.10, 11.63 and 0.0081%, respectively. For the essential oil from the fruit, 27
compounds (representing 99:96% of the total oil) could be identified (Table 3.2 and
Figure 3.1). Among these sabinene, (42.73%) and limonene (39.05%) appeared to be
the major components: followed by terbinen-4-o| (5.40%). The fruit essential oil
compositions could begclassified nto ‘Gfgroups including 9 monoterpenes, 10
oxygenated monoterpenes; 4 sesquiterpeneé,'l'r'cyclic hydrocarbon, 1 phenylpropanoid
and 1 furanoquinoline alkaloid. Quantﬁétively, monoterpenes were the main
constituent, accounting for 88.34% of the eséehjt'"ial oil. Oxygenated monoterpenes and
sesquiterpenes were. present in a fesser amount of.8.26% and 1.39%, respectively
(Figure 3.2). Structuraty;—the—major—componenis:=sabinene and limonene were
classified into thujane” and menthane monoterpenoids; whereas terpinen-4-ol was
belonged to the oxygenated menthane monoterpenoid.

These gbtained:resultsccarrelate with thase reported Ay Ittipanichpong et al.,
2002 which revealed that the chemical analysis of the essential oil from the fruits of Z.
limonella by.GC/MS presence.of 33 chemical components and 67% of compound was
attributed to" the ‘monoterpene ‘group~including climonene (31:09%) and sabinene
(9.13%) as the major components. Another major component, terpinen-4-ol belonged
to the oxygenated monoterpene group. These data indicated that the classes of major
components were similar to other varieties of Z. limonella, but with different
quantities. It was possible that the plant growing in different geographical locations

may have the variation in the amounts of phytochemicals present (Binns, 2002).
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furoquinoline
alkaloid, 1.84%

sesquiterpene, 1.39%
oxygenated

monoterpene, 826%

B monoterpene
®| oxy genated monoterpene
M zesquiterpene

O furoquinoline akaloid

monoteipene, 88.34%

Figure 3.2 The percentage composition of compound groups present in the essential
oil of Z. limenelia fruits

The essential 6il from/the leaves of Z. limonella composed of 28 compounds
(representing 99.57% of the total oil) (Figq_re 3.3). The main compositions were
identified as 1,8-cineol /(27.20%) ‘and s_qbi_hene (18.63%) followed by a-pinene
(8.4%), a-phellandrene (7:50%) and B-caryo_phyllene (7.14%), respectively. The
essential oil compositions from the leaves could be classified into 4 groups: 11
monoterpenes, 7 oxygenated monoterpenes, 8 sesguiterpenes and 1 polycyclic
hydrocarbon. In terms of the relative amount, monoterpene appeared to be the major
group accounting for-49.03% of the essential oil. Oxygenated monoterpenes and
sesquiterpenes were present-in lesser amount of 39.07% and 11.22%, respectively
(Figure 3.4). In terms_of structure, 1,8-cineal ‘and a-phellandrene belonged to the
menthane monoterpenoid group, whereas sabinene and B-caryephyllene could be
classified into 'thujane ' monoterpene. and caryophylane sesquiterpenoid group,
respectively. To the best our knowledge, there is no report in the literature concerning

the chemical compositions of essential oil from the leaves of Z. limonella.
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sesquiterpene, polyeyclic monoterpene, 49.03%

1122%4 hydrocarbon, 0.17 %

B monotetpenes
B oxygenated monoterpene
B sesquiterpene

O polyeyelic hydrocarhon

oxygenated
monoterpene, 39.07 %

Figure 3.4 The percentage composition of Compound groups present in the essential

oil of Z. limonella leaves

Therefore this result can be evatuated as the first report about the classification and
identification of phytochemical components of this essential oil.

The essential-oil from the stems of Z. limonella’composed of 8 compounds
based on the GC/MS analysis result (Figure 3.5)" Surprisingly, butylated
hydroxytoluene (BHT).(86.62%), the well-known antigxidant, was identified as the
major component, followedsby a-thujene (8:42%) and a-phellandrene (3.17%). The
major component, BHT _belonged to the lipophilic.compaund,whereas a-thujene and
a-phellandrene could be grouped to thujane and, menthane menoterpenoid group,
respectively. Based'on, the GC/MS analysis, it was found that the essential oil from
Phrae and Chiang-Mai provinces contained natural BHT as a major component.
(Figiure 3.5 and Figure 3.6). In addition, the presence of BHT was confirmed by
comparing the *H-NMR spectra of the crude essential oil from the stem and the
synthetic BHT (Figure 3.7). The results from this study revealed that



Relative Abundance

B O N N @

= = NN W W

c?II|I‘ﬂ!ImllﬁnlilI‘?I|H'.TIIIII‘?Ii|H‘I|I%{lII‘ﬂi|I?IIIhnllll?ll:lI‘ﬂ'lll?llll‘ﬂllt?llll

i S

40 45

Figure 3.5 GC chromatogram of essential oil from stems of Z. limonella (Chiang-Mai province)

{ R T W UL P N S [ P S |

56

99



Relative Abundance

L L L L L

40

~ Time (mfnj 7

Figure 3.6 GC chromatogram of essential oil from stems of Z. limonella (Phrae provience)

1
45

57

LS



58

OH I — 1500
(H;C):C C(CH); 2 2

CH;

=

-

////‘_'&\‘i*:;;\\ T

(b)

Figure 3.7 The'H-NMR spectra of (a) synthetic BHT and (b) the crude essential oil
from the stem
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the photosynthetic organisms are exposed to a combination of light and high oxygen
concentrations, which leads to the formation of free radicals and other strong
oxidizing agents, suggesting that their cells contain protective antioxidative
mechanisms and compounds (Sukenik et al., 1993; Matsukawa et al., 1997; Sinha et
al., 2003; Park et al., 2005; Sigaud-Kutner et al., 2005). Thus, the production of BHT
exhibits a light dependency and is considered to protect the cells from photooxidation.
Babu and Wu, 2008 reported that four freshwater phytoplankton, including a green
algae (Bootryococcus braunii Kiiz.) and three_eyanobacteria (Cylindrospermopsis
raciborskii (Wollosz.) Seenaya et Sabba Raju;-Mierocystis aeruginosa (Kitz.) and
Oscillatoria sp.) were capable-of-producing natural BHT. These data were confirmed
by GC/MS analysis, the antiexidant compound observed in the algal species is
identical to that of a synthetic/BHT, as it thus not only had the same retention time,

but also had similar mass spectral date:

3.2  Distribution of Essential Oil Components in Various Parts of Z. limonella

The GC chromatogram shows the distribution of essential oil components in Z.
limonella. Monoterpenoids ‘are‘gasily noticeable from these GC chromatograms in all
crude essential oils. Among these crude essential eils, a-phellandrene is predominant.

Among varigus parts of crude essential oils, the one.from the stem seems to be
the most unique. It contains very high content of BHT (86.62%). Unlike the other
crude essential oils, that from the fruits and the leaves-contained terpenoid as major
components.

As previously reported, the highest yield of.the essential oil could be achieved
from the fruit. Based on the preliminary biological activity test,.this fraction gave
good aCtivity. against bacteria, yeast and phytopathogenic fungi. Thus; the essential oil
of the fruits was selected to further investigate for its bioactive compounds against

tested microorganisms.
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3.3 Antiphytopathogenic Fungi Activities of the Crude Essential Oil from the
Fruits of Z. limonella and its Major Components
The essential oil of the fruits was selected for further investigation. Five
phytopathogenenic fungi (F. oxysporum DOAC 1258, C. cassiicola DOAC 1357, E.
turcicum DOAC 0549, F. oxysporum f. sp. vasinfectum, C. lunata) were tested at
5,000 ppm dose compared with a commercial available fungicide, benomyl. The
results are demonstrated as shown in Table3.3 and Figure 3.8.

The data from Table 3.3 pointed out.that.ithe native essential oil showed the
fully inhibition effect on-the-growth of-almost fungal strains except for F. oxysporum
f. sp. vasinfectum. Among thiee _major components, terpinen-4-ol displayed the most
potent activity. It should henoied that the percentage inhibition of terpinen-4-ol was
close to the essential”oil.Benomy! -displayed the complete inhibition against F.
oxysporum f. sp. vasinfectum, butnot fully inhibition for E. turcicum DOAC 0549 and
C. lunata. Thus, it sheuld be possible tb conclude that terpinen-4-ol, a major
component of essential oilfrom the ripe frdits*‘displayed antifungal activity against all
phytopathogenic fungi species. Therefore,'i}a(ious concentrations of the essential oil
and terpinen-4-ol: 500, 1,000;—2,500, j-5,0"(50 ppm on sterile PDA medium
phytopathogenic fungi were experimented to examine.|Csp values of each fungus. The
percent growth inhibitien-and-1Csy values (ppm) were calculated as shown in Table
3.4.

Table 3.4 exhibits that the 1Cso values of the essential oil against almost
phytopathogenic fungiswerelowerthan these of terpinen-4=ol::These results indicated
that almost fungal Strains were sensitive to esséntial oil" more than terpinen-4-ol,
except for Exserohilum, turcicum.DOAC 0549. With.Curvularia.lunata, the sensitive
strain, the  ‘essential “oil ‘and “terpinen-4-ol ' displayed. 1C5,°218.9, 324.7 ppm,
respectively compared with that against other tested fungi.

The in vitro antifungal activity of native essential oil and terpinen-4-ol were
the next step to explore by a broth macrodilution method. Antifungal activity was
expressed as minimum inhibitory concentration (MIC) and minimum fungicidal

concentration (MFC). The results are summarized in Figure 3.9 and Table 3.5.
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Table 3.3 Growth inhibition of fungal species in agar incorporation method by the*essential oil, major components of Z. limonella and

positive control (benomyl).

Funai Essential oil Terpinen-4ol sabinene limonene benomyl control
g (5,000 ppm) (5,000 ppm) (5/000 ppm) (5,000 ppm) (100 ppm)
Growth? Inh Growth?2 Inh Growtha ‘Inh Growtha Inh Growth? Inh Growth? Inh
(mm) (%) (mm) (%) (mm) (%) (mm) (%) (mm) (%) (mm) (%)
F. oxysporum 0+0.0 100.0* 0+0.0 100.0* 7 2. 139* 78.2+ 0.9 13.1* 0+0.0 100.0* 90.0+0.0 0.0*
F. oxysporum f. 9+0.0 90.0*+  16.2+0.2 820  730%20 187 652+02 276 0+0.0 100.0% 90.0+ 0.0 0.0%
sp. vasinfectum =
C.cassiicola 0+0.0 100.0* 0+0.0 100:0* 73.2+0.2 8.8* 74006 | 7.7F 0+0.0 100.0* 80.0+0.0 0.0*
C.lunata 0+00 100.0* 0+0.0 100.0* 782+ 0.4 13.1* 73.2+1.2 7.7% 742+ 0.8 77.8% 90.0+0.0 0.0*
E. turcicum 0+0.0 100.0* 0+0.0 100.0* 0+0.0 100.0* 39.3+29 56.3* 20.0+0.0 17.6* 90.0+0.0 0.0*

Inh.; Inhibition *significant difference at p<0.001

®Values, an average + standard deviation of 3 replicates, of the mean growth inhibition of fungi species

19
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control essential oil sabinene limonene terpinen-4-ol benomyl

Figure 3.8 The mycelial growth inhibition zone of the essential oil from Z. limonella,
sabinene, limonene, terpinen-4-ol and antifungal standard benomyl against
(a) F.oxysporum f. sp. vasinfectum (b) F.oxysporum (c) C. Lunata

(d) C.cassiicola and (e) E. turcicum



Table 3.4 1Csq value of the essential oil of Z.limonella.and ierpinen-4-ol
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Essentialoil terpinen-4-ol
Fungi % Inhibitionz IC., % inhibition? IC,,
5,000 2500 1,000 1,000
’ ' ’ 500 ppm m 5000 ppm 2,500 ppm ’ 500 ppm m
opm opm opm pp (pp‘ ) pp pp opm pp (ppm)
F. oxysporum 100.040.0 75.8+2.0  36.1+1.4 / 15.1+1.3 ' 14894 90.0+0.4  68.3+L7  36.1+1.3 102427 16714
F. oxysporum 00.0+40.6  63.7+2.8  41.9+22  8.4%12 18463  8L.7+0.6  32.4+22  11.042.4  7.4+11 30383
f. sp. vasinfectum
C. cassiicola 100.0+0.0 31.8+1.0 132+4,3 114418 27942 1000400 40.9+1.9  14.8+25 00+0.0 27553
C. lunata 100.040.0 100.0+0.0 75.6414  57.3¥2:3 218.9 1000¢0.0  89.3+0.6  71.9+1.7 50.7+0.8 324.7
E. turcicum 100.040.0 85.2+1.7 68.9+23  38.3+0.8 671.8 100.0+0.0  87.8+1.2  415+1.8 28.243.4  1,159.6

®Values, an average + standard deviation of 3 replicates

€9
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Figure 3.9 The MIC of essential oil and terpinen-4-ol against C. lunata (A and B)

and F. oxysporum (C and D)
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Table 3.5 MIC and MFC values of the essential oil of Z+limonella and terpinen-4-ol

Fungi essential oil te rpihe n-4-ol benomyl mancozeb

(Ppm) (Ppm) (ppm) (ppm)
MIC MFEC MIC - —. .MFC MIC MFC MIC MFC
F. oxysporum 625 625 1250~ 4 4. 2,500 3.90 3.90 3.90 3.90
F. oxysporum f. sp. vasinfectum 1,250 2,500 2,500 5000 3.90 3.90 3.90 3.90
C. cassiicola 2,500 5,000 1,250 - *+514+2;500 0.39 31.25 62.50
C. lunata 312.5 312.5 1,250 1,250 125 250 7.80 7.80
E. turcicum 1,250 1,250 1,250 1,250 62.50 125 15.60 15.60

99
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Table 3.5 indicates that the essential oil and terpinen-4-ol exhibited various
levels of antifungal activity against phytopathogenic fungi. Their MIC and MFC
varied from 312.5 to 2,500 ppm for the essential oil and from 1,250 to 5,000 ppm for
terpinene-4-ol. Comparing the MIC values for the reference substances: benomyl and
mancozeb and MIC values for the essential oil of fruit and terpinen-4-ol, it could be
concluded that the reference substances demonstrated much lower MIC. However, the
essential oil and terpinen-4-ol are usually less toxic than the synthetic compound:
benomyl and mancozeb. The MIC and MFC values of the essential oil revealed more
potent antifungal activity-than-terpinen-4-ol exceptfor C.cassiiicola DOAC 1357. The
maximum activity of essential0il"was ohserved against C. lunata and F. oxysporum
DOAC 1258 with MIC of,812:5.and 625 ppm and fungicidal activity with MFC of
312.5 and 625 ppm, respeciively (Figure 3.9).

Tables 3.4 and 3.5 display that IC;,&-values of the essential oil and terpinen-4-ol
could be related to MIC @and MFC v‘aln]es. The inhibition and the killing of
phytopathogenic fungi could be abserved when using the mentioned essential oil even
at low concentration. Additionally, from thigéﬁjtudy, terpinen-4-ol was disclosed to be
a bioactive compound with antiphytopathogéniif:'—' fungi activity. According to previous
reports demonstrated. that some oxygenatedjrﬁdnoterpenes such as borneol, terpinen-
4-ol, a-terpineol, meathol and essential oil contaming o0xygenated monoterpenes
displayed board spectitim antifungal activity (Pattnaik ét al., 1997; Edris and Farrag,
2003; Kordali et al., 2005; 2007a, b). Thus, the antifungal activity of the essential oil
of fruit could bEg attributedto terpinen-4-ok:
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3.4 Fractionation and Antibacterial and Anticandidal Activities of the Essential
Qil, Fractions and its Major Components
The antibacterial and anticandidal activity screening of the essential oil of the
fruits exhibited strong activity against Gram-positive bacteria (B. subtilis and S.
aureus) and pathogenic yeast (C. albicans). Therefore, the bioactive compounds
against bacteria and yeast of the fruits were further investigated.

3.4.1 Analysis of the Components in the Essential Oil of Fruit

The essential oil (100.mL) was.first fractional distilled and the fractions were
collected according to the temperature range. Three fractions (I, 11, and I11) were
obtained at the temperaturesrange of 55-90, 90-115 and above 115°C, respectively.
Percent yield of each fraction Ly LI, and H1 was shown in"Table 3.6.

Fraction 1l gave the highest yiel@l as 53.54% cempared with the other two
fractions. According to the GC analysis, :f_réétions | and 11 composed of sabinene as
the most abundant compasition.(53-and :41% for fractions I and II, respectively).
Limonene was detected as the«second 'rfaest_ abundant component in these two
fractions (13 and 18%, respectively). The anaiy3|s of fraction 111 revealed that the
main composition was limonene (25%), tér‘bi‘hé‘n'-4-ol (19%) and sabinene (16%). It
should be noted that the-content-of-terpinen-4-ol-was-present in the highest amount in
Fraction 111 (Figure 3:10).

Table 3.6 Fractions derivedsfrom the fractiomal distillation of the essential oil of

Z. limonella

Fraction Weight (g) %oYield

(Temperature range)

I (55-90°C) 15.96 19.45
11 (90-115°C) 43.93 53.54

111 (above 115°C) 22.17 27.01
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Figure 3.10 The GC-chromatogram of three fractions of essential oil from fruit of

Z. limonella
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A further examination on antibacterial and anticandidal activities of the native
essential oil was conducted with three mentioned fractions and their major
components such as sabinene, limonene and terpinen-4-ol at the final concentration of
5 mg per disc by paper disc diffussion method. Three antibiotics: Penicillin G,
chloramphenicol and amphotericin B were used as a positive control. The inhibition
zone was evaluated as shown in Table 3.7.

As the results presented in Table 3.7, fractions | and Il exhibited significant
susceptibility, with >10 mm.inhibition diatncier toward S. aureus, B. subtilis, E. coli
and C. albicans. The effect.on P. aeruginosa was-weak (<10 mm inhibition diameter).
The diameter of the inhibition”zene of fractions | and Il were close to the native
essential oil, while fraction" 1l had little activity against the test microorganisms.
These data showed that the/bigactive compounds should be present in fractions I and
I1. Considering the antibacterial activiity result and the main composition of
fractionated essential oil; sabinene was foﬁ-nd as the most abundant component in
fraction 1 (54%) and fraction I (41%) and should be responsible for the antibacterial
activity. In addition, major gonstituents of'the‘essential oil exhibited antibacterial and
anticandidal activity property when tested éepéla’fately. Sabinene was the most active,
among the essential.oil component tested. At the:same concentration, terpinen-4-ol
revealed moderately active-tn-inhibiting-the-organisms, While limonene had slight
activity. However, the result showed that the essential oil, fractions I and 11 displayed
stronger antibacterial activity than the single compound. This is possible due to minor
component that'may be|involyedsin some:type ef isynergism with the other active
compounds.

The essential oil, fractions .1 .and. L1,.and “sabinene .displayed good activity
against Gram positive bacteria andonly-one of the Gram-negative bacteria namely E.
coli. These observations suggest that this oil exhibit a broad spectrum antimicrobial
agent. The essential oils containing phenolic compounds are also reported to possess
antimicrobial activity (Dorman and Deans, 2000). The phenolic compounds have a
broad spectrum of activity against a variety of both Gram-positive and Gram-negative
bacteria (Kim et al., 1995; Helander et al., 1998; Dorman and Deans, 2000). The
mechanism of action by which phenolic compounds aren thought to exert their
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antimicrobial activity is through the disturbance of the cytoplasmic membrane,
disrupting the proton motive force, electron flow active transport, and coagulation of
cell content (Burt, 2004). As known, the Gram-positive bacteria seem to be more
susceptible to the inhibitory effects of the essential oil than the Gram-negative
bacteria, a feature attributed to the difference in the respective cell wall structures.
The greater susceptibility of Gram-positive bacteria may result from their sampler
single layer cell wall structures, while the Gram-negative cell wall is a multi-layered
structure and quite complex (Esen et al., 200#; Turker and Usta, 2008). However, it
has been reported that the-phenolic monoterpene;-carvacrol is able to disintegrate the
outer membrane of Gram-negative bacteria, releasing lipopolysaccharides (LPS) and
increasing the permeabilityof the cytoplasmic membrane to adenosine triphosphate
(ATP) (Dorman and Deansy2000; Turker and Usta, 2008). This was shown to damage
the cells irreversibly. 1S hypothesized th'at the compounds containing in the essential
oil with low molecular weight maybe enablé- to penetrate into the inner membrane of
Gram-negative bacteria. Therefore, " it could be concluded that the essential oil
revealed its toxicity against Gram positive'b'acteria, some Gram-negative bacteria and
yeast more than the isolated compatiids. This cféta suggests that the complexity of the
essential oil led to a.complex activity that may act.synergistically against the target

organisms.

3.4.2 Antibacterial and Anticandidal Efficacy of Its Active Components of
Essential 0Qil» iICombinations’ and i linteraction<=with other Aroma
Compounds

Essential oils,contain numerous compounds, and‘ene. might wonder if their biological

effects are the result ofva 'synergism of all ‘molecules or reflect only those of the main

molecules present at the highest levels in volatile oils. In addition, the activity of
essential oils can be expected to relate to the chemical configuration of the
components, the proportions in which they are present and to interaction between
them (Dorman and Dean, 2000). The complexity of the essential oil led to a various
activities probably with synergistic and/or antagonistic phenomena. The present study
was to investigate the effect of the bioactive compounds in this essential oil by

examining as a single compound or the combination of two substances between
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sabinene and terpinen-4-ol against microorganism tested. The results are displayed in
Table 3.8.

The results show that the main inhibition zones of sabinene were more than
those of the combined sabinene and terpinen-4-ol in certain different proportions.
However, the inhibition zones observed from the mixture at higher concentrations of
sabinene:terpinen-4-ol such as 9:1 and 3:1 (w/w) were more than those derived from
the lower and equal proportions (1:1 and /1:3). This strongly indicated that none of
these combinations displayed a synergistic activity.against the bacteria and yeast used.
In addition, this set of experiments alse supporied-that sabinene played a major role

for antimicrobial activity against.microarganisms tested.

Many terpeness ares known t0 be active against a wide variety of
microorganisms including Gram-positiv’er.and Gram-negative bacteria and fungi.
Several studies have also shown that menoterpenes exert microbial membrane
damaging effects (Sikkama etial,, 1995; Cax et al., 2000). The further study on the
combination effect between sabinene and other aroma compounds, for instance o-
terpinene, limonene, eugenol ‘and safrole (Figure 3.11) has been investigated for
antibacterial and anticandidal-activity at the ratio-of 9:1 (w/w). The results are shown
in Table 3.9.

Table 3.9 shows that the overall diameter of the inhibition zone of Gram-
positive bacteria was higher than that of Gram-negative bacteria. It was also found
that using sabinene’'as a model, the Gram paositive bacteria, S. aureus are more
sensitive towards all combinations,. The synergic effect could be observed in the
combination of 1sabinene ‘and w-terpinene against®S. aureus‘dnd: the mixture of
sabinene;and safrole against B. subtilis. These combinations created the inhibition
zones against S. aureus and B. subtilis more than sabinene alone about 30 and 10%,
respectively. In addition, sabinene and safrole diaplyed the inhibition zone about 11
mm against E. coli, while the combination of sabinene and aroma compounds showed
antagonistic properties. The diameters of the inhibition zones of individual eugenol,

sabinene and safrole exhibited the moderate activity against C. albicans (range zone
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Table 3.9 Antibacterial and anticandidal activity of the mixture between sabinene and e-terpinene, limonene, eugenol, safrole by disc diffusion

assay
Microoraganisms Diameter;of inhibition zone (mm)?2

Sa a-T Li Eu Saf Sa:a-‘i}'. % ‘sali Sa:Eu Sa:Saf Pen G Chloram  AmphoB

(8:1)4 ©:1) (9:1) 9:1)

B. subtilis 15.4:0.6  7.8:0.8 NA 7.1:0.6 208:47° "134:10 15312, 113:12  17.1:21 23.4:1.2 25.6:0.2 NA
S. aureus 18.8:0.4  6.3:0.1 NA 10.0:0.6  10.480.8 “'24.2:0.3 ~.187:06  17.2:08  17.8:08 30.5:1.0 20.7:0.4 NA
E. coli 10.8:0.3 NA NA 8.7:0.3 11.0:0.5 NA _17‘0i02 6.7:0.2 7.8:0.3 NA 20.3:0.9 NA
P.aeruginosa 7.2:04 NA NA NA 6.9+0.1" NA T TENA NA 7.0:0.3 NA 13.1:0.6 NA
C. albicans 9.0.04 6501 7.6:02 13.2:0.8- 10.0:04 8.6:0.5 8.0:0.2 9.4:0.4 9.2:0.1 NA NA 9.6:0.3

% Values, an average + standard deviation of 3 replicates, 6f the mean inhibition zone of microorganisms
Sa = Sabinene, a-T = a-Terpinene, Li = Limonene, Eu = Eugenol, Saf = Safrale, Pen G = Pencillin G, Chloram = Chloramphenicol,

Ampho B = Amphotericin B, NA = Not active

172
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Figure 3.11 Structure of four.menoterpenoid compounds.

size 10-13 mm). Nonetheless, when ihe (;ombination of sabinene with other aromatic
compounds, it did not display any benefit Eo}hpared to sabinene alone.

Based on the above findings, the‘individual sabinene exhibited potential
antimicrobial activity against the entire itef’s_ffeq Gram-positive bacteria, one Gram-
negative bacterium E. coli and yeast C(;_ai'gicans. None of these combinations
displayed a synergistic activity against thé""t'és't'ed bacteria and yeast. However, the
additive effect was found-in-the-combination-of sabinene and o-terpinene against S.
aureus and the mixtare of sabinene and safrole againt B. subtilis. In vitro data
indicated that the essential oil and sabinene had antibacterial against S. aureus, B.
subtilis and EZCali.| They mayiexhibit) the antibacterial-efficacy against a clinical
isolates, meticillin-resistant'S. aurets (MRSA) and extended-spectrum B-lactamase-
producing .E..coli (ESBL). Therefore,, for, further-investigation, .the_ essential oil and
sabinene were 'tested" for Quantitative " antimicrobial’evaluation.. against tested

microorganisms and clinical isolates.
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3.4.3 Minimum Inhibitory Concentrations (MIC), Minimum Bactericidal
Concentration (MBC), and Minimum Fungicidal Concentration (MFC) of
Essential Oil and Its Bioactive Compounds
According to the previous results, the essential oil from the fruit of Z.

limonella and sabinene showed broad spectrum inhibitory against Gram-positive

bacteria, some Gram-negative bacteria and yeast tested. However, the native essential
oil was more effective than sahinene against almost tested microorganisms. Among

Gram-positive and Gram-negative bacteriatestedy S. aureus and E. coli, these two

compounds gave large zone-of-inhibition. These results supported that the essential oil

and sabinene may also be potential antibacterial against clinical isolates, MRSA and

ESBL- producing E. Colistrains MRSA is a type of S. aureus that has become

resistant to antibiotic,/and gan colonize the anterior nares, the area of broken skin, the

groin and the axillae. MRSA is a major céuse of nosocomial infection that has caused
problems in hospital worldwide (Diekema ét al., 2004). On the other hand, ESBL-
producing E. coli are antilotic resistant straifis of E. coli. Normally, E. coli are very
common bacterial that live harmiessly in 'tﬁe‘intestine. The ESBL-producing strains
produce an enzyme called extend-spectrurﬂ —B-Jl'actamase (ESBL), which make them
more resistant to cephalosporin antibiotics (LiVermore, 1995). This makes in infection
harder to treat. Both MRSA-and-ESBE have become a Witle spread serious problem
and several aspects of them a worrying. Therefore, in this study, the antibacterial and
anticandidal effects of essential oil and sabinene were studied against tested
microorganisms-and iclinical, isolated of MRSA and|ESBLyusing broth microdilution

method to determine the MIC, MBC and MFC valugs as shown in Table 3.10.
Table,3.10 presents the. MIC, MBC and MFC. of the essential. il and sabinene

tested against selected reference ‘strains. The eSsential-oil has' variable levels of

inhibition. The ranking of MIC values of tested microorganisms to the essential oil

was as follows: S. aureus (MSSA) > MRSA = E. coli > ESBL = B. subtilis = C.

albicans, while the MBC values of these sensitive strains have equivalent at 2 mg/mL.

Only P. aeruginosa was resistant to the essential oil at the highest concentration

tested. On the other hand, sabinene exhibited the same MIC and MBC values (4.22

and 16.88 mg/mL) against MSSA, MRSA, E. coli and ESBL, while sabinene
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Table 3.10 Antibacterial and anticandidal activities-of the essential o1l fromZ. limonella and Sabinene assayed by MIC,
MBC and MFC values.

Microorganisms Crude essential-otl Sabinene Chloramphenicol Amphotericin B
MIC MB GIMFE MIC MBC/MFC MIC MB C/MFC MIC MFC
(mg/mL) (mg/mi) (mg/mL) © (mg/mL) (mg/mL) (mg/mL) (mg/mL) (mg/mL)
S.aureus ATCC 25923 (MSSA) 0.25 2.0 422 ik 4 18.98 0.00625 0.0125 NA NA
S.aureus ATCC 43300 (MRSA) 0.50 2.0 4.22 16.88 0.01250 0.0500 NA NA
E. coli ATCC 25922 0.50 2.0 4.22 116.88 0.00313 0.0250 NA NA
E.coli ESBL 1.0 2.0 4.22 ©116.88 0.00313 0.0500 NA NA
P. aeruginosa ATCC 27853 NA NA NA NA 0.10000 0.2000 NA NA
P. aeruginosa NA NA NA NA 0.10000 0.2000 NA NA
(multidrug resistance)
B. subtilis ATCC 6633 1.0 2.0 8.45 40.0 0.00313 0.0500 NA NA
C. albicans ATCC 10231 1.0 2.0 NA NA NA NA 0.00250 0.0050

NA = not active

LL



78

appeared to possess some activity against B.subtilis with a MIC of 8.45 mg/mL and
MBC 40.0 mg/mL. In addition, the single sabinene did not show any activity against
P. aeruginosa and C. albicans at the highest concentration tested. The results indicate
that the essential oil showed stronger activity than individual sabinene. This also
confirmed that the antimicrobial properties of the essential oil are mainly related to
chemical components and structure of essential oil constituents. The modes of action
of chemical compostions of the essential oil are different depending on
microorganisms (Villar et al., 1986). In addiuion,when comparing the antimicrobial
activity of the essential-0il-and sabinene with  different methods used, the
microdilution method showed hetter activity than disk diffusion method. This was
particularly in the case of+E..coli which was maore sensitive in the microdilution
method than disk diffusionsmethod. It was noticed that the low water solubility of the
essential oil and their €omponents Iimitéd their diffusion through the agar medium.
The miscibility of the essential ‘o1l may cau;e problems when assaying their activity.
For the reasons, the disk diffusion method' was appropriate to screen antimicrobial
activity of the test substances. Therefore,'bfoj[h method used in the microtitre trays,
had the advantage of lower workiead for Iérgél’" number of replicates and used small
volumes of the test substances and growth meditims This.method dilution of oil was
better, there was ng agar-in-the-medium; and- there-was-better diffusion through the
liquid medium (Marina, 2006).

According to previous results, it could be concluded that the essential oil and
individual sabinene showed broadsspectrum inhibitory-against'S. aureus (MSSA and
MRSA), B. subtilis, E. coli, ESBL-producing E. coli and C. albicans, whereas against
P. aeruginosa .it appeared, to._be completely.inactive, MSSA, MRSA, E. coli and
ESBL-producing E.coli 'strains wereeven moré susceptible ta essential oil and
sabinene than other tested microorganisms. Further study was to examine the
antibacterial potency of the essential oil and sabinene against MSSA, MRSA, E. coli

and ESBL-producing E. coli by time-Kkill curve studies.
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3.4.4 Time-Kill Curve Studies of the Essential Oil of Fruit of Z. limonella and

Bioactive Compounds

In the previous study, the MICs and MBCs values were used as prediction
tools for antimicrobial action of essential oil and individual sabinene. There are
limitations to the use of data since it does not consider time-related antimicrobial
effects, such as killing rate. The bactericidal potencies of the essential oil and
sabinene in terms of the kinetics of bacterial.death was determined by the number of
remaining viable bacteria at varying time pointafter exposed to the tested substances.
In this study, the kinetics.of killing of essential-oil-and sabinene against two sensitive
strains of bacteria (S. aureus-.ATCC 25923 (MSSA) and E. coli ATCC 25922) and
two clinical strains (S. aureus ATCC 43300 (MRSA) and E. coli ESBL). The results
of time-kill curve studies age presented in Figure 3.12.

The results show that the essentiél oil and sabinene were more active against
MSSA and E. coli than against ¢linical isolafé MRSA and ESBL-producing E. coli. At
4xMBC, essential oil (8 mg/mL) and sabinene (67.6 mg/mL) had a lethal effect
against all tested bacteria. In case‘of E. co'li;a'r}d MSSA killed with in 3 min, whereas
in the case of MRSA and ESBL total kill ;/vaé" attained with in 1 hour and 15 min,
respectively. At 2xMBC, both essential oil (4 mg/mL) and sabinene (33.8 mg/mL)
exhibited bactericidal-effect-on-MiSSA-and E:-eolt-witii-in 10 min, while there was
complete eradication "against MRSA and ESBL-producing E. coli with 90 min.
However, at 1XMBC, MSSA and E. coli cells decrease to undectable levels within 15
and 30 min exposure to essential oil (2'mg/mLy). Injadditionzat 1xMBC of essential
oil exhibited bactericidal effect on"MRSA and ESBL-producing E. coli for 3 hours,
while for sabinene was.able to.kill the two.organisms.within 2.hours.

The doses at'all'MBC levels of the essential oil and'sabinene were bactericidal
to all the tested strains. The bactericidal activities of tested bacteria is also dose and
time dependent. When the MBC values of essential oil and sabinene increased
(2xMBC, 4xMBC), its antibacterial activity increased as shown by the shorter contact
time required to inactive the tested bacteria. The rate of killing for essential oil and
sabinene against MSSA and E. coli more rapid than MRSA and ESBL-producing E.
coli. Comparison of the time killing of essential oil and sabinene showed closeness

with the bactericidal activities of the same MBC values. However, the MBC values of
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the essential oil were eight times greater than that of the same MBC of sabinene. This
data indicated that the essential oil was more active than sabinene against all the
bacteria tested. On the other hand, time-kill curve showed that MSSA were more
susceptible to sabinene than E. coli. Therefore, the Gram positive-bacteria were
sensitive to sabinene than Gram-negative bacteria. These results indicated that Gram-
positive bacteria more susceptible to sabinene compared with Gram-negative bacteria.
Thus, the sabinene might be able to penetrate through cellular membranes or interact
with intracellular components of Gram-pesitive.-bacteria more rapid than Gram-
negative bacteria. It is netable, in particular, that-the essential oil exhibited high
efficacy against clinical isolate_strains, MRSA and ESBL-producing E. coli more
time-killing rate than sabipnene.This finding suggested that the antimicrobial activity
of essential oils be due'to the presence of synergy between the major components and
other constituents of the essential il Iéading to various degree of antimicrobial
activity. These results indicate possibility thét the hydrephobicity of the essential oils
is the main properties responsible for'the distribution of bacterial structures increasing
their permeability due to their inability to “partition the lipids from bacterial cell
membrane (Poolman et al., 1987} Fhis cauées]"expansion of the membrane, increase
fluidity or disordering of the membrane structure. and- inhibition of membrane-
embedded enzyme (Sikkema-etail.;-1995):

In conclusion, these findings suggest that the disc diffusion methods be
suitable for screening purposes only and the qualitative data should sought using a
broth dilution method and time-kilbassay.-However, | limitation:of the measurement of
MICs and MBCs' is the inability” to the method to determine how quickly an
antimicrohial , agent. acts_on_the. microorganisms.” Whereas,. time-kill assays were
expressed as'the rate of Killing by~ a‘fixed ‘concentration.of an‘antimicrobial agent.
Therefore, time-kill assay allows determination of the speed and efficacy of
bactericidal activity of substance at each time interval. In this study, the essential oil
and sabinene had a broad spectrum antibacterial and anticandidal activity against
Gram-positive, some Gram-negative bacteria and yeast. The rate of killing of the
essential oil and sabinene appeared to be time and concentration dependent. At lower
concentration of essential oil, more bacteria were completely killed. However, the

bioactive compound from this essential oil, sabinene was responsible for antibacterial
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activity. In addition, the essential oil shows potential to be considered as anti-MRSA
and anti-ESBL producing E. coli agents commonly found in hospitals. Therefore,
these data suggest that the essential oil could be blended into soaps, handwashes and
shampoos, which could be used in hospital hygiene regimens to prevent the spread of

such infections.
3.5 Experimental Section

3.5.1 Preparation of Essential Oil Fractien

Fractional distillation of-the native essential oil (100 g) was carried out in
batch mode under vacuum-tsiag a custom built, proprietary column. Many fractions
were obtained during sthe sfractional® distillation process; samples of similar

composition were pooled.based on data derived from gas chromatographic analysis.

3.5.2 Chemical Compesition of the Esseﬁtial Qil

Analytical GC-MS of ja distillated essentiel oil was performed on a GC-MS
Thermo Electron. The 70%Cyanopropyi ~Polysilphenylene-siloxane TR-FAME
column (60 m x 0.25 mm ID X85 um fil}n tlﬁickness) was directly coupled to the
mass spectrometer. The carrier gas was Hzr(VI.'l'r'nL/min) and the program used was 2
min isothermal at 58°C; followed by 50-180°C for 45 min; the injection port
temperature was 250°C. lonization of the sample compounds was performed in E.I.
mode (70eV). The constituents were identified by comparison of their mass spectra
with those in the computer library‘and with-authentic Compounds. The identifications
were confirmedsby comparison of their retention time indices with those of authentic

compounds or with-literature data.

Fractionated essential oils were analyzed by GC-FID using CP-sil5 (30 m x
0.25 mm) with an oven temperature programmed as follows: from 50°C (isothermal
for 10 min) to 65°C at 15 min™, and from 65°C to 160°C at 15 min™. Injector and
detector temperatures were 220 and 250°C respectively. Identification of oil
components were compared their retention indices with those of authentic

compounds.
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3.5.3 Antifungal Assay

The native essential oil, fractionated essential oils and tested compounds were
examined for antifungal activity against five phytopathogenic fungi by agar
incorporation assay as described in the experimental section of Chapter 2 (Toudon,
1990 and Dwivedy and Dubey, 1993) and were determined MICs and MFCs by
macrodilution method. Three independent experiments were performed and each
experiment was run in triplicate.

A broth macrodilution method is used to.determine the minimum inhibitory
concentration (MIC) modified-by the ‘method-deseribed by Schmourlo et al., 2005.
Antifungal tests were perfermed in Potato dextrose broth (PDB). Bioactive
compound(s) and essential’oil-were dissolved 1%tween 80 and then, 500 uL from
each of serial two-fold dilution ofithe samples was added to 4.5 ml of culture broth
containing 100 pL of 40° spore/mL for fungal strains. The PDB tube was treated with
1%tween 80 without essential o1l and bioactive compeund were used as a negative
control, whereas benomylwasg used as a pdsiti\)e control. The tubes were incubated on
incubator shaker at room tempefattire abdiijt' 57 days. The highest dilution (lowest
concentration) showing no visibie growth, is régarded as MIC. Cells from the tubes
showing no growth-were subcultured on PDB to detegmine if the inhibition was
reversible of permanent. MFC was determined as tine highest dilution (lowest

concentration) at which no growth occurred in test tube.

3.5.4 Antibacterial and Anticandidal,Assay,

The native “essential” oil, ‘fractionaed essential oils ‘and test compounds were
examined for antibacterial and anticandidal activity against four bacteria and one
pathogenic yeast by disc diffusion method as describe_in experimental section of
Chapter 2 (CLSI, 2005) and were determined MICs, MBCs, and MFCs by a
microdilution method.

MIC, MBC and MFC determination for essential oil and bioactive components
were performed by the broth microdilution method, according to the Clinical and
Laboratory Standards Institued protocol (CLSI, 2007). Antibacterial activity was
tested in Mueller Hinton broth (MHB), whereas yeast was performed in Sabouraud
dextrose broth (SDB). The essential oil and bioactive compounds were individually
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dissolved in 1%tween 80 to obtain the highest concentrations. Serial two fold
dilutions of essential oil or bioactive compounds were prepared in a 96-well microtiter
plate at 100 pL final volume per well. Each well contained 20 pL of tested
compound, 20 pL of cell suspension of the tested microorganism at 10° CFU/mL and
60 pL of culture broth. The microtiter plates then were incubated at 37°C for 24 h,
except for C. albicans which was incubated at 25°C for 24 h. After incubation, the
wells were examined for growth of microgrganisms and the MICs were determined.
The MIC was defined as the lowest concentration of essential oil or the active
compound at which the micreorganism-did not demeonstrate visible growth. The MBC
and MFC were confirmed by.re-inoculating onto fresh culture agar plate with 10 pL
of each supernatant fluid from<the MIC tested the wells with no microbial growth.
The MBC was defined assthe'lowest cencentration of the essential oil or the pure
compound at which™ incubated microorganisms were completely killed.
Chloramphenicol and amphotericin B wefé used as positive controls in parallel
experiments. Three independent experimehts’were performed and each experiment

was repeated three times.

3.5.5 Time-kill Studies

The bactericidal activity was determined accortiing to the CLSI guideline
(CLSI, 1999). Time-Kill kinetics were determined by the riumber of remaining viable
bacteria at varying time points after exposed to the essential oil and sabinene. The
essential oil or_sabinene 4wvas pre-mixed ‘with 1%tween 80 and added into tubes
containing MHB at«various: cancentrations: (1%, 2x and 4xMBC) and to achieve an
initial inoculum of approximate 10° CFU/mL. Fubes were contained MHB, initial
inoculum and 1%tween 80 were served as controls. All tubes were incubated at 37°C.
The samples were taken at 0, 15, 30, 45, 60, 90, 120, 150 and 180 min. When rapid
killing occurred, samples were also taken at 3, 6, 9, 12, 15, and, 30 min. The survival
bacterial counts were performed by making appropriate dilutions in 0.85%NaCl, then
100 pL of each dilution was spread onto the surface of MHA and incubated at 37°C
for 24 h, then the number of bacterial colonies in CFU/mL was counted. Time-Kkill
curves were constructed by plotting log;oCFU/mL against time (min). Experiments

were carried out in triplicates.



CHAPTER IV

CHEMICAL COMPOSITIONS AND BIOACTIVE COMPOUNDS FROM
THE STEMS OF Z. limonella Alston.

Based on biological screening tests, the CH,Cl, extract of the stems exhibited
good antimicrobial activity and the highesi level of antioxidant activity. Therefore, it
is rationalized to search for chemical composttion and biological active constituents

from this particular fraction:

4.1  Fractionation and Antimicrobial Activity Determination of the CH,Cl;

Extract from the'Stefsof 2. limonella
4.1.1 Fractionation .

The dried stems of Z. limonella (12 kg);were extracted with CH,CI;, by soxhlet
apparatus. The CH,CI, crude extract, 100 g as a black-brown sticky was subjected to
silica gel column using gradient solvent stajtlng from hexane and increased polarity
by mixing with EtOAc and- MeOH. Each:-ﬁaction was collected and combined
according to the TEC results to obtain five fractions, &1 - Fr 5. The results of
fractionation are presented in Table 4.1.

Table 4.1 Ther results, of. fractionation.-the ,CH-Cl,. extract from the stems of

Z. limonella-by silica'gel-column

Fraction No. Solvent system Remarks Weight (g)
Frl 100%hexane white wax 13.35
Fr2 20-30%EtOAC in hexane yellow oil 12.85
Fr3 30-50%EtOAC in hexane orange oil 4.97
Fr4 50-100%EtOAcC in hexane brown syrup 30.21

Fr5 5%MeOH in EtOAc dark brown syrup 34.41
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Five fractions were obtained by silica gel column of the CH,CI, extract of
stems. Fractions 4 and 5 gave the highest yield as 30.21 and 34.41 g, respectively.

Each fraction was subjected to antimicrobial assay.

4.1.2 Antifungal, Antibacterial, and Anticandidal Activity Determination

Five fractions from the CH,CI, crude extract were tested at 5,000 ppm dose
against five phytopathogenic fungi. (F. oxysporum, C. cassiicola, E. turcicum, F.
oxysporum f. sp. vasinfectum and C. lunaia).by agar incorporation method. The
percent growth inhibition isdisplayed in, Table 4:2:

The data from Table 4.2 indicated that Frs.2, 3 and 5 displayed moderate
antifungal activities, while ErL-had little activity against phytopathogenic fungi. In
addition, Fr 4 displayed'mare poient activity than the other fractions and percentage
inhibition was nearly to that of the o'ri'g.jinal CH,Cl, crude extract. The growth
inhibition of tested fungiwere abserved in descending order as follows: C. lunata =
E. turcicum>F. oxysporum f.'sp. vasinfectum>C. eassiicola>F. oxysporum. These
data pointed out that C.lunata and E. turcicum were the most susceptible while F.
oxysporum was the least susceptible to the stem crude extract and Fr 4. The CH,Cl,
crude extract and Fr 4 showed completely inhibition against C. lunata and E. turcicum
at 5,000 ppm dose.

In addition, the antibacterial and anticandidal activities of the CH,CI, crude
extract and five fractions were investigated towards B.'subtilis, S. aureus, E. coli, P.
aeruginosa, and.C. albicans;-at the final concentration of 5 mg per disc by paper disc
diffusion method. The_antibacterial spectra shawing zohe of inhibition in mm are
shown in Table 4.3.

Table 4.3 shows that the' CH,Cl, extract and Fr 4 were more effective against
tested organisms than other fractions. Frs 2, 3 and 5 possessed moderate antibacterial
against Gram-positive bacteria including B. subtilis and S. aureus and did not show
inhibitory activity against Gram-negative bacteria and yeast C. albicans. In contrast,
Fr 1 did not show any inhibitory activity against all bacteria and yeast tested. The
CH,CI; crude extract and Fr 4 showed similar antibacterial activities against Gram-
positive bacteria and yeast tested. Regarding, Fr 4 created larger inhibition zones

against Gram-positive bacteria (B. subtilis (12.2 mm), ), S. aureus (13.5 mm), and C.



Table 4.2 Growth inhibition of fungal species in agar incorperation me-thod of the. CH,Cl, extract and each fraction from the

CH,CI, extract

87

Ext_ract/ F. oxysporum f.sp. B oxyspolum 3 - C.lunata C.cassiicola E. turcicum
Fraction No. vasinfectum -
Growtha Inh Growth? Inh _ Growth? Inh Growtha Inh Growtha Inh
(mm) (%) (mm) (o) (mm) (%) (mm) (%) (mm) (%)
CH, Cl, crude extract of stems 10.7+ 13 88.1+14 29.0£1.0 65.3+ 1.2 © 0.0£00 100.0+ 0.0 24735 69.2+4.4 0.0+0.0 100.0+0.0
'.4"_ -
Fri 90.0£ 0.0 0000 90.0 £ 0.0 00+£00 "~ 615+18 317+ 20 78.7+£12 170+14 77.0£0.0 144+11
Fr2 720+6.6 20.0+7.3 90.0+£0.0 .. 750.0+0.0 _400J_r 10 556+11 76.3+15 165+19 63.2+0.8 29.8+0.8
Fr3 513115 430+ 1.7 90.0 £ 0.0 00+0.0 440+£10 511+11 547+25 31.7+£31 457+15 49.3+1.7
Fr4 303+21 66.3 £ 2.3 30.0£ 3.0 63.7+ 3.8 0.0£00 12000+ 0.0 18.7+0.8 76.7+£1.0 0.0+00 100.0+0.0
Fr5 433+21 519+23 78.0+2.0 70+18 20+10 T756+11 527+15 342+19 178+10 80.2+1.1
Benomy| .
(100 ppm) 0.0+ 0.0 100.0+0.0 0.0+0.0 100.0+£ 0.0 168+14 69.1+13 00+0.0 100.0+£00 241+14 73.2.£15

Inh.; Inhibition , * Values, an average + standard deviation of 3 replicates, of the mean growth inhibition of fungi species

/8



Table 4.3 Antibacterial and anticandidal activitiesof the CH,Cl, extract and each fraction from the CH,CI, extract

Extract/ Fraction No.

Diameter of inhibition zone? (mm)

B. subtilis S.;aureus E. coli P. aeruginosa C. albicans

CH, Cl, crude extract of stems 10.8+0.3 107+0:3 79+0.2 7.2+03 8.7+03
Fri 0.0+ 0.0 0:0< 0.0 ¢ 0.0+0.0 0.0+ 0.0 0.0£0.0
Fr2 8.5+05 9.2+ 0.44% 0.0+£0.0 0.0£0.0 0.0+0.0
Fr3 8.2+03 10.1+03 0.0+0.0 0.0£0.0 0.0+0.0
Fra 122+1.0 1375 £ 0By 0.0+ 0.0 0.0£0.0 105+05
Fr5 10.3£0.8 9.8+ 1.0 0.0500 0.0£0.0 0.0+0.0
Pen G (10 unit/disc) 26.9 +0.6 31188 0.0+0.0 0.0+ 0.0 NT

Chloram (30 pg/disc) 31.2+15 24.3+0.8 194+ 0.8 16.6 + 0.9 NT

Ampho B (25 pg/disc) NA NA NA NA 107 +0.7

% Values, an average + standard deviation of 3 replicates, of the mean diameter of iphibition zone

NA = Not active; NT = Not test

88

88
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albicans (10.5 mm)) than that of the CH,Cl, crude extract. However, the CH,Cl,
crude extract had a little active against Gram-negative bacteria (E. coli and P.
aeruginosa), while Fr 4 did not show inhibitory activity against these bacteria. Thus,
the order of the antibacterial activity of Fr 4 and the CH,Cl, crude extract was S.
aureus > B. subtilis > C. albicans > E. coli = P. aeruginosa, respectively.

These results indicated that Fr 4 possessed significant in vitro antimicrobial
properties against Gram-positive bacteria (B. subtilis and S. aureus), yeast (C.
albicans), and all phytopathagenic fungi iested. lt.could be concluded that Fr 4 may
contain bioactive componenis-as natural antimicrebial agents. However, all fractions
of crude extract were further purified to search for chemical compositions and
antimicrobial compounds sincethere was no report on the constituents of the stems of

this plant.

4.2 Separation and Strticture Elucidatioh-of Isolated Compounds

Each fraction, Frs 1-5, was re-subjectéd"to silica gel column using mixtures of
hexane-EtOAc and EtOAc-MeOH of incr'easi‘ng polarity as eluents. Six compounds
and a mixture of steroids were ebtained aﬁer]’further separation by combination of
silica gel chromatograph and Sephadex L.H-20. Mixture 1.(3.45 g) were isolated from
Fr 2, compound 2 (0.22 g) was obtained-from Fr 3; compounds 3 (4.61 g), 4 (4.50 g),
5 (0.02 g), 6 (0.04 g) and 7 (1.72 g) were obtained from Fr 4. Among these isolated
compounds, compound 6 has been characterized as a new naturally occurring
compound. Compeunds 3 and 4 were determined as a:major eompound of this extract.
The known compounds™1-6 were identified in each case by comparisons of their H,
3C NMR,. TLC, .and/or.mixed..melting. points=with the corresponding authentic

samples or literature data. Thelisolation‘procedures’are summarized in.Scheme 4.1.

4.2.1 Mixture 1
Mixture 1 was isolated as white paste solid (3.45 g) from silica gel column. Its
melting point was 132-141°C and R¢ value was 0.55 (50% EtOAc/hexane). It could
not be detected on TLC under UV, but could be detected with 10% H,SO,4 in MeOH.
The GC chromatogram showed three peaks at Rt 15.98, 16.23, and 17.10 min,

respectively. These peaks were compared with a standard mixture of phytosterols.
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The analysis of these peaks revealed that -sitosterol (59%) was identified as a
major component, followed by campesterol (32%), and stigmasterol (9%). The
structures are shown in Figure 4.1. Generally, the steroid in nature was present as a
mixture. Therefore, this mixture was analyzed by GC as presented in Figure 4.2.

According to previous studies, steroids have been detected in various parts of
some Zanthoxylum species, such as four steroids: [-sitosterol, stigmasterol,
campesterol and B-sitosteryl-3-O-B-D-glucoside were isolated from the leaves of Z.
schinifolium and two steroids: p-sitosterol.-and«stigmasterol were isolated from Z.
scandens and Z. integrifoliolum (Chen et al., 2002 Cheng et al., 2007; Cheng et al.,
2008).

CHj

— J-:

Stigmasterol Campesterol—— B-sitosterol

Figure 4.1 The structure of Mixture 1
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Figure 4.2 The GC Chromatogram of Mixture 1
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4.2.2 Compound 2

Compound 2 was isolated as a colorless needles, m.p. 120-122°C, and [0]*%
—111° (c 0.1, CHCI5). This compound showed a single spot on TLC with R value of
0.55 (SiOy; hexane: CH,Cl, = 1:1). Its molecular formula was established as CH15O0¢
by ESIMS ([M+Na]* = at m/z 377).

The *H NMR (CDClIs) spectrum is presented in Appendix B. Its structure was
verified by comparing with report values (Wimalasina and Karunawansha, 1994). Its
spectrum displayed six aromatic protons at ¢,446.83<6.72 (m, 4H) and 6.86 (s, 2H), six
protons connecting to oxygen-atom at oy 3.94-3.80(m, 1H), 3.32-3.27 (m, 1H), 3.94-
3.80 (m, 1H), 4.09 (d, 1H, J.=9.5 Hz), 4.82 (d, 1H, J = 5.3 Hz), 4.38 (d, 1H, J=7.2
Hz) and two protons observed at 4 2.86 (g, 1H, J = 13.9, 7.0 Hz), 3.22-3.27 (m, 1H).
Four methylene protons being between two oxygen atoms at dw 5.95 (s, 4H) were also
detected. F

The **C NMR (GDCls) spectrtin (Ap;pendix B) showed twenty carbon signals.
Twelve signals of aromatic carbons at 5(:-'14'7 9, 147.6, 147.2, 146.5, 135.0, 132.2,
119.6, 118.6, 108.1, 106.5, 106.4 and 1064 two methylene carbons between two
oxygen atoms at oc 101.0 and 101.6; four sp carbons connecting to one oxygen atom
at dc 87.6, 82.0, 70.9.and 69.7, two sp* carbons at dg:54.6,and 50.1. By comparison of
spectroscopic data of-Compound 2 with the published th the literature (Wimalasena
and Karunawansha, 1994), this compound was designated as (—)-asarinin (Figure
4.3). The *H and *C NMR spectral assignment are tabulated in Table 4.4.

The lighan, | (#):asarinin {(2)7 has= been rdetected, 4n° the barks of some
Zanthoxylum species, such as Z. clave-herculis and Zanthoxylum sp. Sevenet 1183
(Rao and Devies, 1986;,Vaguette.and Waterman, .1979),

Figure 4.3 The structure of Compound 2



Table 4.4 The *H and **C NMR spectral of Compound 2
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HMQC HMBC
Position on (Jin Hz) oc (ppm)

Compound 2 Ref* Compound 2 Ref*

1 3.22-3.27 (m, 1H) 3.31-3.27 (m, 1H) 50.1 50.1

2 4.82(d,1H,J=53Hz)  4.81(d, 1H,J =5.0 Hz) 82.0 82.0

4 3.94-3.80 (m, 1H) 8.83-3.77 (m, 1H) 70.9 70.9

4.09 (d, 1H, J=95Hz) 406 (dy¢1H, J = 9.0 Hz)

5 2.86 (g, 1H, J=48.9, 7.0 Hz) 2.95-2.85 (m, 1H) 54.6 54.6

6 438 (d, 1H, J=72Hz) 438 (d,1H,J=7.0 Hz) 87.6 87.6

8 3.94-3.80m, iH) 3.83-3.77 (m, 1H) 69.7 69.7

3.32:8.27 (M, AH) £ 3.31-3.27 (M, 1H)

1 - 4 - 132.2 132.2

2! 6.864(s, 2H) 6.99-6.77 (m, 6H) 106.4 106.4

3 y | \ 1465 1465

& . B W - 1472 1472

5 6.83-6.72 (m, 4H) _f’@.'_9_97-6.77 (m, 6H) 1081 108.1

6 6.836.72 (m, 4H) 6.99-6.77 (i, 6H) 118.6 116.7

1" = - 135.0 135.0

2" 6.83-6.72 (m, 4H) 6.99-6.77 (m, 6H) 106.5 106.5

3" - - 147.6 147.6

4 i - 147.9 147.9

5" 6.86 (s, 2H) 6.99:6.77 (M, 6H) 106.4 106.4

6" 6/183-6.72 (m4H) 6.99:6.77 (M, 6H) 119.6 119.6

OCH,0 5.95 (s, 4H) 5.95 (s, 4H) 101.0 101.0

OCH,0 5.95 (s, 4H) 5.95 (s, 4H) 101.0 101.0

*solvent = CDCl;



94

4.2.3 Compound 3

Compound 3 (5.32 g) was obtained as a major compound from the CH,CI,
extract. This compound was attained after being crystallized as colorless needles, m.p.
131-132°C; [a]®> 0 (c 0.1, CHCIs); Ry values 0.6 (silica gel, 100% CH,CL,). Its
molecular formula was proposed to be C1,H13:NO, by ESIMS ([M+Na]" at = m/z 224).

Compound 3 was confirmed its identity by *H and **C NMR and compared the
spectroscopic data with those reported values (Bhoga et al., 2004) as collected in
Table 4.5.

The *H NMR (CBECls)-spectrum' of Compound 3 (Appendix B) revealed four
aromatic protons at oy 8.22 (éy'1H, J = 8.4 Hz), 7.99 (d, 1H, J = 8.8 Hz), 7.67 (ddd,
1H,J=8.4,6.8, 1.6 HZ) and 7.42/(ddd, 1H, J = 8.4, 6.8, 1.2 Hz), two doublet olefinic
protons at oy 7.03 (d,4H, J*= 2.8 Hz) and.7.59 (d, 1H, J'= 2.8 Hz), and three protons
at 5,4 4.40 (s, 3H). '

The *C NMR (CDClg) spectra (Appé-ndix B) appeared twelve carbons signals.
Six carbon signals of aramatic-carbons were observed at oc 146.0, 129.5, 127.5,
124.0, 122.0 and 104.0. Four sp*carbons O‘f furan ring at dc 164.0, 143.5, 119.0 and
106.0, one sp? carbon connecting to methc;xy'l"'group at oc 158.0, and one methoxy
carbon at dc 59.5 were also detected. Y=

The above data-led-to-estabhish-the structure-of Compound 3 as 4-methoxy-
2,3-dihydrofuro[2,3-bjguinoline alkaloid. It should be noted that it is the first time for
the report of the isolation of this compound from the stems of Z. limonella.
Compound 3 was designated as/dictamnine:; The: furoquinoline alkaloid, Compound 3
was previously dsolated from Z. cuspidatum, Z. decaryi, Z. belizense, Z. schinifolium,
Z. nitidum,, Z. scandeus, (Ishii.et al., 1973; Vaquette et al., 1974, Najjar et al., 1975;
Chen et al., 1997; Hu ét al., 2007;'Cheng et'al., 2008). The *H and **C NMR spectral
assignment are tabulated in Table 4.5.

) OgCH3
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8
2 N\l

.
P
3
12 130
7 N

Figure 4.4 The structure of Compound 3
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Table 4.5 The *H and *C NMR spectral of Compound 3

HMQC HMBC
Position on (J in Hz) oc (ppm)
Compound 3 Ref* Compound 3  Ref*
1 8.22(d, 1H,J=8.4Hz) 8.19(dd, 1H,J=8.3, 1.7 H2) 122.0 122.3
2 7.42 (ddd, 1H, J =8.4, 7.39/(ddd, 1H, J =8.3, 6.8, 124.0 123.6
6.8, 1.2 Hz) 15 Hz)
3 7.67 (ddd, 1H,J=8.4, 7.64 (ddd,4H,J = 8.3, 6.8, 1295 129.5
6.8, 1.6 Hz) 1+7.Hz)
4 7.99 (d, 1Hed"= 848) 8.0 (dd, 1H, J=8.6, 1.5 Hz) 127.5 127.5
7 7.59 (d, 1H, 4= 2.8 H7) ¥.53 (d, 1H, J=2.7 Hz) 1435 143.4
8 7.03 (d, 1H, 1= 2.8 Hz) 1.58 (d, 1H, J=.2.7 Hz) 106.0 104.6
9 - : - 158.0 -
10 - - 104.0 103.3
11 . A\ 1190 1186
12 - - 146.0 145.4
13 - - 164.0 163.6
13-OCH; 4.40 (s, 3H) 4.28 (s, 3H) 59.5 58.9

*solvent = CDCl;

4.2.4 Compound 4

White needies (5.28 @) of Compound 4 were obtained-from silica gel column,
with m.p. 124-125 °C; [«]®p 0 (c 0.1, CHCI3) and Ry value 0.5 (SiO,, CH,Cl,-MeOH,
99:1). Fhesmolecular formula-of-Compound 4was determined a5 CygH17NO; on the
basis of ESIMS m/z 278 [M+Na]".

The *H NMR (CDCIs) spectrum is presented in Appendix B. Its spectrum
displayed nine aromatic protons at oy 7.45 (s, 1H), 7.13 (d, 2H, J = 8.3 Hz), 7.39 (t,
2H, J =7.4 Hz), 7.70 (d, 2H, J = 7.5 Hz) and 6.84 (d, 2H, J = 8.3 Hz), one singlet
proton signal of amide group at Jy 6.36 (s, 1H), three methyl protons at oy 3.78 (s,
3H), two protons connecting to amide group at oy 3.67 (g, 2H, J = 6.6, 13.0 Hz), and
two methylene proton signals at oy 2.86 (t, 2H, J = 6.9 Hz).
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The **C NMR (CDCls) spectrum (Figure 7 in Appendix B) showed sixteen
carbon signals. Twelve signals belonged to aromatic carbons could be detected at dc
158.3, 134.6, 131.4, 130.9, 129.7, 129.7, 128.5, 128.5, 126.8, 126.8, 114.1 and 114.1.
Carbonyl carbon signal of amide at oc 167.5, a signal of methoxy carbon at oc 55.3, a
carbon signals connecting to amide group at oc 41.3, a methylene carbon signal at Jc
34.8 were observed. The *H and *C NMR spectral assignment are tabulated in Table
4.6.

The **C NMR spectrum of Compount4 was further compared with published
data of dihydroalatamide«(Hsiao and-Chiang;~1995) and could be concluded its
structure as N-(4-methoXyphengihyl)benzamide. In previous reports, the aromatic
amides, dihydroalatamide was isolated from the stem woods of Z. alanthoides (Sheen

et al., 1994). However, Compound 4 was reported for the first time in Z. limonella.

H,Ce™

e

Figure 4.5 The structure-of Compound-4

Table 4.6 The *H and **C NMR Spectral of Compound 4

HMQEC HIMBC
Position on (Jin Hz) oc (ppm)
Compound.4 Compound 4 Ref*
1 - 134.6 135.3
2 7.7(d,2H,J=7.5Hz) 126.8 127.4
3 7.39(t,2H,J= 7.4 Hz) 128.5 129.2
4 7.45 (s, 1H) 131.4 132.0
5 7.39 (t,2H,J= 7.4 Hz) 128.5 129.2
6 7.7(d,2H,J=7.5Hz) 126.8 127.4
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Table 4.6 (continued)

HMQC HMBC

Position on(J in Hz) oc (ppm)
Compound 4 Compound 4 Ref*
7 - 167.5 168.1

8-NH 6.36 (s, 1H) - -

9 3.67 (g, 2H, J = 6.6, 13.0 Hz) 41.3 41.9
10 2.86 (t, 2H, J =6.9 Hz) 34.8 354
11 7.45 (S, dH) 131.4 132.0
12 7.13 (d, 2HJ =8.3 Hz) 129.7 130.4
13 6.84 (d,2H, J=28.3Hz) 141 114.8
14 - N 158.3 159.0
14-OCHs; 3.78/(s,8H) # 95.3 55.9
15 6.84 (df2H;J = 8.3 Hz) 1144 114.8
16 713(d,2M, 1=83H) . 1207 130.4

*solvent = CDCl3

4.2.5 Compound 5

Compound 5 was purified by sitica gel column-of the CH,Cl, extract, red
needles (20 mg) with f.p. 279-280 °C; [a]*%> 0 (c 0.1; CHCIs); Ry value 0.4 (SiO,,
CH,Cl,-MeOH, 99:1). Molecular formula was determined to be CyH1sNO,4 on the
basis of 'H, 1*C INMR| and ESIVIS]/The, ESIMS] of this<compound showed the
molecular ion peak at m/z 356 [M+Na]".

The H-NMR (CDCl3)-spectrum is, preserited,in, Appendix.B..Its structure was
verified by ‘comparing with'report values (Martin et al.; 2005). Its'spectrum displayed
seven aromatic protons at oy 9.24 (s, 1H), 8.70 (s, 1H), 8.28 (d, 1H, J = 8.8 Hz), 7.89
(s, 1H), 7.83 (d, 1H, J = 8.8 Hz), 7.40 (s, 1H), 7.26 (s, 1H), two methylene protons
connecting to oxygen atom at oy 6.13 (s, 2H) and six methyl protons at oy 4.16 (s,
3H) and 4.09 (s, 3H).

The **C NMR (CDCl;) spectrum (Figure 9 in Appendix B) showed twenty
carbon signals. Sixteen carbon signals of aromatic carbons were observed at oc 153,
150, 148.2, 148.0, 140.4, 129.6, 129.1, 128.8, 126.6, 122.4, 120.2, 118.1, 107.3,
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104.4, 102.2, 101.6, two methoxy carbon at Jc 56.2 and 56.1, a methylene carbon
between two oxygen atoms at Jc 101.3, an imine carbon connecting to nitrogen atom
at dc 149.8 were detected. The complete assignment protons and carbons for
Compound 5 were presented in Table 4.7.

On the basis of all the spectral data, the structure of Compound 5 was
established as N-nornitidine (Figure 4.6). The benzophenanthridine alkaloid, N-
nornitidine (5) was isolated for the first'time in Z. limonella. This alkaloid was
previously obtained from .the woods @and fruits of Z. microcarpum and Z.

integrifoliotum, respectively-(Boulware-and Stermiiz,1981; Chen et al., 1999).

Figure 4.6 The structure of Compound 5 ..

Table 4.7 *H NMR and *C NiR spectral of Compound 5

HMOC HMBC
Position on (Jin H2) oc (Jin Hz)

Compound 5 Ref* Compound 5 Ref*
1 726 (S, 1H) 7.46 (s,1H) 104.4 104.6
2 - - 148.0 147.1
3 N - 143.2 147.7
4 7.89 (s, 1H) 8.14 (s, 1H) 102.2 100.6
4a - - 129.1 126.2
4b - - 140.4 142.6
6 9.24 (s, 1H) 9.29 (s, 1H) 149.8 148.6
6a - - 122.4 126.1

7 7.40 (s, 1H) 7.68 (s, 1H) 107.3 146.0
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Table 4.7 (continued)

HMQC HMBC
Position on (Jin Hz) oc (Jin Hz)

Compound 5 Ref* Compound 5 Ref*
8 - - 150 152.2
8-OCHjs 4.09 (s, 3H) 4.03 (s, 3H) 56.1 55.7
9 - - 153 152.2

9-OCHjs 4.16 (s, 3H) 440.(s, 3H) 56.2 -
10 8.70 (spdH) 8.57 (s, 1H) 101.6 118.6
10a - - 128.8 126.2
10b - - 129.6 123.7
11 8.28 (d, 1H, J =88 Hz). 8.24(d, 1H, J=9.9Hz) 118.1 120.0
12 7.83 (d, 14y'J #8.8 Hz) =7.98 (d, 1H, J = 9.9 Hz) 126.6 123.6
12a < | - 120.2 130.8

OCH,0 6.13 (s, 2H) 6106 (s, 2H) 101.3 100.9

*solvent = CDCl;

4.2.6 Compound 6

Compound 6 have been characterized as a new naturally occurring compound.
It was isolated as whité needles (40 mg) with m.p. 138-139°C; [0]*°% 0 (c 0.1, MeOH)
and Rt value 0.61 (SiO,, CH,Cl,-MeOH, 95:5). Molecular formula was determined to
be C1sH1sNOfbaséd ofi the eviderice fromithe ' @nd*?G"NMR and HRESIMS data,
The HRESIMSsof this compound showed the molecular ion peak [M+Na]* at m/z
280.0943 (calcd-for-CqsHisNOoNa, 280.0950),in the positive HRESIMS.

The "H NMR spectruni is presented 'in Appendix-B exhibited“a characteristic
signal for NH proton of amide moiety at oy 11.31. Two sets of doublet at oy 7.76 (J =
7.9 Hz, H-5) and 7.29 (J = 8.1 Hz, H-8) and two sets of triplet at 7.49 (J = 7.1 Hz, H-
7) and 7.23 (J = 7.9 Hz, H-6) were assigned for five aromatic protons. The presence
of two singlet signals at & 6.21 and 5.88 was ascribed for H-4' proton. The three
singlets at oc 4.12 (H-1"), 3.91(3-OCHg) and 1.96 (H-5’) were observed from the

presence of two methylene, three methoxy and three methyl protons, respectively.
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The C NMR spectrum (Appendix B) showed all 15 resonances. A
characteristic carbonyl peak of ketone and amide moieties at Jc 198.8 (C-2') and
165.0 (C-2) was detected. The peaks at oc 137.8 (C-8a), 123.0 (C-5), 122.4 (C-6),
130.5 (C-7), 116.0 (C-8), 117.7 (C-3), 116.9 (C-4a) were observed, indicating from
the presence of 2-quinolone nucleus. Finally, the peaks at 6 144.3 (C-3'), 125.0 (C-4),
33.8 (C-1") and 17.8 (C-5') were resonated.

The attachment of substituents was based on HMBC correlations (Table 4.8
and Figure 4.7). It showed the correlations-heiween the methoxy proton (3-OCHs)
and C-4 and C-1' established the attachment of the methoxy group at C-4. The
correlations between two_methylene protons (H-1") and C-2, C-3, C-4, C-1'" and C-2’
indicated that a methylene carben C-1" linked between C-3 of 2-quinolone core and
C-1' carbonyl group off methyl’ aceyloyl motiety. ‘A methyl group (H-5)) was
substituted on C-3' carbon dué i0.the Co'r:re}ations petween methyl protons and C-2',

C-3" and C-4'. Thus,“Compound 6 was determined as 4-methoxy-3-(3-methyl-2-

oxobut-3-enyl)quinolin-2(1H)-one. o,

ol il

Figure 4.7

Figure 4.8 The structure of Compound 6



Table 4.8 The *H and *C NMR spectral of Compound 6
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Position HMQC HMBC HMBC correlations
on (Jin Hz) oc (Jin Hz)
1-NH - 11.31 (s, 1H) -
2 165.0 - -
3 117.7 - -
4 163.7 7 -
4-OCHjs 62.0 3191 (5;3H) C-4,C-1
4a 116.9 - -
5 123:0 7416/ (d\1H, J = 7.9 H?) C-8a, C-7
6 1224 7.23 (t;1H,J=7.9H2) C-4a, C-7,C-6, C-8
7 130.5 7.49.(t,.2H, J=7.1 Hz) C-5, C-8a,
8 116.0 7:294d; 2H, J=81 Hz) C-4a, C-6
8a 137.8 s 4 -
1’ 33.8 41248, 2H) C-2,C-3,C-4,C-2,C-1’
2' 198.8 - -
3 144.3 - -
4 1250 5.88 (s, 1H) C-2’,C-3,C-%
6.21 (s, 1H)
5’ 17.8 1.96 (s, 3H) Cc-2’,C-3,C-4

4.2.7 Compound-7

Compound 7°(1.72 g) was isolated, from the ‘CH;Cl, extract~This compound
was recrystallized as colorless solid, m.p. 152-153 °C, [0]*%5 —12 (c 0.1, MeOH) and
R¢ value 0.55 (silica gel, CH,Cl,-MeOH: 95:5). The mass spectrum dosplayed the

molecular ion at m/z 294 [M+Na]*. The molecular formula of Compound 7 was
confirmed as C16H17NO3 from the NMR and ESIMS data (Figure 4.9).

The *H NMR (DMSO-ds) spectrum of Compound 7 (Appendix B) exhibited 9
aromatic protons at oy 7.48 (s, 1H), 7.43 (t, 2H, J = 7.6 Hz), 7.26 (d, 2H, J = 8.8 Hz),
7.80 (d, 2H, J = 7.2 Hz) and 6.87 (d, 2H, J = 8.8 Hz). The appearance of a proton
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connecting to hydroxyl group at oy 5.43 (d, 1H, J = 4.3 Hz), two protons connecting
to amide group at 4 3.36-3.24 (m, 2H) and three protons of methoxy group were
observed at oy 3.70 (s, 3H), a singlet proton signal of amide group at oy 8.46 (t, 1H, J
=5.3 Hz) was also detected.

Seventeen carbons signals were detected in the *C NMR (DMSO-ds)
spectrum. The *C NMR spectrum (Appendix B) displayed twelve signals of aromatic
carbons at dc 158.8, 136.2, 134.9, 131.5,/128.7, 128.7, 127.6, 127.6, 127.6, 127.6,
113.8 and 113.8. Two carbon signals of-amide group and methoxy group were
observed at oc 166.8 and-55.4, respeectively. FTweo-carbons connecting to hydroxyl
group and amide group Were.ohsefved at dc 71.1 and 48.1, respectively. The *H and
13C NMR spectra are preseatéd.inTablei4.9.

Comparison of‘speetroscopic data.of Compound 7 with the published in the
literature (Lee et al.,#2007) indicated fhajt_ Its structure was elucidateded as (-)-
tembamide. The aromatic amides, (—)-ten{bamide was Isolated for the first time in Z.
limonela. This compound Was'p'reviousl-s'{ isolated from the stem woods of Z.

alanthoides and the stem bark of Z hyemal'é:_'(,'d_e__Moura et al., 2002).

Figure 4.9 The strueture of Compaund 7



Table 4.9 The *H and **C NMR spectral assignment of Compound 7
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HMQC HMBC
Position on (JinHz) oc (ppm)
Compound 7 Ref* Compound7  Ref*
1 : : 1349 1338
> 780(d2H,J=72Hz) ,776(d,2H,J=69Hz) 1276  126.9
3 743(t,2H,J=76Hz) 743(€2H J=75H7) 1287 1286
4 7.48 (spiH) 6:58 (s;1H) 1315 1316
5 743 (t, 2H,3=7.607) | 743 (t 2H, 9=75H7) 1287 1286
6 780(d,240=72Hz) 7.76(d,2HI=69Hz) 1276 1269
7 : ' \ 1668  168.0
8NH 846 (t 1H(J=73H2) 750 (t, 1H 3 =173 Ho) i i
9 3.36-3.24'(mJ 2H) 2156-3.48 (m, 2H) 48.1 477
O-OH  543(d, 1H,J=43Hz) 309(d 1H,J =35 Ho) i i
10 4.71(pent, 1H) 4.94-4.89 (m. 1) 711 73.3
11 ' : 1362 1341
12 726(d,2H,)=88Hz) 7.33(d,2H,J=87Hz) 1276  127.0
13 6@7(0,2H, I8 8 Hz) 16190/ d2H I =BT H) 1138 1139
14 i i 1588  150.3
14-0CH; 31704(s, 3H) 3.81(s, 3H) 55.4 55.2
15  687(d,2H,J=88Hz) 690(d,2H, J=87Hz 1138 1139
16 7.26(d,2H,J=88Hz) 7.33(d,2H,J=87Hz) 1276  127.0

*solvent = CDCl3
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In conclusion, the chemical constituents of the CH,CI, extract led to the
isolation of a novel quinolone alkaloid, limonelone (6), along with five known
compounds. The known compounds included a lignan; (-)-asarinin (2), two aromatic
amides: dihydroalatamide (4) and (—)-tembamide (7), a furoquinoline alkaloid:
dictamnine (3), and a benzophenanthridine alkaloid: N-nornitidine (5). These known
compounds were identified in each case by comparison their physical and
spectroscopic data found in the literature. These isolated compounds are nevertheless

reported for the first time in Z. limonella.

4.3 Antimicrobial Activitiesofdsolated Compounds of the CH,CI, Extract
The four isolated substanges: Mixture 1, Compounds 3, 4 and 7 were subjected
to antimicrobial activity, whereas Compeunds 2, 5 and 6 were not tested due to lack

of material.

4.3.1 Antiphytopathogenic Fungi Activities of the CH,Cl;, Extract of Stems and

Isolated Compounds e

The five phytopathogenic fungi were :test]éd at 1,000 ppm dose of each isolated
compound and determined By agar incorporation-method. The percent inhibition
results of the CH,Cl,-exiract of stems-and its isolated eompounds are shown in Table
4.10 and Figure 4.10.

The data from Table 4.10 and Figure 4.10 revealed that Compound 3 gave
more percent qinhibitign| thanathose] ofother isolatedy compounds and the CH,CI,
extract of stems, The aromatic amide Compound 4 and Compound 7 exhibited lower
acitivity against.fungi tested, while the Mixture, 1°did.not display growth inhibition for
fungi. These results werelcorrelated with part of screening.test of antifungal activities
from five fractions separated from the CH,Cl, extracts of stems. It was observed that
Fr 4 showed the most effective antifungal activity of five fractions and Compound 3
was isolated from this active fraction express higher potent activity against all fungi
than the CH,CI; extract of stems.  In addition, C. lunata, C. cassiicola and E.

turcicum were completely inhibited at dose 1,000 ppm of Compound 3.
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Table 4.10 Growth inhibition of fungal species in agar ineerporaion method of the CH,ClI, extract of stems and its major omponents of

Z. limonella
Extract/ F.oxysporum f. sp. F.oxyspolum C. lunata C. cassiicola E. turcicum
Compounds vasinfectum *
Growtha? Inh Growtha Inh Growtha } % "Inh Growtha Inh Growtha Inh
(mm) (%) (mm) (%) (mm) (%) (mm) (%) (mm) (%)
CH,Cl, crude 17.1+£0.8 51.2+22 94+0.8 73.1+23 72R0308 79.5R0% 7.2+04 79.3+1.1 0.0+ 0.0 100.0+ 0.0
extract of stems —.
Mixture 1 35.0x0.0 0.0+ 0.0 3%50x10 0.0+ 0.0 35.0+ 0.0 , "0'.:01 0.0 35.0+0.0 0.0+ 0.0 35.0+ 0.0 0.0+ 0.0
Compound 3 11.4+0.9 675+ 25 59+0.2 83.2+ 06 0:04£ 0.0 ' 4/4160:0- 0.0 0.0£0.0 100.0 + 0.0 0.0+0.0 100.0 £ 0.0
Compound 4 202+11  424+32 82+0.3 76.7+0.9 45+0.3 87.2+ 0.9 53+0.3 84.8 + 0.7 0.0+0.0 100.0 + 0.0
Compound 7 26.6+06 241+17 25.7+0.5 2605+ 15 35.0+0.0 0.0+0.0 35.0+0.0 0.0+ 0.0 20.9+0.7 40.2+1.9
Benomy| 0.0+0.0 100.0+0.0 0.0+0.0 100.0:+ 0.0 7.4+°05 789+ 13 0.0+0.0 100.0 + 0.0 28.5+0.8 18.6+2.2

(100ppm)

Inh.; Inhibition, # Values, an average =+ standard deviation of 3 replicates, of the mean growth inhibition of fungi species

S0T
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Figure 4.10 The mycelial growth inhibition zone of the CH,Cl; extract of stems from Z. limonella, Mixture 1, Compound 3,
Compound 4, Compound 7 and standard fungicide; benomyl at 1,000 ppm against (a) F.oxysporum f. sp.

vasinfectum, (b) F.oxysporum, (c) C. lunata, (d) C.cassiicola and (e) E. turcicum

90T
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From this study indicated that Compound 3 was major component in the
CH,Cl, extract of stems, possessed the strongest antifungal activities compared with
the other components, thus chosen Compound 3 for further investigation.

Based on previous result, five fungal strains were sensitive to the Compound
3. Therefore, these phytopathogenic fungi were tested various concentration of
Compound 3 and CH,Cl, extract of stems to evaluated and compared ICsq value of
each fungi. The growth inhibition were calculated and 1Csy value (ppm) as shown in
Table 4.11 and Figure 4.11.

The data from Table 4.11 and-Figure 4.1i-displayed that the 1Csy values of
Compound 3 lower than the 4Csg 0f CH,Cly exiract of stems. Comparing with 1Cs
values showed that aimostdtingi such as E. turcicum, C. lunata, C. cassiicola and F.
oxysorum were sensitive te" Compound 3.with ICsg were 51.4, 67.3, 73.4 and 78.4
ppm, respectively, while' F . Oxysporum f__—.‘sp. vasinfectum lower sensitivity with 1Cs
was 1,285.3 ppm. These'data was observé_drthat Compound 3 was major component
of stems crude extract and showed the strbng‘est antifungal activity with percentage

#

inhibition and low 1Csq values. ==

Table 4.11 ICs, values of Commpound 3 and the CHsCl, extract of stems

Fungi IG5 (ppm)

CH,Cl; extract of stems Compound 3
F.oxyspolum 429.5 78.4
F.oxysporum f. sp.vasinfectum 1,333.4 1,285.3
C. cassiicola 398.4 73.4
C. lunata 301.1 67.3

E. turcicum 199.1 51.4
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Figure 4.11 The mycelial growth inhibition zone of the CH,CI, extract of stems from
Z. limonella and Compound 3 at various concentrations against
(@) F.oxysporum,(b) F. oxysporum f. sp. vasinfectum, (c) C. cassiicola, (d)
C. lunata and (e) E. turcicum



109

Thus, to evaluate the antifungal activity of compound 3 compared with the
CH,CI; crude extract by broth macrodilution method. The antifungal activity was
evaluated as MIC and MFC values. Two fungicides: mancozeb and benomyl were
used as a positive control. The results are demonstrated in Table 4.12.

Table 4.12 displays that MIC values against five phytopathogenic fungi
ranged from 0.312 to >5.00 mg/mL for the CH,ClI, extract and from 0.156 to >5.00
mg/mL for compound 3. The MIC and MFC values of compound 3 exhibited more
potent than the CH,Cl, extract in all fungi-tested..Compound 3 displayed antifungal
activity against E. turcicum,-C.lunata,-C. cassiicola-and F. oxysporum with the MIC
values of 0.156, 0.156, 0.156.and-0.625 respectively, which was much higher activity
than the CH,CI, extract. la"addition, compound 3 exhibited lower MIC against F.
oxysporum sp. vasinfeetum(MIC = '1.25 mg/mL ).

These results showed that dictamﬁ-ne exhibited a broad spectrum of fungitoxic
behavior against phytopathogenic tungi te‘stéd. Compound 3 was previously reported
to be an antimicrobial substance against fuhgi‘ (Wolter and Eilert, 1981). Grayer and
Harborn reported that furoquinoline alkal(')i;as‘may also play a role in the defence of
plants against potentially pathOgenic fungi;-CBmpound 3, a common compound in
Rutaceae, showed potent antifungal acti’vjity"' against the plant pathogenic fungi
Cladosporium cucumerinum.—it—was —aiso reported -0 be a phototoxic and
photomutagenic compound (Zhao et al., 1998; Pfyfier et al., 1982; Schimmer and
Kuhne, 1991). These activities have been attributed to the reactive furan ring (Pfyffer
et al., 1982). From the aboveuresultsyit seemed that-theclignan and amide group in
these compounds were not critical for the mycelial'growth inhibitory effect, while the
presence of. furan ring. might contribute. to*the .inhibitory  activity against
phytopathogenic! fungiv(Zhaotet al:, (1998). Therefare, ‘compound'3' was the main
component of CH,Cl, extract which possessed potent antifungal activity.



Table 4.12 Antifungal activities of the CH,ClyeXiraet and compound 3 expressed by MIC and MFC values.

Fungi CH,CI, extract of stems Compound 3 Benomyl Mancozeb
(mg/mL) (mg/mL) (mg/mL) (mg/mL)
MIC MFC MIC MFC MIC MFC MIC MEC
F. oxysporum 1.25 0.625 3.90 1.25 0.0039 0.0039 0.0039 0.0039
. oxysporum 2.50 1.25 3.90 2.50 0.0039 0.0039 0.0039 0.0039
f. sp. vasinfectum
C. cassiicola 0.625 0.156 0.39 0.625 - 0.00039 0.00078 0.0312 0.0625
C.lunata 0.625 0.156 125 0.625 0.125 0.250 0.0078 0.0078
E. turcicum 0.312 0.156 65.5 0.312 0.0625 0.250 0.0156 0.0156
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4.3.2 Antibacterial and Anticandidal Activities of the CH,Cl, Extract and
Isolated Substances

The CH.Cl, crude extract and isolated compounds including mixture 1,
compounds 3, 4 and 7 at 1,000 pg/disc were tested against 4 bacteria (B. subtilis, S.
aureus, E. coli and P. aeruginosa) and 1 yeast (C. albicans) by disc diffusion method.
The antibacterial and anticandidal activities were assessed as an inhibition zone
around the paper disc containing the CH-CI, extract and isolated substances.
Penicillin G, chloramphenicol, and amphoteriein Bowere used as a positive control for
growth inhibition. The resulis-of the zone of inhibition tests are revealed in Table
4.13.

The CHCI, crude_extraci exhibited moderate antibacterial and anticandidal
activities against the growth of B. subtilis (7 mm), S. aureus (8 mm) and C. albicans
(7 mm), while no inhibition effect wasi observed from this extract against Gram-
negative bacteria such as E. coli and P. aéfuginosa. Compound 3 showed the best
zone values compared with other isolated" substances. This compound was active
against Gram-positive bacteria and yeast'.“;lt‘displayed much more potent activity
against B. subtilis (9 mm), S. auieus (9 mrﬁ) al"hd C. albicans (7 mm). Compound 4
demonstrated little activity, while compouhd'?'did not show any inhibitory activity
against all tested niicroorganisms:—in—addition, the fesult showed that isolated
substances and the CH,CI; extract did not produce any inhibition zone on Gram-
negative bacteria (E. coli and P. aeruginosa). This can explained because the outer
membrane of Gfam-negative bacteriacis) known|to have-aibarrier to the periplasmic
space containing,enzymes which are able to break down foreign molecule introduced
from outside..(Schaechter et al.,1999; Duffy and-Power, 2001; Sortori et al., 2003).
Many Gram-negative organisms.also exhibit intrinsic high*levelresistance to a range
of antimicrobial agent and support a role for the outer membrane and active efflux as
a barrier to antibiotics (Nikaido, 1989; Kohler, 1999; Van Bambeke et al., 2003).



Table 4.13 Antibacterial and anticandidal activities of the €H,Cl; extract'and isolated substances.
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Extract / Fraction No.

Diameter of inhibition zone2 (mm)

B. subtilis S. aureus - E. coli P. aeruginosa C. albicans

CH,CI, crude extract of stems 6.9+04 Ll 0.3 5 + 00+0.0 0.0+0.0 71+04
Mixture 1 0.0+0.0 004007 .00+0.0 0.0+0.0 0.0+0.0
Compound 3 9.2 £0.7 9.2+0.6 0.0+0.0 0.0+0.0 7.2+0.2
Compound 4 6.440.2 0.0+0.0 0.0+0.0 0.0+0.0 6.4+0.2
Compound 7 0.0 £0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0
Pen G (10 Unit/disc) 24.6 + 09 305+11 0.0+0.0 0.0+0.0 NA

Chloram (30 pg/disc) 28.3 +.0.7 21.7+04 20.3+0.9 13.1+0.6 NA

Ampho B (25 pg/disc) NA NA NA NA 9.5+09

%values, an average * standard deviation of 3 replicags,.of the mean diameter of inhibition zone

Pen G = Penicillin G, Chloram = Chloramphenicol, Ampho B = Amphotericin B, NA = Not active

¢T1
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Previous results showed that compound 3 gave the highest antibacterial and
anticandidal activities compared with other compounds. Compound 3, a bioactive
compound from the stems of Z. limonella is a potent against B. subtilis, S. aureus and
C. albicans. Therefore, compound 3 and the CH,Cl, crude extract were thoroughly
investigated for their antibacterial and anticandidal activities by broth microdilution
assay. The MIC values for compound 3 and the CH,CI, crude extract were examined
and the results are shown in Table 4.14.

The MIC for compound 3 and the €H5Cly crude extract ranged from 1 - >5
mg/mL against microorganisim- tested='Chloramphenicol and amphotericin B were
used as a positive control far.growih inhibition and showed MIC value less than 0.1
mg/mL for bacteria and 0.0025‘mg/ml for C.albicans. Compound 3 was also noticed
to be more susceptibleto S¢aureus and €. albicans and their MIC values of 1 mg/mL
for S. aureus and C._.albigans. Moreovér, the CH,Cl, extract exhibited moderate
antibacterial and anticandidal activity agains:t- B. subtilis and S. aureus with MIC value
2 mg/mL and the yeast C: albicans with MIC 1 mg/mL. Both compound 3 and the
CH,CI; extract showed no activity again'sf E. coli and P. aeruginosa. In addition,
MCC values ranged from 2 - >5-mg/mi ageiinslt" bacterial and yeast tested. The MBC
values of dictamnine, and the CH,Cl, crude extract agaipst S. aureus were 2 and 4
mg/mL and C. albicans-were-2-and-2-mg/mi,; respecttvely. These results indicated
that the MIC values of CH,Cl, extract and compound 3 were lower than their MBC
values. This suggests that they were bacteriostatic at lower concentration but
bactericidal at/ighen concentrations against:Scaureus and:C. albicans.

In view; of the results obtained using both disc diffusion and micro-well
dilution. assays,. compound 3..was .found. to_be“active .only. against. Gram-positive
bacteria”and: yeast' C: albicans.“The: furoquinoline' alkaloid, “compound 3 was
previously reported to be mutagenic and phototoxic in Gram-positive bacteria, yeasts,
and filamentous fungi in near ultraviolet light (Pfyffer et al., 1982). It showed
interesting MIC values against the microorganisms S. sanguinis (0.4 mg/mL), S.
mutans (0.4 mg/mL), and L. casei (0.1 mg/mL) (Severino et al., 2009). It participates
in the severe skin phototoxicity of the plant, and this photobiological activity has been
shown to be connected with the reactive furan double bond (Schempp et al., 1996).
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Table 4.14 Antibacterial and anticandidal activitigs'of the CH,ClI, crude extract and compound 3 assayed by MIC, MBC, and

MFC values.
Microorganisms CH.CI, extract of stems Compound.3 Chloram Ampho B
(mg/mL) (mg/mL), & (mg/mL) (mg/mL)
MIC MB C/MFC MIC MB CIMFC MIC MB C/MFC MIC MFC
S. aureus 2 4 1 2 . 000625 00125 NA NA
E. coli >5 >5 >5 >5 . 000313 0.0250 NA NA
P. aeruginosa >5 >5 >5 >5 0.10000 0.2000 NA NA
B. subtilis 2 4 >5 >5 0.00313 0.0500 NA NA
C. albicans 1 2 1 2 NA NA 0.00250 0.00500

Chloram = Chloramphenicol, Ampho-B =;Amphoterigin B, NA==Netactive

vt
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Therefore, the presence of furan ring in compound 3 may also contribute to the
observed inhibitory activity against the microorganisms.

In summary, the present study has shown the growth inhibition or killing of
the CH,CI, extract and active isolated compound 3 from Z. limonella against tested
microorganisms. Compound 3 was determined as a major compound and possessed
the antifungal and antibacterial activities. This compound could be useful for natural
antimicrobials that could be used to reduce or kill human and plant pathogen. These
extract and active compound 3 of Z. limonella-may be useful as an alternative
antimicrobial agent as natural-medicine for the treatment of many infectious diseases

because of its potency.

4.4 Experimental section

4.4.1 Equipments

Melting points were determined on Eishers-Johns melting point apparatus and
are uncorrected. Optical rotations were measured using a Perkin Elmer instrument
Model 341 polarimeter. NMR:spectra, ‘ineluding COSY, HMBC, and HSQC
experiments, were recorded on-Variarn model Mercury+400 which operated at 400
MHz for *H NMR:and 100 MHz for **C NMR. Chemical shifts were internally
referenced to the solvent signals in CDCl; and methanoi-ds with TMS as the internal
standard. High-resolution EIMS spectra were recorded-on micrOTOR Bruker mass
spectrometer. Adsorbent sueh as silica_gel#60 Merck cat. No. 7734 was used for
column chromatography. Thin-layer chromatography (TILC)«was performed on pre
coated Merck silica gel 60 F254 plates (0.25 mm-thick layer). Most solvents used in

this researchiwere commercial. grade and were distilled prior to use.

4.4.2 Extraction and Isolation

Dried stems (12 kg) were crushed and extracted with CH,Cl,. The solvent was
evaporated under vacuum to give 110 g of CH,ClI, extract. The CH,ClI, extract (100 g)
was subjected to silica gel column, eluting with n-hexane and gradually increasing the
polarity with EtOAc and MeOH to afford five fractions as follows: fractions Fr 1 (6 L,
n-hexane); Fr 2 (10 L, n-hexane/EtOAC, 4:1); Fr 3 (12 L, n-hexane/EtOAC, 1:1); Fr 4
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(8 L, EtOAC); and Fr 5 (8 L, EtOAC/MeOH, 19:1). Fraction Fr 2 (17.85 g) was
rechromatographed on silica gel using proportion of n-hexane and EtOAc to furnish
four fractions Fr 21 to Fr 24. Fractions Fr 21 and Fr 22 was chromatographed over
silica gel, eluting with n-hexane and gradually increasing the polarity with EtOAc to
obtain mixture 1 (3.45 g) and compound 2 (22 mg), respectively. Fraction Fr 4 (35.21
g) was rechromatrographed over Sephadex LH-20 (500g) eluting with n-
hexane:CH,Cl,:MeOH (2.5:1.5:1) to yield four fractions (Fr 41 to Fr 44). Fraction Fr
42 (14.8 g) was washed with. CH,Cl,-MeOH 1o give compounds 3 (5.32g) and 4 (5.28
g). The concentrated filtrate (13.47 g)-was rechromatographed on silica gel eluting
with n-hexane-EtOAc, graduallyincreased the polarity with EtOAc, and 4 fractions
(Fr 421 to Fr 424) were collected: Fraction Fr 422 was applied to a silica gel column
using varying proportion of p-hexane and EtOAc to afford compound 5 (20 mg).
Fraction Fr 424 was furtheg rechromatogfaphed on silica gel eluting with EtOAc and
gradually increasing the polarity with MeOI—:I- to obtain eompound 6 (40 mg). Fraction
Fr 43 (5.04 g) chromatographed-on silica gel using varying proportion of EtOAc and
MeOH to afford compound 7 (172 mg).
4.4.3 Antifungal Assay Y=

The CH.Cl, exiract; five fractions;and- tsolated eonpounds were examined for
antifungal activity against five phytopathogenic fungi by agar incorporation assay and
were determined for MICs and MFCs by macrodilution method as described in the
experimental sectionjof:Chapter;2 (Toudon;:1290 and Dwivedy and Dubey, 1993) and
Chapter 3 (Schmourlo™et al., 2005), respectively. Each test was carried out in

triplicate.

4.4.4 Antibacterial and Anticandidal Assay

The CHCl, extract, five fractions, and isolated compounds were tested for
antibacterial and anticandidal activity against four bacteria and one pathogenic yeast
by disc diffusion method and were determined for MICs, MBCs, and MFCs by a
microdilution method as described in experimental section of Chapter 2 (CLSI, 2005)
and Chapter 3 (CLSI, 2007).
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(-)-asarinin (2): colorless neddles; m.p. 120-122 °C; [o]*5 —111 (c 0.1, CHCls); Ry
0.55 (silica gel, hexane-CH,Cl, (1:1)); *H NMR (CDCls, 400 MHz) &4 2.86 (1H, g, J
= 13.9, 7.0 Hz), 3.22-3.27 (1H, m), 3.32-3.27 (1H, m), 3.94-3.80 (1H, m), 4.09 (1H,
d, J=9.5Hz),4.38 (1H, d, J = 7.2 Hz), 4.82 (1H, d, J = 5.3 Hz), 5.95 (4H, s), 6.83-
6.72 (4H, m), 6.86 (2H, s); *C NMR (CDCl;, 100 MHz) 8¢ 50.1, 54.6, 69.7, 70.9,
82.0, 87.6, 101.0, 101.0, 106.4, 106.5, 108.1, 118.6, 119.6, 132.2, 135.0, 146.5, 147.2,
147.6, 147.9, ESIMS m/z 377 [M + Na]’

Dictamnine (3): White needles; m.p. #31-132-°C;-{a]*% 0 (c 0.1, CHCI3); Rs = 0.6
(CH,Cl,): 'H NMR (CDCl, 400MHz7) 5.4 4.40 (3H. §), 7.03 (1H, d, J = 2.8 Hz), 7.42
(1H, ddd, J = 8.4, 6.8/1.2.H2), 769 (1H, d, J = 2.8 H7), 7.67 (1H, ddd, J = 8.4, 6.8,
1.6 Hz), 7.99 (1H, d.d'= 858 H12),/8.22 (1H, d, 1 = 2.8 Hz), °C NMR (CDCl, 100
MHz) 6c 58.9, 103.3,.404.9, 118.6, 122;3, 123.6,127.5, 129.5, 143.4, 145.4, 163.6;
ESIMS m/z 224 [M+Naf "

Dihydroalatamide (4): White needles: m.p. 124-125 °C; [0]®5 0 (¢ 0.1, CHCI3); R¢ =
0.5 (CH,Cl,-MeOH, 99:1) *H NMR (CDCls, 400 MHz) 5, 2.86 (2H, t, J = 6.9 Hz),
3.67 (2H, q, J = 6.6,.13.0-H2), 3.78 (3H. ), 6.36'(1H, 5), 6.84 (2H, d, J = 8.3 H2),
7.13 (2H, d, J = 8.3 H2); 7:39-(2H: 3= A -Hz)s 7:45-(3H 5), 7.7 (2H, d, J = 7.5 H2);
3¢ NMR (CDCl3, 100 MHz) o¢ 34.8, 41.3, 55.3, 55.3, 114.1, 126.8, 128.5, 129.7,
130.9, 131.4, 134.6, 158.3, 167.5; ESIMS m/z 278 [M+Na]"

N-nornitidine (5): Red needles; m:p. 279-280 °C:{0]*’b 0 (€ 0.1, CHCl3); R; = 0.4
(CH,Cla-MeOH, 99:1);. *H. NMR. (CDCls, 400 MHMz).51.4.09 (3H,.s), 4.16 (3H, 9),
6.13 (2H, 8),7.26'(1H}'s), 7.40 (1K, ), 7.83 (1H; d, J =.8.8 Hz), 7.89 (1H, s), 8.28
(1H, d, J = 8.8 Hz), 8.70 (1H, s), 9.24 (1H, s); *C NMR (CDCls, 100 MHz 8¢ 56.1,
56.2, 101.3, 101.6, 102.2, 104.4, 107.3, 118.1, 120.2, 122.4, 126.6, 128.8, 129.6,
140.4, 148.0, 148.2, 149.8, 150, 153; ESIMS m/z 356 [M+Na]*

4-methoxy-3-(3-methyl-2-oxobut-3-enyl)quinolin-2(1H)-one (6): Yellow needles;
m.p. 138-139°C; [a]*%5 0 (c 0.1, MeOH); R = 0.61 (CH,Cl,-MeOH, 95:5); *H NMR
(CDCl3, 400 MHz) 8y 1.96 (3H, s), 3.91 (3H, s), 4.19 (2H, s), 5.88 (1H, s), 6.21 (1H,
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s), 7.23 (1H, t, J = 7.9 Hz), 7.29 (2H, d, J = 8.1 Hz), 7.49 (1H, t, J = 7.1 Hz), 7.76
(1H, d, J = 7.9 Hz), 11.31 (1H, s); **C NMR (CDCls, 100 MHz) &¢ 17.8, 33.8, 62.0,
116.0, 116.9, 117.7, 122.4, 123.0, 125.0, 130.5, 137.8, 144.3, 163.7, 165.0, 198.8;
HRESIMS m/z 280.0943 [M+Na]" (calcd for C1sH1sNO3zNa, 280.0950)

(-)-tembamide (7): White crystalline solid; m.p. 152-153 °C; [a]*p> —12 (c 0.1,

\ 5 ’ R (CDCls, 400 MHz) &y 3.36-3.24

(2H, m), 3.70 (3H, s), 4.7 (4H, pent), 5. _)J = 4.3 Hz), 6.87 (2H, d, J = 8.8
-"H'

Hz), 7.26 (2H, d, J = 8.8 4 t, @ 7.48 (1H, s), 7.80 (2H, d, J =

7.2 Hz), 8.46 (1H, t, . 100 MHz) 48.1, 55.4, 71.1,
166.8: ESIMS m/z 294

113.8, 127.6, 127.6,
[M+Na]"
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CHAPTER V

Antioxidant Activity of Zanthoxylum limonella Alston.

The preliminary screening of antioxidant activity of CH,Cl,, MeOH crude
extracts from various parts and the essential oil of fruits were examined for
antioxidant activity by using TLC autographie method with DPPH. The CH,Cl,
extract from stems and the essential oil from fruits were selected for investigation its
primary antioxidative petential-in- cell-free system-and further extend to prostate

cancer cell lines.

5.1 Primary Antioxidative Potential in-Cell-Free System

The CH,Cl, extract of siems, esgéntial oil, three isolated compounds from
CH,Cl, of stems (compound 3, compoﬁnd 5, and compound 7) and three major
components of essential 0il (sabinéne, Iim-;(_ﬁn)«'ane, and terpinen-4-ol) were tested for
their antioxidant activity ‘using DBPPH ;*&:éy,gnging assay and trolox equivalent
antioxidant capacity (TEAC)rarssay. The pr_i—frj_qi_plre of quantitative analysis of DPPH
antioxidant assay is based on a reaction in Whi(:h a blue solution of stable free radical
DPPH accepts an electron from a free radical scavenger, antioxidant compounds, and
decolorizes. The amplitude of decolorization can be quantitatively determined by
reading the absorbance. #A.large antioxidant capacity is revealed by low ICs value.
On the other hand, TEAC assay showed percentage inhibition.of ABTS" absorbance
as a function of'the concentration. Each extract and compound was determined at 1-
min time point. The,results areishownin Table 5.1 and 5.2.
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Table 5.1 Antioxidative capacities of the CH,Cl, extract of stems and essential oil
from the fruits of Z. limonella

Plant extracts 50% DPPH scavenging  Trolox equivalent antioxidant capacity
activity (1Cso, pg/mL) (uM Trolox/g crude extract)
CH,CI, extract of stems 1175+4.7 143403
Essential oil of fruits 5,764\7 £ 6/5 7.1+0.3
Butylated

hydroxytoluene (BHT) o sz B

— = Not determined

Table 5.2 Antioxidant aetivity of iselated compounds from CH,CI; crude extract of

stems and essential oil fromthe fruit of Z. limonella

Compounds 50% _DPPH scavénéing Trolox equivalent antioxidant capacity
activity: (1Csp, mM) (uM Trolox)

Compound 3 435402 '-f"f‘ , 42.8+5.3

Compound 4 56+ 09,40 221405

Compound 7 4.9+0.4 36.6 £3.5

Sabinene ND ND

Limonene ND ND

Terpinen-4ol 6.6 +0.3 19.7+0.8

BHT 0.087_+ 0.002 -

ND = Not detectable,.+ =Notidetermined

The data from Table 5.1 showed that ICsq values of CH,CI, extract of stems
and essential oil of fruits were 117.5 + 4.7 and 5,764.7 + 6.5 ug/mL. The ICs values
in Table 5.2 of four isolated compounds such as Compound 3, Compound 4,
Compound 7, and terpinen-4-ol were 4.3 +0.2,5.6 £ 0.9, 4.9+ 0.4, and 6.6 + 0.3 mM,
respectively. In contrast, sabinene and limonene were not determined to the unability

to decolorize the methanolic DPPH solution.
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TEAC values of CH,Cl;, extract of stems and essential oil were 14.3 + 0.3 and
7.05 + 0.3, respectively. In addition, the isolated compounds presented the following
order obtained by the ABTS"" decolorization assay: Compound 3 > Compound 7 >
Compound 4 > terpinen-4-ol, where as the TEAC values of sabinene and limonene
were not detectable.

The TEAC and ICsy values in the same ranking order implied to the
information regarding the quality and reactivity, indicating to the amount of radical
scavenger compounds in each sample. The resulis'showed higher antioxidant capacity
of CH,CI, extract from stems and high potential antioxidative substance such as
Compound 3, Compound 4 and Compound 7 in comparison with essential oil of
fruits. However, considering the antioxidant capacities result and the main compounds
of essential oil, terpinen-4-0l should be responsible for the antioxidant activity.

The results forthese isolated compound cenfirmed that hydroxyl and methoxy
group in chemical structuresiare the main‘requirement for radical scavenging capacity.
The Compound 3, Compound 4, and Compound 7. from CH,Cl, extract of stem
showed methoxy and hydroxyl group in cﬁér'hilqal structures. Thus, these compounds
showed an activity to scavenge DPPH" and 'AB’;I'S'+ at different values. However, the
position of hydroxyl group and methoxylatidhrrihfluence the antioxidant potential. In
addition, the chemical structures of major compounds /in essential oil of fruits
indicated that oxygenated monoterpene, terpinen-4-ol showed the hydroxyl group and
radical scavenging activity, whereas sabinene and limonene are monoterpene and
showed inactive antioxidant activity.

The data from DPPH and TEAC assays of extract, essential oil, and isolated
compounds revealed, a wide range of antioxidant activity £ These antigxidant properties
were proven to be correlated with Titerature report. This previous report on the
antioxidant activity of Z. limonella crude extract from seed was found to moderate
degree of activity (Plalsuwan et al., 2005). Furthermore, the isolated compounds have
been no report regarding antioxidant activity in Z. limonella and other plants. In
further study, we extended the study to test the antioxidant capability via cell-base

system with prostate cancer cell line, PC-3 and DU-145.



122

5.2  Antioxidative Activity of Extract in Prostate Cancer Cell Lines

Prostate cancer is the most prevalent type of internal malignancy found in men
over the age of fifty. Extensive research has established a strong relationship between
ROS generation and carcinogenesis including cancer progression. ROS can induce
mutations and alter gene function resulting in carcinogenesis via oxidation processes
(Halliwell, 1994). In the erythrocytes of patients with prostate cancer,
malondialdehyde (MDA) levels have been found to be significantly higher (Aydin et
al., 2006). It was previously mentioned that-there isa higher oxidative stress in benign
epithelium of prostate cancer patients than normal-men. Many reports mentions that
some natural compounds and-dietary agents such as selenium, vitamin E and D,
lycopene, soy, and isoflavene, eic. reduced the possibility of prostate cancer both
growth and progression (Liao, et al.,.1995).

In this study, the ability of CHZCIQ extract of stems and essential oil to change
on MDA levels in untreated.cell lysates of F;C-3 and DU-145 were shown in Figure
5.1. Figure 5.2, 5.3, and 5.4 show the evaliation of MDA levels and intracellular
antioxidant system, glutathione (GSH) and catalase (CAT), was done in PC-3 and
DU-145 24 h-pretreated with extract, essentlal oil, and isolated compounds at the

various concentrations.

5.2.1 Lipid Peroxidation Determination

In the present study, lipid peroxidation product, i.e. MDA, were analyzed using
TBAR assay, (with the spectrophotometrically, imeasurement: the color intensity of
MDA-TBA complex. The data from Figure 5.1 generally show the slightly decrease
in MDA level.-Moderately reduction.of MDA, .approximately .20%, of control, was
found by CH,CI, ‘extract of stems at“0.5 pg/mL"Both ‘extracts' at '5*and 10 ug/mL
seemed to exert no effect. In addition, CH,Cl, extract of stems and essential oil at 0.5,
5 and 10 pg/mL exhibited no effect to MDA levels in DU-145 untreated cell lysate.

The information in Figure 5.1 showed quite low ability of CH,CI, extract of
stems and essential oil of fruit to change the MDA concentration in untreated cell
lysate of PC-3 and DU-145. These results showed that the extract and essential oil had
weak activity against MDA level in both cell lysates and can not directly protect cell
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Figure 5.1 Changeon MDA levels'with"CH,Cl, extract 'of-stems'and ‘essential of fruits
in PC-3 (a) and DU-145 (b) cell lysates at 0 (control), 0.5 pug/ml, 5 ug/ml,
and 10 pg/ml
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Figure 5.3 Change on MDA levels (ng nug™ protein) , GSH levels (mg mg™ protein)
and CAT (umoles mg™ protein min™'), TEAC activities (uM Trolox mg™
protein) with dictamnine, benzamide and tembamide in PC-3 and DU-
145 prostate cancer cells (a — f) at various concentrations for 24 h.*
p<0.05 versus untreated control as analyzed by one way ANOVA and
Turkey’s multiple-comparison test
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Figure 54 Change on MDA levels (ng nug™ protein) , GSH levels (mg mg™ protein)

and CAT (umoles mg™ protein min™'), TEAC activities (uM Trolox mg™
protein) with sabinene, limonene and terpinen-4-ol in PC-3 and DU-145
prostate cancer cells (a—f) at various concentrations for 24 h.* p<0.05
versus untreated control as analyzed by one way ANOVA and Turkey’s
multiple-comparison test
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membrane from the free radical caused lipid peroxidation. However, the indirect
effect via intracellular antioxidant system might be possible.

According to Figure 5.2 and 5.4, the intracellular antioxidant systems were
investigated in pretreated PC-3 and DU-145 with different concentrations of each
sample. The CH,CI; extract of stems and essential oil pretreated both cell lines at the
concentration of 0, 0.5, and 5 png/mL, whereas the isolated compounds, Compund 3
pretreated cell lines at dose of 0.5, 1.5 and 3. uM, Compound 4 and Compound 7
pretreated cell line at 1, 2, and 10 uM,~Sabinene, limonene and terpinen-4-ol
pretreated cell lines at 2, 4, and 10 uM. The concentration of the extracts and isolated
compounds were previouslypreved not to influence cell growth via the proliferation
assay.

The lipid peroxidation of CH,Cl; extract of stems was found in DU-145 and
PC-3, approximately 50%:of control, at 0.5 pg/mL, whereas the concentration at 5
ug/mL exhibited no efiect to MDA levels in PC-3 and DU-145 pretreated cells. In
addition, isolated compounds of CH:Cly exfrébt of stems in all dose of Compound 3
and Compound 7 were increased-the MDA 7Ié{/ell‘_s when compared to the control group
in both pretreated cells. However, the MDA level of both cell lysates pretreated with
Compound 4 were decreased with concentrati;)n at 1 and 2 uM while an increased
level was observed ai‘a dose of 10 uM. On the other hand, the major compounds of
essential oil were investigated lipid peroxidation in pretreated prostate cancer cells,
the MDA levels of PC-3"and. DU-145 pretréated with sabinene at dose of 2 and 4 uM
seem to significantly decreased compared te the cantrol groupsapproximately 20-30%
of control and significantly increasesin MDA level was observed at;a dose of 10 uM.
MDA levels'in PC=3 and DU-145 pretreated with limonene at all dose seemed to exert
no effect. In addition, the concentration of 2 and 4 uM of Compound 7 displayed
slightly increase on the MDA level in both pretreated cells while Compound 7 at dose
of 10 uM exhibited no effect in pretreated DU-145.

5.2.2 Catalase activity
CAT activity from cell lysates pretreated with CH,CI, extract of stems in both

PC-3 and DU-145 significantly increased in a dose dependent manner. This was also
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found in cell lysates pretreated with essential oil in PC-3. The same magnitude of
CAT elevation was observed in cell lysates pretreated with essential oil in DU-145
(Figure 5.1).

As the results presented in Figure 5.3, the same pattern of higher increase in
CAT activity could be observed in DU-145 pretreated with all concentration of
Compound 3, Compound 4, and Compound 7. In addition, Compound 3, 0.5 and 1.5
uM, and tembamide, 1 and 2 pM, exhibited no effect to CAT activity in pretreated
PC-3 cell lysates, while Compound 3 3 uM; Cempound 7 10 uM and all dose of
Compound 4 increased significantly compared to control group.

The data from Figure 5.4 displayed that CAT activity of major compounds
changed in essential oil of Truits. The activity of CAT was increased significantly
when pretreated PC-3"and DU<145 cells with terpinen-4-ol at concentration of 0.5 and
1.5 pM. Limonene at«all doses were increased in pretreated PC-3 cells compared to
the control. The both cells pretreated with sabinene at concentration of 2 and 4 pM
significantly decreased CAT ‘activity compéfé with the control cells. On the other
hand, the both cells were pretreated with;éap_inene at concentration of 10 uM, a

marked increase in the CAT activity.

5.2.3 Glutathione Level

The result from Figure 5.1 showed that reduced GSH levels of the cell lysate
from PC-3 24 h-pretreated.with the CH,Cl; extract of stems at concentration of 0.5
ug/mL seemed‘to significantly increase compared to the control group 111.97 + 3.77
and 112.48 + 3:23%, respectively.. The increase percentage was lower when the
concentration of | Chl.€Cl, extract of stems'was increased 10 times, 104.83 + 4.85 and
104.20 £ 3.11%, respectively. The same pattern of higher increase in reduced GSH
could be observed in DU-145 pretreated cell lysates. GSH level in PC-3 cell lysates
pretreated with essential oil at 0.5 pug/mL was slightly decreased but significantly
decreased with essential oil at 5 ug/mL.

Cell lysates from PC-3 and DU-145 pretreated with Compound 3 and
Compound 4 at all concentrations, GSH levels were found to increase with difference
magnitude compared to the control (Figure 5.3). However, GSH in PC-3 pretreated
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cell lysates was decreased with Compound 7 at 1 and 2 uM whereas treatment of PC-
3 with Compound 7 at dose of 10 uM was found to increase the level of GSH
compared to control group. In contrast, Compound 7 in all doses were increased the
GSH levels in pretreated DU-145 cell lysates.

Reduced GSH levels in PC-3 and DU-145 cell lysates pretreated with sabinene
at 2 and 4 uM were increased (approximately 20-30% of control) and magnitude of
GSH levels elevation was observed in sabinene at dose of 10 uM. In addition, GSH
levels in both pretreated cell lysates with-limonene at 2 and 4 uM was slightly
increased and significantly decrease at 10 uM. For PC-3 pretreated cell lysates, GSH
levels were increased hywterpinen-4-ol at all doses. The GSH levels of DU-145
pretreated cell lysates was inereased, approximately 20% of control, by terpinen-4-ol

at 2 and 4 uM and was slightly decreased-at 10 puM.

5.2.4 Trolox Equivalent Antioxidant Capacity (TEAC) Assay in Cell Lysates

The results from Figure 5.2 and 5.4, céll lysates from PC-3 and DU-145 at 24
h pretreated with CH,Cl, extract of steirih‘s-,;,.essential oil of fruits and isolated
compounds from stems and essential oil were. also tested by TEAC assay. In all
treatment, TEAC values were found to increase with difference magnitude compare to
control.

In the previous study, the several isclated compounds were isolated from Z.
limonella Alston. Somanabandhu et al. (1991) isolated five compounds from the bark
of Z. limonella: ubiquitous lupeol, 'alkaloid’ rutaecarpine .and three coumarins,
xanthoxyletin, osthol and scopoletin. In addition, there has been_no report regarding
antioxidant compouhd “inZ. ‘imonella Alston. | However, some-of these compounds
previously isolated from other plants were studied to possess antioxidant potential.
Kim et al. (1997) reported that one of the components of Artemisia iwayomogi,
scopoletin was unable to scavenge the DPPH". In contrast, scopoletin was found to
inhibit lipid peroxide and generation of superoxide and hydroxyl radicals. Kang et al.
(1998) reported that the isolation of scopoletin from Solanum lyratum and protects
hepatocyte from CCls-induced toxicity by maintaining the GSH content, the activity

of SOD, and inhibiting the production of MDA as a result of its antioxidation and free



130

radical-scavenging effect. Lupeol, a triterpene found in many fruits and vegetables
was found to contain antioxidant, antimutagenic, antiimflammatory effect in in vitro
and in vivo system (Saleem et al. 2001; Geetha and Varalakshmi, 2001). Lupeol and
its ester lupeol linoate effectively scavenge free radicals and reduce oxidative stress
indices by enhancing the antioxidant capacity of the liver of cadmium treated rats
(Sunitha et al., 2001).

These results showed that the intracellular antioxidant system, GSH and CAT
were modified in PC-3 and DU-145 pretreated Wwith extract, essential oil and isolated
compounds at the various.concentrations. The CH»Cly extract of stems and its isolated
compounds, Compound"3, Cempound 4, and Compound 7 seemed to act through
GSH level and CAT activity, leading toithe control of intracellular antioxidant power
via an increasing TEAC wvalue. These observations may support that the CH,CI,
extract of stems and its isolated compouhds might have antioxidant capacity via the
thiol-regulated cellular activity. GSH, the:-major low-molecular-mass thiol in the
cytoplasm, acts as a freg radical scavenger';' trapping ROS that would otherwise
interact with cellular thiol through an"fén‘zyme-catalyzed reaction. Glutathione
peroxidase (GPx) is used as an-efectron j-dor"i"or in the reduction of peroxidation,
including lipid peroxide (Ghezzi et al., 2005): -

On the other hand;-the-essential-oti-of fruit-has-high possibility to regulate
CAT activity more than GSH level in both cell lines:"CAT prevents the hydrogen
peroxide from harming the cell itself. CAT is frequently used by cells to rapidly
catalyze the decompositionof:hydrogen peraxidesintoyless reaction gaseous oxygen
and water molecules (Gaetani, 1996). In addition, major components of essential oil,
sabinene, limonene, and terpinen-4-ol seemed to function via both GSH and CAT
activity.'Data obtained'by GSH level and CAT ‘activity: assay indicated that limonene
and sabinene at all concentration exhibited slightly increase in both pretreated cell
lysates. In contrast, GSH level and CAT activity decrease in both pretreated cell
lysates with sabinene at 2 and 4 uM. It is proposed that the decreased in GSH level
and CAT activity in cell lysates may partially be due to control MDA levels in
pretreated cells. The levels of glutathione and CAT activity were increased

significantly in the PC-3 and DU-145 pretreated with sabinene at 10 uM. This
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concentration of sabinene might make a cytotoxic in both cells. The increased GSH
level and CAT in cells were returned MDA to normal levels as in control group.

In summary, the antioxidant capability of the CH,CI, extract of stems,
essential oil of fruits, and isolated compounds from Z. limonella was found in a wide
range depended on various parts of plant. The all treatments expressed quite and
interesting indirect action via intracellular antioxidant content, GSH and CAT
activity, to monitor the lipid peroxidation process. The gene expression of catalase
and enzymes involved in glutathione metabolism should be further studied for the

well understanding of these-conients from Z limonekia.

5.3 Experimental Section

5.3.1 DPPH Assay

The DPPH?’ test isithe conventional DPPH‘ capacity assay widely use for plant,
food on natural product to/screen and evaluate the free radical-scavenging effect. The
radical form DPPH® with dark-bltie color “can De protonated by the antioxidant
compounds and reduced to the more stablé ra&ical DPPH® with the yellow colored
diphenylpicrylhydrazine and terminate radical chainireaction.

Dimethylsulphgxide (DMSO) Was used to dissolve the crude extracts. Serial
dilutions of extracts were carried out to obtain a suitable concentration. A 250 pL of
BHT or diluted extract and compound were_ added to 250 uL. DPPH ethanolic solution
(2.4 mg in 100smL ethanol). After incubation at ambient temperature for 20 min, the
absorbance was monitored against ethanol as a blank at 520 nm by UV-
spectrophatemeter-(Shimadzu;  UV-160A): (The percentage of, scavenged DPPH was

calculated as the percentage of inhibition using the following formula.
% inhibition = [(Aplank-Aextracticompound) / Ablank] X 100

where Apiank and Aexiracticompound are the absorbance of blank and extract/compound,
respectively. Ethanolic solution of butylated hydroxyltoluene (BHT) was used as
positive control. DPPH, BHT, and reconstituted solution were freshly prepared. All

extracts were performed in triplicate and concentration of extracts/compound



132

exhibited 50 % inhibition (1Csp) obtained from dose response curve was averaged and
used to compare the scavenging activity of each extract.

5.3.2 Trolox Equivalent Antioxidant Capacity (TEAC) Assay

2,2'-azinodi-3-ethylbenzthiazoline  sulphonate (ABTS) and potassium
persulphate solution were dissolved in deionized water to a concentration of 14 and 5
mM, respectively. The reaction mixture was left at ambient temperature for 12 to 16 h
in a dark place to get the blue-green cololred ABTS"" radical cation. The radical
cation solution was diluted"with deionized water to obtain an absorbance of 0.8 = 0.05
at 734 nm. The water soluble"Vitdmin E analogue, Trolox®, or various concentrations
of extracts prepared by serial dilutions were added to the dilute radical cation solution.
The decrease in absorbange after L'min was spectrophotometically read at 734 nm. All
of the assays were performed @t least in, triplicates. The ABTS"" radical cation
solution was freshly prepared daily.-The decline in absorbance after 1 min caused by
Trolox or extracts was plotied against concénﬁation. The TEAC value obtained from
the ratio between slopes of the linear plot of‘—_itﬁe,__slope of Trolox.
5.3.3 Cell Cultures p

Human prostate adenocarcinoma cell lines DU-145 and PC-3 were a generous
gift from Professor Thompson EW, Department of Surgery, St. Vincent’s Institute,
the University of Melbeurne, Australia. The cancer cells were grown in DMEM
supplemented ‘with 10% FBS, 100-U/mL penicillin, and 100 pg/mL streptomycin as
monolayer in 55 cm? tissue culture dishes. Both cell cultures were maintained at
37°C inCOy incukator atjla“humidified ‘atmosphere comtaining.5% CO, until 80%

confluengy and then subcultered twice a week

5.3.4 Lipid Peroxidation Determination

Whole tumor cell lysates were obtained by repeated freeze-thaw procedures
according to the protocol previously described by Ohkawa et al., (1979). Briefly,
cancer cells were trypsinized, harvested, washed with phosphate buffered saline
(PBS), subjected to repeated freeze-thaw procedures in ice-cold bath, and centrifuged.
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The supernatant was collected and gently vortexed to get a uniform suspension.
Homogenous lysates from cancer cells pretreated with various concentrations of crude
extracts were used for lipid peroxidation measurement using thiobarbituric acid
reactive substance (TBARS). For untreated cancer cells, lysates were combined with
various concentrations of crude extract followed by the lipid peroxidation assayed
using TBARS.

Thiobarbituric acids tested for malondialdehyde (MDA) were used as a lipid
peroxidation following the method previously described by Ohkawa et al. (1979).
Briefly, a 500 pL aliquoet-of cell lysates was-combined with a reaction mixture
containing 75 pL of 8.1% SPS,565 uL of 20% acetic acid, and 565 pL of 0.8%
thiobarbituric acid (TBA), Fhesresulting mixture was vigorously mixed, incubated in
a water bath at 95 °C+for 1.h, and cooled to room temperature with tap water. A 500
pL of n-butanol and pyridine (15:1, v/v)imixture was added to each sample, shaken
vigorously, and centrifuged at 1200 ¢ for 10 min. The supernatant fraction with the
pink color of MDA-TBA complex was isolated and the absorbance at 532 nm was
measured against mixture of n-butanol and‘fpyridine as a blank. The same procedure
was repeated with malonaldehyée bis(dirﬁ-ethli'/l acetal) as a positive control. The
content of lipid peroxidation was expréSsé'd'as nM MDA per mg protein by
interpolation in a stafdard-curve-in-water covering a corcentration range of 0-200
mM. Protein concentration was estimated by Bradford’s method. All samples were

conducted independently in triplicate.

5.3.5 Catalase,(CAT) Assay

CAT catalyzes the.decomposition ,of H,Oz molecules.inta water and oxygen.
The reaction kinetics of{CAT activity was conducted at 25.°C using 50' mM phosphate
buffer of pH 7.0 containing H,O; as a substrate. After the 1-min incubation with cell
lysates, the decrease of absorbance at 240 nm was monitored as the CAT activity to
decompose hydrogen peroxide molecules. A molar extinction coefficient of 43.6

M™cm™ for H,0, was used.
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5.3.6 Glutathione (GSH) Assay

The total GSH contents of the cell lysates were estimated by colorimetric
assay using the reaction between sulphydryl group of 5,5-dithiobis-2-nitrobenzoic
acid (DTNB) to produce a yellow-color of 5-thio-2-nitrobenzoic acid (TNB). TNB
production is directly proportional to the concentration glutathione in cell lysates. All
experiments were done in triplicate. Total glutathione was determined by measuring
the absorbance 410 nm after 30 min incubation. The results were expressed in pmole

per mg protein.

5.3.7 Statistical Analysis

The statistic analysis of the obtained data was performed by SPSS (version 11.5)
software for window:"Data were statistically analyzed using one-way ANOVA and
Turkey’s multiple comparison testes+n which the significance level was defined as p
< 0.05.



CHAPTER VI

CONCLUSION

Previous results of the various parts of Z. limonella were screened for their
antimicrobial and antioxidant activities. Essential oil of fruits and the CH,Cl, extract
of stems were displayed the effective inhibiting the growth of tested microorganisms
and showed the highest level-of antioxidant-activity. This work involves continuing
studies on the chemical constittents and biological activity of essential oil of fruits
and the CH,ClI; extract of siems:

The essential="01l #rom, the - fruits contain_terpinoid group as a major
components such as_sSabinene (42.73%), limonene (39.05%) and terpinen-4-ol
(5.40%), respectively. Fhesessential ol J(-)f fruits and major components were
investigated for antifungaland antibacterial activities: The essential oil was exhibited
strong activity against strains of phytop’;lthogenic fungi and major component,
terpinen-4-ol. In addition, the Crude essential chi"il of fruits and bioactive component,
sabinene, possessed a broad spectrum antibacterial activity. The rate of killing of the
essential oil and sabinene-appeared-to-be time and concentration dependent. The
essential oil and sabinéne were rapidly bactericidal at 2xMBC and 4xMBC achieving
a complete elimination of MSSA and E. coli within 10 min, but MRSA and ESBL
were killed within®©0 min.

The chemical constituents of the CH,Cl, extract of stems of Z. limonella led to
the isolation. of. nevel, quinoline, alkaloid;, Compound .6; ,along” with five known
compounds and one'mixture of steroid.“The known compeunds-included one lignan;
(-)-asarinin (2), two aromatic amides; dihydroalatamide (4) and (—)-tembamide (7),
one furoquinoline alkaloid, dictamnine (3), and one benzophenanthridine alkaloid; N-
nornitidine (5), three components in mixture 1 such as p-sitosterol (59%), campesterol
(32%), and stigmasterol (9%). All isolated compounds from the CH,Cl, extract of

stem from Z. limonella were summarized in Table 6.1.
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The CH.CI, extract of stem and major components (Compound 3, 4 and 7)
were investigated antimicrobial activity. The 1Cso, MIC, and MFC values against
tested phytopathogenic fungi of Compound 3 were more potent than the CH,Cl,
extract of stem. Compound 3 showed the strongest antifungal activity. On the other
hand, the MIC and MCC values of the CH,Cl, extract of stems and Compound 3 were
found only active against tested gram-positive bacteria and yeast, C. albicans.
Compound 3 was determined as a major cormpound and possessed the antifungal and
antibacterial activities.

In this study, the CH»Cly of stems, the essential oil from fruits and their major
components were investigated-for primary antioxidative potential in cell-free system
and extend to prostate caneer eell lines, (PC-3 and DU-145). The CH,Cl, extract of
stems and isolated compounds.such as Compoud 3, 4 and 7 showed higher antioxidant
capacity than the essential 0il of fruits énd its major components. In addition, the
evaluation of MDA levels and intracelld!e{f antioxidant system (CAT, GSH) were
investigated in pretreated PC-3 and DU-145with the CH,Cl, extract of stem, essential
oil, and isolated compounds. The CHZCIZ'Q;(t(act of stem and Compound 3, 4 and 7
seemed to act through GSH ‘level and GAT activity, leading to the control of
intracellular antioxidant power via an incréaié'l’ng' TEAC value. On the other hand, the
essential oil of fruit has-high-possibiiity to reguiate CAT activity more than GSH level
in both cell lines. The all treatements expressed quite and interesting indirect action
via intracellular antioxidant content, GSH and CAT activity, to monitor the lipid

peroxidation process!
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APPENDIX A
1. Media
1.1 Nutrient agar (NA)
Beef extract 349
Peptone 59
Agar 159
Dissolved in di toclaved at 121°C, 15 psi for
20 min.
1.2 Yeast ma
Yeast extr 109
Malt extract 59
Peptone 5¢g
Glucose 10¢g
Agar . 15¢
Dissolved.in distilled watei itoclaved at 121°C, 15 psi for

20 min. i"— ’ ..E'

1.3

a‘ﬁﬁ’mﬂim URIINLELA Y

U

Potato Deggse Agar (PDA)

@QEI’J‘I’IEWI?WEHFEE

Dissolved in distilled water up to 1 L and autoclaved at 121°C, 15 psi for

20 min.
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1.4 Mueller Hinton broth (MHB)

Beef extract 20 g
Acid digest of casein 175¢
Soluble starch 159

Dissolved in distilled water up to 1 L and autoclaved at 121°C, 15 psi for

20 min.

Dextrose :
Dissolved in distilled w: a\. laved at 121°C, 15 psi for

20 min.
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Appendix B
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Figure 2 The 3C NMR spectrum (CDCls) of Compound 2
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