CHAPTER 1: GENERAL INTRODUCTION

The utilisation of plants in the treatment of certhuman diseases is evidence of man’s
ingenuity. The contribution of these plants to therapeutic arsenal in the fight against
disease dates back several centuries, and has;axain extent, been documented by the
ancient Chinese, Indian and North African civilisas. Currently, traditional medicine is
widely practiced, especially in developing courdri€his is a result of primary health care
facilities being unable to manage the number ofeptt requiring aid, the high cost of
Western pharmaceuticals and health care, as wélleafact that traditional health care is
highly sought after in terms of certain cultura¢raknts in the lives of these individuals
within these societies (Taylet al, 2001).

In southern Africa, a large proportion of the patioin still uses traditional remedies.

More than 700 plant species are being traded fadicim&l purposes throughout South

Africa, in the informal medicinal plant market (Dlohnd Cocks, 2002). This vast usage of
and great dependence on traditional plants asréferped form of health care is aided by
the fact that most of these plants are widely ab#al and affordable, and additionally
encompasses practices based on the social-culiomals and religious beliefs. It is evident
that, even though scientific advances have beenenradur quest to understand the
physiology of the body, biotechnology and the tmeatt of disease, natural products
remain a crucial component of the comprehensivdttheare strategy for the future

(Patwardhan, 2005).

The World Health Organization (WHO) defines tramhitl medicine as the “diverse health
practices, approaches, knowledge and beliefs imcating plant-, animal- and/or mineral-
based medicines, spiritual therapies, manual tgctesi and exercises applied singularly or
in combination to maintain well-being, as well asiieat, diagnose, or prevent illness”. It
is clear, however, that there is a need to validlageinformation through an organised
infrastructure for it to be used as an effectiveraipeutic means, either in conjunction with
existing therapies, or as a tool in novel drug @iecy. Traditional medicine utilises
biological resources and the indigenous knowledgwaglitional plant groups, the latter
being conveyed verbally from generation to genematiThis is closely linked to the
conservation of biodiversity and the related imtetiial property rights of indigenous

people (Timmermans, 2003).
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Although it is these traditional medicines that ypded the link between medicine and
natural products, it was not until the™8entury that active compounds were isolated and
principles of medicinal plants identified (Phillps 2001). The Greek physician
Dioscorides Ao 70) compiled an extensive listing of medicinaldseand their virtues. This
was originally written in Greek, and later transthinto Latin a®e Materia Medicaand
remained the authority in medicinal plants for o¥&00 years (Mendonga-Filho, 2006).
Another Greek physician, Galemp(129-200), devised the pharmacopoeia describing the
appearance, properties and use of many plants sofite. It was the discovery of
medicines such as those listed in Table 1.1 thaksp an interest in the study of plants as
medicinal agents; with the isolation of morphinenfropium by Serturner (1805) being the
start of natural product chemistry (Patwardbeaal, 2004).

Table 1.1: Drugs derived from plants, their clinical uses aswlrces (Fabricant and
Farnsworth, 2001).

Drug Action or clinical use Plant source

Atropine Anticholinergic Atropa belladona
Colchicine Antitumour, antigout agent | Colchicum autumnale
Digitoxin Cardiotonic Digitalis purpurea
Emetine Emetic, amoebicide Cephaelis ipecacuanha
Morphine Analgesic Papaver somniferum
Pilocarpine Parasympathomimetic Pilocarpus jaborandi
Quinine Antimalarial Cinchona ledgeriana

Despite the discovery of natural products from higplants, the interest of chemists,
pharmaceutical scientists and pharmacologists dunee the production of synthetic
compounds. In the late %entury, research was focused mainly on the nuaditin of
natural products, in an attempt to enhance bioddgictivity, to increase selectivity and to
decrease toxicity and side effects. Aspirin is smeh example and was the earliest of these
modified natural products. In more recent yearsyewer, industry has once again turned

its interests to natural product research (Pholips2001). This is as a result of the
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development of drug-resistant micro-organisms, seffects of modern drugs and

emerging diseases for which no medicine is avalabl

1.1 Ethnopharmacological research

The study of plants used in traditional medicinguiees the effective integration of
information on chemical composition of extractsaphacological activities of isolated
compounds, as well as indigenous knowledge of ticadil healers. The acquisition of
ethnobotanical information remains an empiricaleasfn any such study (Soejarto, 2005).
The process of isolating and identifying lead coommts from a complex mixture requires
a number of specific resources, including comprsiven knowledge, specialised
equipment and skill. The urgency of the discovdrgew agents is a result of impenetrable
factors that come into play, including the emergernd new killer diseases, known
antimicrobial drug-resistance, the inefficiencysghthetic drug discovery and the high cost
of bringing to market a single drug. A shift towardatural product research, which is
further driven by remarkable advances in plant aettitechnology, biotechnology and

analytical chemistry, is therefore inevitable.

There is a great need and ethical obligation tamately document investigative findings
on plants used for health purposes. This will adadilly aid in the efficient preservation
and conservation of traditional knowledge, therplgventing the further disappearance of

indigenous systems of medicine, which may potdgtisnefit society in general.
According to the Southern African Trade Directofyimdigenous Natural Products, more
than 1 000 species of plants are used traditiomalyouthern Africa (Izimpande, 2005) of
which the genu€ommiphorais one.

1.2 An introduction to the family Burseraceae and gnusCommiphora

1.2.1 The family: Burseraceae

The Burseraceae is composed of both trees and sstwiiliropical and sub-tropical

geographical distribution (Watson and Dallwitz, 229The bark of the trees are known

mostly for producing fragrant resins of economicedicinal and cultural value
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(Langenheim, 2003), and for baring essential oilhie Burseraceae consists of
approximately 700 species from 18 genera. Thislfaimidivided into three tribes, namely
Canarieae, Protieae and Bursereae, each distrilpatetdopically across a broad range of
low-elevation, frost-free habitats including rairéet, dry deciduous forest and desert
(Weekset al, 2005). This classification is based exclusivugbpn their fruit structure. In a
study by Clarksoret al (2002), the tribal relationships within the Buesseae were
revealed by the phylogeny depicted in Figure 1.hisTwas determined through the
sampling of chloroplast rps 16 intron sequencé®m&omal protein genes) from 13 species
of 11 genera within the Burseraceae, rooting tlealysis with several genera in the
Anacardiaceae, a family closely resembling the Bwseae and with which it has been
closely allied traditionally. The Burseraceae iseoof nine flowering plant families
belonging to the order Sapindales that comprisentbeophyletic group (5,700 species),
whos first known fossils appear in Europe ca. 6Bioni years ago (Ma). Two of the three
tribes, namely Canarieae and Protieae, were detedmio be monophyletic, while the

Burserae were shown to be polyphyletic.

Commiphora has several species in Africa and at least oneispeCommiphora
leptophloeoyin South America. A Gondwanan origin of the famitas assumed and the
separation of Africa and South America (95 - 100)Meas used to date disjunct
Commiphorascommon ancestor and thereby calibrate the differan times across the
family (Becerra, 2005). The hypothesis of the Goadan origin needed to be refined. The
molecular phylogenies of the Burseraceae were baseuiclear and chloroplast DNA data
for 13 of the 18 genera. A map of the Early Eocemtinents and their relative positions
helps illustrate the expansive distribution of tBarseraceae (Figure 1.2). The Early
Eocene age of the Burserinae and its broadly Nantlerican origin implicates at least one
migration event to the Old World to explain the i8ém, Madagascar, and Indian
distributions of Commiphoraspecies. The data obtained supported a North Aareric
Paleocene origin for the Burseraceae, followed Hey dispersal of ancestral lineages to
North America and the Southern Hemisph&emmiphoraappears to have dispersed and
radiated within continental Africa approximately #&, during the Middle Eocene. The
spread ofCommiphorato India appears to have occurred in relativelgernt geologic
times, approximately 5.0 Ma (Wee&sal, 2005).
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[ [ Boswellia— OW ulribe Boswelliniae
— Protiumsp. 1 — NW
—t+—— Protiumsp. 2 - OW Protieae

—— Protiumsp. 3 - OW

Crepidospermura NW
[ Bursera— NW Bursereae
L Commiphora— OW subtribe Burserinae
Beiselia— NW I subtribe Boswellinae
— Outgroup 1 — OW
L Qutgroup 2 - OW Anacardiaceae

Outgroup 3 — NW

NW = New world, OW = Old world

Figure 1.1: The tribal relationships within the family Burseeae as suggested by the
phylogeny of Clarksoet al (2002).

Figure 1.2: The North American origin and dispersal hypothésisBurseraceae. The map
shows Eocene shorelines (53 Ma) and early Eocessl focations of Burseraceae (blue
circles) (Week®t al, 2005).
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1.2.2 The genu€ommiphora

The nameCommiphoraoriginates from the Greek word®mmi(meaning ‘gum’) and
phero (meaning ‘to bear’). The majority of the speciesldgia fragrant oleo-gum-resin
following damage to the bark (Steyn, 200@pmmiphorahas shown to dominate over
1.6 million knf of Acacia-Commiphoravoodland in (sub-) tropical East Africa (Weeks
and Simpson, 2006). Of the more than 200 specie€ahmiphoranative to the
seasonally dry tropics of Africa, Arabia and Indadout 40 species occur in southern
Africa (Steyn, 2003).

Although the common name f@ommiphoraspecies is ‘corkwood’ (an indication of the
softness of the wood), it is suitable for use a&és, as well as for carving utensils and
other ornaments. The Afrikaans name foommiphorais ‘kanniedood’, the direct
translation being ‘cannot die’. This is an indioatiof the sustainability of the plant and
also refers to the fact that the truncheons grosilyeavhen planted. Yellowing and
shedding of the leaves occurs early in autumn,thaclants are deciduous for most of
the year, a feature very typical @bmmiphora Aspects of the life history of the species
include a deciduous habit, a predominantly dioexioreeding system and a tendency to

produce flowers prior to developing leaves (Weeald &impson, 2006).
1.2.3 Characteristic features ofCommiphora species

Characteristic features of the species are vergrde; and thus require a combination of
morphological characters for identification. Therkbbaf most Commiphoraspecies is
papery and peels off into papery flakes, reveadingreen bark underneath (Figure 1.3,

left). The leaves are mostly compound, with onfgw species bearing simple leaves.

The fruit of Commiphoragreatly enhances the identification of the spedi€ken ripe,
the fruit splits into halves revealing a brightlyleured pseudo-aril, shown in Figure 1.3
(right). This fleshy appendage completely or pytiencompasses the seed as part of an
attachment around part of the seed. The shapesqigbudo-aril differs from species to
species. The flowers may be uni or bisexual, withunisexual flowers only being semi-

developed with non-functional stamens (Steyn, 2003)
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Figure 1.3*: Characteristic features ddommiphora with its papery bark, trifoliate
leaves, ripe fruit and pseudo-aril (left); pseudib-&ith exposed black seeded stone

(right).
*All photographs supplied by A.M. Viljoen unlesshetwise stated.

1.3 Commiphora myrrha

“Who is coming up from the wilderness
Like palm-trees of smoke,
Perfumed with myrrh and frankincense,

From every powder of the merchant?”

“Till the day doth break forth,
And the shadows have fled away,
| will get me unto the mountain of myrrh,

And unto the hill of frankincense.”
(from: The Holy Bible, in the Old Testament as qabby Dharmananda, 2003)
In biblical times,Commiphora myrrhaFigure 1.4) was valued as much as gold, and is

mentioned numerous times in the Old Testamentsiructions to Moses about making

incense and anointing oil, for which it has beeeduthroughout history. Also of great
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religiousimportance, it was presented as one of the thifég tgi Christ by the Magi, and

was used to anoint the body of Christ after theifision (Dharmananda, 2003).
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Figure 1.4: Commiphora myrrh a thorny shrub or small tree about 3 m in height

(http://www.naturesessences.com).

In Arabic and Hebrew the wonghurr means ‘bitter’. Myrrh is an aromatic oleo-gum-resi

of pale yellow colour, changing to dark red upordeaing (Figure 1.5).

Figure 1.5: Oleo-gum-resin of myrrh
(http://www.aromatherapyforeveryone.com/myrrh).
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The gum is obtained from the bark of a number &fedint species o€ommiphora and
more specifically by bark incising, which resulss gum exudation. The following

Commiphoraspecies are collectively considered as a sourogyoh (Hanugt al, 2005):

e Commiphora myrrhgNees) Engl. - True myrrh

e C. myrrha (Nees) Engl. varmolmol Engl. (€. molmol Engl. ex Tschirch) -
Somalian myrrh

e C. abyssinica(Berg.) Engl. (syn.C. madagascarensidacq.) - Arabian myrrh,
Abyssinian myrrh

e C. africana(A. Rich.) Engl. - Myrrh, African bdelium

e C. guidottiiChiov. - Sweet myrrh

e C. mukul(Hook ex Stocks) EnglQ. wightii (Arnott.) Bhanol.) - Guggul, Guggulu,
False myrrh

e C. opobalsamuniC. gileadensigL.) Christ; Balsamodendron meccansied.) -
Balm of Mecca. €. opobalsamurbalm is the thickened gum from the juice of the

balsam tree)

C. erythraegEhrenb.) Engl. - Opopanax (originaH{emprichia erythraepn

C. erythraeavar. glabrascens Opopanax

C. kataf(Forssk.) Engl. - African opopanax

Currently the chief source of true myrrh is frath myrrhg however,C. erythraea a
variable species found in southern Arabia, northa&ga, and as far south as Kenya; was

the principle source during ancient and classioa$ (Hanu&t al, 2005).

1.4 Medicinal uses of myrrh and guggul

It is said that Greek soldiers would not go intdtlbawithout a poultice of myrrh to apply
as a wound dressing on their wounds (Haetual, 2005). It is also applied to abrasions as
an antiseptic and anti-inflammatory agent, andttiertreatment of menstrual pain. It is an
astringent of the mucous membranes and the m&dammiphora molmois used as an
effective antimicrobialagent, as a herbal remedy for sore throats, cas&ezs and
gingivitis. Myrrh is also used as a healing toras, a stimulant and as a hypolipidaemic
agent (Urizaret al, 2002; Wuet al, 2002; Ulbrightet al, 2005). Traditionally, myrrh is

used for the common cold, to relieve nasal congesind coughing. It is also used for the
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treatment of wounds and ulcers, especially infextiof the mouth, gums and throat (van
Wyk and Wink, 2004). Myrrh is also found in mostylagan, Syrian and Roman recipes
for drugs or ointments for beauty treatments incaity (Ciuffarella, 1998).

1.4.11n vitro pharmacological investigations of myrrh and guggul

i. Antimicrobial activity

The antibacterial activity of some constituents@fmukuloleo-gum-resin essential oil,
chloroform extract and isolated sesquiterpenoide Hazeen evaluated. A wide range of
inhibitory activity against Gram-positive and Gramagative bacteria was observed (Saeed
and Sabir, 2004). The isolation and identificattdrmuscanone frort. wightii, by Fatope
et al (2003), was found to be active agai@sindida albicansCommiphorahas been used
in combination with other plant species in the depment of a pharmaceutical
formulation. One of the formulas of “The JerusalBaisam”, found in a manuscript form
in the archive of the monastery contains four gaociibanum Boswelliaspp.), myrrh
(Commiphoraspp.), aloe Aloe spp.) and masticP(stacia lentiscud..). Pharmacological
assays conducted on this formulation indicatedsaptic properties (Moussaiedt al,
2005).

ii. Antimycobacterial activity

Commiphora mukulused traditionally for the treatment of tubersidp was assayed for
antimycobacterial activity (Newtoret al, 2002). The crude methanolic resin extract
displayed significant antimycobacterial activityithtva minimum inhibitory concentration
(MIC) of 62.5 pg/ml againsMycobacterium aurumFractionation of the resin lead to a
decrease in activity, indicating that the activdisplayed is as a result of synergistic

interaction of the compounds present.

iii. Anti-oxidant activity
Antioxidant effects are a possible mediator in phnetection against myocardial necrosis,
inhibition of platelet aggregation, as well as gased fibrinolysis by guggulipid, the

extract from the myrrh resin.
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iv. Anti-inflammatory activity

A number of studies suggest that guggul elicitsifitant anti-inflammatory activity (El-
Ashry et al, 2003). “The Jerusalem Balsam”, contains four gslaone of which is myrrh.
In order to examine the anti-inflammatory effecttbé Balsam, an external ear mouse
model of inflammation was used. Sabra white miceeviigjected intraperitoneally, 1 hour
prior to arachidonic acid administration on thesegd mg in 5 pl of ethanol). Significant
inhibitory activity on arachidonic acid-induced dlivegy of the external mouse ear was
observed, both in thickness and in redness, indgahe Balsam’s anti-inflammatory

properties (Moussaiett al.,2005).

v. Antitumour activity

Recently the cytotoxic and antitumor activity of my has proved to be substantially
significant. Hydrogen peroxide {B,) induces a number of mutations, resulting in a
variety of genetic alterations. The ability of madal herbs, one of which beinG@.
molmo| to suppress #Dr-induced mutant frequency in treated human fibrstblzells
(GM00637) at the hypoxanthine guanine phosphoribtaysferase (HPRT) locus, was
examined. The result was a percentage inhibitieatgr than 60% at the HPRT locus (You
and Woo, 2004).

1.4.21n vivo pharmacological investigations of myrrh and guggul

i. Treatment of hyperlipidaemia

The farnesoid X receptor (FXR) has been identifeed a bile acid-activated nuclear
receptor (ligand-inducible transcription factorqisisting of two binding domains, viz. a

ligand- and a DNA-binding domain) with a regulataote in cholesterol metabolism,

controlling bile-acid synthesis, conjugation andnsport, as well as lipid metabolism
(Sinal and Gonzalez, 2002). It has been hypothedisst FXR senses bile acid levels and
mediates the transcriptional repression of gensgoresible for the conversion of excess
cholesterol into bile acids. It is thought to bespensible for the induction of genes
necessary for bile acid transport (Koch and Waldm&005). Guggulsterone, isolated
from C. muku] can act as an effective antagonist to the FXRrethy decreasing the

expression of bile acid-activated genes (Sadtaad, 2003).
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Guggulsterone also blocked the accumulation of tremdolesterol in cholesterol fed
mice, while this action was not observed in thosserdevoid of FXR. Any manipulation
of FXR would thus affect hepatic cholesterol lev@lsizar et al, 2000). The effects of
natural products such as guggulsterone may thust iesthe acquisition of additional

agents with desired therapeutic effects on thetioning of nuclear hormone receptors.

ii. Cardioprotective effects

Chanderet al. (2003) induced myocardial necrosis in rats withpieterenol. Treatment
with guggulsterone and both its isomers vimyuggulsteronetfans) and E-guggulsterone
(cig), at a concentration of 50 mg/kg, for 5 days, siggntly protected cardiac damage, as
assessed by the reversal of blood and heart biachkemarameters in ischaemic rats.
Guggulsterone also inhibited oxidative degradatbmow-density lipoprotein in humans

and rat liver microsomes (induced by metal iansjitro.

iii. Parasitological studies

In a study by Haridet al (2003), the efficacy o€. molmol(Mirazid) was evaluated in
sheep naturally infected with fascioliasis. Miragpdoved to be safe (no clinical side
effects) and very effective with a total dose o0 60g (given for two to three consecutive
days) being 83.3% effective, and 900 — 1200 mgd200% effective in sheep.

The efficacy ofC. molmol(Mirazid) in the treatment d$chistosomiasis haematobium
individuals of the Tatoon village in Egypt was exated by El Bazt al. (2003). The
treatment regimen for schistosomiasis consistesl06f mgm for six successive days. This

proved to be very effective and safe.

Commiphora molmolhas a molluscicidal effect on infectd8lulinus truncatesand
Biomphalaria alexandrin@nails at concentrations of 10 pg/ml and 20 pgresipectively,
after a 24 hour exposure period, as reported bykdsnd Habib (2003). The number of
dead snails increased with prolonged exposure tMyerth was also observed to have an

ovicidal effect on one day old egg masses, at guraions of 60 pg/ml and 80 pg/ml.
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1.4.3 Preclinical and clinical investigations of myh and guggul

i. Osteoarthritis

Preclinical and clinical studies were conductedyoggul (an oleo-resin frol@ommiphora
muku), for the treatment of pain, stiffness and impvenction of the knee in patients
with osteoarthritis. Significant improvement waget after taking 500 mg three times a
day of the supplement for one month, an indicati@t guggul is an effective supplement

to reduce symptoms of osteoarthritis (Shepeiral, 2003).

1.5 The phytochemistry of myrrh

Myrrh consists of water-soluble gum (40 - 60%),o0dlal-soluble resins (23 - 40%),
volatile oils (2 - 8%) and a bitter principle (1025%), and has a characteristic odour

ascribed to the presence of furanosesquiterpetesstity et al, 2003).

Numerous researchers have investigated the phytostig of myrrh, reporting a number
of different chemical constituents within the respum and oil. These results have been

reviewed by Hanust al. (2005), and are summarised in Table 1.2.

1.6 Commiphora and its traditional uses

The use of plants in organised traditional medidiae been demonstrated in systems such
as Ayurveda, Unani, Kampo and traditional Chineseligine, all of which are still widely
used and may play an important role in the seaochnbdvel medicines. Ayurveda and
traditional Chinese medicine remain the most ancigst living, traditions (Dharmananda,
2003), and both these systems focus on the pat#er than the disease. Many successes
(of botanical reference) have come from Chineseicimes) most notably quinghaosu and
artemisin; and considerable research on the phamgnasy, chemistry, pharmacology and
clinical therapeutics have been conducted on agicveedicinal plants (Patwardhanal,
2004). Myrrh entered the formal herb books in 97B.An the Kaibao Bencao, the Materia
Medica of the Kaibao era (Dharmananda, 2003).
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Table 1.2: The different sources of myrrh and their chemicadstituents (El-Ashret al, 2003; Hanu&t al, 2005).

Myrrh constituents:
background and application

Water-soluble gum
e Used as incense for many
years, but is also being
used as an antiseptic and
anti-inflammatory agent.

Alcohol-soluble resins
e A food additive, a
fragrance.
e Used in traditional
medicine.

Volatile oils

e Lewinsohn (1906), von
Friedrichs (1907) and
Trost and Doro (1936)
carried out the first
investigation of myrrh oil
almost 100 years ago,
determining the presence
of certain constituents

Extract

Commiphora myrrha

D-galactose, L-arabinose, and 4-methyl D-
glucuronic acid
Acidic oligosaccharides and aldobiuronic acids.

Furanosesquiterpenoids

Terpene and terpenoid with the diterpenoids
and triterpenoids being the most common, but
these compounds have never been identified in
a resin concomitantly.

Isolinalyl acetate 7,3-epi-lupenyl acetate,
lupeone, 3-epé-amirin, a-amirone, acetyp-
eudesmol and a sesquiterpenoid lactone.

a-, B- andy-commiphoric acid.

a-pinene, dipentene, limonene, cuminaldehyde,
cinnamic aldehyde, eugenol, m-cresol,
heerabolene (probably tricyclic sesquiterpene),
formic acid, acetic acid, palmitic acid,

myrrholic acid.
p-cymeneg-terpineol,5-elemenep-elemene.

steroids, sterols and terpenes.

Commiphora opobalsam

Aqueous extract of the branch
used to reduce arterial blood
pressure, due to the activation of
muscarinic cholinergic receptors.
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Table 1.2continued: The different sources of myrrh and their chemicalstituents (El-Ashret al, 2003; Hanu&t al, 2005).

Myrrh constituents

Water-soluble gum

Alcohol-soluble resins

Volatile oils

Extract

Commiphora molmol

Composed of proteoglycans, with uronic acid

polymers.

Galactose, arabinose, 4-O-methyl-glucuronic
acid, arabino-3,6-galactan protein fractions

and protein.

Sesquiterpene fractions isolated with

antibacterial and antifungal properties
Compounds also have strong anaesthetic

properties.

3 new furanogermacrenes isolate@H;,0s,

C18H2403, C16H200s3.

Commiphora mukul

D-galactose, L-arabinose, L-
fructose, 49-methyl-D-glucuronic
acid, aldobiouronic acid.
Degraded gum — branched
polysaccharide.

Guggulsterone (steroidr andE-
isomer.

Linoleic, oleic, steric and palmitic
acids.

Mukulol (allylcembrol) isolated
from aerial parts of the plant
Flavonoid quercetin and derivatives
(quercetin-30-a-L-arabinoside,
guercetin-30-p-D-galactoside,
guercetin-30-a-L-rhamnoside, and
guercetin-30-p-D-glucuronide)
isolated from the flower.
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1.6.1Commiphora and its role in Ayurvedic medicine

Ayurveda is one of the most ancient traditions pecad throughout India and Sri Lanka. It
is ‘the science of life’ and aims at a holistic eggech to the management of both health and
disease. TheCharak, Samhitaand Sushrut Samhitaare the main Ayurvedic classes,
describing an excess of 700 plants, their pharnogezdl and therapeutic properties
(Patwardharet al, 2005). A considerable amount of research has lweaducted on
Ayurvedic medicinal plants, particularly in termfitbeir respective properties in the fields
of chemistry, pharmacognosy, pharmacology andaainiherapeutics (Patwardhan al,
2004).

Guggul-gum resins have been prescribed in Ayurvéalicmedicine as anti-obesity, anti-
inflammatory, antibacterial, anticoagulant and -amthrosclerotic agents, to be
administered in the form of mixtures with powdensl ather crude drug extracts (Kimura
et al, 2001). From guggul, the gum resin@fmukulknown in Ayurveda for the treatment
of hypercholesterolaemia, two steroidal ketones hwihypocholesterolemic and
hypolipaemic activity, were isolated. These ketoaesknown aZ-guggulsterone anl-

guggulsterone (Singh and Srikrishna 2003).

1.6.2Commiphora and its role in Chinese medicine

Traditional Chinese medicine is based on two seépdh@ories, yin and yang, and the five
elements, viz. water, earth, metal, wood and &teut the natural laws that govern good
health and longevity. Treatment is not only basadsymptoms, but also on patterns of
imbalances, which are often detected through obsiervof the patients’ tongue, as well
as taking their pulse. Warming or hot herbs, siechiager and cinnamon, are used to treat
ailments associated with cold symptoms, such asl ¢@nds, abdominal pain and
indigestion (van Wyk and Wink, 2004).

Myrrh was first described in Chinese medical litara in A.D. 973, where it was referred
to as ‘moyao’. The resin of myrrh is classified aserb and is currently still in use,
specifically for stimulating blood circulation ameating painful swellings, menstrual pain

due to blood stagnation, as well as other traunmgticies (Dharmananda, 2003).
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1.6.3 The African traditional uses ofCommiphora species

The traditional uses of indigenoWommiphoraspecies are summarised in Table 1.3.
These species are indigenous to southern Africatldpecies denoted by * have been

investigated in this study.

Table 1.3: The traditional uses in all parts of Africa @dmmiphoraspecies indigenous to

southern Africa.

Plant part

Species used Disease Reference
C. africana(A.Rich.) Stem Colds and fever, Kokwaro (1976)
Engl. var.africana* malaria, snake bite | Hutchingset al.
(1996)
Fruit Typhoid Kokwaro (1976)
Resinous Wound healing Kokwaro (1976)
exudates and antiseptic
Burnt resin Fumes serve as Kokwaro (1976)
antiseptic,
migraine,
insecticide
Bark, resin, Tumour, stomache | Lemenihet al.
leaf ache (2003)
C. pyracanthoides Bark Diseases of the Steyn (2003)
Engl. gall bladder
C. schimpefi (O.Berg) @ Bark Medicine Steyn (2003)
Engl.
C. serrataEngl. Roots Chest ailments Steyn (2003)
C. viminea*Burtt Davy @ Resin Skin ailments Steyn (2003)
C. zanzibaricgBaill.) Root Ulcers Steyn (2003)

Engl.

* denotes species that have been investigatedsistindy.
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1.6.4 Additional uses

The resins from the African Burseraceae are impbeaa medicinals and tick repellents, as
well as in commerce, as glues and perfumes. lditheegion of Kunene in northwestern

Namibia, the Himba tribe traditionally harvests #i@matic resin of several species of
Commiphoraincluding C. multijuga The harvesting of these fragrant plants has & ver
strong cultural basis, specifically among the woréthe tribe. The resin exuded by the
trunks is blended with fat and used as body perf(fsteyn, 2003). Extracts from the gum

of the bark is also used to produce lather for waglThis tribe also places a long pole of
certain species, smeared with red-pigmented fagttiact the spirits during ceremonies

such as marriages, initiations and funerals (St2963).

1.7 A review of the phytochemistry documented forertain Commiphora species

Studies have been carried out on a ffammiphoraspecies to identify several of the
constituents of the species. Table 1.4 presentswa df the plant species and their
constituents. Having extensively studied the physoaistry of Commiphora research
groups identified the following chemical constitterdammarene triterpenes (Dekekto
al., 2002a; Dekeboet al., 2002b; Manguroet al., 2003), triterpenes (Provan and
Waterman1988), ferulates (Zhet al.,2001), furanosesquiterpenes (Mangat@l.,1996)
guggultetrols (Kumar and De®¥987), guggulsterones (Swaminattetral.,1987), lignans
(Provan and Watermari985; Dekebcet al, 2002c), flavanones (Fatot al., 2003),
sesquiterpenes (Andersoenal.,1997) and steroids (Bajaj and D&982).

1.8 Selection of plant material

The selection of plant material for the screenifidiological activity can be based on a
random selection, or based on ethnopharmacologgrevexisting knowledge of the
particular healing properties have been handed dérm generation to generation,
especially amongst traditional healers. An addélomechanism for the identification of
plants for the study of its chemical constituerssbased on chemotaxonomy, the latter
being a science focusing on the correlation betwesdated plant species and the

occurrence of similar secondary metabolites.
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Table 1.4: The phytoconstituents of extracts and the oleo-gesm documented for a few specieCaimmiphorgpresenting interesting

chemical profilesadapted from Hanut al. (2005)

Commiphora species Extracts Oleo-gum-resin
Commiphora kuaar. kuaVollesen e Four active compounds, namely e «a-pinene, p-cymene;-thujene,
(syn.Commiphora flaviflora mansumbinone, mansumbinoic acid, B-pinene, limonene, sabinene,

picropolygamain, lignan-1(methoxy- terpinene-4-ol, car-3-ene and
1,2,3,4-tetrahydropolygamain). myrcene.

e Petrol extract of stem bark yielded three
labile G, octanordammarene triterpenes,
and their derivatives.

Commiphora pyracanthoidésngl. e Rich in triterpene acids, comic
acid A-E.
Commiphora guidottChiov. e Sesquiterpene hydrocarbons,

fuaranodiene
(furanosesquiterpenoid).

e Car-3-eneg- andp-santalene,
epi- B—santalenej—
bergamoteney- andp-
bisabolenep-farnesene, and
furanodiene.

e Ethyl acetate extract (+)-T-
cardinol sesquiterpene.

Commiphora erlangerian&ng|. e Erlangerins A-D.
Commiphora africandA. Rich.) e Dihydroflavonol glucoside — phellamurin. e a-pinene-thujene, p-cymene.
Engl.
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Table 1.4continued: The phytoconstituents of extracts and the oleo-gesm documented for a few specieCommiphorgoresenting

interesting chemical profileadapted from Hanugt al. (2005)

Commiphora species
Commiphora confus®ollesen

Commiphora angolensisngl.

Balsamodendron pubescens

Commiphora terebinthin&ollesen
andC. cyclophyllaChiov.

Commiphora tenui¥ollesen

Commiphora dalziellHutch.

Commiphora rostrat&ngl.

Commiphora merkeitngl.

Extracts

Condensed tannins found in
powdered bark.

Hexane extracts of the roots
yieldedp-sitosterol and cedrelone
and siderin.

Seven dammarene triterpenes
from the stem bark, lupeol afid
amyrin.

Pentacyclic triterpene with anti-
inflammatory activity, a,3p3,23-
trihydroxylean-12-ene.

Oleo-gum-resin

Dammarene triterpenes, an example of
which is (20S)-B-acetoxy-1B,163-
trihydroxydammar-24-ene.

B-amyrin, B-sitosterol, B-

amyrinacetate, 2-
methoxyfuranodienone, 2-
acetoxyfuranodienone.

Other dammarene triterpenes.

Liquid resin consists primarily of
monoterpene hydrocarbons, limonene.
C. terebinthinaich in

sesquiterpenoids.

Triterpenesg-pinene,a-thujene, p-
cymene B-thujene, camphene,
sabinene, 3-carene.

Alkanone constituent, 2-decanone and
2-undecanone.
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1.8.1 The selection o€ommiphora species for the screening of biological activities

Despite the extensive traditional useGdmmiphoraspecies, as well as its extreme botanical
diversity, it is remarkable th&@ommiphoraspecies indigenous to southern Africa have neither
been the subject of pharmacological nor extensikgtgehemical studies. Claims of the
efficacy of Commiphorain its traditional usage therefore requires valaa and accurate
documentation. For this purpose, such studies weiteated as a basis for scientific
verification regarding the traditional use @ommiphora species. The 10 species of
Commiphorastudied were collected at random, within a setegteographical region (Table
2.1).

1.8.2 The selection of biological activity assayggormed

The origin and design of a screening process imgatps knowledge attained in
ethnomedicine, traditional uses of the plant spe@éytochemical evaluation and correlation
to specific biological targets (which may be préelicbut requires confirmation), as well as the
use of natural product libraries and general ayetmd literature reviews.

The selection of screening assays for the evaluatidiological activity is a complex process
during which a number of factors require carefulgideration. Ethnobotanicals may possess a
number of biological activities, all of which muke evaluated, including their respective
applications. This is possible only through thotoughderstanding and implementation of
basic assays designed to target a selected actntynderstanding of both the physiology of
the processes and the chemical composition ofibeifsc extracts is therefore imperative.

Stable standardised crude extracts are preparedsmayed for the known/claimed activities
for which the particular plant species is tradiibyused, as well as for activities documented
for related species - both indigenous and exowcigs. The present study, therefore, focused

on anti-inflammatory, anti-oxidant, antimicrobiaddhanticancer activities.
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1.9 Aim of the study

Traditional uses associated with southern Africd@ommiphora as well as properties
portrayed by non-indigenous species, suggestedtban vitro anti-oxidant, anticancer and
antimicrobial activity of the 10 selected speciedigenous to southern Africa should be
determined. Additionally, the cytotoxicity of ead the extracts was investigated and the

compounds responsible for the selected biologicttities isolated and identified.

1.10 Objectives of the study

(i) Investigation of than vitro anti-oxidant activity of the crude extracts of bbohe leaf and
stem of 10 species o€ommiphora using the 2,2-diphenyl-1-picrylhydrazyl (DPPH)
radical scavenging assay and the 2,2’-azino-big{@Hbenzthiazoline-6-sulfonic acid)
(ABTS) assay.

(ii) Isolation and identification of the chemicabrmapounds responsible for the anti-oxidant
activity in the most active species, through biagsguided fractionation using column
chromatography, thin layer chromatography (TLC) amdclear magnetic resonance
(NMR).

(i) Determination of the inhibitory effects of ela of the extracts on the growth of selected
bacteria and yeast and to investigate the deathti&:of the selected species against

specific micro-organisms.

(iv) Evaluation of than vitro anti-inflammatory activity of the crude extractg investigating
their ability to inhibit the 5-lipoxygenase (5-LOXnzyme involved in the inflammatory

process.
(v) Evaluation of the anticancer activity of bokietleaf and stem extracts against three human

tumour cell lines, namely the HT-29 (colon adenorema) cell line, MCF-7 (breast

adenocarcinoma) cell line and the SF-268 (neurginablastoma) cell line.

56



(vi) Reporting of the cytotoxicity of each of thpexies, using the 3-[4,5-dimethylthiazol-2yl]-
2,5 diphenyltetrazolium bromide (MTT) cellular viliy assay.

(vii) Phytochemical profiling of the plant extractasing high performance liquid
chromatography (HPLC).

Figure 1.6 is a diagrammatic summary of this studhylertaken on the 10 indigenous
Commiphoraspecies.
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Literature review as well as reviewing the existawidence based on traditional use, and
accessibility of plant material.

Selection of
Commiphoraspecies
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Figure 1.6: A diagrammatic summary of steps in the study diganousCommiphoraspecies, evaluating the phytochemistry and blckdgl
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CHAPTER 2: SPECIES STUDIED, PLANT COLLECTION AND
PREPARATION OF EXTRACTS

2.1 Brief introduction to the species under invesgation

Of the 40Commiphoraspecies occurring in southern Africa (Steyn, 20@8)species were
selected for evaluation of phytochemical constitseand pharmacological activity.
Surprisingly, none of the species under investigatvere observed to exude a gum-like
resin, and it is for this reason that bark and Edfacts were chosen for evaluation. It is
also evident that, as depicted in Table 1.1 (Chabyelittle research, and especially with
respect to biological activity, has been conducte@xtracts of the aerial parts of the plant,
for both indigenous and exotic species. An idecdiion key ofCommiphoraspecies

indigenous to South Africa is given in Figure 2.1.

South African
Commiphoraspecie
|

|
Bark paper Bark paper [ Bark not paperﬂ
|

Leaves Leaves Leaves Leaves Leaves
composite simple composite simple composite
C. africana C. gandulosa C. angolensis C. namaensis C. capensis
C. neglecta C. pyracanthoides C. capensis C. cervifolia
C. schimperi  C. viminea C. harveyl C. edulis
C. marlothii C. gracilifrondosa
C. tenuipetiolata C. mallis
C. woodii

C. zanzibarica

Figure 2.1: Commiphoraspecies indigenous to South Africa (the specigblighted in
bold were investigated in this study) [Adopted frean der Walt, 1986; Steyn, 2003].
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2.2 A description of the 10 indigenou€ommiphora species under investigation

2.2.1Commiphora africana (A. Rich.) Engl. var.africana

The epithet of the species name @dmmiphora africanais derived from the word
‘African’. It is also known as ‘hairy corkwood’ aritlarige kanniedood’ (the latter being
in a South African native languagé).grows in southern Africa, specifically in South

Africa, Namibia, Botswana, Zimbabwe and Mozambifigure 2.2).

Commiphora africands a many-stemmed shrub, less than one meteortainall tree,
up to four meters tall. It is spiny and has a pgjerk. In arid regions, the bark is rough
and fragmented while in milder regions, the barkegs grey to green with yellow
papery flakes. Young branchlets are pilose to taosen(van der Walt, 1986). The leaves
(Figure 2.2) are tri-foliolate, pilose to tomentpsegth a large terminal leaflet and two
small side leaflets. The leaves have a velvetyutextand the margins are coarsely
toothed. The flowers are small and reddish in cglmay be found singly or in clusters,
and appear in early spring, before the leaves apf{&tayn, 2003). The flowers are
unisexual, hypogynous and glabrous. The frsiitound and red in colour when ripe
(Steyn, 2003). When split into half, the fruit ral®a red pseudo-aril with four arms of

variable size and form.
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Figure 2.2*: Commiphora africandeaves (left) and the recorded geographical

distribution of the species (right).

*Distribution maps were purchased and included wethmission from the South African

National Biodiversity Institute.
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2.2.2Commiphora edulis (Klotzsch) Engl. subsp edulis

The epithet of the species nameQdmmiphora eduliss derived from the Latin word
‘edulis’, which means ‘edible’, specifically referring to tfreit. Also known as ‘rough-
leaved corkwood’;skurweblaar-kanniedood’ and ‘mubobobo’ (Steyn, 20@ grows in

South Africa, Namibia, Botswana, Zimbabwe and Molzaue (Figure 2.3).

Commiphora eduliss a tree without spines and the bark does ndt pee barkis grey

in colour with black scales in places, and rougthestouch. Densely pubescent, obtuse
young branchlets are present (van der Walt, 1986 leaves have intertwining
branches, which give the tree an untidy, disordagaearance (Figure 2.3). The leaves
are compound, pinnate, with 3 - 7 leaflets, which pubescent. Their margins are
toothed and the leaves are hairy and rough tooileht The flowers are green and small,
with a hairy calyx. The flowers are found in cluster singly, are unisexual and occur
on different trees.The fruit is found in clustersshort stalkshas a thick fleshy part, and
is red when ripe (Figure 2.3 insert). When splibihalf, the fruit reveals a red pseudo-

aril with a black seeded stone (Steyn, 2003).
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Figure 2.3: Commiphora edulisree with fruit (left) and the recorded geographic
distribution of the species (right).
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2.2.3Commiphora glandulosa Schinz

The species nam€ommiphora glandulosagfers to the presence of glands on the calyx.
Also known as ‘tall common corkwood’, ‘grogewone kanniedood’ and ‘moroka’ (Steyn,
2003), it is found in regions similar to those memed for C. africanaand C. edulis
(Figure 2.4)

Commiphora glandulosdFigure 2.4) is a spiny tree with simple leavescasnally
compound with three leaflets, and a bark that pedEe barkis fragmented, rough or
smooth. It has yellowish papery flakes, which p#€l Young branchlets are glabrous and
spine-tipped. (van der Walt, 1986). The leavesusteally simple, but may be compound
with one large leaf and two small leaflets (Ste®003). The margins of the leaves are
toothed, and are a glossy green on the dorsal (sideve) and a paler green ventrally
(below). The flowers are small, may be found sim@lyn clusters, and can be unisexual or
bisexual. The glandular hairs on the calyx form ¢haracteristic feature of this species.
The fruitis round, red when ripe, and reveals a red psettle4tgh four arms of various

thicknesses but equal length, when split into Feie seeded stone is black.

) = T - Pt
7 @ Commiphora glandulosa Schinz
LR A P
" .
19 1, -
2 *u R . \‘;
4 ' ¢ i‘-\
2 —
pul 1L e o |
2 E r .1 /
25 \ ! ]
% H LR R, :
7 SNES.
aal
28 v Y
29 = -
30
A - gL
» L
. el
34 SR oo
e
NBUBETBO202022324252627 282930 13233343536

Figure 2.4: Commiphora glandulostee (left) and the recorded geographical

distribution of the species (right).
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2.2.4Commiphora marlothii Engl.

Commiphora marlothiiderives the epithet of its species name from #molus South
African botanist, Rudolf Marloth. Also known as fp&-barked corkwood’, ‘papierbas-
kanniedood’ and ‘paper tree’ (Steyn, 2003), it ggaw similar regions to the other species

mentioned, that being South Africa, Botswana, Zibvisa and Mozambique (Figure 2.5).

Commiphora marlothiis a dioecious tree. It is not spiny and the bargreen and smooth
(Figure 2.5). The bark peels off into yellow pap#akes. Young branchlets are obtuse, are
densely pilose to pubescent (van der Walt, 1986 [Eaves are compound; with 3 - 5
leaflets present (Figure 2.5). The leaves are dghséry, the margins are toothed and the
venation on the leaves sunken above (Steyn, 2008).flowers are small and may be
found individually or in groups. They are greenigllow and are very hairy, especially
the calyx. The flowers are unisexual, occur onedéht trees, and are found on rocky
mountain slopes in the dry bushveld. The fruited mwhen ripe, and is found on short
stalks. The fleshy part of the fruit is fairly tki@and when cut in half reveals a yellow

pseudo-aril, with four arms. The seeded stoneaskol
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Figure 2.5: Commiphora marlothitree (left) and the recorded geographical distrdyu
of the species (right).
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2.2.5Commiphora mollis (Oliv.) Engl.

The species name @ommiphora molligs derived from the Latin word ‘mollis’, meaning
soft (Steyn, 2003). This is in reference to thevesl hairs present on the plant. Also
known as ‘velvet-leaved corkwobdfluweel-kanniedood’ and ‘soft-leaved’, it grows in

South Africa, Namibia, Botswana, Zimbabwe and Molzaue (Figure 2.6).

Commiphora molliss a tree (Figure 2.6), which is not spiny and llagk does not peel.
The barkdiffers in structural appearance; it may be wridklemooth, or fragmented and is
silvery when burnt by the sun. The trunks are somet knobbly or angular. The young
branchlets are sparsely pilose to densely pubegeantder Walt, 1986). The leavase
compound, pinnate, with 3 — 7 leaflets presentyTdre greyish-green dorsally and a paler
green ventrally, and are densely covered or seakteith velvety hairs. The flowers are
small and are found in groups on long, red slerslalks. The flowers are unisexual,
maroon-red in colour and velvety (Steyn, 2003). Trbé is round and red in colour when
ripe and a distinctive red pseudo-aril with foumaris present when the fruit is halved.
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Figure 2.6: Commiphora mollisree (left) and the recorded geographical distrdyuof
the species (right).
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2.2.6Commiphora neglecta |.Verd

Commiphora neglectderives its name from the word ‘neglected’, du¢h® delay in the
recognition of the plant as a separate speciesyr{St2003). Also known as ‘green-
stemmed corkwood’, ‘groenstam-kanniedood’ asweet-root commiphora'’it grows in

South Africa, Swaziland and Mozambique (Figure 2.7)

Commiphora neglects a many-stemmed shrub or a small spiny tree,haisda bark that
peels. The barks grey to green and peels off in brownish papéernps (Steyn, 2003).
Young branchlets have few short hairs. The leavedrifoliolate, glossy and have smooth
margins. The flowers are small, and are green tlmwein colour. They are found on
longish stalks, in clusters, are bisexual and hypogs (van der Walt, 1986). The frust
fleshy, red when ripe, and round (Figure 2.7). Whglit into half the fruit reveals a red
pseudo-aril, and has three arms. The seeded Stdeck.
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Figure 2.7: Commiphora neglectawigs bearing fruit (left) and the recorded
geographical distribution of the species (right).
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2.2.7Commiphora pyracanthoides Engl.

Commiphora pyracanthoidederives its species name from of the similaritghwthe
genusPyracantha(Rosaceae). It is also known as ‘common corkwood gewone
kanniedood’ (Steyn, 2003). It grows in South AfricGwaziland, Namibia, Botswana,
Zimbabwe and Mozambique (Figure 2.8).

Commiphora pyracanthoides a shrub or small tree, which is spiny and hpaery bark.
The trunk is twisted and branching occurs from liase. The bark is a greyish-green
colour and peels off into yellowish, papery flakBsanchlets are glabrous (van der Walt,
1986). The leaves are simple but on long shooggossy green on its dorsal side (Figure
2.8), and a paler green on its ventral side. Thallsmlateral leaflets are clustered on short
branches and the margins are toothed (Steyn, 2008).flowers are small, found in
groups or occur singly, and appear in early spoieipre the leaves appear. The flowers are
unisexual or bisexual, and hypogynous. The fruitoignd and red in colour when ripe.
When split into half the fruit reveals a red psedadd with four arms of equal length. The

seeded stone is black.
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Figure 2.8: Commiphora pyracanthoidestem (left) and the recorded geographical
distribution of the species (right).
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2.2.8Commiphora schimperi (O.Berg) Engl.

The species nam€ommiphora schimperis in recognition of the author of a standard
work on plant geography, Dr A.F.W. Schimper. Thi®aes is also known as ‘glossy-
leaved corkwoodand ‘blinkblaar-kanniedood’ (Steyn, 2003). It gromsSouth Africa,

Botswana, Zimbabwe and Mozambique (Figure 2.9).

Commiphora schimpers a shrub or small spiny tree and has a barkpbeals. The barls
fragmented and peels off in small yellowish, papéakes, revealing a green layer
underneath. Young branchlets are glabrous (vanVdelt, 1986). The leaveare tri-
foliolate, glossy with deeply toothed margins. Tloavers are small, with a red calyx and
yellow petals and may be found singly or in clustérhey are found present on spiny
branches and are bisexual. The flowers appear easiyring before the leaves appear and
are bisexual only (Steyn, 2003). The frigitred when ripe and is pointed. When split into
half the fruit reveals a knobbly, pseudo-aril, whis scarlet in colour (Figure 2.9). The
pseudo-aril is slightly bent toward one side anahgletely encompasses the seeded stone.
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Figure 2.9: Commiphora schimpebearing fruit revealing pseudo-aril (left) and the

recorded geographical distribution of the speaiggt).
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2.2.9Commiphora tenuipetiolata Engl.

The species nameCommiphora tenuipetiolatais derived from the meaning (of
tenuipetiolata) ‘with a thin petiole’ (leaf stalk)t is also known as ‘white-stemmed
corkwood’, and ‘witstam-kanniedood’ (Steyn, 200B)grows in South Africa (northern

region), Namibia, Zimbabwe and Mozambique (Figud?

Commiphoratenuipetiolatais a tree (Figure 2.10) without spines and hasgles trunk
with a whitish appearance and a bark that peels.bhmkis a bluish-green colour (Figure
2.10 insert) and peels off in white papery flakesl anay also be fragmented. Young
branchlets are are glabrous, sparsely pilose (earhlt, 1986). The compound leaves
have 3 — 5 leaflets, and the margins are toothesboretimes smooth. The surface of the
leaf may be smooth to hairy, and the leaf stalkesy long (Steyn, 2003). The yellow
flowers are found in clusters on long stalks areltairy. They are unisexual and occur on
different trees. The fruis fleshy, a red colour when ripe and reveals ecrguiilar pseudo-
aril with two facial lobes of variable length. Theeded stone is red.
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Figure 2.10: Commiphora tenuipetiolataee (left) with papery bark (insert) and the
recorded geographical distribution of the speaiggt).
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2.2.10Commiphora viminea Burtt Davy

Commiphora vimineaerives its species name ‘viminea’ from the meariodave long
flexible shoots'. It is also referred to as ‘zelwarked corkwood’, ‘sebrabas-kanniedood’
and ‘zebra tree’ (Steyn, 2003) and it grows in 8Aitica and Namibia (Figure 2.11).

Commiphora viminegs a spiny tree (Figure 2.11). The bakypically dark in colour, and
peels off in yellowish papery strips leaving theudcteristic bark that has dark horizontal
bands (Figure 2.11 insert). The leaves are simpte ceccasionally compoundith three
leaflets. The margins of the leaf are scallopedthed or almost entire. The colour of the
leaf dorsally (above) is a blue-green and ventr@Blow) a paler green. with small, yellow
flowers that are found in clusters. The flowers anésexual, occur on different trees, and
appear at the same time as the leaves appear (2698).The very pale red frug fleshy
and is oval in shape with a very sharp point. Wéglit in half, the fruit reveals a yellow

pseudo-aril, which covers the seeded stone alnmbiseky.
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Figure 2.11: Commiphora vimine&ree with characteristic bark that has dark horiabn

bands (insert) and the recorded geographical loligidn of the species (right).
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The Commiphoraspecies investigated in the present study are suised in Table 2.1,

specifically in terms of the collection of specimen January 2005. The identification of
the species collected were verified by Mr Marthii8isyn (a recognised authority on the
genus and author of a book titled Southern Af@manmiphorg. Voucher specimens were
pressed and deposited in a collection housed atDiyeartment of Pharmacy and

Pharmacology, University of the Witwatersrand, Juiesburg.

2.3 Preparation of plant extracts for determinationof biological activity

The presence and degree of variation of differemhmounds contained in the leaf and
stem extracts of the different species was indicaterough the use of thin layer

chromatography, which justified separate extrastiohleaves and stems, respectively.

After collection, fresh plant material was allowtdair dry at ambient temperature {23

in the laboratory for approximately 15 days, aftdrich the plant material was sufficiently
dry for further experimental use. The leaves wegasated from the bark and any fruit
present was removed and stored separately. The mplterial was then crushed to a fine

powder using a mill

The leaves (10 g of each species) underwent ekxireict a conical flask using chloroform:
methanol (1:1). Approximately 200 ml of solvent veailed to the flask and covered with
parafilm, after which the flask was incubated iwater bath at 4T for 2 hours, followed
by filtration into a weighed vial. The extractiomopess was repeated to ensure maximal
extraction. The extracts were reduced by overnighiporation in a standard fume
cupboard. The stems (10 g) were extracted in alaimanner to the extraction of the
leaves, as described above, although dichloromethas used as the solvent. This solvent
selection was aimed at reducing the number of padanpounds extracted in the stems,

such as tannins, as these compounds are non-gelgctheir biological activity.

After reduction of the extracts, the dried extraetsre prepared in the solvents and
concentrations required for each biological acyivatssay (Chapters 3 - 6). Dimethyl
sulfoxide (DMSO) was used as the solvent of chaiceumerous assays, specifically as
the solubility of extracts was ensured by the preseof a highly polar domain combined

with two non-polar methyl groups in this solventnm®thyl sulfoxide has been shown to
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improve the efficiency of fungicides, to possessi-gflammatory effects, as well as
additional non-specific biological effects (San&tsal, 2003), and it is for this reason that

control experiments were conducted in all casestount for additive effects, if any.
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Table 2.1:Collection data fothe 10 indigenou€ommiphoraspecies under investigation.

Species

C. africana (A.Rich.) Engl.
var. africana
(Hairy corkwood)

C. edulis (Klotzsch) Engl.
subsp edulis
(Rough-leaved corkwood)

C. glandulosa Schinz
(Tall common corkwood)

C. marlothii Engl.
(Paper-barked corkwood)

C. mollis (Oliv.) Engl.
(Velvet-leaved corkwood)

C. neglecta I.Verd.
(Green-stemmed
corkwood)

C. pyracanthoides Engl.
(Common corkwood)

C. schimperi (O.Berg)
Engl.

(Glossy-leaved corkwood)
C. tenuipetiolata Engl.

(W hite-stemmed
corkwood)

C. viminea Burtt Davy
(Zebra-barked corkwood)

Locality

Limpopo Province
(near Bethel)

Near the border of Musina

Near the border of Musina

Limpopo Province

Limpopo province

Limpopo Province
(near Waterpoort —R522)

Limpopo Province
(near Bethel)

Limpopo Province
(near Capricorn Toll)

Near the border of Musina

Limpopo Province
(near Waterpoort — R523)

GPS Reading

23°26'37"S
29°44'36"E

n.d.

n.d.

23°26'20"S
29°44'48"E

23°26'22"S
29°44'49"E

23°26'32"S
29°44'33"E

23°26'37"S
29°44'36"E

23°22'23"S
29°46’09"E

n.d.

n.d.

Elevation 3452 m

Elevation 3456 m

Elevation 3510 m

Elevation 3706 m

Elevation 3452 m

Elevation 3698 m

Date of Voucher
Habitat . specimen
collection
number

Bushveld on sandy soils and ONye 01-2005 | AV 1080
rocky slopes.
Dry, hot bushveld and mopane
veld in well-drained sandy 25-01-2005 | AV 1089
soils.

Warm, dry bushveld. 25-01-2005 | AV 1088
Dry bus'hveld, usually on rocky 25.01-2005 = AV 1083
mountain slopes.

Hot, dry bushveld often on 25.01-2005 = AV 1082
rocky outcrops.

Bush and savannah sandveld, 25.01-2005 | AV 1085
often on rocky slopes.

Bushveld on sandy soils. 25-01-2005 AV 1081
Bus_hveld on sandy soils or 25.01-2005 | AV 1084
against rocky slopes.

Wide distribution, from sandy

flatlands to rocky slopes in hot| 25-01-2005 | AV 1087
regions.

Hot, dry bushveld, often

associated with the mopane | 25-01-2005 | AV 1086

woodland.

n.d. = not determinedsPS= Global Positioning System (location); AV = Vouclspecimen numbers as defined by Professor Alvajoevi.
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CHAPTER 3: THE ANTI-OXIDANT ACTIVITY OF COMMIPHORA
SPECIES AND THE ISOLATION OF KAEMPFEROL AND
DIHYDROKAEMPFEROL

3.1 Free radicals and their scavengers

Oxygen is important for life processes to occumvéeer, an excess of oxygen could result
in oxidative damage, which may even lead to deHtle. damage is not due to the presence
of oxygen, but rather due to its role in the reductof certain products to toxic free
radicals. These free radicals are produced withviimg cells and are part of the cell's
normal metabolic processes, including detoxifigatiprocesses and immune system
defences. It is the excessive generation of tre fadicals, reactive oxygen species (ROS),
such as superoxide anions, hydroxyl radicals ambtdgen peroxide that contribute to the
development of various diseases such as cancem mdieid arthritis, certain
neurodegenerative diseases, tissue damage andagésng, especially if free radical

production exceeds the capacity of tissues to remioem (Larkins, 1999).

In aerobic organisms, the defence system agaiesetfree radicals is provided by free

radical scavengers which act as anti-oxidants. Fagdeal scavengers function by donating

an electron to the free radical, the latter of whpairs with the unpaired electron and

thereby stabilising it. Anti-oxidant defence invessboth enzymatic mechanisms, which
utilise specific enzymes such as superoxide disseytatalase and glutathione peroxidase,
as well as non-enzymatic mechanisms, which utiisgients and minerals (Aggarwet

al., 2005).

These anti-oxidants can act at several differexges, by:

(1 the removal of or decrease in the locakt@ncentrations;
(i) the removal of catalytic metal ions;

(i)  the removal of ROS such as @nd HO-;

(iv)  scavenging initiating radicals such’&H, RO and RQ";

(v) breaking the chain of an initiated sequence;
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(vi)  quenching or scavenging singlet oxygen (reageanent of electrons that produces

very rapid oxygen) (Gutteridge, 1994).

3.1.1 Natural anti-oxidants

Defence provided for by the anti-oxidant systemerigcial to survival and can operate at
different levels within the cells through the pretien of radical formation, intercepting
formed radicals, repairing oxidative damage, insimeg the elimination of damaged
molecules, and recognition of excessively damageslecnles, which are not being

repaired but rather eliminated to prevent mutatiomsh occurring during replication.

Non-enzymatic anti-oxidants are classified as beaiitlger water-soluble or lipid-soluble,
depending on whether they act primarily in the apsephase or in the lipophilic region of
the cell membranes. The hydrophilic anti-oxidamisiuide vitamin C (ascorbic acid) and
certain polyphenol flavonoid groups, while the [yic anti-oxidants include ubiquinols,
retinoids, carotenoids, apocynin, procyanidinstaserpolyphenol flavonoid groups and
tocopherols (Middletoret al, 2000). Other non-enzymatic anti-oxidants incluali-
oxidant enzyme cofactors, oxidative enzyme inhiisitand transition metal chelators such

as ethylene diamine tetra-acetic acid (EDTA).

3.1.2 Flavonoids - their therapeutic potential

The establishment of an inverse correlation betwkenntake of fruits and vegetables and
the occurrence of diseases such as inflammatioe;relgted disorders, cancer and
cardiovascular disease is derived from clinicaklsriand epidemiological studies
(Middleton et al, 2000). Polyphenolic compounds are effective hie prevention of
oxidative stress related diseases. Flavonoids grewp of polyphenolic compounds with
diverse characteristics and chemical structurese Therapeutic potential of these
flavonoids has been determined and are known te hanumber of pharmacological and
biochemical properties, namely antibacterial, arglyanti-allergic, vasodilatory and anti-
inflammatory, exhibiting activity against the enzgsncyclo-oxygenase and lipoxygenase.
Flavonoids also exert the effects of anti-oxidafrese radical scavengers and are chelators
of divalent cations (Cook and Samman, 1996). Asutised elsewhere, it is the excessive
generation of the free radicals, reactive oxygeecigs (ROS), such as superoxide anions,

hydroxyl radicals and hydrogen peroxide, that dbote to the causes of various diseases
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such as cancer, rheumatoid arthritis, various riegenaritive diseases, tissue damage and
also ageing, especially if their production excetgiscapacity of tissues to remove them.
Flavonoids have been shown to be effective scaver@feROS (Middletoret al, 2000).

This activity is, however, meaningless without doatext of specific reaction conditions.

Anti-oxidant properties elicited by plant speciasrefore have a full range of applications
in human healthcare, as they protect against tla@eals. Knowledge of the potential anti-
oxidant compounds present within a plant speciessdwmt necessarily indicate its anti-
oxidant capacity, as the total anti-oxidant effey be greater than the individual anti-
oxidant activity of one compound, due to synergibeiween different anti-oxidant

compounds. Methods to measure the anti-oxidanwifctin plant material generally

involve both the generation of radicals (and thelated compounds), and the addition of
anti-oxidants, the latter resulting in the reductiof the radical and its consequent

disappearance (Arnas al, 1999).

Synthetic anti-oxidants, such as butylated hydroig@e and butylated hydroxytoluene,
have been developed, but their uses are limitedt@ltleeir toxicity. In search for sources
of novel anti-oxidants with low toxicity, medicinplants have over the past few years been
studied extensively for their radical scavengindivég (Molyneux, 2004). As plants
produce a large number of anti-oxidants to cortreloxidative stress caused by sunbeams
and oxygen, it is clear that plants may represesbwce of new compounds with anti-

oxidant activity (Scartezzini and Speroni, 2000).

3.1.3Commiphora and its anti-oxidant potential

Natural resins and bio-active triterpenes have Is¢éedied for their anti-oxidant effects on
vegetable oils such as olive, corn and sunflowisrand animal fats, all of which are used
as oil base resins and triterpene dispersion medi@osmetic and pharmaceutical
preparations. Assimopoulou and colleagues (200@singated the anti-oxidant properties
of myrrh from Commiphora myrrhaand other natural resins such as mastic deriva fr
Pistacia lentiscusand gum exudates fronBoswellia serratax Commiphora myrrh
displayed anti-oxidant activity in sunflower oil,ittv only slight anti-oxidant activity in

lard (Assimopoulotet al, 2005).
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3.1.4 Isolation of bio-active compounds

Medicinal plants have formed the basis of healtle cince earliest times of humanity and
are still being widely used. The clinical, pharmaésal and economic value continues to
grow, varying between countries. Chemodiversitylants has proven to be important in
pharmacological research and drug developmentpnigt for the isolation of bio-active
compounds used directly as therapeutic agentsalbatas leads to the synthesis of drugs
or as models for pharmacologically active compouiMisndonga-Filho, 2006). The rapid
identification of these bio-active compounds, horevis critical if this tool of drug

discovery is to compete with developments in te@mpn

Plant preparations are distinguished from chemaaigs due by their complexity -
mixtures containing large numbers of bio-active poonds. This brings about the
challenge of drug discovery from natural sourcedieW an active extract has been
identified, the first task is the identification tife bio-active phytocompounds. Figure 3.1
provides an overview of the procedure from extoactio identification. The coupling of
chromatographic methods such as high performamgedlichromatography with diode
array detection, mass spectrometry and nuclear eti@gnesonance spectroscopy are
important, together with the bioassays, for the ugigon of biologically active

compounds.

Active organic compounds in extracts are isolatsiigibioassay guided fractionation, in
which chromatographic techniques (such as thin rlagleomatography and column
chromatography) are used. The successful isolafocompounds from plant materials
largely depends on the type of solvent used faraekbn (Linet al, 1999). The extract is
separated into individual components and the bioddgactivity of each fraction is
determined until a pure active compound is obtaifié@ pure compound is then identified

using methods such as mass spectrometry and nucsgaretic resonance spectroscopy
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Figure 3.1 Overview of procedure from extraction to idemtfiion (modified from
Mendonca-Filho, 2006).
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Nuclear magnetic resonance (NMR) is a spectrosctgmbnique involving a magnetic
field in which a sample is placed. The sample @ntbubjected to radiofrequency radiation
at the appropriate frequency, allowing for the apson of energy depending on the type
of nucleus, whether, for example, it iSHhor **C. The frequency also depends on chemicall
environment of the nucleus, whether methyl or hygttgrotons are present, molecular
conformations, and dynamic processes. BothiNMR and**C NMR are used, with the
latter providing information on the carbon skeletand the former relating to the specifics

of the hydrogen atoms, thus complementing eachr ¢dlaenes, 1998).

Research has demonstrated that natural productesesg an unparalleled reservoir of
molecular diversity. The isolation and identificati of bio-active phytocompounds in
medicinal plant extracts generally used by locglylation to treat diseases would prove
an immeasurable contribution to drug discovery a®elopment (Mendoncga-Filho,
2006). This would not only validate the traditionese of herbal remedies but also provide
leads in the search for new active principlesestigations surrounding the non-volatile
constituents of indigenouGommiphoraspecies in general, have not been the focus of any

phytochemical study.
3.2 Materials and methods
3.2.1 Thin layer chromatography

The subsequent chapters provided an indicationhefgood pharmacological activity
portrayed by the species and on this basis the siract ofC. glandulosavas chosen for
the isolation of bio-active compounds. Screeninghef anti-oxidant activity of the stem
and leaf extracts was conducted through the usthioflayer chromatography (TLC).
Activity guided fractionation through the use of Tlis used to separate the biologically
active compounds. Aliquots of2 of the chloroform: methanol (1:1) extracts of thaves
and 5yl of the dichloromethane extracts of the stems aygslied to a silica gel (Alugrafh
Sil G/UVas4, Macherey-Nagel) TLC plate using a calibrated glaspillary tube
(Hirschmann Laborgerate). The TLC plate was plaged developing chamber and
allowed to develop in a mobile phase consistingpbfene: dioxin: acetic acid (90:25:10).
Once developed, the TLC plate was removed andrgddThe plate was then viewed

under UV light (Camag) of wavelength 254 nm and 36 Anti-oxidant activity was
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determined by spraying the TLC plate, using an @emwith a solution of DPPH spray
reagent (0.04% in HPLC grade methanol from Ultralinmited). The plates were allowed
to stand for approximately 5 min and the coloumg®a(if any) was noted for compounds
with the ability to scavenge the radical, redudihg DPPH, resulting in a colour change

from a deep purple to a yellow-white.

Once the screening of the anti-oxidant activity wasducted using TLC, two assays, Vviz.
the 2,2-diphenyl-1-picrylnydrazyl (DPPH) assay artie 2,2-azinobig(3-ethyl-
benzthiazoline-6-sulfonic acid) (ABTS) assay werepiyed for the determination of
potential anti-oxidant activity of 10 indigenousesges of Commiphora Both these
methods employ a colorimetric quantification of thegree of anti-oxidant activity of the

extracts.

3.2.2 2,2-diphenyl-1-picrylhydrazyl (DPPH) assay

The anti-oxidant activity of each of the plant exts was determined using the
colorimetric DPPH assay, as described by Shinetdd (1992), to determine the radical

scavenging activity of the plant extracts.

3.2.2.1 Principle of the assay

The hydrogen donating capacity of test samplesuantified in terms of their ability to
scavenge the relatively stable, organic free radiddPH and by consequent reduction
thereof (Figure 3.2). The absorption of the deegetiDPPH solution is measured at 550
nm, after which absorption decreases due to deds&iion to a yellow-white colour, in
the event of reduction. This decrease in absorpsistoichiometric according to the degree
of reduction. The remaining DPPH is measured aim& tnterval of 30 min after the
addition of the DPPH, which corresponds inverselthe radical scavenging activity of the

sample extract or anti-oxidant.
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3.2.2.2 Screening for anti-oxidant activity usinghin layer chromatography

Thin layer chromatography was employed as a pretnyi screening method to determine
the potential anti-oxidant activity of compoundsertracts of indigenou€ommiphora

species. Extracts were prepared in chloroform aethamol in a volumetric ratio of 1:1.

DPPH relatively stable
organic radical — deep
violet colour

l

FIOH = Flavonoid compound, FIO= Flavonoid having donated a hydrogen

Q O
@

DPPH reduced in
presence of anti-oxidant

— yellow-white colour

Figure 3.2: Diagrammatic representation of chemical reactiothefreduction of DPPH in

the presence of an electron donating anti-oxidarar{d-Willianset al., 1995).

Approximately 4ul of each extract was applied to the TLC plate,chihwere developed in
a mobile phase comprising of toluene: dioxan: aceitid (90:25:10). After drying,
compounds were visualised using 0.4 mM DPPH speagent. After approximately 5
min, reduction of DPPH, resulting in a colour charigpm a deep purple to a yellow-white

(Figure 3.2), was observed for compounds with @dicavenging abilities.
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3.2.2.3 Colorimetric spectrophotometric assay

A 96-well microtiter plate was used to generate dgo@ntitative measure of the radical
scavenging activity of 10 indigenous speciesCoimmiphoraat different concentrations,
prepared as serial dilutions, ranging from 10@ml to 0.78 ug/ml. The assay was
conducted in triplicate. Aliquots of 501 of plant extract prepared in DMSO (Saarchem)
were plated out, to which 200l of DPPH (Fluka), prepared in HPLC grade methanol
(Ultrafine Limited), was added to the wells in cmlos 1, 3, 5, 7, 9 and 11 (Figure 3.3).
The plate was shaken for 2 min, after which it vstsed in the dark for 30 min. The
percentage decolourisation was measured spectapbtrically at 550 nm using the
Labsystems Multiskan RC microtiter plate readerkdid to a computer equipped with
GENESIS software. The negative controls containedus0f plant extract to which 200
pl of methanol was added, in the absence of DPPHqwecolumns 2, 4, 6, 8, 10 and 12)
and the positive control was prepared using ar@@ltirade ascorbic acid, to which 200

of DPPH was added (Figure 3.3). The percentagelal@isation was then determined for
each of the test samples (using equation 3.1),raeasure of the free radical scavenging

activity.

For those extracts with a percentage decolourisatibmore than 50% at the starting
concentration of 100ug/ml, the IGo value was determined, which relates to the
concentration of test sample required to scaverigé 6f DPPHin 1 ml of the reaction

mixture. Percentage decolourisation was plottednagdahe concentration of the sample

and the 1G values were determined using Enzfitteersion 1.05 software.

Equation 3.1

[Av controls — (Av samplgpy— AV sampl@etnhano)] X 100

% decolourisation =
Av contr

where:

Av controls = average absorbance of all DPPH comiedis — average absorbance of all
methanol control wells

Av sampleppy= average absorbance of sample wells with DPPH

Av samplenethanoi= average absorbance of sample wells with methanol
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Extract and DPPH Extract and methan

B

n 100 | 100 | 25 | 25 | 625 | 6.25

. 100 | 100 | 25 | 25 | 625 | 6.25

n 100 | 100 | 25 | 25 | 625 | 6.25

. 50 | s0 | 125 | 125 | 3125 3.125

. 50 | s0 | 125 | 125 | 3125 3.125

. 50 | s0 | 125 | 125 | 3125 3.125

. L Control wells (rows A and H): DMSO, no extracteattating
. . . . . . n . n n . . . between DPPH (odd columnsnd methanol (even columi

pa/ml

Figure 3.3: Representative 96-well microtiter plate, indicgtfinal concentrations of plant extracts (left)98-well microtiter plate prepared for
use in the DPPH assay. Purple wells indicate tiserate of an anti-oxidant effect; yellow wells andi¢ative of the presence of extracts with

anti-oxidant activity (right)
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Vitamin C (L-ascorbic acid) and Trolox were used passitive controls. At least three

independent replicates were performed for each Eaamul results are given as mean * s.d.

3.2.3 2,2’-Azinobis(3-ethyl-benzthiazoline-6-sulfonic acid) (ABTS) assy

3.2.3.1 Principle of the assay

The ABTS anti-oxidant assay, also known as theok@quivalent anti-oxidant capacity
(TEAC) assay, assesses the total radical scavergipacity of the plant extracts. This is
determined through the ability of these extractsdavenge the long-lived specific ABTS
radical cation chromophore in relation to that gbldx, the water-soluble analogue of

vitamin E. This assay was first reported by Mikeral (1993) and Rice-Evans (1994).

The generation of the ABTSblue/green chromophore occurs through the oxidatib
ABTS diammonium salt in the presence of potassiwrsylfate (Figure 3.4), with the
absorption maxima occurring at wavelengths 645 784, nm and 815 nm. Anti-oxidants
will reduce the pre-formed radical cation to ABT&d in so doing bring about the
decolourisation of ABTSto a colourless product. The extent of this deedsation is a
measure of the ABTSadical cation that has been scavenged, afteted fime period, and

is relative to the Trolox standard.

3.2.3.2 Screening for anti-oxidant activity usinghin layer chromatography

As described in section 3.2.2.2 thin layer chromgaiphy was employed, using a 7 mM
ABTS' spray reagent. After approximately 5 min, a coloange, from deep turquoise to
yellow-white, was observed on the TLC plate for pounds with radical scavenging

abilities.

3.2.3.3 Colorimetric spectrophotometric method

The quenching of the ABTS radical cation resultstle evaluation of the radical
scavenging activity of each of the plant extraSteck solutions of concentration 10 mg/ml

of each of the plant extracts were prepared in DMSé€rial dilutions were prepared,

ranging from 5 mg/ml to 0.001 mg/ml.
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ABTS — transparent

ABTS
-038 S S 803-
\Eji >:N—N:< :©/
N N
\ /
Et Et

Potassium persulfate
-e

-038 S S 803-
LI
N N
\ /
Et Et

ABTS radical ABTS radical

relatively stable
organic radical —
deep turquoise green
colour

Figure 3.4: Diagrammatic representation of the formation of K#TS radical after the
addition of potassium persulphate (Dornedrml, 2000).

Trolox (6-hydroxy-2,5,7,8-tetramethylchromon-2-caxlic acid, Sigma-Aldrich) was
prepared in ethanol and serial dilutions of thisipee control were also prepared. Ethanol
was used as the negative control. A 7 mM stocktmwluof ABTS (Sigma-Aldrich) was
prepared in double distilled water. The ABTS ralblication was then prepared by the
addition of 88ul of 140 mM potassium persulfate {80s) to 5 ml of ABTS. This solution
was then stored in the dark for 12 - 16 hours tteotto stabilise it before use. It remains
stable for 2 - 3 days in the dark.
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The concentrated ABTSolution was diluted with cold ethanol shortly hef@onducting
the assay, to a final absorbance of 0t/AW.02 at 734 nm at 37C, in a 3 cm cuvette. The
total scavenging capacity of the extracts was dfiedhtthrough the addition of 1000l
ABTS" to 50ul of plant extract. The solutions were heated teating mantle to 37C for

4 min, after which the absorbance was read at #34ma spectrophotometer (Milton Roy
Spectronic GENESYS 5). All experiments were donetriplicate. The percentage
decolourisation was calculated using equation 31@ the extent of inhibition of the
absorbance of the ABTSwvas plotted as a function of the concentrationlétermine the
Trolox equivalent anti-oxidant capacity (TEAC), whican be assessed as a function of

time.

Equation 3.2

1 — (Abs test sample at 734 nm)

% decolourisation = x100
Abs control at 734 1

3.2.4 Isolation of compound 1 — column chromatograpy

3.2.4.1 Silica gel column chromatography

A glass column (Figure 3.5) was clamped upright padked with silica gel (size 0.063-2

mm, Macherey-Nagel) mixed with the appropriate rfeophase (chloroform, Figure 3.6)

and poured into the column as a compact even ssigpeThis constituted the stationary
phase. The extract was then mixed with a small aai the mobile phase, and

introduced as a thin band to the silica gel. Omeeeixtract was loaded onto the silica gel,
the mobile phase was added at a constant flow Gatalient elution of increasing polarity

was initiated consisting of successive elutionschloroform, chloroform:ethyl acetate

(9:1—1:9) and ethyl acetate (Figure 3.6).

Fractions were collected from the column and subsety the anti-oxidant activity of

each fraction obtained was determined and confirbnedLC through the use of DPPH
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spray reagent. Fractions 6-10 were then combined farther fractionation procedures

were carried out using size exclusion column chriography.

Movement and separation
of the extract through
silica gel.

Figure 3.5: Glass column used in silica gel column chromatolgyajor the isolation of
compound 1. The extract was loaded onto the sitica; mobile phase was added at a

constant flow rate.

3.2.4.2 Size-exclusion column chromatography

Subsequent to the silica gel column chromatograpkize-exclusion column
chromatography was utilised. The principle govegnithis method is based on the
molecular size differences of the compounds, whiesult in the separation of these
compounds. The stationary phase comprised of augotbree-dimensional polymeric
matrix, namely Sephad8% LH-20 (Amersham Biosciences) with a fractionatiange of
<1.5 Daltons. This matrix was initially saturatedthvmethanol in order to facilitate
swelling before use. Once this was achieved theixnagas then introduced into a glass
column and the fractions containing the active coamgl introduced as a thin band was
then applied to the column. The mobile phase ctetisf chloroform: methanol (1:1)

(Figure 3.6). Fractions were collected from theuowh and the anti-oxidant activity was
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again determined. Fractions 62-74 appeared to dastiated active fractions and these

were combined for nuclear magnetic resonance (Nbif&)jacterisation.

3.2.5 Isolation of compound 2 — column chromatogrdypy

3.2.5.1 Silica gel column chromatography

The isolation procedure followed a similar protoaslthat outlined for compound 1. Silica
gel (size 0.063-2 mm, Macherey-Nagel) mixed wité #ppropriate mobile phase, in this
case chloroform: ethyl acetate (3:7) was poured ihe column. The chloroform extract
was introduced to the silica gel. Once loaded,nizbile phase was added at a constant
flow rate (Figure 3.6). Fractions were collectednir the column and the anti-oxidant
activity determined. Fractions 35 - 41 were thembmed and further fractionation

procedures were carried out using size exclusitunwo chromatography.

3.2.5.2 Size-exclusion column chromatography

Size-exclusion column chromatography was utilizeihg Sephadé¥' LH-20 (Amersham
Biosciences). This matrix was initially saturatedthwmethanol in order to facilitate
swelling, and introduced into a glass column ane ffactions containing the active
compound combined and loaded onto the column magia thin band. The mobile phase
consisted of methanol. Fractions were collectednfritie column and the anti-oxidant
activity was again determined. Fractions 5 — 1leappd to contain isolated active

compound (Figure 3.6), and these fractions werebooed for NMR characterisation.

3.2.6 Nuclear magnetic resonance spectroscopy

Final chemical characterisation of the two isolateinpounds was achieved by NMR,
which was performed in collaboration with Profes&rDrewes (School of Chemistry,

University of KwaZulu-Natal, South Africa).

Nuclear magnetic resonance spectroscopy was pegtbon a 500MHz Varian UNITY-

INOVA spectrophotometer. All spectra were record@droom temperature in a 1:1
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mixture of deuteromethanol (GDD) and deuterochloroform (CDgl The chemical shifts

were all recorded in parts per million (ppm) relatto Trimethyl silane (TMS).

Extraction ofCommiphora glandulosstem (1.6 kg

1. Hexane 2. Acetone 3. Chloroform 4. Methanol
Active crude extrac Active crude extrac Active crude extrac Inactive crude extrac
Silica gel 60 Silica gel 60
Chloroform Chloroform:Ethyl acetate
Chloroform:Ethyl acetate 3:7)
91— 1:9)
Ethyl acetate

Y Y
Y Y Y v Y

‘ Fractions 1-5 ’ ‘ Fractions 6-1(1 Fractions 11-5%| Fractions 1-34’ ‘ Fractions 35-4r

inactive active inactive inactive active
SephadeX' LH-20 column SephadeX' LH-20 column
Methanol:Chloroform (1:1) Methanol

I I
Y Y v Y Y v

‘ Fractions 1-61’ Fractions 62-7<r Fractions 75-81&‘ Fractions 1-4’ ‘ Fractions 5-11’ Fractions 12-6471

inactive active inactive inactive active inactive

Compound 1

Figure 3.6 Schematic representation of the isolation andfipation of compound 1

(kaempferol) and compound 2 (dihydrokaempferollaisa fromCommiphora glandulosa

(stem)
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3.2.7 Anti-oxidant activity of isolated compounds

It was evident from TLC analysis that a large numbiecompounds may contribute to
anti-oxidant activity. In an attempt to isolate shepotentially bio-active molecules,
kaempferol and dihydrokaempferol were isolated.seheompounds were prepared in the
same way as the extracts, and were subsequentigctedd to the DPPH assay, as
described previously (section 3.2.2), in order &iednine the anti-oxidant potential of
each of the compounds, separately as well as grrdete whether the combination of the

two compounds will bring about a synergistic, antagtic or additive effect (Figure 3.7).

Different concentrations of kaempferol were predausing serial dilutions. These serial
dilutions were combined with serial dilutions ohgdrokaempferol. The 1§ value for
each combination was calculated and the isobolognasre constructed to determine the
fractional 1Go values for kaempferol against the fractional solCvalue of
dihydrokaempferol. The interaction between the cowumgls was determined through
isobolographic analysis. Data points above theahagline serve as an indication of an
antagonistic interaction between the compoundseroed, while those data points below
the diagonal line provide an indication of a symgig interaction. Data points lying on the
line are indicative of a combination with an additieffect, as described by Berenbaum
(1978) and Williamson (2001).

Additive

Synergism————oﬁ-..

v

Figure 3.7: Isobologram depicting possible synergistic, aatasfic or additive effects as a
result of either an interaction or a lack of int#¢i@n that exists between the compounds

concerned (modified from Berenbaum, 1978).
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3.3 Results

3.3.1 Screening for anti-oxidant activity using thn layer chromatography

Thin layer chromatography was performed as a pmeéiny screening process to determine
whetherCommiphorapossessed anti-oxidant activity, as shown in FEdu8 (using DPPH

as the spray reagent) and Figure 3.9 (using ABT8&easpray reagent). The TLC plate
displays the compounds present in each of the epaeisponsible for the anti-oxidant
activity, in both the stem and the leaf extracthisTis visualised as yellow-white spots
against a purple background, once sprayed with DEfHglre 3.8). On the TLC plate

sprayed with ABTS, the anti-oxidant activity is wadized as white spots on a green

background (Figure 3.9).

T OPMpraged TLC plokt o (emmiphan
Prory deweloped wn TLC sytlem [0

-
-

D S=C=C MROSO-C-— - — -0 9 O R 9

e L & L b 15 i L
[ ohicane € pyoconivaides molliy _ Croldimg Cohmpen Cargleclo € viminka € teronpthdal  Calondulosa € Huly

1 2 3 4 5 6 7 & 10 11 12 13 14 15 16 18 19 2

1. Commiphoraafricana (leaf); 2. C. africana (stem); 3. C. pyracanthoidegleaf); 4. C.
pyracanthoidegstem);5. C. mollis(leaf); 6. C. mollis(stem);7. C. marlothii(leaf); 8. C. marlothii
(stem); 9. C. schimperi(leaf); 10. C. schimperi(stem); 11. C. neglecta(leaf); 12. C. neglecta
(stem); 13. C. viminea (leaf); 14. C. viminea (stem); 15. C. tenuipetiolata (leaf); 16. C.
tenuipetiolata(stem);17. C. glandulosgleaf); 18. C. glandulosgstem);19. C. edulis(leaf); 20. C.

edulis(stem).

Figure 3.8: Thin layer chromatography plate, developed in a itlegthase consisting of
toluene: dioxin: acetic acid (90:25:10), was useddétermine anti-oxidant compounds
present in the extracts of ti@®mmiphoraspecies studied, using the DPPH spray reagent.

The anti-oxidant compounds are observed as yellbwtevepots on a purple background.

90



12 3 45 6 7 8 90 11 12 13 14 15 16 17 189 20
1. Commiphoraafricana (leaf); 2. C. africana (stem); 3. C. pyracanthoidegleaf); 4. C.
pyracanthoidegstem);5. C. mollis(leaf); 6. C. mollis(stem);7. C. marlothii(leaf); 8. C. marlothii
(stem); 9. C. schimperi(leaf); 10. C. schimperi(stem); 11 C. neglecta(leaf); 12. C. neglecta
(stem); 13. C. viminea (leaf); 14. C. viminea (stem); 15. C. tenuipetiolata (leaf); 16. C.
tenuipetiolata(stem);17. C. glandulosdleaf); 18. C. glandulosastem);19. C. edulis(leaf); 20. C.
edulis(stem).

Figure 3.9: Thin layer chromatography plate, developed in a ifegthase consisting of
toluene: dioxin: acetic acid (90:25:10), indicatiagti-oxidant compounds present in the

extracts of th&€€ommiphoraspecies studied, using ABTS spray reagent.

These TLC results provided a clear indication @& presence of free radical scavenging

compounds, which prompted the colorimetric quatitéaspectrophotometric analysis.
3.3.2 Colorimetric spectrophotometric assays
The anti-oxidant potential of each of the extracls Commiphora species under

investigation are summarised in Table 3.1 and detnated in Figure 3.10, in both the
DPPH and ABTS anti-oxidant assays.
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Table 3.1:In vitro anti-oxidant activity ig/ml) of extracts from indigenouGommiphora

species, as shown by the DPPH and ABTS assayslt®Rasel given as mean + s.d, n=3.

Species DPPH 1Go (ng/ml) ABTS ICsg (ug/ml)
C. africana (leaf) 43.00 £ 1.37 29.64 £ 3.81
C. africana (stem) 39.44 +£1.70 12.97 +1.23
C. edulis (leaf) 59.70 + 1.97 n.d.
C. edulis (stem) 10.59 + 0.50 23.75+3.51
C. glandulosa (leaf) 41.39+1.73 12.19+0.16
C. glandulosa (stem) 27.27 £0.15 10.69 +1.47
C. marlothii (leaf) 66.81 + 0.43 17.66 £0.75
C. marlothii (stem) 3216 £1.72 15.67 £1.79
C. mollis (leaf) 89.95 £ 0.04 60.11 £ 8.73
C. mollis (stem) 22.17 £ 0.33 8.82+£0.72
C. neglecta (leaf) 98.61 +1.97 n.d?
C. negglecta (stem) 10.36+1.89 7.28+£0.29
C. pyracanthoides (leaf) 29.32 £5.22 51.44 £ 0.27
C. pyracanthoides (stem) 19.02 + 0.12 18.68 + 8.84
C. schimperi (leaf) 55.30 £ 3.73 25.25+1.74
C. schimperi (stem) 7.31+0.14 11.22 +3.61
C. tenuipetiolata (leaf) 10.81 £ 0.56 17.47 +1.30
C. tenuipetiolata (stem) 10.75 + 0.36 5.10 £ 0.66
C. viminea (leaf) 78.49 + 3.46 45.89 +0.79
C. viminea (stem) 84.01 £+ 7.07 26.30 £ 0.23
Kaempferol 3.32+1.27 427 £0.13
Dihydrokaempferol 301.60 +2.79 n.a.
Vitamin C 4.18 + 0.56 n.d.
Trolox 7.03+1.16 5.41+0.51

n.d#= not detemined as a result of insufficient plaattenial or compound.
n.d® = not detemined, not required as a control
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Figure 3.10: Gmparative DPPHE) and ABTS ) radical scavenging capacity of each of @@mmiphoraspecies extracts and the isolated
kaempferol and Trolox control, demonstrated by, Malues with the exception &f. edulisleaves an€. neglectdeaves; the standard error of

the mean of three replicates are denoted by eansr (o = 3 experiments).
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In general, the extracts @ommiphora displayed poor anti-oxidant activity in the DPPH
assay with IG values ranging between 7.31 = 04¢/ml and 98.61 + 1.97g/ml, with
the exception of the stem extracts@fschimperi(ICso = 7.31 = 0.14ug/ml), C. neglecta
(ICso = 10.36 = 1.8%ug/ml), C. edulis(ICsp = 10.59 = 0.5Qug/ml) andC. tenuipetiolata
(ICso = 10.75 £ 0.36ug/ml) and the leaf extract &@. tenuipetiolata(lCso = 10.81 + 0.56
png/ml), as compared to the vitamin C control whicdd ran G, value of 4.18 + 0.56

png/ml. The flavonol, kaempferol (K= 3.32 £ 1.27ug/ml) displayed exceptional radical
scavenging activity, in contrast to the activitysplayed by dihydrokaempferol @#6€=
301.57 = 2.79ug/ml) (Figure 3.10).

The results obtained in the ABTS assay differednfrinie results obtained in the DPPH
assay, with a greater anti-oxidant activity obsdri@ most of the species in the ABTS
assay (Figure 3.10 and Table 3.1). The highestigctin the ABTS assay) was observed
in the stem extracts @. tenuipetiolatyICso=5.10 + 0.66ug/ml), C. neglecta(ICso= 7.28

* 0.29ug/ml) andC. mollis(ICso= 8.82 + 0.72ug/ml). Of the leaf extracts;. glandulosa
displayed the most favourable radical scavenging/iac (ICso = 12.19 + 0.16pg/ml)
followed by C. tenuipetiolataand C. marlothii which displayed similar activity (kg =
17.47 = 1.30ug/ml and 17.66 + 0.7pg/ml, respectively). Kaempferol displayed radical
scavenging activity in the ABTS assay 4G 4.27 £+ 0.13ug/ml) consistent with the
activity displayed in the DPPH assay 4G 3.32 + 1.27ug/ml).

3.3.3 Isolation of compounds

Isolated compounds were identified as flavonoidg, ¥lavonol and dihydroflavonol.
Compoundl was isolated as a yellow powder. On the basi®@fspectral data obtained
for '"H NMR [Table 3.2 and Figure B1 (Appendix B)] alC NMR [Table 3.3 and Figure
B2 (Appendix B)], and compared to that of relatrederences viz. Solimaet al. (2002)
and Bin and Yongmin (2003), compound 1 was iderdifas kaempferol (Figure 3.11). It

has an emprical formula ofi§H100e.
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OH

HO O

OH

Figure 3.11 The chemical structure of kaempferol (compound 1)

Table 3.2: Comparing the experimental data'ef NMR of the aglycone kaempferol with
that obtained by Bin and Yongmin (2003), Solingdral (2002) and Xtet al (2005).

K ref nucleus éy K exp nucleus

'H- position (ppm) J EerZ) &1 (ppm) - Je(;';)
(Chemical shift) (Chemical shift)
6 6.20 2.1 6.15 2.1
8 6.40 2.1 6.30 2.1
2' 7.77 84 7.97 8.9
3 6.93 8.4 6.82 8.8
5 6.93 8.4 6.82 8.8
6’ 7.77 84 7.97 8.9

WhereJ = coupling constant
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Table 3.3: Comparing the experimental data'd€ NMR of the aglycone kaempferol with
that obtained by Bin and Yongmin (2003), Solingdral (2002) and Xtet al (2005).

K refl. K ref2. K exp.

¥%C-position (DMSO-dy) (CD3;0D) (CDCL 4/CD;0D)

(Chemical shift) (Chemical shift) (Chemical shift)
2 146.7 147.0 146.4
3 135.7 136.4 135.2
4 175.8 176.4 175.3
5 156.2 157.6 156.7
6 98.2 99.0 98.4
7 163.8 165.1 160.4
8 93.4 94.3 93.8
9 160.7 161.8 163.8
10 103.0 103.9 103.1
1 121.7 123.0 122.1
2 129.5 130.3 129.4
3 1154 116.2 115.2
4 159.2 160.2 158.7
5' 1154 116.2 115.2
6 129.5 130.3 129.4

The NMR spectra were in accordance with the streadéi a flavonol.

Compound2 was isolated as yellow needle-like crystals. Thempound was identified as
dihydrokaempferol (Figure 3.12), on the basis @ $ipectral data obtained fi NMR
[Table 3.4 and Figure B3 (Appendix B)] aldC NMR [Table 3.5 and Figure B4
(Appendix B)], and compared to the data obtainedliyenalp and Demirezer (2005) and
Bin and Yongmin (2003). Dihydrokaempferol has ampeital formula of GsH120s.

OH
HO O
OH

OH O
Figure 3.12 The chemical structure of dihydrokaempferol (coonpd 2).
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Table 3.4: Comparing the experimental data’ef NMR of dihydrokaempferol with that
obtained by Guvenalp and Demirezer (2005) anceial. (2005).

D ref nucleusén D exp nucleussy
'H- position (ppm) J (Hz) ref (ppm) J (Hz) exp
(Chemical shift) (Chemical shift)
2 5.04 11.0 4.99 -
3 4.60 11.0 4.58 -
6 5.85 2.0 5.85 -
8 5.91 2.0 5.95 -
2' 7.31 8.5 7.32 7.5
3 6.78 8.5 6.83 7.5
5 6.78 8.5 6.83 7.5
6’ 7.31 8.5 7.32 7.5

WhereJ = coupling constant

Table 3.5: Comparing the experimental data’8€ NMR of dihydrokaempferol with that
obtained by Giuvenalp and Demirezer (2005) anceial (2005).

136, D ref. D exp.
position (DMSO-ds) (EELLEHOID),
(Chemical shift) (Chemical shift)
2 83.0 81.1
71.6 71.6
4 198.0 197.2
5 163.5 163.1
6 96.2 96.0
7 166.9 166.6
8 95.2 94.9
9 162.7 162.6
10 100.6 100.3
1 127.7 124.1
2' 129.4 129.0
3 1155 117.6
4' 157.9 158.6
5 115.1 117.6
6’ 129.6 129.0
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3.3.4 Isobologram construction of the interaction btween the isolated compounds

with anti-oxidant activity

Isobolograms were constructed, as described prskioto determine the synergistic,
antagonistic or additive anti-oxidant effect betweferstly, Commiphora glanduloséstem)
and vitamin C (Table 3.6; Figure 3.13), and secpndktween kaempferol and
dihydrokaempferol (Table 3.7; Figure 3.14) oveaage of concentrations.

The isobologram constructed to determine the intema betweenC. glandulosa(stem)
and vitamin C was performed as a means to devélepmethod for the interaction that
exists between the two isolated compounds, kaemipfand dihydrokaempferol. The
interaction betweel. glandulosaand vitamin C yielded a synergistic relationshijlgle
3.6; Figure 3.13). The interaction that resultedween the combination of the two

compounds, however, was antagonistic (Table 3gurEi3.14).

Table 3.6: Data generated for the construction of the isojpalm to indicate the

interaction betweet€ommiphoraglandulosastem extract and vitamin C, in the DPPH

assay.

Concentration ICsovalues ug/ml) Ratio values

Plate G C G C G C
1(10:0) 34.85 0.00 34.85 0.00 1.00 0.00
2(9:1) 31.37 0.69 20.50 2.28 0.59 0.33
3(8:2) 27.88 1.38 12.30 3.08 0.35 0.45
4 (6:4) 20.91 2.76 6.47 4.31 0.19 0.63
5 (5:5) 17.43 3.45 3.78 3.78 0.11 0.55
6 (4:6) 13.94 4.14 2.13 3.20 0.06 0.46
7(2:8) 6.97 5.52 0.67 2.69 0.02 0.39
8 (1:9) 3.49 6.20 0.47 4.20 0.01 0.61
9 (0:10) 0.00 6.90 0.00 6.89 0.00 1.00

G =Commiphora glanduloséstem), C = vitamin C.
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0.75+

0.50+

IC5q ¢ in combination/
IC5y calone

0.25+

0.00 T T T \ 1
0.00 0.25 0.50 0.75 1.00 1.25

IC5 ¢ in combination/
IC5q galone

G =Commiphora glandulosaC = vitamin C.

Figure 3.13: Isobologram of the interaction betwe€ommiphoraglandulosa(stem) and

vitamin C, showing a synergistic relationship.

Table 3.7: Data generated for the construction of the isoppalom to indicate the

interaction between kaempferol and dihydrokaempfémdhe DPPH assay.

Concentration ICsovalues fug/ml) Ratio values

Plate K D K D K D
1(10:0) | 3.32 0.00 3.32 0.00 1.00 0.00
2(9:1) 2.99 30.16 5.47 0.61 1.65 0.002
3(8:2) 2.65 60.31 4.66 1.16 1.40 0.004
4 (7:3) 2.32 90.47 4.44 1.90 1.34 0.01
5 (5:5) 1.66 150.78 4.41 4.41 1.33 0.02
6 (4:6) 1.33 180.94 451 6.77 1.36 0.02
7(3:7) 0.99 211.10 4.41 10.29 1.33 0.03
8 (2:8) 0.66 241.25 4.50 18.00 1.36 0.06
9 (1:9) 0.33 271.41 4.17 37.51 1.26 0.12
10 (0:10) | 0.00 301.57 0.00 301.57 0.00 1.00

K = Kaempferol, D = Dihydrokaempferol.
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IC 50 p in combination/
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0.25+
0.00 T T T T T “. T 1
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IC 50 k in combination/
IC5q k alone

K = Kaempferol, D = Dihydrokaempferol.

Figure 3.14:1sobologram of the interaction between isolated poumds kaempferol and

dihydrokaempferol, showing an antagonistic releghap.

3.4 Discussion
3.4.1 Screening for anti-oxidant activity using tha layer chromatography

A rapid TLC evaluation of the presence of anti-@xitactivity in theCommiphoraspecies
under investigation was conducted to identify fradical scavenging activity and reveal
the presence of compounds, if any, responsibleHisractivity. Most free radicals react
rapidly with oxidizable substrates. Both the DPPidl ABTS spray reagents were used,
and are regarded accurate with respect to meastiméngnti-oxidant activity of extracts. A
colour change was observed within a few secondsr gflate spraying. Each extract
displayed a number of active anti-oxidant bandsckwifurther displayed a slight variation
amongst species and spray reagent (Figure 3.8igndeR3.9). The stem extracts of each of

the species displayed more active bands and ataegrintensity than those displayed by
leaf extracts.

Most extracts displayed the presence of compoundsesging both the DPPH organic
radical and ABTS (Figure 3.8 and Figure 3.9). Fempounds, however only scavenged
one or the other radical. This may be attributedh® nature of the compound and its

consequence to scavenge only certain free radi€dsicentrated yellow spots were
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observed at the origin (baseline) of the plateiciaiing that the majority of the anti-oxidant
compounds are of a relatively polar nature (rathan non-polar), and that the degree of
intensity results from the actual concentration tbé particular radical scavenging

compound.

It is important to note that TLC only serves ag@iminary screening process, and that the
anti-oxidant potential of the extracts may not dilecorrespond to the results obtained in
the independent assays, as there is a definiteeotmation difference between the extracts

analysed by TLC and those employed in the assays.

3.4.2 Colorimetric spectrophotometric method

The DPPH radical has a deep purple colour and bBbssirongly at a wavelength of 550
nm, whereas the yellowish reduction product, DRRRides not. The radical scavenging
potential of Commiphoraspecies under investigation is summarised in Ta&ble and
depicted in Figure 3.10. In the DPPH assay, sigaifi anti-oxidant efficiency was
observed for only fourCommiphoraspecies, viz.Commiphora schimper{stem), C
neglecta(stem),C. edulis(stem) andC. tenuipetiolataleaf and stem) with 1§ values of
7.31 £0.14ug/ml, 10.36 xug/ml, 10.59 + 0.5Qug/ml, 10.81+ 0.56.g/ml and 10.75 + 0.36
ug/ml, respectively. When viewing the chromatograpprofiles of the stem extracts
(Chapter 8) of these four species, a distinct sinty is noticed between the HPLC profiles
of C. schimperi C. neglectaand C. tenuipetiolata Commiphora eduligstem), however,

has a very different chemical profile upon comparisvith the other three active species.

Upon comparison of the anti-oxidant activity, atedeained by the DPPH assay, it was
observed that stem extracts@dmmiphoraproduced greater anti-oxidant activity than leaf
extracts, with the exception @f. africang C. tenuipetiolataandC. viminea The stem and

leaf extracts of these species demonstrated anadogati-oxidant activity.

Pronounced radical scavenging activity has beearteg in plants with phenolic moieties,
the presence of which is common in natural antdarts. These phenolic moieties include
substances such as tannins, flavonoids, tocophenmudscatecheses. Tannins are, at least in
part, responsible for the strong free radical sogirey activities working synergistically

with other anti-oxidant substances. Organic acidsl grotein hydrolysates may
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additionally act as anti-oxidants (Dapkevicetsal, 1998). The phenomenon that the stem
extracts demonstrated substantial radical scavgnmfpacity is not completely surprising,

in light of the expectancy of the high polyphenaantent.

It is, however, surprising that the leaves did demonstrate a higher radical scavenging
ability, especially with the representative flav@hopatterns identified in their
chromatographic profiles (Chapter 8). The radicalvenging potential against the DPPH
organic radical directly depends on the number yafréixyl groups present in ring B of
flavonoids, with an increase in the number of hygtagroups resulting in an increase in
radical scavenging activity (Rusak al, 2005). Phenols, amino and thiophenol groups are
commonly known to be the active groups for DPPH/enging. The mechanism by which
DPPH is scavenged, aids in elucidating the streeaativity relationship (SAR) of the anti-
oxidant and, in so doing, may be beneficial in thdonal design of novel flavonoid-

derived anti-oxidants with improved pharmacologgadfiles (Wang and Zhang, 2003).

The presence of the 6-hydroxyl group was shownet@t unfavourable structural feature
of flavonoids with regard to the DPPH scavengind anti-oxidative effects (Rusak al,
2005). The radical scavenging effect is thus irtatbby the presence of 6-hydroxyl groups.
In the absence of a polyhydroxylated structurerenB-ring, the &Cs; double bond does
not contribute to the hydrogen-donating abilityflaivonoids, while the presence of both
these structural entities are important structuegjuirements for the cytostatic effect of
flavonoids (Rusalet al, 2005). While the flavan backbone affects antuarices the anti-
oxidant potential, the spatial arrangement ofutss$ituents has a greater effect on the anti-

oxidant outcome.

While the chromatographic profile of the leaf ektsaofC. africanaresembled that of.
pyracanthoidesand C. glandulosa(Figure 8.3), the moderate activity displayed bgse
species varied with the determinedd®alues, the latter being 43.00 + 1,83/ml, 29.32 +
5.22 pg/ml and 41.39 £ 1.73w/ml, respectively.Commiphora africana(leaf) andC.
glandulosa(leaf) yielded similar chromatographic profilesdaanti-oxidant activity, while

C. pyracanthoidesexhibited a higher anti-oxidant effect. Factorstabuting to this
activity variation may include the quantity of moldes available to react or the presence
of molecules acting antagonistically to those moles that are available with a greater

scavenging potential. The flavonoid pattern dispthyby all three species varied
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considerably with only few flavonoids common to tkaf extracts of these three species.
Limited free radical scavenging activity was digld byC. viminea(leaf), C. mollis(leaf)
and C. neglecta(leaf), with 1Go values of 78.49 = 3.46g/ml, 89.95 + 0.04ug/ml and
98.61 + 1.97ug/ml, respectively. The chemical fingerprint of tleaf extract of all three
species was very characteristic and differed sSicanitly from each other as well as from
the leaf extract oC. tenuipetiolata(Chapter 8), the latter species demonstrating ereat

anti-oxidant activity.

The radical scavenging activity of ti@mmiphorastem extracts under investigation was
observed with 16 values ranging from 7.31 £ 0.1&/ml (C. schimpelito 84.01 + 7.07
pug/ml (C. vimined. Although the HPLC profile o€. marlothiiwas significantly different

from that ofC. glandulosatheir anti-oxidant activity was similar (Figureld).

Kaempferol demonstrated radical scavenging effeyeiCso = 3.32 + 1.27ug/ml) greater
than that of both vitamin C (ko= 4.18 £ 0.56pg/ml) and Trolox (IGo = 7.03 + 1.16
ug/ml). Rusak and colleagues (2005) investigatedattiteoxidant activity of flavonoids
and determined the kgvalue of kaempferol to be Litg/ml (53.40umol/L), indicating a
radical scavenging activity five-fold less thanttdatermined in this study. In the study by
Rusaket al (2005) the scavenging activity of kaempferol atier investigated flavonoids
did not correlate with their anti-oxidant activity menadione-stressed HL-60 cells (Rusak
et al, 2005). Kaempferol, which was shown to be the kgeaof the flavonoids in
scavenging DPPH, was the most effective in reduciidative stress in this cell line. This
suggests that the anti-oxidant efféctvivo is not only a consequence of their electron-
donating ability. The radical scavenging activifyanti-oxidants, and their affinity for lipid
substrates, are important factors in their antdamt activity. It is thus evident that
compounds other than the polyphenolic tannins dse a@esponsible for the radical

scavenging activity ofommiphoraspecies.

Systematic changes occur in the structure of flaids) where quercetin serves as the
flavonoid from which the other flavonoids are dedvor modified, as it contains all the
functional elements on the C-ring, these being2f3=double bond, 3-hydroxy and 4-keto
substitution. Kaempferol, a derivative of quercelias a B-ring catecholic structure and a

fully substituted C-ring. Figure 3.15 demonstrétes possible mechanism, as proposed by



Tsimogiannis and Oreopoulou (2006), by which kaergifscavenges the relatively stable

organic radical.

Kaempferol

DPPH

DPPH,

oH O o O

DPPH

DPPH,

HO o
O Kaempferol quinone
o)

Figure 3.15: The mechanism of DPPH radical scavenging by kaembés proposed by

Tsimogiannis and Oreopoulou (2006).
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Dihydrokaempferol has poor radical scavenging #@gtivas demonstrated in the DPPH
assay, with an I value of 301.57 + 2.79g/ml. This is an indication that not all
flavonoids possess exceptional, or even moderatén(¢his instance) radical scavenging
efficiency. Plumbet al (1999) stated that the removal of the 2,3 doblbled will result in

a drastic reduction in the anti-oxidant activity.this study, this statement was found to be
true upon testing of the compound in the DPPH asslilyough Artset al (2003) found
the contrary upon comparison to kaempferol in tiBT & assay.

The absence of significant DPPH scavenging actinityertain extracts, suggests that they
possibly act as chain breaking anti-oxidants. Fritudies are required for evaluation of
the usefulness of the studied extracts for thetrtreat of disorders involving oxidative
stress, and for characterisation of these activepounds. This was evident in the case of
kaempferol, which exhibited the most effective R@®Svenger in menadione-stressed

cells, but the lowest activity in the DPPH assay.

The results obtained in the ABTS assay (Table Bigure 3.10) differed from those
obtained from the DPPH assay. Most extracts digplayeater activity in the ABTS assay,
with the exception o€. edulis(stem),C. pyracanthoidegleaves)C. schimperistem) and
C. tenuipetiolata(leaves), as summarised in Table 3.1 and demaoedtia Figure 3.10.
The stem extracts were still observed to have teatgr radical scavenging activity upon
comparison with the leaves, with the greatest agtimeasured for the stem extractsQf
tenuipetiolata(ICso= 5.10 + 0.66ug/ml), C. neglecta(ICso= 7.28 = 0.29ug/ml), C. mollis
(ICs0=8.82 £ 0.72ug/ml), C. glandulosgICso= 10.69 * 1.47g/ml), C. schimper{(ICso=
11.22 + 3.61ug/ml). Commiphora tenuipetiolatgdstem) displayed similar anti-oxidant
activity to that of Trolox, the latter having ansialue of 5.41 + 0.5fuig/ml. Commiphora
mollis (leaves),C. viminea(leaves) andC. pyracanthoidegleaves) were still observed to
have poor anti-oxidant activity, with tgvalues of 60.11 + 8.7@g/ml, 45.89 + 0.79ug/ml
and 51.44 + 0.2'ag/ml, respectively. Due to insufficient volumes@fedulis(leaves) and

C. neglectgleaves) extracts, these were not tested in thERBssay.

In a review on flavonoids as anti-oxidants by Rig®000), it was stated that the major
determinants for radical scavenging capability @e¢he presence of a catechol group in
ring B (OH group at Rand R), which has electron donating properties and liadical
target, and (ii) a €Cs; double bond conjugated with the 4-oxo group (Feg3rl6),

responsible for electron delocalisation, accordmthree different approaches, namely the
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inhibition of superoxide anion production, chelatiof trace metals and scavenging ABTS.
The presence of a 3-hydroxyl group in the heterlocymng of flavonols makes them more
potent radical-scavengers than the correspondangfiies, especially in the presence of a
catechol group in ring B. It was determined that #ddition of an hydroxyl group in ring
B further enhances the anti-oxidant capacity, wtiikepresence of a single hydroxyl group
in ring B reduces the activity. Flavanones lack,a0gdouble bond with the 4-oxo group

and as a result are weak anti-oxidants.

Kaempferol, demonstrated greater radical scavenaatigity (ICso = 4.27 + 0.13ug/ml)
than Trolox (IGo = 5.41 + 0.51ug/ml) (as was the case in the DPPH assay). Parhala
(2001) demonstrated that compounds containingmofiehydroxyl group on the B-ring
are less potent anti-oxidants; the mechanism abraaiccurring via the formation of a
phenoxyl radical. Kaempferol, however, has a reddyi high activity upon comparison
with other monohydroxyl compounds. This is probahl/ a result of the potential for
conjugation between the 4'-hydroxyl group and théyBroxyl group through the
conjugated C-ring. The phenoxyl radical formed fagsabstracts an electron from the
radical cation to generate the di-cation and thenplate. The structure of the B-ring is the
primary determinant of the anti-oxidant activitydamhe electron donating ability of

flavonoids.

Figure 3.16: The basic chemical structure of flavonols.
The predominant mechanism of action noted by Panaadl colleagues (2001) occurred

via the donation of a single electron to the rddezdion, resulting in the formation of a

semi-quinone. The electron donors undergo a ragidtion with the ABTS while the
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functional hydroxyl groups are slower reacting ane taken into account only over longer

time-scales.

The DPPH and ABTS assays have the same mechaniagtiof, but, in most cases, the
results obtained from ABTS assay are higher thasdtlirom the DPPH assay, as was seen
in the current study with respect to most of @@mmiphoraspecies. It has been reported
that results from the ABTS assay do not only take account the activity of the parent
compound, but also the contribution that reactimdpcts and other individual compounds
have on the activity, which is not the case in BféPH assay (Artet al, 2003). In the
ABTS assay, the total amount of radical scavengetheasured over a period of time,
while most anti-oxidant assays measure the ratehamh a radical is scavenged by an anti-
oxidant (Artset al, 2003). The total amount of ABTSscavenged by a compound

correlates with the biological activity in a sekttgroup of flavonoids (Artst al, 2003).

It was also determined by Lest al. (2003) that the total anti-oxidant capacity of the
samples being tested in the ABTS and DPPH assayslated with the phenolic and
flavonoid content. However, the determined valuedicated that the DPPH assay
underestimates the anti-oxidant capacity by apprately 30%, as compared to the ABTS
assay. This methodological difference has previobslen reported by Kinet al. (2002)
and Arnao (2000), and may be attributed to the rdiaswe interruption at the specified
wavelength by other compounds in the DPPH assag. ABTS assay is also a very
sensitive assay requiring only a short reactioretwh approximately 4 min (versus the 30
min reaction time required for DPPH), and can bedus both organic and aqueous
solvent systems (Leet al, 2003) i.e. the application of the ABTS assayfos both
hydrophilic and lipophilic compounds (Mathew andraham, 2006).

Campos and Lissi (1997) suggested that the difterembserved between the DPPH and
ABTS assays may also be partly as a result of ¢laetions, in the DPPH assay, being
carried out in the absence of the reduced form BPB. The reduced form of ABTS is
constantly present within that particular assayesys The DPPH radical is also one of a
few stable and commercially available organic & radicals, which has no similarity to

the highly reactive and transient peroxyl radicals.
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The interaction of polyphenolic constituents witlkee radical species in different phases
provides different perspectives on their anti-oridaro-oxidant properties. Adverse
biological activities could be obtainea vitro over a wide range of concentration levels of

the flavonoids, depending on the specific assayadtel system (Joubest al, 2005).

Flavonoid-enriched plant extracts may be used fairtanti-oxidant properties and
associated beneficial health properties. Howevesir tuse as dietary supplements should
be considered with caution, in view not only of guital mutagenic properties, but any
pro-oxidant effects, as well. Beneficial propert@shese extracts and/or compounds may
alter, due to conditions such as the availabilityiron or the level of ascorbaia vivo
(Joubertet al, 2005).

3.4.3 Isolation of compounds

Approximately 9000 different flavonoids have beeparted from plant sources, and with
almost certainty many more are still to be discederas they continue to capture the
interests of scientists from numerous disciplinBased on the 10-carbon skeleton of
flavonoids, they can be substituted by a rangeftd@rdnt groups, viz. hydroxyl, methoxyl,
methyl, isoprenyl and bezyl substituents (Williaamel Grayer, 2004).

During the course of this study, two compounds weaated from Commiphora
glandulosa(stem). Both these compounds are flavonoids, kaempferol (flavonol) and
dihydrokaempferol (dihydroflavonol). These secondanetabolites are not novel;
however, the isolation of these compounds has aehlyeported itCommiphoraspecies

previously.

Flavonoids derive their carbon skeleton from 4-caumgl CoA and malonyl CoA, both of
which are derived from carbohydrates. The firstdleoid, naringenin, is formed from the
stereospecific action by chalcone isomerase omgenin chalcone. The dihydroflavonols,
viz. dihydrokaempferol is formed by the direct hyxlylation of of flavonones (naringenin)
in the 3 position. This reaction is catalysed bavéinone-3-hydroxylase (Figure 3.17).
Dihydroflavonols are an important intermediate Ime tformation of catechins, pro-
anthocyanidins and anthocyanidins. Flavonols, sashkaempferol are formed by the

introduction of a G-C3 double bond, a reaction catalysed by flavonolilsyse.
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The kaempferol nucleus is expected to have two letaiatdy 6.20 and 6.40 ppmiE 2.1

Hz), assigned to the H-6 and H-8 protons, respelgtiand a pair of 4B, aromatic system
protons aby 6.93 and 7.77 ppmd & 8.4 Hz), assigned to H;&' and H-2, 6' respectively
(Harborneet al, 1975). The isolated compound displayed UV ahktgmmpdata typical of
the flavonol kaempferol, and tfel-NMR (Table 3.1) and®C-NMR (Table 3.2) spectrum

displayed the characteristic signals.

In a study by Yun—-Longt al (1999), a comparison was made between the flagono
contigoside A and kaempferol. It was noted thatnigakerol showed an extreme downfield
characteristic signal for both 5-OH and 3-OH (12 50.6 ppm).

Kaempferol has been isolated frddelphinium consolidd.., Ranunculaceae (Perkins and
Wilkinson, 1902), fronCitrus paradisiMacf. (grapefruit), Rutaceae (Dunlap and Wender,
1962), from aerial parts ¢frunus prostrataRosacea (Biliat al, 1993), from the roots of
Smilax bockiiwarb. Liliaceae (Xwet al, 2005),Camellia oleiferaAbel., Theaceae (Bin

and Yonming, 2003) and are present in the Bursasafamily.

Dihydrokaempferol was isolated as a yellow amorghpowder. The structural identity of
this compound was determined through NMR spectralysis {H-NMR - Table 3.3 and
3C-NMR - Table 3.4).

Dihydrokaempferol was isolated fro@itrus paradisiMacf. (grapefruit), Rutaceae. The
presence of this compound in only trace amountaetabolically active grapefruit leaves,
fruit and stems led to the conclusion by the awghbat dihydrokaempferol is a metabolic
intermediate, and not an end-product (Syrclehal, 1976). This supports the postulated
biosynthetic pathway shown by Figure 3.17. Dihy@makpferol had by 1966 been found

in eleven plant families (Mater and Metzler, 1966).
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Figure 3.17 Isolated steps from the metabolic pathway of dlaaids (modified from
Verhoeyeret al,, 2002).
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3.4.4 I1sobologram construction of the interaction btween the isolated compounds

with anti-oxidant activity

The complex composition of extracts could be respne for certain interactions
(synergistic, additive or antagonistic effects)ven their components or the medium
(Parejoet al, 2002).

The investigation of the interaction between vitai@iandCommiphora glanduloséstem)

resulted in the formation of an isobologram dispigya pattern of synergistic effect, the
data of which is presented in Table 3.6. This i$ofp@m construction was used as a tool
to determine the activity that would result frone timteraction between the two isolated

compounds kaempferol and dihydrokaempferol.

The investigation of the interaction between kaesrgdfand dihydrokaempferol resulted in
the formation of an isobologram displaying an aatasfic effect. The data generated for

the construction of the isobologram is presenteaible 3.7.

When kaempferol is present at a low concentratind dihydrokaempferol at a much
higher concentration, the resultantsd@alue tends towards that &f. glandulosa(stem),
the species extract from which the compounds wsoéated. This is an indication that
kaempferol acts additively towards dihydrokaempifeftne radical scavenging activity of
the stem extract of. glandulosadoes not correlate perfectly with the radical scayng
activity depicted by the isolated compound kaengdfes a result of the presence of

dihydrokaempferol, which acts antagonistically tosgakaempferol.

3.5 Conclusion

Two compounds were isolated from the stem extréd€.oglandulosa The compounds
were identified as flavonoids viz. kaempferol (ftemol) and dihydrokaempferol
(dihydroflavonol). Both compounds have been presipuisolated from other plant
species, however, not from the genG@®mmiphora Kaempferol has shown to be
biologically active, having been assayed for vasiactivities and as reported in the

proceeding Chapters (Chapter 4 - 7).
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Thin layer chromatography employed as a prelimireangening method to determine the
potential anti-oxidant activity of indigenou€ommiphora species provided a clear
indication of the presence of free radical scaveggiompounds, which prompted the

colorimetric quantitative spectrophotometric anelys

Most of the extracts portrayed poor anti-oxidantivély in the DPPH assay with the
exception ofCommiphora schimperistem),C neglecta(stem),C. edulis(stem) andC.
tenuipetiolata(leaf and stem) with 1§35 values of 7.31 = 0.14g/ml, 10.36ug/ml, 10.59 *
0.50 pg/ml, 10.81 + 0.56.g/ml and 10.75 £ 0.3@g/ml, respectively, when compared to
vitamin C (1Go = 4.18 + 0.56pg/ml), a known anti-oxidant. The results from thBTS
assay differed from those of the DPPH assay. Mxdsaets displayed higher activity in the
ABTS assay with the greatest activity measuredHerstem extracts . tenuipetiolata
(ICs0=5.10 = 0.66ug/ml), C. neglectaICso= 7.28 + 0.29ug/ml), C. mollis(ICso= 8.82 +
0.72 ug/ml), C. glandulosa(ICsp= 10.69 + 1.47ug/ml), C. schimper(ICso= 11.22 + 3.61

ug/ml).

The flavonol, kaempferol (I = 3.32 + 1.27 pg/ml) showed exceptional radical
scavenging activity, in contrast to the activitysplayed by dihydrokaempferol @#6€=

301.57 £ 2.79ug/ml). The investigation of the interaction betwekaempferol and
dihydrokaempferol resulted in an isobologram digipig an antagonistic effect, with the

resultant 1Gyvalue tending towards that 6f glandulosgstem).
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CHAPTER 4: ANTIMICROBIAL ACTIVITY

4.1 Introduction

Micro-organisms have proved to be beneficial to nmaa number of ways and form an
indispensable component of our ecosystem. In bettedtrial and aquatic systems, the
micro-organisms enable the carbon, oxygen, nitroged sulphur cycles. They have,
however, also proved to be harmful to mankind, sadly in their capacity to cause
disease by growing on and/or within other organismitis results in microbial
colonisation, which in turn may lead to disabilapd death. It is, therefore, critical to
minimise the growth of these micro-organisms thioefective prevention and treatment
of disease. Therefore, the identification of thérimsic characteristics of a particular
pathogen, its source, mode of transmission, theepuibility of the host and the exit

mechanism of the pathogen will limit the spreadhefpathogen (Prescait al, 1996).

4.1.1 Chemotherapeutic agents: factors affecting #ir effectiveness

The ideal chemotherapeutic agent has a high thetiapedex with selective toxicity,
thereby resulting in lethal damage to pathogensuthin the inhibition of cell wall
synthesis, protein synthesis or nucleic acid s\sitheas well as through the disruption of
the cell membrane and the inhibition of certaireeial enzymes. This results in selective
disruption of the specific structure and/or funotiessential to bacterial growth and
survival, without causing similar harmful effects its eukaryotic host (Prescatt al,
1996).

The efficacy of antimicrobial agents is influendegl a number of factors. Firstly, it is of

obvious importance that the antimicrobial agentchea the site of the infection. This
greatly depends on the stability of the drug, ifophilic or hydrophilic nature, its

absorption from a specific site and the presendalaxfd clots or necrotic tissue, the latter
of which may protect the pathogen against the aiith Secondly, the susceptibility of the
pathogen to the particular chemotherapeutic ageof utmost importance, as well as the
specific growth phase in which the pathogen istithat particular stage. It is important

that the pathogen be targeted while actively grogwand dividing, as most antimicrobials



are only effective against bacteria in the late pdgise and exponential growth phase
(Prescotet al, 1996).

The efficacy of an antimicrobial agent can be eated through the determination of the
minimum inhibitory concentration (MIC), being theimmum concentration at which no

microbial growth occurs after a specified expogume to the antimicrobial agent (Prescott
et al,, 1996).

4.1.2 Drug resistance

One of the most serious threats to the successfatmient of microbial disease is the
development and emergence of drug resistant patispgesulting from the excessive and
inappropriate use of antimicrobial agents, whichum lead to potentially serious public
health problems. Resistance is defined as thetyloilia microorganism to remain viable
and actively multiplying under conditions that wduhormally have proved to be
inhibitory (Prescotiet al, 1996). Antimicrobial agents target different noicial cellular
loci, from the cytoplasmic reticulum to respiratoiynctions, enzymes and its genetic
material. Increased drug-resistance may be braafghit by the limited drug diffusion into
the biofilm matrix, enzyme-mediated resistance etieradaptation, efflux pumps, as well
as through the adaptation of the outer microbiami@ne, the latter occurring either
through the lack of or through the overexpressibrestain membrane proteins (Cloete,
2003).

This phenomenon of increased drug resistance, cmdbwith the multiplicity of side
effects caused by existing agents and the emerg#rtiseases for which no treatment yet
exists, makes the search for new antimicrobial ege@nhighly relevant and important
subject for researchror centuries, plants have been used in the toadititreatment of
microbial infections. This assembly of knowledgeibgigenous peoples about plants and
their products continue to play an essential ronlbealth care of a great proportion of the

population (lwuet al, 1999).
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4.1.3 Natural products and their role in drug discoery

Natural products have played a pivotal role in digcovery of antimicrobial drugs, with
the drug either being completely derived from théural product, or serving as a lead for
novel drug discovery. Most antimicrobials discowkerhiring the past 6 — 7 decades have
been discovered through screening of soil samplesyhich the antimicrobial efficacies
were determined firsin vitro and laterin vivo. Examples of such naturally occurring
antimicrobials are plentiful, and include drug sks such as the penicillins and
cephalosporins ftlactam being the empirically active component), @l which were
discovered in or derived from fungi. Numerous othetimicrobials were derived from
different filamentous strains of the bacterial geB8areptomycesincluding streptomycin,
erythromycin, tetracycline and vancomycin. Semithgtic modifications to these
naturally-occurring drugs have brought about thedpction of second- and third-
generationf-lactams of both the penicillin and cephalosporiasses, while complete
synthesis produced yet more active compounds, femlyi the second-generation
erythromycins, viz. clarithromycin and azithromyciAs of the end of 1999, only the
fluoroquinolones represent a totally synthetic,ngigant class of antibiotics (Walsch,
2000).

Research in the fields of antibiotics and naturadpcts has declined significantly, due to
a number of diverse factors. However, a substargmirgence of interest in the topic has
re-emerged during the past decade, leading to &weapursuit in the research and
development of natural products. With the majodfythe world’s plant species not yet
explored in this regard, the exploitation of thedm@al potential of these species will

prove to be both interesting and challenging tergsts from diverse fields of expertise.

Plants synthesise a diverse array of secondaryboléts, which play a key role in the

natural defence mechanisms employed by the plaaihsigpredation by microorganisms

and insects. It is thus no surprise that these ationtompounds have, in numerous
instances, been found to be useful antimicrobiatgithemicals and, as a result, these
compounds are now divided into different chemicategories: phenolics, terpenoids and
essential oils, alkaloids, lectins and polypeptidsswell as polyacetylenes (Cowan, 1999).
An increase in the isolation and identification safch compounds may thus contribute

greatly to the success in antibiotic discovery.
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4.1.4Commiphora species and their known antimicrobial activity

Studies conducted c@ommiphoraspecies have suggested that these species mapavell
active against micro-organisms. The antiseptic @rigs of myrrh has been known since
biblical times and thus has been used in the treatof infections of the oral cavity — both
alone and in combination with other herbal remediHse treatment of gingivitis, the
reduction of 4-day plaque regrowth, and the treatned leprosy, syphilis, and most
recently, of schistosomiasis and fasciolasis, aljge an indication of the success of the

use of myrrh as an antimicrobial agent (Tip&tral, 2003).

Commiphoraplants are used by the Dhofaris in the southemspEf Oman to disinfect
wounds and as an antihelmintic agent (Fatepeal, 2003). The treatment of skin
conditions such as impetigo, eczema and shinglesugih the application of lotions
prepared from the bark a€ommiphoraprompted the investigation d. wightii for
antifungal activity againgCandida albicansThe isolated flavonone, muscanone, inhibited
the growth ofC. albicans although naringenin, also isolated fr&@n wightii, showed no

inhibitory properties.

Two sesquiterpenic compounds isolated from the mexaxtract of myrrh resin exhibited
antimicrobial activity against Staphylococcus aureus, Pseudomonas aeruginosa,
Escherichia coliand Candida albicangTipton et al, 2003). The sesquiterpene T-cadinol,
isolated fromC. guidottiChiov. demonstrated bactericidal activity agaB®saureuwith a
minimum inhibitory concentration of 24g/ml, as well as a fungicidal effect of 2u8/ml
against Trichophyton mentagrophyte§hese activities suggest that traditional use of
Commiphorain the treatment of wounds is congruent to thevagtideterminedin vitro
(Claesoret al, 2003).

4.2 Materials and methods

The antimicrobial properties of the 10 specieCoimmiphorawere evaluated using the
MIC microtiter plate assay. Both the leaf and sextracts were prepared (see Chapter 2,
section 2.3 for extraction process). The referestoek cultures were obtained from the
National Health Laboratory Services, with the exmepof Candida albicanswhich was

obtained from the South African Bureau for Stand§®&RABS), and were maintained in the
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Department of Pharmacy and Pharmacology, Universfy the Witwatersrand,

Johannesburg.

4.2.1 Minimum inhibitory concentration assay

4.2.1.1 Principle of the method

Minimum inhibitory concentration (MIC) assays intigate thein vitro susceptibility of
organisms to antimicrobial agent3his method employs different dilutions of the
antimicrobial agent and quantitatively investigatee lowest concentration at which
visible microbial growth inhibition is achieved. &fobial growth is visualised through the
addition of the tetrazolium salts, specificghhjodonitrotetrazolium (INT, Sigma-Aldrich).
The assay is based on the detection of dehydrogemetsvity in living cells by being
converted from a colourless solution to an intepsmloured formazan (red) product
(Eloff, 1998). This method yields reproducible rkswvithin one doubling dilution of the

end point of the activity.

4.2.1.2 Protocol

The MIC of the plant extracts was determined byasetilution, as described by Eloff
(1998), with the lowest concentration being beydinel concentration where no growth
inhibition of test organisms was observed. Thes&tidn experiments were performed in

sterile 96-well microtiter plates.

Stock solutions of the respective plant extractsewmrepared in 1.5 ml microcentrifuge
tubes (Eppendorff) by dissolving dry plant extraat dimethylsulphoxide (DMSO,
Saarchem) to a final concentration of 64 mg/ml. &linylsulphoxide was the solvent of
choice as a result of the insolubility of certaktracts in acetone. Aliquots of 1Q0 of the
stock solution were transferred aseptically inte tbp row of microtiter plate (row A),
which already contained 100l aliquots of sterile water, thereby resulting in58%
dilution of the stock solution to 32 mg/ml. Aftedequate mixing of the contents of each
well, 100l aliquots of row A were transferred from row Atlee corresponding wells in
row B (also containing 100l aliquots of sterile water), followed by mixing camesulting

in yet another 50% dilution of the plant extrad {6 mg/ml). This process was repeated
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for every row, resulting in 100l aliquots ranging in concentration from 32 mg/maw A)

to 0.25 mg/ml (row H). This was followed by additiof 100ul of liquid microbial culture
grown in Tryptone Soya Broth (TSB, Oxoid) to eackllwThis yielded a final volume of
200 pl in each well and final extract concentrationsgiag from 16 mg/ml in row A to
0.125 mg/ml in row H (Figure 4.1). The microtitetaigs were incubated at 37,
overnight for bacteria and 48 hours for yeastsygests require a greater time period for

growth).

In order to determine the range of antimicrobialivéty of Commiphoraspecies, six
different microbial (reference) cultures were usedl are listed below. Inoculums were

prepared by mixing 500l of a 24 hour broth suspension with 50 ml of TSB.

o Staphylococcus aurey8TCC 6358) (Gram-positive bacteria)

o Bacillus cereugATCC 11778) (Gram-positive bacteria)

o Klebsiella pneumonia@NCTC 9633) (Gram-negative bacteria)

o Pseudomonas aeruginoaTCC 9027) (Gram-negative bacteria)
o Candida albicangATCC 10231) (yeast)

o Cryptococcus neoformafTCC 90112) (yeast)

After incubation at 37C, 50ul of a 40% (w/v) solution of INT was added to eaohll as
an indicator of microbial growth. The plates waneubated at ambient temperature°@p
and the MIC values visually determined after 6 Isodrhe lowest concentration of each
extract displaying no visible growth was recorded the minimum inhibitory

concentration.

In order to determine the sensitivity of the miaganisms, two positive control
experiments were conducted: (1) for bacterial sgaCiprofloxacin (Sigma-Aldrich) at a
starting concentration of 0.01 mg/ml in sterile eratand (2) for yeast strains,
Amphotericin B (Sigma-Aldrich), at a starting contration of 0.01 mg/ml in DMSO and
water (where 1 mg/ml was prepared in DMSO, andtefiltto 0.01 mg/ml in sterile water
thereafter). The final concentrations for theseeeixpents ranged from 2.50 x @ng/ml
(row A) to 1.95 x 10 mg/ml (row H). A negative control experiment wasmiducted using
only DMSO.
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4.2.2 Death kinetic assay

4.2.2.1 Principle of the assay

Death kinetic studies are often referred to as -litlestudies, and are used to determine
the rate at which the antimicrobial agent killshzagens over time, as well as the extent at

which the activity occurs.

Upon introduction of a micro-organism into a newiesnment, its growth displays a lag
phase during which no cell growth occurs, afteralhits growth enters the exponential
phase, where microbial cell multiplication occursam exponential rate (doubling in
number at regular intervals). This exponential ghigsfollowed by the stationary phase,
the latter of which usually results from the depletof nutrients (carbon, nitrogen and/or

oxygen sources) (Prescettal, 1996).

However, upon exposure to a constant concentratibran antimicrobial agent, the
organism will remain within the lag phase for atagr amount of time. This is followed by
a log-linear killing phase, during which the numladérmicrobial colonies are decreased
until it enters into a second lag phase. Re-grandly occur after this second lag phase, but
documentation of this phenomenon rarely occuréas-kill studies are usually performed
over a 24 hour period only (Li, 2000; Tanal, 2005).

4.2.2.2 Protocol

Based on the preliminary promising results obtaifiedn the MIC determinationC.
marlothii (stem) was identified as a suitable candidate ler ihactivation broth death
kinetic assay, as described by Lattaoui and TamnaBuwaki (1994), as well as the slightly
modified method by Christopdt al (2001).



Serial dilutions of the plant extract starting atosmcentration of 16 mg/ml

16 16 16 16 16 16 16 16 1€ 1 1L5 1
8 8 8 8 8 8 8 8 8 8 8 8
4 4 4 4 4 4 4 4 4 4 4 4
2 2 2 2 2 2 2 2 2 2 2 2
1 1 1 1 1 1 1 1 1 1 1 1
0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 5 (
0.25| 0250 0.25 029 026 0.z 0.25 0.25 25 0.25250 0.25
0.12| 0.12y 0.2 0.14 0.12 0.1 0.12 0.12 12 0.12120 0.12
1 2 8 4 5 6 7 8 9 10 1 12
CAS CAS | CGS CGS | CMS CMS CPS CPS CVS CVS CES CES

MIC at a concentration of 4 mg/ml

Complete inhibition of micro-organisms by
CGS, at a concentration of 0.125 mg/ml.

CAS —Commiphora africanastem, CGS -€. glandulosastem, CMS -C. marlothii stem, CPS €. pyracanthoidestem, CVS -C. viminea
stem, CES €. edulisstem.

Figure 4.1: Representative 96-well microtiter plate, indicgtfinal concentrations of plant extracts (le®) 96-well microtiter plate prepared for

use in the MIC assay. Red wells indicate the alesehmhibitory activity (or the presence @iodonitrotetrazolium) (right).
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Preparation of the bacterial inoculum

Staphylococcus aureuATCC 6538) was cultured overnight on Tryptone &ddgar
(TSA, Oxoid) at 37C, after which the resulting colonies were remofredh the agar and
used to inoculate a sterile 0.9% sodium chlorideGN Labchem) solution. Of this
resulting cell suspension, serial dilutions werepared in 0.9% NaCl in order to obtain a
suspension with an appropriate colony count, of I0%CFU/ml. The latter was obtained
in the lowest dilution, which provided a bacteell suspension with a final colony count

of approximately 100 colonies per plate.

Preparation of the test solutions

A series of test solutions were prepared contaispegified amounts (% w/v) of the dried
extract ofC. marlothii(for preparation, see Chapter 2, section 2.3) ddold SB, to a final
volume of 45 ml. Solutions were prepared in finlnp extract concentrations of 0.125%,
0.25%, 0.5%, 0.75% and 1.0% w/v (in acetone), aatevgtabilised at 3T in a shaking
water bath, after which 5 ml of the bacterial inlica (as prepared above) was added for

evaluation of growth inhibition.

Preparation of the inactivation broth

Inactivation broth, in which the growth &. aureuss known to be completely inhibited,
was prepared containing 0.1% w/v peptone (Oxoiél,v&v lecithin (Merck) and 5% w/v
yeast extract (Oxoid) (Christopdt al, 2001), which was autoclaved to ensure sterility.
The inactivation broth was initially vortexed toseme complete mixing of the ingredients

before use.

Death kinetic assay

A 1 ml sample of each incubated test solution @mirig plant extract, TSB and bacterial

cells, as described above), was removed at stanaedintervals of 0, 5, 15, 30, 60, 120

and 240 min as well as at 8, 24 hours and 48 hansadded to 9 ml of inactivation broth

for instantaneous inactivatiaf any further microbial growth. All samples weneadysed

in duplicate, except for those taken at 48 houtsclwwere taken for the sole purposes of
qualitative evaluation of re-growth. Four seridutions, from the resulting solutions, were

prepared in 0.9% NacCl solution, of which 1@Caliquots were spread out onto TSA plates.
The plates were subsequently incubated &€3¥aér 24 hours. After the incubation period,

the colonies on each of the plates were counted thedresults expressed in a 199
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reduction time kill plot of colony forming units EU)/ml versus time. A control
experiment was conducted using the same broth flatian, in the absence of any extract,

but with acetone.

4.3 Results

4.3.1 Minimum inhibitory concentration

All extracts displayed activity against Gram-pastiand Gram-negative bacteria, as well

as the yeasts (Table 4.1).

The activity againsStaphylococcus aurey&TCC 6538) ranged from 1.00 mg/ml to 8.00
mg/ml. The extracts exhibiting the strongest attivagainstS. aureuswere from C.
glandulosa(stem), C. marlothii (both leaf and stem)C. pyracanthoidegstem) andC.

viminea(stem).

Greater activity was observed agaiBsicillus cereugATCC 11778), when compared to
the above-mentioned activity agair&t aureuswith activities ranging from 0.005 mg/ml
to 8.00 mg/ml. In general, tt@ommiphorastem extracts displayed higher activity than the
leaf extracts, with the activity of. marlothii (stem),C. viminea(stem),C. glandulosa
(both the leaf and stem) a@l pyracanthoidegstem) being the greatest. Kaempferol was
isolated fromC. glandulosa(stem) as described in Chapter 3 (section 3.4y its
antimicrobial activity against the 6 micro-organsmwas tested. The MIC value of
kaempferol, prepared and treated in a similar wayhe extracts, was also determined

againstS. aureusaandB. cereusand found to be 0.25 mg/ml.

Antimicrobial activity against Gram-negative ba@ervas shown to be less effective than
the activity against Gram-positive bacteria. Thas#évity with respect taPseudomonas
aeruginosawas similar amongst all the species (8.00 mg/milicating poor antimicrobial
activity. Activity with respect toKlebsiella pneumonigehowever, varied between the
different species, with the highest sensitivityabéd byC. pyracanthoidegleaf) with a
MIC value of 1.00 mg/ml. The MIC value of kaempfeegainstP. aeruginosaand K.

pneumoniaevas also determined to be 0.25 mg/ml.
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The activity observed against the yea&tandida albicansand Cryptococcus neoformans

were significant in almost all 10 speciesGdmmiphora

4.3.2 Death kinetic assay

The results obtained for the death kineticsCoimarlothii (stem) are shown in Figure 4.2.
The antibacterial activity was observed to begiteraBpproximately 30 min of the
exposure oB. aureudo the different concentrations of plant extrddtis observation was
made through the reduction in colony forming upiter time. All concentrations exhibited
antibacterial activity, with a complete bacteridid=ifect being achieved by all test
concentrations by the $4our. It was noted that by the"8our, re-growth had begun in

the two lowest test concentrations@fmarlothii(stem), viz. 0.125% and 0.25%.

1.E+17 A
1.E+15 A
1.E+13 A
1.E+11 A
1.E+09 A
1.E+07 A
1.E+05
1.E+03 -
1.E+01 - \
1.E-01 " " " ; —————————————
0 5 10 15 20 25 30
‘——Control—-—O.lB% —x—0.25% 0.50% < 0.75% —— 1%

CFU/ml

Figure 4.2: Logio reduction time Kill plot o€ommiphora matrlothii.

4 .4 Discussion

This study was conducted specifically to deterntimein vitro antimicrobial activity of
indigenousCommiphoraspecies, and to determine whether the therapeutigepties of
some of the species used in traditional medicingetates with laboratory-generated

findings.



Table 4.1 MIC values (mg/ml) obtained for extracts of inchigeis Commiphoraspecies agains$taphylococcus aureuBacillus cereusKlebsiella

pneumoniagPseudomonas aeruginggaandida albicangndCryptococcus neoformans = 3.

S. aureus B. cereus K. pneumoniae | P. aeruginosa C. albicans C. neoformans
Species ATCC 6538 ATCC 11778 NTCC 9633 ATCC 9027 | ATCC 10231 & ATCC 90112

C. africana (stem) 4.00 4.00 4.00 8.00 2.00 4.00
C. africana (leaf) 8.00 4.00 4.00 8.00 2.00 0.25
C. edulis (stem) 4.00 4.00 8.00 8.00 4.00 2.00
C. edulis (leaf) 8.00 4.00 2.00 8.00 4.00 2.00
C. glandulosa (stem) 1.00 0.005 4.00 8.00 1.00 1.00
C. glandulosa (leaf) 4.00 0.01 2.00 8.00 4.00 0.50
C. marlothii (stem) 1.00 0.31 4.00 8.00 1.00 1.00
C. marlothii (leaf) 1.00 2.00 2.00 8.00 2.00 1.00
C. mallis (stem) 4.00 2.00 4.00 8.00 2.00 1.00
C. mallis (leaf) 8.00 8.00 2.00 8.00 1.00 8.00
C. neglecta (stem) 8.00 4.00 4.00 8.00 2.00 0.50
C. neglecta (leaf) 8.00 4.00 4.00 8.00 2.00 2.00
C. pyracanthoides (stem) 1.00 0.04 8.00 8.00 0.50 1.00
C. pyracanthoides (leaf) 2.00 2.00 1.00 8.00 1.00 0.25
C. schimperi (stem) 4.00 2.00 4.00 8.00 1.00 1.00
C. schimperi (leaf) 8.00 4.00 4.00 8.00 1.00 0.50
C. tenuipetiolata (stem) 4.00 2.00 2.00 8.00 0.50 1.00
C. tenuipetiolata (leaf) 2.00 2.00 2.00 8.00 0.50 1.00

C. viminea (stem) 1.00 0.23 4.00 8.00 1.00 0.25
C. viminea (leaf) 8.00 2.00 2.00 8.00 1.00 0.25
Kaempferol 0.25 0.25 0.25 0.25 0.25 0.25
Amphotericin B (positive control) ) ) - - 1.25x 163 1.25 x 16)3
Ciprofloxacin (positive control) 25x 103 3.13 x 104 25x 163 2.5x 163 - -
DMSO (negative control) 16 16 8 16 16 16
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4.4.1 Minimum inhibitory concentration (MIC) assay

All plant species with MIC values of up to 8 mg/ane considered to possess at least some
degree of inhibitory effect, and any concentratxeeeding this should not be considered
effective, according to Fabset al (1998).

The majority of the crude stem and leaf extractshef L0Commiphoraspecies exhibited
moderate to relatively good activity against Graosipve pathogens, with few extracts
exhibiting weak antimicrobial activity. The MIC wads ranged from 0.005 mg/ml to 8.00
mg/ml. All active extracts displayed concentratdependent antimicrobial activity.
Aligiannis et al. (2001) proposed a classification system based hrglsults obtained for
plant materials, which was consequently described iaplemented by Duartet al
(2005).

Strong microbial inhibitors possessed MIC valuetoasas 0.50 mg/mla clear indication
that the MIC value of 0.005 mg/ml obtained ©r glandulosa(stem) againsBacillus
cereusindicates exceptional antimicrobial activity. Foother extracts demonstrated a
strong inhibitory effect against the Gram-positiwathogen,B. cereus these beingC.
glandulosa (leaf, MIC = 0.01 mg/ml),C. marlothii (stem, MIC = 0.31 mg/ml)C.
pyracanthoidegstem, MIC = 0.04 mg/ml) an@. viminea(stem, MIC = 0.23 mg/ml).

Bacillus cereuss a causative agent of both gastrointestinakiides (diarrheal and emetic
type of food poisoning) and non-gastrointestin&dtions (post traumatic wound and burn
infections. ophthalmic infections, endocarditissfoperative meningitis and urinary tract
infections) (Kotirantaetal., 2000). This will make the discovery of an antimbial agent

as effective a€ommiphoraspp. against this pathogen highly significant.

Moderate microbial inhibitors are described by Amnis et al. (2001) as those plant
species with MIC values ranging between 0.60 mgamd 1.50 mg/ml. Amongst the
species investigated in the present study, thelespddsplaying moderate inhibition against
the Gram-positive bacteriunstaphylococcus aureuwsere C. glandulosa (stem), C.
marlothii (stem and leaf)C. pyracanthoidegstem) andC. viminea(stem), all of which

yielded a MIC value of 1.00 mg/ml.
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Weak microbial inhibitors are classified as thogeras with MIC values of between 1.60
mg/ml and 8.00 mg/ml (Aligiannist al, 2001). None of the extracts in the present study
yielded MIC values in excess of 8.00 mg/ml aga@isim-positive bacteria, and all species
thus posses at least some antimicrobial effecthasn in Table 4.1. The results obtained
against the Gram-positive bacteria thus supporttithéitional use ofCommiphora and

hold potential in the treatment of colds, woundlimggand as an antiseptic.

In general, the Gram-negative bacteria displayedliéhst sensitivity towards the extracts,
and all of the plant extracts exhibited poor andauied activity againsPseudomonas
aeruginosa indicating the resistance of this bacterium te gtant extracts. The activity
againstKlebsiella pneumonia@/as, however, far more promising with variabitsnongst
the plant extracts, with the leaf extract@f pyracanthoideyielding the most promising
activity (moderate inhibition: MIC = 1.00 mg/ml).his was to be expected, as Gram-
negative bacteria offer a much more complex basystem against permeation of foreign
substances (in this case, the antimicrobial ag@iiy is attributed to the specialised cell
wall structure and especially the presence of theroenvelope, as shown in Figure 4.3,
resulting in the impermeability of these micro-argans to biocides and antibiotics, and at
times, resulting in regulation and prevention ddittpassage to the target region (Denyer
and Maillard, 2002). Resistance to the plant ex$ras, thus, exhibited to a far greater

extent by the Gram-negative bacteria than by Grasitipe bacteria (Liret al, 1999).
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Figure 4.3: The comparative structural complexity of the outembranes and cell walls
of Gram- negative and Gram- positive bacteria (2emyd Maillard, 2002).
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The lipophilic or hydrophilic nature of compoundsaplays a role in the activity, or lack
thereof, against the micro-organisms. Compoundsidered to be more effective against
Gram negative bacteria are considerably less lifiopithis is as a result of the structure
of the Gram-negative cell wall (Figure 4.3), whalko has a higher lipid content (Linfield
et al, 1982). Interactions of lipophilic compounds witidrophilic parts of the membrane

will bring about a more toxic effect against thecroitorganism (Sikkemat al, 1995).

The resistance may also be aided by additionadteesie mechanisms used by the micro-
organism, such as decreased accumulation of theniardbial agent within the cell
(Denyer and Maillard, 2002), as well as the facttmany harmful agents, including
antibiotics are either hydrophobic or relativelyge hydrophilic compounds, and are thus
hardly able to penetrate the outer membrane. It &las been suggested that the
polysaccharide constituents of the outer membradettee bacterial cell in evasion of
phagocytosis and protect the deeper parts of ther snembrane from complement and
antibody binding (Vaara, 1992). In comparison, Gyaositive bacteria possess a much
thicker peptidoglycan layer, which does not acaasffective barrier to permeation, and
inhibitors are thus able to pass through more ed&Sicherrer and Gerhardt, 1971). The
current results are consistent with the patternno¥itro activity emerging from other

studies.

Apart from the antimicrobial activities observedvards the four bacterial strains, the
results obtained in this study demonstrates thevitapce of investigating natural products
for antimicrobial activity against yeasts such @andida albicansand Cryptococcus
neoformans The screening o€ommiphoraspp., both in the present study and in those
conducted on non-indigenous species (Fattpe., 2003; Claesoet al, 2003; Tiptoret

al., 2003) has yielded fairly good antimicrobial ait$i against bothC. albicansand C.

neoformans.

Greater activity was observed agai@stneoformanghan againsC. albicans with MIC
values ranging from 0.125 mg/ml (in the leaf extsaof C. africang C. pyracanthoides
andC. vimineaand the stem extract €. vimined to 8.00 mg/ml in the leaf extract Gf
mollis. The relevance of these results is clear in tjiat Iof the fact thaC. neoformanss a

known pathogen of the respiratory tract, causingnpuaary infections which may spread
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to the skin, bones and central nervous system,oacdsionally resulting in meningitis
(Prescotet al, 1996).

On the other handZ. albicansis an opportunistic pathogen able to cause battesyic
and local fungal infections, especially in patiewith compromised immune systems and
those undergoing antibiotic therapy over extendedogs of time (Duartet al, 2005).
There thus exists an ever-increasing need for theeldpment of novel and improved
drugs for the management of fungal infections. ififbitory activity of Commiphoraspp.
againstC. albicansranged from 0.50 mg/ml to 8.00 mg/ml, and is maascribed to the
widespread ability of flavonoids to inhibit the sp@ermination of fungal plant pathogens,
thereby also suggesting possible use against fumjettions in man (Harborne and
Williams, 2000). A prenylated flavanone (Wachétral, 1999) and flavan (Valsaref al,
1997) have also shown to be active agaihstlbicans

Kaempferol, a flavonol, was isolated from the bak C. glandulosaand displayed
significant antimicrobial activity against Gram-fo® and Gram-negative bacteria, as
well as against the yeasts, with an MIC value @50mg/ml for all 6 micro-organisms
tested. This supports existing evidence that hygation on the B-ring is important for
antimicrobial activity, and that the antimicrobadtivity is probably due to inactivation of
the bacterial membrane (Cowan, 1999) and to imtemfees with the permeability of fungal

membranes (Havsteen, 1983).

The activity of an isolated and purified compouachormally expected to be higher than
that of the crude extract. Kaempferol, the actisenpound isolated during the course of
this study,and having showpromising activity against all the relevant micnganisms,
showed a four-fold increase in activity agaisst aureus than theC. glandulosastem
extract from which it was isolated (Table 4.1). Téeme results were, however, not
achieved againgB. cereus against which the crude extract yielded a gremteibitory
effect than an equivalent dose of the isolated @amg. This could be as a result of a
number of compounds working synergistically or &gdly within the extract, thereby
resulting in a significantly greater antimicrobéifect. However, this explanation remains
highly hypothetical, as the exact mechanisms dbaaif many phytomedicines are as yet

unknown. Only once a full explanation of this medisan is available, will conclusive
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evidence regarding the identity of the compoundspoesible for biological activity be

possible.

Kaempferol has in previous studies demonstratedr @d@timicrobial activity againss.
aureus (DSM 20231), moderate activity againStaphylococcus epidermid{&OMK),
Bacillus subtillis(ATCC 6633) and®. aeruginosg ATCC 9027), although no activity was
observed againsC. albicans (ATCC 10231) (Rauheet al, 2000). The results for
kaempferol, as obtained in the present study, atdat strong antimicrobial activity against
both of the Gram-negative bacterR @eruginosaandK. pneumoniag While Rauha and
co-workers (2000) observed no activity againstyeastC. albicans(ATCC 10231), the
antimicrobial activity against the said yeast, &sevved in the present study, was strong,
with a MIC value of 0.25 mg/ml. Such variations amtimicrobial data are, however,
frequent and is accounted for by species-specifiovth requirements and the associated
difficulty to cultivate under identical condition&.g. incubation temperature, growth
medium and atmosphere), resulting in notable diffees between the resulting batches of
biomass. Further causes of these differences ibhamtérial activity may well be found in
the inherent differences in strain sensitivity, @hd mode of and choice of solvent for
extraction. Discrepancies have also been repontéldei antibacterial activity of flavonoids
as a result of the different assays employed im theestigation, especially in those assays
that depend on the diffusion rate (certain antivaat flavonoids have a low rate of
diffusion) (Cushnie and Lamb, 2005).

The presence of flavonoids and flavonoid derivatiweas confirmed by HPLC-UV
analysis (Chapter 8) in the crude extracts of thestigatedCommiphoraspecies. Plants
synthesise flavonoids, and are thus not just cimis#t® agents, but accumulate as
phytoalexins in response to microbial infectionX@ et al, 1983; Grayer and Harborne,
1994) and are richest in antibacterial agents dfterflowering stage of their growth is
complete. Those plants taken from a stressful enaient have shown to be particularly
active against micro-organisms. It is thus not gaipg that they have been found to exert
in vitro antimicrobial activity against many micro-organis(@®wan, 1999). The observed
antimicrobial activity may be attributed to the geace of these flavonoids. In a review by
Cushnie and Lamb (2005) examples of flavonoids vatitimicrobial activity were
referenced. Examples of such flavonoids are apigegalangin, pinocembrin, ponciretin,

genkwanin, sophoraflavanone G and its derivativemringin and naringenin,
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epigallocatechin gallate and its derivatives, lliteand luteolin 7-glucoside, quercetin,
various quercetin glycosides, kaempferol and itsivddves. Other flavones (Iniesta-
Sanmartiret al, 1990; Encarnacioet al, 1994; Satet al, 1996) flavone glycosides (Ng
et al, 1996), isoflavones (Dastidaet al, 2004; Chachaet al, 2005) flavanones
(Kuroyanagiet al, 1999; Chacheaet al, 2005; Yenesewet al, 2005), isoflavanones
(Osawaet al, 1992; Yenesewt al, 2005), isoflavans (L&t al, 1998), flavonols (Nishino
et al, 1987; Kuroyanaget al, 1999) flavonol glycosides (Kuroyanagi al, 1999 and
chalcones (Gafnest al, 1996; Chachat al, 2005) with antibacterial activity have been
identified. Hydroxylated phenolic compounds gengralave a broad range of activity,
which is attributed to their ability to complex withe bacterial cell wall (Cowan, 1999).
Flavonoids are hydroxylated phenolic compounds ooay as a 6-Cs unit attached to an
aromatic ring. Flavonoids have the ability to coexplwith bacterial cell walls, with
probable targets in the microbial cell being susfagposed adhesions, cell wall
polypeptides and membrane-bound enzymes. A possiehanism of action of
flavonoids (as with quinines) is the irreversiblenplexation with nucleophilic amino
acids in extracellular and soluble proteins. Thads to inactivation and loss of function of
the proteins (Tsuchiyat al, 1996). A study by Moret al (1987) demonstrated that
flavonoids (myricetin, robinetin, (-)-epigallocatea) inhibit DNA synthesis inProteus
vulgaris fairly strongly, while inS. aureusRNA synthesis was affected (protein and lipid
synthesis were affected to a lesser degree). Thehanesm proposed was the possible
intercalation or hydrogen bonding of the B-ring tbé flavonoids with the stacking of
nucleic acid bases. It has been reported that thee rthe hydroxylation, the greater the
antimicrobial activity noted (Satet al., 1996). Ohemengt al (1993) determined that
DNA gyrase was inhibited to different extents bytam flavonoid compounds. This
activity was limited to those compounds with B-rihgdroxylation (such as quercetin,
apingenin and 3,6,7,3-pentahydroxyflavone), with the exception of 7,8-
dihydroxyflavone. In contrast, however, it was detieed that flavonoids with no
hydroxyl groups on their B rings are more activaiagt micro-organisms than those with
hydroxyl groups (Chabagt al, 1992). This supports the hypothesis that the brarme of
the micro-organism is the microbial target of flaeals, as greater lipophilicity may

possibly cause a greater disruption to the membrahthe micro-organisms.

In a study by Tsuchiya and linuma (2000), it waggasted that intensive antibacterial

activity by flavonoids such as sophoraflavanone @&yrhe attributed to the membrane
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interference through the reduction of membranealityiof both the outer and inner layers
of the bacterial cell membranes. The flavonoid ge®n was shown to cause an increase in
the permeability of the inner bacterial membraned @ dissipation of the membrane
potential, necessary for ATP-synthesis, membraasport and motility (Mirzoevat al,
1997).

In general, methanolic extracts are high in thdgalaid, coumarin and tannin, content
(Fabryet al, 1998). As the methanolic extracts of the barknafst of theCommiphora
spp. under investigation were highly active, thiaynwith a high degree of certainty be
ascribed to the presence of polyphenol compounds as tannins, the latter of which are
known to have a wide range of non-specific anteative actions. The specific mode of
antimicrobial action may be affected by enzyme tivation, through adhesion and
through cell envelope transport proteins. Howettels important to note that, if tannins
were solely responsible for the activity presengdthese results, this activity would be
observed against all organisms and would not béeldnto Gram-positive bacteria or
yeasts. The current hypothesis is thus that tareniesat least partially responsible for the
antibiotic activity. Coumarins have also demonstaantimicrobial activity, especially

againstC. albicang(Cowan, 1999).

4.4.2 Death kinetic assay

The efficacy ofCommiphora marlothi{stem) extract againStaphylococcus aureusas
displayed by a killing rate at ca. 30 min of expresof all the extract concentrations tested.
A complete bactericidal effect was achieved aft2d Inin at extract concentrations of
0.5% (w/v) and 1%, with no re-growth after 48 how8arprisingly, this was not the case at
an extract concentration of 0.75% (w/v), where aplete bactericidal effect was only
achieved at 240 min. Furthermore, bactericidal viagtiwas observed at all extract
concentrations after 24 hours, with no re-growttera#8 hours, except at an extract
concentration of 0.13% (w/v). Apart from the susprg result achieved at 0.75% (w/v)

extract (as described above), an overall concentraiependent effect was exhibited.
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4.5 Conclusion

All crude stem and leaf extracts of the 10 indigesl@ommiphoraspp. under investigation
exhibited concentration-dependent activity agalomh Gram-positive and Gram-negative
bacteria, as well as against yeasts. The most pioghactivity was displayed against the
yeasts, with the greater inhibitory activity beingserved agains€. neoformanghan
againstC. albicans by the leaf extracts d@. africang C. pyracanthoidesndC. viminea
and the stem extract &. viminea This serves as a clear indication of the potéewtia

these extracts for further chemical and pharmadcddgtudies as antifungal agents.

The antimicrobial activity exhibited b@. glandulosa(stem) againsB. cereusindicates
exceptional antimicrobial activityFour other extracts demonstrated a strong inhipitor
effect againstB. cereus these beingC. glandulosa (leaf), C. marlothii (stem), C.
pyracanthoides(stem) andC. viminea(stem). Amongst the species investigated in the
present study, the species displaying the promisiatyity against the Gram-positive
bacterium S. aureuswere C. glandulosa(stem), C. marlothii (stem and leaf),C.

pyracanthoidegstem) andC. viminea(stem).

In general, the Gram-negative bacteria displayedliéhst sensitivity towards the extracts,
and all of the plant extracts exhibited poor andauied activity againsP. aeruginosa
indicating the resistance of this bacterium to ptent extracts. The activity againkt
pneumoniaavas, however, far more promising with variabilyongst the plant extracts.

Commiphora pyracanthoidgteaf) was the most active.

Kaempferol was active against the Gram-positivetdy&c S. aureusand B. cereus
However, it was less active agairdt cereusthan the stem extract as a whole, a result
which may well serve as an indication that the alNeactivity of the extract may be
attributed to the presence of other synergistieatlifng compounds. Significant activity
was displayed by this compound against Gram-negiétacteria, and against the yeasts, as

was displayed against the Gram-positive bacteria.

It is at this stage important to note that theuialof a plant extract to demonstratevitro
activity during the general screening process dm¢siecessarily imply a total absence of

inherent medicinal value. The possible presenceyogrgistic interactions between the
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different plant constituents in crude preparationgay result in activities that are not

exhibited by isolated compounds, and should naxoduded.

The death kinetic assay conducted on the crudaaafC. marlothii (stem) indicated that
this activity is bacteriostatic with bactericidaitizity being achieved againSt aureusy
all extract concentrations after 24 hours, withreegrowth after 48 hours, except at an

extract concentration of 0.13% (w/v).
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CHAPTER 5: ANTI-INFLAMMATORY ACTIVITY

5.1 Introduction
5.1.1 Inflammatory response process

Inflammation is a physiological response proceas igigenerated by the body in the event
of injury, infection or irritation. In the acute agfes of the inflammatory process,
inflammation serves a vital role in the healinggass by the body. Chronic inflammation,
however, involves the release of a number of mediatresulting in the proliferation of
fibroblasts, vascular endothelium, as well as lyompkes, plasma cells and macrophages
(Brooks et al, 1998). The release of all these mediators camtribote to chronic
degenerative diseases such as arthritis, cancant, disease, Alzheimer’s disease, diabetes

and asthma, which may increase disease-associadxlity .

The treatment of inflammatory diseases is largelgeld on interrupting the synthesis or
action of these mediators that drive the host'paase to the injury. Examples of such
mediators are kinins, substance P, cytokines, ckems, intermediaries of apoptosis,
lipoxins and leukotrienes (Gilrast al, 2004).

Inflammation in injured cells is both initiated amdaintained by the overproduction of
prostaglandins and leukotrienes, which are prodigeseparate enzymatic pathways, viz.
the cyclo-oxygenase (COX) and lipoxygenase (LOX)hpays, respectively. Both the

prostaglandins as well as the leukotrienes areyhibesised on demand from arachidonic
acid, which is a 20-carbon fatty acid, derived frane breakdown of cell membrane

phospholipids by any number of phospholipaséLA,) isoforms.

5.1.2 The lipoxygenase system

5-Lipoxygenase presents either in the cytosol emiincleus of a resting cell (depending on
the cell), as a soluble enzyme. Upon cellular skation, 5-LOX and cytosolic
phospholipase A (cPLA;) co-migrate to the nucleus. It is here that cPlUiverates

arachidonic acid from the membrane phospholipidachadonic acid is the main substrate
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for the lipoxygenase enzyme, and is presented tdX%-for metabolism by the 5-
lipoxygenase activating protein (FLAP) (Figure 5.Ihe metabolism of arachidonic acid
produces leukotrienes and lipoxins via the LOX paiy (Werz and Steinhilber, 2006).
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5-LO = 5-lipoxygenase, cPLA= cytosolic phospholipase,AFLAP = 5-Lipoxygenase
activating protein, PKA = iotein kinase A cCAMP = cyclic adenosine monophosphate,
MK2 = kinases, ERK1,2 = extracellular signal-regedbkinase 1/2.

Figure 5.1: The translocation of 5-lipoxygenase and cytosdficgpholipase 4 upon
cellular stimulation, to the nuclear membrane,dekd by the substantial generation of
leukotrienes (Werz and Steinhilber, 2006).

5-Lipoxygenase, catalysing the oxidation of araohid acid, produces S)-
hydroxyperoxyeicosatetraenoic acid (5-HPETE), arbpdroxide intermediate, which
undergoes dehydration, resulting in the formatiérieakotriene A (LTA4) (Figure 5.2).
Enzymatic hydrolysis of LT4 as well as conjugation with other substancesislda the
formation of inflammatory mediators (Ford-Hutchinset al, 1994). These inflammatory
mediators are responsible for the powerful chenraative effects on the eosinophils,
neutrophils and macrophages, as well as the inedeaslease of pro-inflammatory

cytokines by macrophages and lymphocytes. Othdanmhatory mediators (such as
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histamine and immunoglobulin E, cause spasms isri@oth muscle of bronchi and blood

vessels, playing an eminent role in asthmatic kstac

Two other pathways in the LOX system, 15-LOX andLT2X, are responsible for the

production of lipoxins, the latter having the pditehto counteract the pro-inflammatory
effects of the leukotrienes. 5-Lipoxygenase ishited by quinones, hydroxyguinones, and
a variety of phenolic compounds, including certdlavonoids such as, quercetin,

kaempferol, morin, myricetin and cirsiliol (Kiet al, 2004).

A range of therapies exists for the treatment dfammation. In most cases, these
therapies, however, also have undesirable sideteffén urgent need therefore exists for
the research and development of additional orratéere therapies. Man has always looked
to nature for the treatment of wounds and topiegddtions, and it is important to consider
that, while traditional principles exist, these di¢e be evaluated pharmacologically. These
traditional remedies are important, not only foeithactive principles, but also for the

synergistic effects of a number of active constitage especially when such a large
proportion of traditional medicines are used as ewies for the treatment of skin

conditions and wound healing (Bodeleral, 1999).

When wounding occurs in the skin, it is accompanaehost immediately by pain,
reddening and oedema of the surrounding tissu¢hédbnset of the inflammatory process,
arachidonic acid is converted to eicosanoids ankioiene B (LTB,) by LOX (Spectoret
al., 1988), which is coupled with the production ebgtaglandins and thromboxanes by
cyclo-oxygenase (COX). The leukotrienes preserthatonset of inflammation are also
responsible for the maintenance thereof. As leigo#is thus play a major role in the
pathophysiology of chronic inflammatory diseasdshas been suggested that 5-LOX

inhibitors may thus be useful in the treatmentafaus conditions (Zschoclet al, 1999).

Leukotrienes have been identified as mediators miimber of inflammatory and allergic

reactions. These include rheumatoid arthritis, aminatory bowel disease, atopic
dermatitis, psoriasis, chronic urticaria, asthmé&a¢€son and Dahlen, 1999) and allergic
rhinitis (Samuelssoat al, 1987; Lewiset al, 1990).
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arachidonic acid, indicating the cyclo-oxygenasiway (modified from Werz and Steinhilber, 2006). 137



The 5-LOX pathway has also recently been linketh® development of atherosclerosis,

osteoporosis and certain types of cancers (WerSagidhilber, 2006).

As a result of the pathophysiological implicatioms5-LOX products and the potential
benefits of anti-leukotriene therapy, differentasdgies have been employed (targeting
PLA,, 5-LOX, FLAP, LTA, hydrolase and leukotriene; @ TC,) synthase) with 5-LOX
being the ideal and most promising target (Werz Stainhilber, 2006).

5.1.3 The cyclo-oxygenase-1 and cyclo-oxygenasaaZyene system

The COX enzyme systems are responsible for theugtmh of both prostaglandins and
prostacyclins through the metabolism of arachidaga. Prostaglandins, for which the
isoform COX-2 is the key synthetic enzyme, indu@sodilation, pain and increased
capillary permeability. Prostaglandins also prewdetformation of ulcers by a mechanism
independent of their antisecretory properties amd pbotecting the gastric mucosa.
Flavonoids and sesquiterpene lactones, isolated plants, have been shown to possess

both anti-inflammatory and anti-ulcerogenic acyipbadet al, 1994).

5.1.4Commiphora species and their anti-inflammatory effects

Myrrhanol A and myrrhanone A are triterpenes issdatrom Commiphora myrrhawhich
possess potent anti-inflammatory activity. Theseypounds were isolated from the gum
resins of guggul and myrrh, in a 50% aqueous mefli@axtract. Their anti-inflammatory
activity was demonstrated against four inflammatgmocesses, this being a clear
indication that these compounds are plausible iafiimmatory agents (Kimurat al,
2001).

In a study by Meselhy (2003) guggulsterone (4,1)(#@gnadiene-3,16-dione), a plant
sterol isolated from the gum resin @bmmiphora mukulsuppressed inflammation by
inhibiting nitric-oxide synthetase expression inédc by lipopolysaccharides in
macrophages. The activation of nuclear factor-kafpgNF«B) is found in most

inflammatory diseases, but modulation by gugguisterresults in the interference in the

inflammatory process.
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Myrrh oil was tested for itsn vitro ability to lessen interleukenf1(IL-1p)-stimulated
production of cytokines viz. IL-6 and IL-8 by humaingival fibroblasts and epithelial
cells, in a study by Tiptoet al (2003). The fibroblasts in the inflamed gingiyabduce
IL-6 and IL-8. Interleukin-8 is a cytokine signifint in acute inflammation as well as
neutrophil chemotaxis. It was found that fibroldagtesent in the inflamed gingival were
able to participate in local inflammation proces®tigh the production of these cytokines.
The addition of myrrh oil, however, resulted in teased production of these fibroblasts,
thereby decreasing the production of the pro-inffatory cytokines, and ultimately

resulting in a decreased involvement of these dytskin gingivitis and periodonitis.

Sesquiterpene compounds exhibit considerable aftdirimatory activity by inhibiting the
transcription factors responsible for the trandwip of genes encoding numerous

cytokines, one of which being IL-6.

Extracts from Commiphora mukul(Duwiejua et al, 1993; Sosaet al, 1993) and
Commiphora incisgDuwiejuaet al, 1993) resins were studied for their anti-inflaatory
activity. Significant inhibition of both the maxirheaedema response and the total oedema
response was observed. Two octanodammarane triespe mansubinone and
mansumbinoic acid, were isolated and tested. Bothpounds exhibited significant anti-
inflammatory activity, with mansumbinoic acid redhuy joint swelling, warranting further
investigation of this compound as an anti-inflamongiagent (Duwiejuat al, 1993). Sosa

et al (1993) highlighted the role of guggulsteronesha anti-inflammatory activity o€.
mukul however, it was deduced that since this sterdi@ation represented only 24% of
the raw extract, its activity was considered totde low to entirely account for the anti-

inflammatory effect.

Despite the traditional use @ommiphorain the treatment of wounds, other inflammatory
skin disorders and its intensive usage in rheurdadoihritis, there has not been, to our
knowledge, any previous study concerning the acthakapeutic anti-inflammatory
properties of indigenous species. It is thus careid an apt subject for research, and even
more so when combined with a pharmacological ev@unaf the mechanism by which

these ailments are treated.
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5.1.5 Flavonoids - their anti-inflammatory potentid

Flavonoids have long been utilised for their anflammatory capacity in Chinese
medicine, as well as in the cosmetic industry mftirm of crude plant extracts. Numerous
studies have demonstrated their potenimalvitro and in vivo, with some flavonoids

inhibiting chronic inflammation in several experimi& animal models (Kinet al, 2004).

Kaempferol decreased the production of prostagtamgiby lipopolysaccharide (LPS)-
stimulated human cells by the inhibition of COXi2 a study by Milest al (2005). This

decrease in the inflammatory mediator productionhboynan whole blood cultures may
contribute to the anti-atherogenic properties; heewethis would require further

investigation.

Yoshimotoet al. (1983) reported that certain flavonoids were re&dsi selective inhibitors

of the 5-LOX enzyme, and certain structural chamastics are required to produce this
anti-inflammatory activity. A cathechol (3’,4’-diyoxyl) structure in ring B (Rand R),

of flavonoid derivatives appeared necessary tobiht&h-LOX, as indicated by the most
active compounds cirsiliol and pedalitin. A 6-OHy Ryroup on pedalithin results in an
inhibitory activity equal to that of cirsiliol. Thenodification of the 5-OH (B group of
cirsiliol, and the demethylation at position 7, bbakeduce the inhibitory effect of the
flavones (Figure 5.3). Flavone derivatives with swbstituents produced a decreased

inhibitory activity.

Figure 5.3: The basic chemical structure of flavones (Harbetral, 1975).
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The structural components of 5,8-dihydroxy-6,7hethoxyflavone and cirsimaritin
indicates most structural requirements are pregarg, causing some activity. Flavones
proved to be more potent COX inhibitors, while Bawels showed preferential LOX
inhibitory activity, strongly inhibiting 5-LOX, andbeing far less active against 12-LOX.
The important moieties are the-C; double bond, 5,7-hydroxyl groups on the A-ring and
4’- or 3',4-hydroxyl groups on the B-ring. The C8droxyl group found in flavonols is
favourable for inhibitory activity against the LO&nhzyme. The C6 and C8 substituted
flavones and flavonols also exhibit good anti-inflaatory activity. Exceptional activity is
demonstrated by prenylated flavonoids, an exampighich is shown in Figure 5.4 (Kim

et al,, 2004)

Figure 5.4: The chemical structure of a prenylated flavon&igdiwanon C (Kimet al,
2004).

It is thus not only valuable to evaluate flavongidsd other isolated plant compounds, for
their potential anti-inflammatory activity and esfiahing the mechanisms by which they

are effective, but also as a possible new classtfinflammatory agents.
The objective of this study is to determine thei-arftammatory activity of the 10

indigenousCommiphoraspecies studied, and to determine the anti-inflatony effect of

the isolated compound kaempferol.
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5.2 Materials and methods

The anti-inflammatory activity of the plant extraavas determined using tlire vitro 5-
LOX assay. This assay measures the inhibitory #igtagainst the 5-LOX enzyme, which
is a key enzyme in the metabolism of arachidonid #wt is responsible for the formation
of leukotrienes (which play a pivotal role in thatpophysiology of chronic inflammatory
and allergic diseases) as first determined by Sietaal (1983) and later modified by
Evans (1987).

5.2.1 Principle of the assay

Lipoxygenases (LOX) are dioxygenases that catalyseaddition of molecular oxygen to
polyunsaturated fatty acids containing a 1,4-peated group. The 5-LOX enzyme thus
converts its substrate, arachidonic acid, to thejugated diene product 5-hydroxy-
6,8,11,1-eicosatetraenoic acid $84ETE), which, in turn, is converted to LAand then
to LTBa4, by LTAshydrolase. For the purposes of this experimemnldic acid was used as
the substrate, as it shares a high degree of stalcsimilarity to arachidonic acid
(containing the 1,4-pentadiene group in questibmg,far easier to handle as well as having
a stronger affinity for the 5-LOX enzyme resulting greater UV absorbance readings
(Baylac and Racine, 2003). The experiment spediicketermines increases in absorbance
at 234 nm as a result of the formation of conjugdteible bonds in linoleic acid
hydroperoxide (from a 1,4-diene to a 1,3-diene)used in the biochemical evaluation of
the LOX pathway of soybean plants submitted to vaing (Vieiraet al, 2001).

5.2.2 Protocol

5.2.2.1 Preparation of plant samples

Extracts of both the leaf and bark were preparedjescribed in Chapter 2, section 2.3.
The samples were prepared by dissolving these pbanacts in DMSO (Saarchem) and
Tweerf 20 (Merck).

The isolated compound, kaempferol, from stem ekiw&€. glandulosa(Chapter 3) was
prepared in the same way as the extracts, to deteramy potential anti-inflammatory
activity present.
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5.2.2.2 5-Lipoxygenase assay

The standard assay mixture containedull@f the plant extract dissolved in a solution of
DMSO and Tweeh 20 with the starting concentration of 106/ml, in a 3 ml cuvette. The
addition of 0.1 M potassium phosphate buffer (pBl, .95 ml), prepared with analytical
grade reagents, which was maintained &C2 a thermostated waterbath, and4®f
100 uM linoleic acid (purity> 99%, Fluka), followed. The enzymatic initiation tife
reaction occurred upon addition of 100 units ofidmdated 5-LOX enzyme (Cayman), the
latter diluted with 12ul of 0.1 M potassium phosphate buffer (pH 6.3) amaintained at
4°C until required (Figure 5.5).

Increases in absorbance were recorded at 234 nh®forin, using a UV-VIS Analytikjena
Specord 40 spectrophotometer, connected to a cemmduipped with Winaspétt
software. Serial dilutions of the extracts werepared for those species that exhibited anti-
inflammatory activity, and these were assayed sinalar way. The results were plotted
and initial reaction rates were determined fromdlope of the straight-line portion of the

curve.

The percentage of enzyme inhibition attributable each of the extracts was then
determined by comparison with the negative contiiod, latter comprising DMSO and
Tweerf 20 in the absence of plant extract. The percengaggme inhibition (calculated
using equation 5.1), which denotes the anti-inflaatory activity, was plotted against the
concentration of plant extractug/ml). The IG, values were determined (being the
concentration at which 50% inhibition is achievéd)m the dose-response curves using

Enzfitter® (version 1.05) software.
Equation 5.1

100 — (5-HETE with inhibitor)
% 5-lipoxygenase inhibition = x 100
(5-HETE without inhibitor)

Nordihydroguaiaretic acid (NDGA, Cayman), an intabiof the 5-LOX enzyme, was

used as a positive control in this assay.
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Figure 5.5: Schematic representation of the 5-lipoxygenasayass

5.3 Results

Thein vitro anti-inflammatory activity for each of the specaedsCommiphorafor both the
leaf and stem extracts, indicated as the percef@dd@X enzyme inhibition, together with
their corresponding I§ values, are shown in Table 5.1. No results wetaio&d for the
leaf extracts ofC. neglectaand C. edulis as there was no sufficient plant material

available.
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Table 5.1: The percentage 5-lipoxygenase enzyme inhibitotywiae of Commiphora

species stem and leaf extractwitro at 100pug/ml and their corresponding d&values.

5-lipoxygenase inhibition

Species at 100pg/ml (%) IC 50 (ng/ml)

C. africana (stem) 8.8 n.d’

C. africana (leaf) 16.7 n.dP®

C. edulis (stem) 100 55.61 +1.25
C. edulis (leaf) n.d? n.d?

C. glandulosa (stem) 100 66.16 + 3.61
C. glandulosa (leaf) 70 50.54 +14.70
C. marlothii (stem) 13.8 n.d®

C. marlothii (leaf) 34.7 n.d’

C. mollis (stem) 87.5 53.98 +1.59
C. mollis (leaf) 26.4 n.d’

C. negglecta (stem) 100 61.65 +8.98
C. neglecta (leaf) n.d? n.d?

C. pyracanthoides (stem) 100 27.86 £4.45
C. pyracanthoides (leaf) 48.6 n.d®

C. schimperi (stem) 100 58.38 +13.88
C. schimperi (leaf) 80 76.22 £+4.84
C. tenuipetiolata (stem) 100 53.58 +£10.44
C. tenuipetiolata (leaf) 25 n.d’

C. viminea (stem) 66.2 62.97 £ 11.64
C. viminea (leaf) 51.4 n.d’
Kaempferol 100 19.09 +6.41
Control NDGA 100 4.95 +0.07

n.d?= not determined, as there was no sufficient plaaterial available.
n.d” = not determined, as serial dilutions were prepéwe the extracts exhibiting anti-

inflammatory activity at 10@ug/ml of over 55%.
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Commiphora myrrha used in aromatherapy for its anti-inflammatoryoperties, has
demonstratedn vitro inhibitory activity against the 5-LOX enzyme instudy by Baylac
and Racine (2003). The measure of the activity deisied according to an arbitrary scale
of ICso values, where an Kgvalue above 10Qg/ml was inactive, between 5ig/ml
and100ug/ml was poorly active (+), between 3@y/ml and 50ug/ml was moderately
active (++), between 1Qag/ml and 30ug/ml showed good activity (+++) and ansi®@alue

of less than 1Qug/ml showed excellent activity (++++Lommiphora myrrhaessential oil
(volatile components), as well as the resinoid et from the gum (non-volatile

component) showed good anti-inflammatory activity ).

All the stem extracts displayed good to moderate/iac at the starting concentration of
100 pg/ml, and serial dilutions were thus prepared asghged, with the exception Gf
africana and C. marlothii. ICso values ranging from 27.86 + 4.4f/ml to 66.16 + 3.61
png/ml were obtainedCommiphora pyracanthoidgstem) displayed good activity against
the 5-LOX enzyme (I165= 27.86 + 4.4%ug/ml).

The leaf extracts of eight species displayed mihimtabition of the 5-LOX enzyme, and
serial dilution assays were therefore not performedhese extracts, with the exception of
C. schimperiand C. glandulosa which yielded 1G, values of 76.22 + 4.84g/ml and
50.54 + 14.70ug/ml, respectively. The isolated compound kaempfedsplayed good
activity against the 5-LOX enzyme, with ans¢@alue of 19.09 + 6.4jug/ml.

Nordihydroguaiaretic acid (NDGA), an inhibitor dfet 5-LOX enzyme (positive control),
was determined to exert excellent (++++) inhibiteffects on the 5-LOX enzyme. Figure
5.6 depicts the percentage 5-LOX enzyme inhibition each of the extracts at a
concentration of 10Qug/ml, revealing the extensive activity of the stextracts as

compared to the inhibitory effects of the leaf axts.
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5.4 Discussion

The results obtained for the stem and leaf extrat&ach of the species Gommiphora
indicate that anti-inflammatory activity varies wlgt amongst the species. It is clear that,
through inhibition of the enzyme, most of the stextracts completely inhibit the
formation of the 5-LOX products at 1Q@/ml. Complete inhibition (100%) at 1QQ/ml
was observed for the stem extractCofedulis(ICso = 55.61 + 1.25ug/ml), C. glandulosa
(ICs0 = 66.16 + 3.61ug/ml), C. neglectaICsp= 61.65 *+ 8.981g/ml), C. schimper{ICso=
58.38 + 13.88ug/ml), andC. tenuipetiolata(ICso = 53.58 = 10.44ug/ml), all of which,

when compared t€. myrrha display only poor activity (+).

The activity exhibited by these extracts was ona ebncentration dependant effect such
that increasing concentrations of extract produeedreater inhibition of the 5-LOX
enzyme. Of the extracts the most promising actiwias observed for the stem extract of
C. pyracanthoidegyielding complete inhibition at 100g/ml and an IGvalue of 27.86 +
4.45ug/ml), which is comparable to that 6f myrrha,with an 1Gg value ranging between

10 pg/ml and 3Qug/ml, indicating good anti-inflammatory activity.

The leaf extracts for all species displayed inbibjteffects inferior to that of the stem
extracts (Table 5.1). The greatest activity amortigstleaf extracts was displayed 6y
glandulosa which yields an Ig value of 50.54 = 14.7Qg/ml. The leaf extracts indicated
higher flavonoid content than the stems (ChapterH®)wever, it is due to the specific
structural characteristics required by flavonomlgtoduce a 5-LOX inhibitory effect, that
the lack of promising activity by the leaf extraotgy be explained.

The absence of an inhibitory effect on the 5-LOXyne byC. marlothii (leaf and stem)
C. africana(leaf and stem), as well as that of the leaf extod C. tenuipetiolatais not
necessarily indicative of a total lack of anti-arfimatory activity by these species. The 5-
LOX pathway is by far not the only pathway involvedhe inflammatory process (Figure
5.1), and certain compounds present within eacth@fspecies may act at other sites or
may follow other modes of action such as 5-LOX\attng protein (FLAP), 8-, 12- or 15-
LOX, COX-1 or COX-2.
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Two flavonoid derivatives were isolated from therstextract ofC. glandulosaChapter 3,
section 3.2.4 and section 3.2.5). Flavonoids haweide range of biological activities,
which include anti-inflammatory, antibacterial aadticarcinogenic effects, all of which
are mediated by different mechanisms. The acts/itiethe different flavonoids are highly
dependent on their chemical structures and selgitiedolic compounds have been shown
to inhibit the pathways of both COX and 5-LOX (Ferdiz and Alcaraz, 1991), although
the exact mechanism of pathway and/or enzyme itbibis not known. Flavonoids also
inhibit the biosynthesis of eicosanoids, a prodaottthe LOX (and COX) pathway
(Moroneyet al, 1988).

Kaempferol, the isolated flavonol, exhibits antiimmatory activity (Bezakovat al.,
2004). In a study by Dellat al. (1988), kaempferol, when compared to the syntreaiic
inflammatory agent indomethacin, showed a poterdglopged anti-inflammatory effect.
Thein vitro anti-inflammatory activity of kaempferol against®X was determined to be
19.09 * 6.41ug/ml. The presence of kaempferol in other specias werified by HPLC
data analysis (Chapter 8), and was found to beeptem the stem extracts df.
pyracanthoidegindC. tenuipetiolataand in the leaf extracts @. mollisandC. neglecta
Kaempferol may contribute partly to the overallianflammatory activity of the crude
stem extracts of. glandulosaandC. tenuipetiolatahowever, the total anti-inflammatory
activity of the crude extracts is far less than thelated compound. This could be
attributed to the presence of kaempferol in onlyw looncentrations (Chapter 8). The
decreased activity may also be attributed to thesgmce of compounds, which may act

antagonistically.

Commiphora pyracanthoidesvas observed to have amongst numerous compounds,
kaempferol. The anti-inflammatory activity observed this case, however, was
comparable to that of the isolated compound, alsly present in small amounts. It is
therefore evident that kaempferol may not be thegomaontributor of the anti-
inflammatory activity observed, but rather suggéisés there are a number of compounds,
occurring within the plant that may be acting sgmgically to produce the anti-

inflammatory activity observed.

In a review study by Kinmet al. (2004), flavonols such as quercetin, morin, myiice

including kaempferol, were found to be 5-LOX inlds that were less active against 12-



LOX, but were stronger inhibitors than flavones.céptions to this finding were the
flavone derivatives including cirsiliol and its dogues, being strong inhibitors of 5-LOX.
Based on cirsiliol molecule, Cand G alkyloxyflavones have a B-ring 3',4'-dihydroxyl
group, and some were found to be potent 5-LOX itdib (IG5 value in the 10uM

range).

In a study by Yoshimoteet al. (1983), it was reported that certain flavonoids ever
relatively selective inhibitors of the 5-LOX enzymend that certain structural
characteristics are required to produce this affsnmatory activity. The minimal
requirement for inhibition of 5-LOX is the presenoé the keto group at L£with the
absence of substitution at CAbad et al, 1994). A cathechol structure in ring B (a vidina
diol at R and R), as mentioned previously appeared necessanhtbitib-LOX. The 4'-
hydroxyl in the B-ring, &Cz double bond in the C-ring and the 5,7-hydroxylug® on
the A-ring are all characteristic of kaempferol, ieth explains the favourable anti-

inflammatory activity (+++).

Quercetin, a flavonoid sharing structural similagtwith kaempferol, is a potent inhibitor
of 5-LOX isolated from rat basophilic leukemia selQuercetin also bears some structural
resemblance with NDGA (Hopet al, 1983). Nordihydroguaiaretic acid putatively iHec
the formation of 5-LOX products, exerting a sigegfint effect with a determined 4&value

of 4.95 + 0.07ug/ml. This suggests that the structural resemblanag also apply to

kaempferol, and that there is a probable similantthe mechanism of action.

The 5-LOX pathway has also been implicated in @walcular disease, including
atherosclerosis, stroke, myocardial infarction #me weakening of large artery walls and
the formation of aneurysms (Osledral, 2006; Werz and Steinhilber, 2006). The presence
of the 5-LOX pathway, the production of leukotrisnand presence of the enzymes
concerned, as well as leukotriene receptors isesged in diseased tissue. Genetic studies
have been carried out on mice linking the 5-LOXhpaty to atherosclerosis, and
population genetic studies involving humans, cated genotypes of 5-LOX, FLAP and
LTA,4 hydrolase to cardiovascular disease, as shownuthies by Dwyeret al (2004),
Helgadottir et al (2004), Helgadottiret al (2005), and Helgadottiet al (2006).
Commiphora myrrhdas shown to possess 5-LOX inhibitory activity yida and Racine,

2003) andC. mukuland guggulsterone have been used for the treatnfiextherosclerosis
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(albeit the mode of action being to inhibit the aative modification of low-density
lipoproteins, which would otherwise lead to thewaoalation of cholesterol in foam cells

and atherogenesis).

5.5 Conclusion

Significant inhibitory activity against the 5-LOXaeyme was observed for the majority of
Commiphorastem extracts. The leaf extracts investigated mbd possess promising
activity against the 5-LOX enzyme with the exceptaf C. schimperiandC. glandulosa

It is important that recognition be given to théet inflammatory pathways within the
cascade, as a lack of inhibitory activity agairs 6-LOX enzyme cannot exclude the

possibility of alternative inhibitory effects.

As kaempferol, isolated frori@®. glandulosa(stem), is known to exhibit anti-inflammatory
activity, the activity of C. glandulosa (stem), C. pyracanthoides(stem) and C.
tenuipetiolata(stem) extracts may be attributed partly to trespnce of this compound.

5-Lipoxygenase is the key enzyme responsible ferbilosynthesis of leukotrienes, which
play a pivotal role in the inflammatory responseheumatoid arthritis and injury and may
additionally act as mediators in asthmatic respgnseyocardial ischaemia, cancer and
psoriasis. The traditional use (by the Himba trimé) Commiphorastem extracts for
rheumatoid arthritis and other inflammatory coratis is scientifically validated by the

vitro determination of the anti-inflammatory activity.
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CHAPTER 6: ANTICANCER ACTIVITY

“Let food be thy medicine and medicine be thy fo@idippocrates, as quoted by Treasure,
2005).

6.1 Introduction

Despite the therapeutic advances made in undeistarithe processes involved in
carcinogenesis, cancer has become one of the ransts medical problems today. The
worldwide mortality rate increases annually, witbbne than seven million deaths occuring
per year. For this reason, cancer chemotherappéesme a major focus area of research.
Different lifestyles, risk factors (such as agendgr, race, genetic disposition) and the
exposure to different environmental carcinogenad léo the varying patterns of cancer
incidence (Chang and Kinghorn, 2001). At least 35%ll cancers worldwide result from
an incorrect diet, and in the case of colon camtiet,may account for 80% of these cases
(Reddyet al, 2003).

Cancer, a cellular malignancy that results in t&slof normal cell-cycle control, such as
unregulated growth and the lack of differentiatioan develop in any tissue of any organ,
and at any time. The tissues most affected by caarm@® which have a relative survival rate
of five years are the oesophagus, lung, pancréasash, liver, ovaries and breafBhang
and Kinghorn, 2001).

Studies have revealed that certain cancers are coonenon inpeople of certain cultures

than others. Cancers of the lung, colon, prostatetaeast are very common in Western
countries, and not as prevalent in the Easterntdesn Cancers of the head, neck and of
the cervix are most common in India, while stomaahcer is most prevalent in Japan. In
South Africa, cancer diagnosis statistics for fmajor groupings are available from 1986;
these groups include 75.2% South African blacks6%i3caucasians (mainly of European
descent), 8.6% coloured (mixed race) and 2.6% Agiadian/East Asian descent)

(Albrecht, 2003). There were 60 172 new cancerasported to the cancer registry in
1998 and 60 343 new cases in 1999. Overall stalbtj the ethnic groups at highest risk
are the South African caucasians, comprising 4528d 46.4% in 1998 and 1999
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respectively, and South African blacks, with 39.494998 and 36.8% in 1999 (Mqosgt

al. 2004). Table 6.1 demonstrates the incidence tdtesjor cancers in these groups.

Table 6.1: Incidence rates of the major cancers in the caaoasind black population of
South Africa (Albrecht, 2003).

Cancer type South Afr_ican South African
Caucasians Blacks
Oesophageal 5% 25%
Breast 64% 13%
Prostate 43% 13%
Cervix 9% 40%
Colon 23% 3%

The search for potential anticancer agents fromrahproducts dates back to 1550 BC.
Scientific research reports only started emergimghie 1960’s, with investigations by
Hartwell and colleagues (Pettit, 1995), on the i@ppibn of podophyllotoxin and its
derivatives as anticancer agents. This growingmatgonal trend towards chemoprevention
was initiated in an attempt to reduce the incidesfceancer. “Chemoprevention” is defined
as a process to delay or prevent carcinogenesignrans through the ingestion of dietary
or pharmaceutical agents. This also implies thentiieation of chemical entities
(specifically cytotoxic entities) that are effe@ivagainst a range of cancer cell lines,
although less active or non-toxic against the norin@althy) cell population. The search
for such anticancer agents from plant sourcesestantthe 1950’s, and plant products have
proven to be an important source of anticancer gli@agg and Newman, 2005)his
directly results from the biological and chemicaledsity of nature, which allows for the

discovery of completely new chemical classes of poumds.

The discovery and development of plant-derived caumgls led to the first cures of human
cancer, specifically upon administration of thesenpounds in combination with synthetic
agents. Of the 121 medications being prescribedderin cancer treatment, 90 are sourced
from plants. It was also determined that approxatyaf 4% of these discoveries were as a
result of an investigation into the claims made fbikloric tradition (Shishodia and
Aggarwal, 2004). Examples of these compounds usedyttoxic drugs are shown in
Table 6.2.



Table 6.2: Cytotoxic drugs developed from plant sources.

Therapeutic agent

Vinblastine,
vincristine

Etoposide, teniposide

Paclitaxel, docetaxel

Irinotecan, topotecar
9-aminocampothecin,

9-nitrocamptothecin

Homoharingtonine

4-lpomeanol

Elliptinium

Flavopiridol

Chemical compound

Alkaloids

Epipodophyllotoxin

Taxanes

Alkaloid

Alkaloid

Pneumotoxic furan
derivative

Semi-synthetic
derivative from
ellipticine

Synthetic flavone
derived from plant
alkaloid rohitukine

Mechanism of &ion

Inhibition of tubulin
polymerization

Inhibition of
topoisomerase |

Promotion of tubulin
stabilization

Inhibition of
topoisomerase |

Inhibition of DNA
polymerase:
Cytochrome P-450-
mediated conversion
into DNA-binding
metabolites

Inhibition of
topoisomerase |

Inhibition of cyclin-
dependent kinases

Treatment of cancer type

Hodgkin’s disease

Testicular cancer, and small
cell lung carcinoma,
leukaemias, lymphomas

Ovarian and breast
carcinoma

Advanced colorectal cancer,
also active in lung, cervix
and ovarian cancer

Various leukaemias

Lung cancer

Advanced breast cancer

Encouraging results notedl

in a variety of solid and
haematological

malignancies, in patients | Amoora rohituka,

with colorectal, prostate,
lung, renal carcinoma,
non-Hodgkin’s lymphoma
and chronic lymphocytic
leukaemia

Plant source

Catharanthus
roseus

Podophyllum
peltatum

Taxus brevifolia

Camptotheca
acuminata

Harringtonia
cephalotaxus

Ipomoea batatas

Bleekeria vitensis

Dysoxylum
binectariferum

Refererec

Manset al (2000)

Lee (1999),
Manset al (2000)

Manset al (2000)

Srivastaveet al
(2005)

Manset al (2000)

Manset al (2000)

Manset al (2000)

Manset al. (2000)
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Carcinogenesis is the transformation of a normdltoea cancerous cell through many
stages, which occur over a number of years or edecades. The first stage of
carcinogenesis is the initiation stage, which inesl the reaction between the carcinogens
and the DNA of the cells. Inhibiting this early g#aof cancer is an important strategy in
cancer prevention or treatment. Promotion is tlemise stage and may occur slowly over
an extended period of time, ranging from severahtim® to years. Beneficial effects may
arise from a change in lifestyle and diet, whichymesult in the individual not developing
cancer during his or her lifetime. The third stagehe progressive stage, involving the
spread of the cancer. It is evident that, uponrémgento this stage, preventative factors
such as diet have less of an impact (Reetdyl, 2003).

A number of mechanisms exist by which phytochersieadl in the prevention of cancer.
This preventative action most probably results frikm additive or synergistic effects of a
number of phytochemicals, since cancer is a mtédp-process. Proposed mechanisms by
which phytochemicals may prevent cancer includg: afiti-oxidant and free radical
scavenging activity; (i) antiproliferative actiyit (iii) cell-cycle arresting activity; (iv)
induction of apoptosis; (v) activity as enzyme cbdas; (vi) enzyme inhibition; (vii) gene
regulation; (viii) activity as hepatic phase | emmgy inducers, and (ix) activity as hepatic
phase Il enzyme inducers. Oxidative damage to DptAteins and lipids, resulting from
an increase in oxidative stress, is considerecetorie of the most important mechanisms
contributing to the development of cancer. As tkelative damage is linked to the multi-
step process of carcinogenesis, this may be prederdar at least limited, by the

consumption of anti-oxidants (mechanism (i), asdeed above) (Liu, 2004).

6.1.1 Natural products and carcinogenesis defence

A number of natural products are used as chemagioteagents against commonly
occurring cancers. The phytochemicals that mostnoéippear to be protective against
cancer are curcumin, genistein, resveratrol, diadlylfide, (S)-allyl cystein, allicin,
lycopene, ellagic acid, ursolic acid, catechinggexol, isoeugenol, isoflavones, protease
inhibitors, saponins, phytosterols, vitamin C, intefolic acid, beta carotene, vitamin E

and flavonoids, to name but a few (Redxdyal, 2003).
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These phytochemicals suppress the inflammatorygsses that lead to transformation,
hyperproliferation, and initiation of carcinogergesirhe inhibitory influences of these
phytochemicals may ultimately suppress the fingpstof carcinogenesis viz. angiogenesis

and metastasis.

Anti-oxidants, such as flavonoids, are found inidewariety of plant extracts, fruits and
vegetables, beverages and herbs. As mentionedyfdhe most important contributions to
the development of cancer is the oxidative damageNA (Fan et al., 2000). Permanent
genetic alterations may occur in those cells wi¥¥&\ is damaged and where division of
this DNA occurs before it can be repaired. Thedks ceay begin to divide more rapidly

and result in carcinogenesis (Readd¥al, 2003).

6.1.2 Flavonoids - a source of anticancer agents

It is well established that natural products areeacellent source of compounds with a
wide variety of biological activities. This has ertled the field of research for potential
anticancer compounds, some of which are alreadgnsitely used (as mentioned

previously - Table 6.2).

Flavonoids are a group of polyphenolic secondariabwites present in a wide variety of
plants, and display a large number of biochemicad @harmacological properties,
including cancer preventative effects (Williams a@Gdayer, 2004). It is the elicited
biochemical interferences by flavonoids that areoamted with their capacity to control
cell growth. A number of mechanisms by which flaomis are able to prevent
carcinogenesis have been reported. These mechanisohsde their free radical

scavenging ability, the modification of enzymesaitiivate or detoxify carcinogens, and
the inhibition of the induction of the transcriptidactor activator protein activity by
tumour promoters (Canivence-Lavigral, 1996; Shiket al, 2000; Mooret al, 2006).

Tumour promotion of cells results in the formatiohbenign tumour cells, which may

progress to malignant tumours. Flavonoids haveathibty to interfere with the different

steps of this process, as illustrated in Figure 6.1

15€



Promotion Progression

|nitiation (PQSt'initiatiOH) (Maﬁgnam Conversion)
.  — E) _
DNA damage
A ; ’ )
Normal cells Mutant cells Benign tumors Malignant tumorg
kaempferol, diosmetin
theaflavin, chrysin
; hydroxychalcone Fl : d
I galangin, baicalein avonoias
biachanin A
genistein i
(Inhibit CYPs) prunetin, genistein, | apigenin, naringenin, prenylated chalcones
tangeretin,galangin | biochanin A, silymarin
! (Induce phase Il enzymes)
1
v
L A Detoxification/
e e i
Procarcinogens by CYPs yp y sliiiatici

Figure 6.1: Flavonoids that block or suppress multi-stage cagenesis (Mooret al,
2006).

Flavonoids such as kaempferol, diosmetin, theailard biochanin A are able to inhibit
the activation of procarcinogens to their electibppecies (Figure 6.1) by hepatic phase
| enzymes, or their subsequent interaction with DNJAese flavonoids may be considered
as inhibiting agents, as they inhibit tumour irtiba. Flavonoids may also suppress the
promotional and progressional steps in multi-stegeeinogenesis by affecting cell-cycle

progression, angiogenesis, invasion and apoptukisiiet al, 2006).

The high consumption of soy products by women jpadaand the Far East has led to a
much lower incidence of breast cancer in these wothan those in the Western world.
The isoflavones in these products bind to estrageaptors in the body, thereby blocking

the cancer-promoting effects of estrogen (Reetdsl., 2003).
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6.1.3 The investigation ofCommiphora as an anticancer agent

Recent phytochemical studies @ommiphora erlangeriaevealed theresence of four
lignans, erlangerin A - D, of which C and D closelgsemble the structure of
podophyllotoxin. Podophyllotoxin and 4-deoxypodolpdtpxin have been identified as
antitumour lignans (Figure 6.2) (Habtemariam, 200B)e biological activity of these
compounds was due to an inhibitory effect on thié g@ewth of two human (HeLa and
Eahy926) and two murine (L929 and RAW 264.7) dals.

Sesquiterpenoids are being identified more ofterhasng cytotoxic properties against
cancer cell lines. The activity of extracts @mmiphora myrrhavas tested against the
MCEF-7 breast cancer cell line, which is known torésistant to anticancer drugs. A novel
furanosesquiterpenoid identified as rel-1S,2S-eptRRyfuranogermacr-10(15)-en-6-one,
exhibited weak cytotoxic activity against the MCFe@Il line. The mechanism by which
the cytotoxicity occurs is through the inactivatioha specific protein, Bcl-2 (Zhat al,
2001).

Singhet al. (2005) studied the molecular mechanism by whiegigulsterone (Figure 6.3),
isolated fromCommiphora mukuylinduces apoptosis using PC-3 human prostate cance
cells. The viability of these cells was signifidgntreduced upon treatment with
guggulsterone, in a concentration-dependent ma@weggulsterone-mediated suppression
results from induction of apoptosis, and not theyrbation of cell-cycle progression. This
apoptotic induction is a result of the activatioh caspase-9, caspase-8 and caspase-3,
which is, in part, mediated by Bax and Bak, whicé pro-apoptotic B-cell lymphoma-2

(Bcl-2) protein family members.
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Figure 6.2: The chemical structures of podophyllotoxin, 4-dgmdophyllotoxin and Erlangerin A - D (Habtemariazf03).
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The expression of the anti-apoptotic proteins Belr Bcl-xL was initially increased, but

a marked decline was noticed after the 16 to 24 mmubation.

Me

Figure 6.3: The chemical structure of guggulsterone (Aggaava Shishodia, 2006).

Figure 6.4 demonstrates the molecular targetsetédi agents and natural products, which
may influence the prevention and therapy of canp&ggarwal and Shishodia, 2006). The
molecular targets highlighted in orange are indéeaof the influences of€. mukulin its
mechanisms of action in cancer cell suppressioa. dtudy by Zhwet al (2001),C. mukul
exhibited a decreased cellular viability in MCF-idaPC-3 cancer cells, with thesi{C
value in both cells being 148y/ml.

As indicated in Table 6.2, phytochemicals presennedicinal plants possess substantial
anticancer activity, and investigations conductedCommiphoraspecies indicate a true
potential for the treatment and/or prevention oficea. Despite this, to the best of our
knowledge, no investigations have been carried autthe potential effects of South
African indigenous species. It is for this reasbattthein vitro anticancer activity of 10

indigenousCommiphoraspecies was evaluated.
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Figure 6.4: Molecular targets of dietary agents for the preieenand therapy of cancers. Highlighted in orangethe targets of guggulsterone
isolated fromCommiphora mukulAggarwal and Shishodia, 2006). (Refer to abbtealist). 161



6.2 Materials and methods

6.2.1 Principle of the method

The sulfornodamine B (SRB) assay is an antipralifee assay used to assess the growth
inhibition of cells. This colorimetric assay inditey estimates the viable cell number by
staining total cellular proteins, and was perfornaedording to Monk®t al (1991). The
ability of extracts of indigenouSommiphoraspecies to inhibit than vitro growth of three
human cancer cell lines, namely the colon adenowama (HT-29), breast
adenocarcinoma (MCF-7), and the neuronal gliobtast¢SF-268) cancer cell lines, was

evaluated.

6.2.2 Protocol

6.2.2.1 Cell lines and cell culture

The HT-29, MCF-7 and SF-268 cell lines were obtdiftem the National Cancer Institute
(USA). The MCF-7 and SF-268 cells were routinelyimtained in 75 crh flasks
(Nunclon™) in Roswell Park Memorial Institute Medi&40 (RPMI-1640) (Cambrex
Bioproducts), supplemented with 5% foetal bovineise(FBS, Highveld Biological). HT-
29 cells were grown in Dulbecco’s Modified Eagletéedium (DMEM) (Highveld
Biological) supplemented with 5% FBS, 1 ml per $80media of 10 mg/ml penicillin-G,
10 mg/ml sodium streptomycin sulphate (Highveldl&gical) and 5 ml per 500 ml media
of 2 mM L-glutamine (Cambrex Bioproducts). The sellere incubated at 3Z in a
humidified atmosphere of 5% GO

Once the cells were at 75% confluency, they webesitured by aspirating the media and
replacing it with 0.1 mM (50Ql) phosphate buffered saline (PBS, Highveld Biobadji
(pH 7.4) and 1 ml 0.05% (2 mg/ml) trypsin-EDTA (Higeld Biological). The flasks were
incubated at 37C for 10 - 15 min, until the majority of cells héitted. The trypsin was
then inactivated by the addition of experimental drae (antibiotic-free, serum-
supplemented RPMI-1640 or DMEM medium).
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A single cell suspension was formed by the genietfing action. The cell suspension
was centrifuged at 1000 rpm (Sorvall T6000D) fomB, and the supernatant discarded.
The pellet was resuspended in its respective medamnaliquot of which was stained with
0.2% (w/v) trypan blue (Sigma-Aldrich) and the selwere counted using a
haemocytometer. This single cell suspension, witklhviability of greater than 95%, was

then diluted in culture medium to obtain a standzaitisuspension of 150 000 cells/ml.

6.2.2.2 Preparation of plant samples

The plant samples were prepared from a stock soludf extracts in methanol at a
concentration of 50 mg/ml. The following final wabncentrations were prepared using
experimental medium: 10Qg/ml, 50 pug/ml, 25 pg/ml, 12.5ug/ml and 6.25ug/ml, as
shown in Figure 6.5. The following controls werepared: (i) methanol in experimental
media as a negative control, (ii) plant extractmexperimental media and no cells, (iii)
positive control: 5fluorouracil (Fluka). DNA synthesis is necessany fcancer cell
proliferation. 3-Fluorouracil inhibits the activity of thymidylatynthase, thereby blocking
the synthesis of deoxythymidine monophosphate (dT&f#®l in so doing, blocks DNA
synthesis (Noordhuist al, 2004).

6.2.2.3 The sulforhodamine B assay

Aliquots of 100ul of 150 000 cells/ml cell suspension was seededard6-well microtiter
plate. The plates were incubated at@7or 24 hours to facilitate the attachment of the
cells to the bottom of the wells. No cells weredszkinto the blank wells, instead, 200

of media was added (Figure 6.5). Plant extract sedal two-fold dilutions with cell
culture medium (100ul) was added to the wells already containing 100of cell
suspension, in triplicate. The control wells conéai no cells, only experimental media, in
the presence of the test sample. The control wedl® used to aid in the determination of
any background absorbance produced by the extfée. plates were incubated for a
further 48 hours at 3T.

On completion of the 48 hour incubation period, tledis were fixed to the bottom of the

well by layering the medium with 5@l of ice cold 50% wi/v trichloroacetic acid (TCA,

Saarchem). Trichloroacetic acid was prepared a/500 ml in distilled water. The plates
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were incubated at°€ for 1 hour, after which the supernatant was washam the wells
(washed out 5 times) with water to remove any exasaounts of TCA, experimental
media or any other low molecular weight metabolitEise plates were inverted and left

overnight to air dry.

Once dry, 10Qul of SRB (Sigma-Aldrich), which was prepared atoaaentration of 0.4%
w/v in1% acetic acid, was added to all wells torsthe fixed cells and aid in assessing the
cell growth. Sulforhodamine is a water-soluble thy& binds electrostatically to the basic
amino acids of cellular proteins, synthesised lapla cells (Voigt, 2005). The microtiter
plates were left to stain for 10 - 20 min, afterisththe excess dye was discarded and the
microtiter plates washed five times with 1% acetad to remove any unbound dye.
Trisma base (Merck) (pH 10.5, 2p 10 mM) was added to all wells (under mild basic
conditions the dye can be extracted from the egltssolubilised for measurement) and the
plate was shaken at 960 rpm for 3 min on a mi@ofitiate reader (Labsystems iEMS
Reader MF) equipped with the AscBnersion 2.4 software program, dissolving bound
dye present in the wells. The absorbance was #woh at 492 nm. The colour intensity of
each well corresponds to the number of viable cafigndication of the inhibitory effect of
the extracts or test compounds added (Figure i§t)r The percentage inhibition of cells
was calculated (using equation 6.1 below). Usirgy Emzfittef (version 1.05) software,
the concentration that inhibits 50% of cellular gt (ICso value) was determined from

the log sigmoid dose-response profile for each $amp

Equation 6.1

(1 — abs test sampleealabs control sample— abs blank)

% cell inhibition = x 100
Mean (abs control —abs blank)

abs = absorbance at 492 nm

The plant extracts depicting activity of more tH0P6 inhibition of cell growth at 100

png/ml, were subsequently re-evaluated with dilutiprepared in experimental media.
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Figure 6.5: Representative 96-well microtiter plate, indicgteoncentrations of plant extracts (left) where,

represents plant extract 1 with cells

represents plant extract 2 with cells
| represents plant extract 3 with cells
Bl represents plant extract 4 with cells
||| represents control wells, plant extract no cells

— represents control wells, media no cells
represents control wells, media with cells

A 96-well microtiter plate prepared for use in BB assay. Pink wells are an indication of stairet (right).
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Kaempferol, isolated from the stem extract®fglandulosa(Chapter 3) was prepared in
the same way as the extracts. Tiheitro ability of this compound to inhibit the growth of

the three cell lines was also determined.

6.3 Results

The inhibition of cancer cell proliferation and loddr viability by solvent extracts of
indigenousCommiphoraspecies and the flavonol, kaempferol, againsetimeman cancer
cell lines was evaluated and is detailed in Tab® ®he percentage cell growth inhibition
at 100pg/ml and 1Go values for those plant extracts that showed nmwae 80% inhibition

of cell viability (at 100ug/ml) was evaluated for all cell lines tested. Tiisuld require
that the inhibitory concentration at which 50% loé tells are inhibited (Kgvalue) be 30
png/ml (Suffiness and Pezzuto, 1990). For thGsenmiphoraspecies exhibiting anticancer
activity, the inhibitory effect appeared to be cemtation-dependent, increasing as the

concentration of extract increased (Figure 6.6).

The most active extracts from the investiga@immiphoraspecies against the HT-29
cells wereC. glandulosgleaf and stem) an@. marlothii (leaf) (Figure 6.7 and Table 6.3).
For all other species, the percentage growth itibits at 100ug/ml was observed to be
less than 80%, failing the prescreen-select coiteand were thus not subjected to further
testing. The IG values for these species could thus not be datetmiNo significant
activity was observed for the extracts frddn africana (leaf) andC. schimperi(stem)

against HT-29 cells, at 1Q®/ml (Figure 6.7).

Extracts fromCommiphora glanduloséstem) andC. pyracanthoidegstem) exhibited the
most significant inhibitory activity against the M& cells, with 1G, values of 24.28 +
0.18 ng/ml and 20.60 + 0.78g/ml, respectively (Table 6.3). The MCF-7 cells iexied

the highest sensitivity to indigeno@mmiphoraspecies, with extracts froi@. edulis
(leaf and stem)C. glandulosaleaf and stem)C. marlothii (leaf), C. pyracanthoidegleaf
and stem),C. schimperi(stem) andC. viminea(stem) all possessing a percentage cell

growth inhibition greater than 80% at 12@/ml.
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Table 6.3: The percentage cell growth inhibition (CGI) of aoladenocarcinoma cell line (I-29), breast adenocarcinoma cell lineCF-7) and
neuronal cell line (SF-268) on exposure to stem laafl extracts of indigenouSommiphoraspecies, kaempferol and reference compound 5

fluorouracil, and the 1§ values of the respective speciBgsults are given as mean = s.d, n=3.

%CGI of HT-29 IC 50 value HT-29 %CGI of MCF-7 IC50 value MCF-7 %CGI of SF-268 IC 5, value SF-268

Species at 100pg/ml (ng/mi) at 100pg/ml (ng/ml) at 100pg/ml (ng/ml)
C. africana (stem) 29.01+3.42 n.d. 53.00 +4.82 n.d. 0.04 +3.43 d. n.
C. africana (leaf) 0.01 £0.92 n.d. 31.10+3.75 n.d. 0.02+4.71 n.d.
C. edulis (stem) 36.26 +2.54 n.d. 80.50 + 4.68 67.85 +5.46 24.3268 n.d.
C. edulis (leaf) 33.18 £1.69 n.d. 82.10 £1.99 50.34 £ 4.25 47.53 + 3.67 n.d.
C. glandulosa (stem) 86.41+1.93 57.89 + 2.04 95.80 + 3.09 24.28 £0.18 86.20 + 3.35 70.32 £ 2.45
C. glandulosa (leaf) 90.25+0.42 52.34 +£1.95 89.20 £+ 4.37 39.58 +£2.11 83.21 + 3.60 71.45+1.24
C. marlathii (stem) 59.13+1.83 n.d. 77.40 +2.09 n.d. 0.05 +2.58 d. n.
C. marlathii (leaf) 82.48 + 3.45 7212 +£3.14 84.20£2.72 63.27 £1.51 35.43+4.83 n.d.
C. mallis (stem) 29.38 £ 1.90 n.d. 74.30+1.64 n.d. 57.40 £ 6.65 d. n.
C. mallis (leaf) 42.97 + 4.59 n.d. 60.80 £ 3.75 n.d. 0.01 +3.97 n.d.
C. neglecta (stem) 14.38 £2.77 n.d. 76.80 +3.41 n.d. 28.91+3.75 d. n.
C. neglecta (leaf) 18.88 + 2.66 n.d. 61.45 +6.98 n.d. 0.01 +4.03 n.d.
C. pyracanthoides (stem) 77.46 +2.62 n.d. 80.65 +2.23 20.60 £0.73 80.304 69.36 + 1.64
C. pyracanthoides (leaf) 36.57 +2.23 n.d. 86.50 + 1.37 35.51 +3.57 94.85 +1.92 68.55 + 2.01
C. schimperi (stem) 0.02 £ 3.47 n.d. 88.30 +1.88 83.14 +5.10 0.(R50 n.d.
C. schimperi (leaf) 7.43 +£1.37 n.d. 24.90+5.43 n.d. 0.05+3.72 n.d.
C. tenuipetiolata (stem) 10.63 £ 2.45 n.d. 71.00 £0.70 n.d. 36.72 £ 6.02 d. n.
C. tenuipetiolata (leaf) 15.42 £1.39 n.d. 28.26 +3.93 n.d. 473 +2.83 n.d.
C. viminea (stem) 48.00 £ 2.03 n.d. 88.90 + 4.92 96.02 £ 0.42 21.7658 n.d.
C. viminea (leaf) 53.79 +4.82 n.d. 59.20 +5.44 n.d. 5.63 +4.37 n.d.
Kaempferol 71.46 £0.89 9.78 +0.01 82.39+1.35 20.21+3.29 89.25+0.72 43.83 +2.04
5'-Fluorouracil 96.76 £1.19 7.00 £2.20 98.81 £ 0.93 111+ 0.31 20.70 £ 0.86 n.d.

n.d.— not determined: I values not determined as the percentage cell grimfuthition at 10qug/ml was less than 80%.
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Commiphora glandulosdleaf and stem) and€. pyracanthoidegleaf and stem) (100
ng/ml) were the only two species exhibiting percgataell growth inhibition of greater
than 80% in SF-268 cells. The siCvalues calculated (Table 6.3) indicates that the
inhibitory effect of the two species did not diffeignificantly (p > 0.05) for this cell line.
No inhibitory activity on SF-268 cell growth wasted for extracts tested fro@. africana
(leaf and stem)C. marlothii (stem),C. mollis (leaf), C. neglecta(leaf) andC. schimperi

(leaf and stem) (Figure 6.7).

The inhibition of the cancer cell proliferation lgempferol in all three-cancer cell lines
was determined, with Kg values of 9.78 + 0.0ftg/ml in HT-29 cells, 20.21 + 3.2%9g/ml
in MCF-7 cells and 43.83 + 2.Q4g/ml in SF-268 cells.
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Figure 6.6: Percentage cell growth inhibition of extracts fr@mmmiphora neglectéear)
() against the MCF-7 cell lin€. viminea(leaf) (i) against the HT-29 cell line arl
edulis (leaf) ([J) against the SF-268 cell line, indicating the aamtration-dependent
inhibitory effect.
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Figure 6.7: Representative antiproliferative activity at 10/ml of indigenousCommiphoraspecies under investigation aneflgorouracil in
the SRB assay against two cancer cell lines - gwramal SF-268 and colon adenocarcinoma HT-Dcell lines; the standard error of the

mean of three replicates are denoted by error(hars3 experiments).
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6.4 Discussion

The evaluation of the cytotoxic potential of indigeis Commiphora species was
investigated using the SRB assay. The results energlly expressed as percentage cell
growth inhibition at 10Qug/ml, while those indicating a percentage inhilitiof greater
than 80% at 100ug/ml were expressed as sfCvalues, the latter defined as the
concentration causing 50% cell growth inhibitiorftek a continuous 48 hour exposure of
the cells to the extracts, in accordance with tNEIthree-cell line screen”, the activity
observed was most certainly reflective of a camgee-specific sensitivity. The extracts of
only a few indigenou€ommiphoraspecies exhibited an inhibitory effect greater t8a#o

at 100 ng/ml on the cancer cells. The inhibitory activity thhe extracts showed some
concentration-dependance (Figure 6.6), which irsg@awith an increase in extract
concentration. The most promising activity agaitis¢ HT-29 cells was presented by
extracts ofC. glandulosgleaf and stem), with I§3 values of 52.34 + 1.9hg/ml and 57.89

* 2.04ug/ml, respectively, and extracts Gf marlothii (leaf), with an 1G, value of 72.12

+ 3.14 pg/ml. At 100 ng/mi, the leaf extracts exhibited a slightly highehnibitory effect.
However, comparing the results to that 6fldorouracil (IGo = 7.00 = 2.20ug/ml), the
inhibitory activity of the most active extract agsii this cell line was seven-fold less

active, an indication that no extract was as dffecis 5-fluorouracil.

No trend was found upon comparison of the leafsiath extracts and their activity against
the three cell lines. In general, the leaf extrastse found to be more active than the stem
extracts against the HT-29 cell line, with the ¢tan of C. africana and C.
pyracanthoideswhile the stem extracts were observed to be ractiee against the MCF-

7 and SF-268 cell lines, with the exceptiorCofedulis C. marlothiiandC. pyracanthoides
(Table 6.3).

The extracts of each of the species were analysed) HPLC (Chapter 8), and it was

determined that the leaf extracts contain varyingants of flavonoids. Flavonoids are

known to have anticancer activity, as discussesettion 6.1.2 above, and may to some
degree contribute to the observed activity. Theg@aage cell growth inhibition observed

at the highest concentration for extracts frénmollis(leaf) was determined to be 42.97 +
4.59% against the HT-29 cells.
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This leaf extract showed similar flavonoid pattetiesC. africana and C. schimperi

(Chapter 8, Table 8.1), and similarities in theRlLC chromatograms.

The leaf extracts o€ommiphora africang% CGI = 0.01 + 0.92%) an@. schimperi(%
CGIl = 7.43 + 1.37%) demonstrated a decreased mohybeffect against the HT-29 cell
line; which differed from that oC. mollis The presence of other compounds may be
attributing to the difference in inhibitory effecthis may be as a result of antagonistic
relationships that may exist between the compowrdsent and further investigations

would thus need to be conducted.

Although flavonoids are emerging as prospectiveicanter drug candidates, the
understanding of the structure-activity relatiopsurrounding this activity is not well

understood. The chemical nature of flavonoids ddp@m their structural class, degree of
hydroxylation, other substitutions and conjugatiangl degree of polymerisation (Calabro
et al, 2004). Flavonoids are effective scavengers agtree oxygen species (ROS), and the
anticancer activities observed suggest a dependemddeir anti-oxidant and chelating

properties. It is known that reactive oxygen aridogen metabolites are involved in cancer
processes. Pro-inflammatory cytokines, apoptosignasing and redox-response

transcription factors are dependent on these &deals (Rusakt al, 2005).

Nagaoet al (2002) reported the anticancer activity of flawmis with respect to their
structure-activity relationship, especially that ftdvones (Figure 6.8). These flavones
possess hydroxyl groups at the(R;) and G (Rs) positions in ring A, and at €{Rs) and
C’4 (Re) in ring B, important for enhanced activity. Theluence of other substituents at
other positions is, however, not clear. Compounearing a free hydroxyl group in the
flavone series exhibit anticancer activity by a hmedsm that involves topoisomerase |
inhibition. The presence of flavones in certaincsge ofCommiphorasuch a<C. africana
(leaf) andC. edulis(leaf) (Chapter 8) may contribute to the inhibyt@ctivity. However,
the identification of these flavones and their cloainstructures is imperative for the

attributable activity.

Flavonoids are potent antiproliferative agentsyimch the G—C; double bond and the lack
of the 6-hydroxyl group are important structuradjugements for their cytostatic effects

(Rusaket al, 2005). Kaempferol, for example, possesses th€;Clouble bond and
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additionally lacks the 6-hydroxyl group (ChapterRgure 3.11), and has been shown to

possess cancer chemopreventative properties agjagnising cancer cell line A549.

Figure 6.8: The basic chemical structure of flavones (Harbetrel, 1975).

The treatment of estrogen receptor-positive breasicer cells with kaempferol also
resulted in the time- and dose-dependent decreasell number, especially in MCF-7
cells (Hung, 2004).

Kaempferol has been used with another flavonoieregtin, in order to determine their

effects in reducing the proliferation of cancerlg€eThese flavonoids were more effective
together than independently in their action agaihethuman cancer cell lines, showing
synergistic activityin vitro (Ackland et al, 2005). It was also found that kaempferol aids in
reducing the resistance of cancer cells to antmadigs, and in so doing aids in the fight

against cancer.

Breast cancer is the most common malignancy in hwigiowth is linked to hormonal
factors. Most primary breast cancers contain estragceptor alpha (ER) that requires
estrogens or estrogenic activity for tumour grovidktrogens interact with both the ER-
and the estrogen receptor beta (HReo modulate the expression of genes involved in
regulating growth, differentiation and survival thie cancer cells. ER-is imperative in
breast cancer progression, and for this reasomoeing therapies for ER-positive breast

cancer are aimed at the use of anti-estrogens. ngceesearchers have shown that
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kaempferol is a growth inhibitor for ER-positiveelsst cancer cells. Kaempferol blocks
ER activity through the inhibition of ER-expression, resulting in E&-aggregation (in
the nuclei), as well as the induction of ERdegradation by a different pathway. These
findings therefore suggest that the kaempferol-atedi modulation of ER- expression
and function may, in part, be responsible foritheitro anti-proliferative effects observed.
The efficacy of this hormonal regime and the pa&nise of kaempferol to treat breast

cancer are yet to receive clinical confirmation Gigu2004).

The success of cancer chemotherapy greatly depemdse absence of multiple-drug
resistance (MDR). One of the most studied mechanishadrug resistance is characterised
by the accumulation, resulting from over-expressiaf P-glycoprotein (Pgp). P-
glycoprotein is a pump that catalyses the effluxdnfgs from the cells, resulting in the
reduction of drug accumulation and therefore theess of drugs to their target sites. If Pgp
confers MDR on cancer cells, it would be of greaportance to develop agents that would
inhibit the Pgp-mediated efflux of drugs, and thheserse MDR. Such a compound is
kaempferol. Through thén vitro inhibition of Pgp-mediated drug efflux, there ia a
increase in the intracellular accumulation and txicity of chemotherapeutic drugs
within the cancer cells. This was demonstrated wka@mpferol was combined with
vinblastine, resulting in a significant increasethe anticancer activity of vinblastine on
the cervical carcinoma cell line KB-V1, (Khantaneaal, 2004).

The inhibition of cancer cell proliferation by kapfarol in all three-cancer cell lines was
determined (Table 6.3), with igvalues of 43.83 £ 2.04g/ml in SF-268 cells, 20.21 *
3.29 pug/ml in MCF-7 cells, and 9.78 + 0.0dg/ml in HT-29 cells. The 1§ values of
kaempferol when compared téfiuorouracil indicated no significant differenaethe HT-
29 cells, however the activity observed for kaemgifeagainst the MCF-7 cells was
significantly less active than that offfuorouracil. The activity of the isolated compaln
was determined to be far greater in the SF-268Hah&9 cell lines than that observed in
C. glandulosa(stem), the species from which it was isolatedisTihdicates possible
antagonistic effects by other compounds presertinvithe crude extract. However, no

difference was observed in thest&alues ofC. glandulosgstem) and the MCF-7 cells.

Existing research has indicated that a tumour ds/r@amic system, consisting of cancer

cells, often of multiple classes, supporting stromarmal cells, and frequently
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lymphocytes. Tumours are highly individualisticdaresearchers have concluded that each
tumour has its own individual drug response spectfdoffman, 1991). This phenomenon
was shown to be true by the current comparisontabitory activity of the three different
cell lines, and their sensitivity to the stem aadflextracts of investigatedommiphora
species. The MCF-7 cells exhibited the most sessitito indigenousCommiphora
species. Extracts fronCommiphora africana(leaf and stem) displayed cancer cell
specificity against the MCF-7 cell line, where thnercentage cell growth inhibition at 100
png/ml was found to be 53.00 * 4.82% and 31.00 £ &76r the stem and leaf extracts,
respectively. No cell inhibition was observed in-&d8 cells, as well as no cell inhibition
by the leaf extract against HT-29 cell line, withlyslight inhibitory activity by the stem
extract (29.00 + 3.42%) against this cell line. Témst potent extracts against all three cell

lines wereC. schimper{leaf) andC. africana(leaf) (Table 6.3).

The activity presented by the extracts againsM@#-7 cell line was promising. In a study
by Campbellet al (2002), 14 crude plant extracts (not includiny guarified fractions)
were tested against MCF-7 cells, one of which @asyrrha The results were presented
as 1Go values, withC. myrrhahaving a reported Kgvalue of > 0.7 mg/ml. In comparison
to this study, the stem extracts@©f glandulosaandC. pyracanthoideare 30-fold and 33-
fold more potent. Of the extracts presenting afbitdry concentration of greater than 80%
at 100ug/ml (Table 6.3) against the MCF-7 celS, viminea(stem) was found to be the
least potent. The Kz value determined for this species was 96.02 + Qglgnl, exhibiting

a 7-fold greater inhibitory effect than that exkaii byC. myrrha

As mentioned previously, existing research suggesiislipoxygenase-catalysed products
have a substantial influence on the developmentpangression of human cancers. Upon
comparison with normal tissues, lipoxygenase méditalsoviz. leukotrienes (LTs) and
hydroxyeicosatetraenoic acids (HETEs) (LTB-HETE and 12-HETE), are found at
elevated levels in lung, prostate, breast, colsrwaell as in skin cancer cells (Steefeal,
1999). It has been proposed that LTs may exereater role than prostaglandins (PGs) in
stimulating tumour growth, depending on the typecahcer (Wallace, 2002). Agents
blocking this lipoxygenase-catalysed activity, suel lipoxygenase inhibitors (5-
lipoxygenase and its associated enzymes and 1Ryfiemase) or leukotriene receptor

antagonism may be effective in interfering with nsiing events needed for tumour
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growth. In a study by McCormick and Spicer (198Wydihydroguaiaretic acid (NDGA), a
5-lipoxygenase (5-LOX) inhibitor, inhibited induceat mammary tumour development
vivo, indicating the role of lipoxygenase productshis tumour development. In a study
by Hussey and Tisdale (1996), certain colon adewowama cell lines treated with 5-LOX
inhibitors resulted in the inhibition of growth stillation. Boswellia Boswellia serrata
Roxb.) derived from the same family @ommiphora Burseraceae, is a potent 5-LOX
inhibitor as a result if its boswellic acids (peryelic triterpenes). In low micromolar
concentrations apoptosis is induced in glioma aeile promising effects in patients (two
uncontrolled trials) with intracranial tumors (Wadk, 2002). Pentacyclic triterpenes are
also present iCommiphoraresins, and have been investigated for theiriafiimmatory

activity, with promising results (Duwiejuzt al, 1993).

Extracts that showed 5-lipoxygenase inhibitory \aggti such asC. edulis (stem), C.
glandulosa (stem), C. mollis (stem), C. neglecta(stem), C. schimperi(stem), andC.
tenuipetiolata(stem) (Chapter 5) displayed definite cell growthibition in the MCF-7
cells (Table 6.3), with the exception @f schimperi(leaf), which displayed low inhibitory
activity. The isolation of anti-inflammatory agenfsom these extracts may lead to

promising anticancer compounds.

6.5 Conclusion

The ability of extracts of indigenoommiphoraspecies and the flavonol, kaempferol, to
inhibit the in vitro growth of three human cancer cell lines, was evathaising the
sulforhodamine (SRB) antiproliferative assay. Thesutts were expressed as the

concentrations causing 50% cell growth inhibitiowl éaave been summarised in Table 6.3.

The inhibition of cell proliferation and viabilitappeared to be highly dose-dependent.
While certain species were cancer type-specificeiotancer cell lines were less sensitive

to the extracts resulting in a much lower degresetdctivity.

The most activ€€ommiphoraspecies against the HT-29 cells w€&emarlothii (leaf) and
C. glandulosa(leaf and stem). The MCF-7 cells exhibited thenbig sensitivity to extracts
indigenousCommiphoraspecies, withC. edulis(leaf and stem)C. glandulosa(leaf and
stem),C. marlothii (leaf), C. pyracanthoidegleaf and stem)C. schimperi(stem), andC.

17:



viminea (stem) all possessing an inhibition greater th@% &t 100ug/ml. Extracts from
Commiphora glandulos@leaf and stem) an@. pyracanthoidegleaf and stem) were the
two most active against the SF-268 cells, witkyalues of 71.45 + 1.2dg/ml, 70.32 £
2.45pg/ml, 68.55 £ 2.0ug/ml and 69.36 + 1.64g/ml, respectively.

The inhibition of the cancer cell proliferation lkgempferol in all three-cancer cell lines
was determined, with g values of 9.78 = 0.0ftg/ml in HT-29 cells, 20.21 + 3.28g/ml
in MCF-7 cells and 43.83 + 2.Q4g/ml in SF-268 cells.

This study has, without a doubt, proven the existesf compounds with potentiad vitro
anticancer activity in different extracts Gdbmmiphoraspecies. Isolation and identification
of these compounds is imperative and may leadaal#velopment of novel treatments in

the global struggle against cancer and cancerege@tments.
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CHAPTER 7: CYTOTOXICITY OF INDIGENOUS COMMIPHORA
SPECIES

“In all things there is a poison, and there is nioidp without a poison. It depends only upon
the dose whether a poison is a poison or nofParacelsus, 1490 — 1544s quoted by
Stumpf, 2006).

7.1 Introduction

The age old importance of natural products deriveth plants cannot be underestimated,
and even more so in lieu of the fact that theselyxts serve as a rich source of lead
compounds for the development and production ofenod¢hemotherapeutic agents. The
importance of prerequisite extensive toxicologistlidies on plant products is thus
magnified, in order to ensure safe utilisation ameimisation of potentially harmful or

poisonous effects.

Plants produce toxins and present toxicity in atituale of complex ways, and although
vertebrates have developed a number of mechamdab@chemical defence mechanisms
against these, few systems of the vertebrate boelg@mpletely immune to damage by all
toxins from plant origins. The plant itself influms toxicity, as well as the
interrelationship between the dose, absorptionpxiffetation and excretion (Douglas,
2006).

With regards to plants, primary metabolites arangef as those compounds required for
basic metabolic processes, while secondary metabodire unique to a set of species
within a phylogenetic group, and are thus of primportance in taxonomic research. The
importance of these compounds is usually of anogpcdl nature as they are used as
defences against predators, parasites and diseasesyell as to facilitate certain
reproductive processes such as colouring agentsattnactive smells. The study of
secondary compounds, their identity, complexity go@ntity, as well as other available
data, leads to definite characteristics relating their toxicity. In terms of basic
terminology, the word “toxic” can be considered @yymous to “poisonous”, and these

poisonous principles result from specific essemlaht functions. All plants differ in their
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cytotoxic profiles, as the levels of toxic compotseare dependent on the stage of plant
growth, the environment, the season and plant yset. Examples of plant compounds
with potential toxic effects include alkaloids, gbsides, oxalates, phytotoxins (toxic
proteins similar to bacterial toxins), polypeptidesnines and resins (van Wy al,
2002).

Plants developed self-protective defence mechan&yamst potentially toxic secondary
compounds. This entails the physical movement demi@l toxins to metabolically

inactive sites such as the bark, or chemical camwerto nontoxic compounds via specific
chemical reactions. These compounds also providdfaent defence mechanism against

herbivores and insects (Mello and Silva-Filho, 2002

7.1.1Commiphora and its cytotoxic properties

GenerallyCommiphoraspecies are commonly considered to be toxicoltlgi¢ermless
plants, with the exception of five species, nam@lyerlangeriana C. staphyleifolia C.
unilobata C. guidottiandC. boiviniana The resins of these species are considered by the
local communities to be extremely poisonous to hisnand animals alike (Neuwinger,
1996).

The toxic property of the resin @. erlangerianahas lead to its traditional use as arrow
poison for hunting purposes and in tribal wars (tdatariam, 2003). The toxic effect has
since been hypothesized and attributed to a daféatt, similar to that of podophyllotoxin,
which inhibits protein, RNA and DNA synthesis on mmaalian cells (Habtemariam,
2003). Toxicity studies were consequently also cetetl onC. myrrhaand C. guidotti
although, in contrast t€. erlangeriana these resins were found to be non-toxic at the

concentrations tested (Mekonnetal.,2003).

The effect of myrrh oil on cell viability was deteined by Tiptoret al. (2003),using the
3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl-2H-tetralum bromide (MTT) assay, which
measures the metabolic reduction of the tetrazolaalt to a formazan dye product.
Normal human gingival fibroblast cells, gingivabfoblasts from patients with aggressive
periodontitis and human gingival epithelial celleres exposed to myrrh oil for 24 and 48
hours. Cell viabilities were unaffected when exgbt&e0.0001 - 0.001% myrrh oil, with a
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noted decrease in cell viability after 24 hour®.8025% myrrh oil, and a reduction in cell
viability by 60 - 85% after exposure of cells to arcess of 0.005% myrrh oil. This
percentage was then lowered to 0.0005% for a 48 éxposure period, which showed an
approximate 30 - 50% decrease in viability of thmtreslial cells, but no change had
occurred in the viability of the fibroblasts. Theative sequence of sensitivity to myrrh oil
was observed to be human gingival epithelial cellsormal human gingival fibroblast

cells > gingival fibroblasts from patients with aggsive periodontitis (Tiptoet al, 2003).

In an effort to verify the efficacy of traditionahedicine, Krishnarajuet al (2005)
collected several medicinal plants from variousgyaphical locations, based on available
ethnopharmacological information. Amongst the awbllected wereCommiphora
wightii and C. myrrha. The toxicity of these medicinal plants was deteedimsing the
brine shrimp lethality bioassay, a simple and irgive assay based on the ability of a
compound or extract to kill laboratory-culturedrgishrimp Artemia nauplij. The gum
resin ofC. wightiiand the oleo-resin &. myrrhawere tested at various concentrations (1-
5000 pg/ml). The percentage brine shrimp lethality wasederined by comparing the
mean number of surviving larvae in the treated suvéh that of the control (untreated)
tubes. No lethality was noted for eith€ommiphoraspecies €. wightii LCso = 1600
pug/ml, C. myrrha LCso >5000 pg/ml) when compared to theositive control
podophylotoxin(LCso= 3.1 pug/ml).

IndigenousCommiphoraextracts have shown to be of potential therapetglae in the
assays investigating certain biological activitiesiz. anti-oxidant (Chapter 3),
antimicrobial (Chapter 4), anti-inflammatory (Chap®), and anticancer (Chapter 6). The
traditional use for medicinal purposes also incesathe importance of assessing the

toxicity of the selected species.

7.2 Materials and methods

7.2.1 Cytotoxicity

Proliferation assays are widely used in cell bigldgr the determination of growth
expression factors, cytokines and nutrients, ad aselfor the screening of cytotoxic or
chemotherapeutic agents. In this study, the telitanocellular viability assay (Mosmann,

1983) was used to determine the cytotoxicity of skem and leaf extracts from the 10
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chosen indigenousCommiphora species on transformed human kidney epithelium

(Graham) cells.

7.2.2 Principle of the method

The determination of the effect on Graham cell ifecdtion was achieved by the MTT
cellular viability assay. The 3-[4,5-dimethylthidZyl]-2,5-diphenyl-2H-tetrazolium
bromide is a tetrazolium salt dye used in a coloatiic assay, which measures the
mitochondrial conversion or modification of the lp&l substrate to an insoluble dark
blue/purple formazan product. Substrate modificat®brought about by the cleavage of
MTT by NADH-generating succinic dehydrogenase pmege the mitochondria of living
cells, with only living cells containing active mghondria are able to yield a colour
change. As an increase in mitochondrial enzymeviactieads to a linear increase in the
production of formazan dye, the measured quanfitfoomed formazan dye is directly
correlated to the number of metabolically activiscgielding an accurate measurement of
cell viability and thus toxicity (if any). As theofmazan dye is insoluble in the reaction
medium, it is solubilised by the addition of DMS®isopropanol, and the colour intensity

is measured spectrophotometrically.

7.2.3 Protocol

7.2.3.1. Cell culture maintenance

Transformed human kidney epithelium (Graham) ce#se continuously maintained in
HAM F10 culture medium [(9.38 g/L HAM F10 powderi@iveld Biological) and 1.18
g/L NaHCGQ (Saarchem)], which was supplemented with 5% (\@edl calf serum (FCS,
Highveld Biological) and 0.5 mg/ml gentamicin sudpdr The FCS was inactivated afG6
for 1 hour before use. The cells were maintained aab-confluent monolayer, fed three
times weekly, and incubated at°€7in a humidified atmosphere of 5% €Qhe adherent
cells were detached by the addition of 1 ml 0.26#sin/ 0.1% Versene EDTA (Highveld
Biological). The trypsin was then inactivated byl@idn of experimental media (antibiotic
free serum supplemented HAM F10 medium). Once #its evere resuspended in the
experimental media and a single cell suspensioaimdd, the trypsin was removed by

centrifugation at 1500 rpm (Sorvall T6000D) for SnmThe pellet was resuspended
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yielding a single cell suspension, then 1 ml ofscelas used to re-seed a new culture and
the remainder used in the MTT assay. The resudiingle cell suspension was stained with
0.2% (w/v) trypan blue (Sigma) and the number dfsceer ml of cell suspension was
determined using a haemocytometer. Cell suspensithsell viabilities in excess of 97%
were diluted in experimental media to obtain alfo@ concentration of 250 000 cells/ml.

7.2.3.2 Preparation of plant samples

Stock solutions (50 mg/ml methanol) of the respecéxtracts were used to prepare plant
samples in experimental medium at concentratior2Zd60ug/ml, 1500ug/ml, 1000pug/mi
and 200ug/ml. When plated out in 96-well microtiter platéise final concentrations of the

extracts were 20Qg/ml, 150pg/ml, 100png/ml, and 2Qug/ml, as depicted in Figure 7.1.
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Figure 7.1: Representative 96-well microtiter plate indicatfimgl concentrations of plant
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extracts and arrangement of controls preparedderiruthe MTT assay where

represents plant extract 1
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B represents plant extract 4

. represents plant extract 5

l]] represents experimental media in absence of batit pkiract and Graham cells
represents methanol in experimental media, no pbanacts only cells

— represents experimental media with respective @ainact, in absence of Graham cells
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The isolated compound, kaempferol, from the stetraekof C. glandulosa(Chapter 3)
was prepared in the same way as the extracts. dtieity of this compound was also
determined, as it demonstrated potential therapeatiie in a number of biological assays
(Chapters 3 — 6). Determining the cytotoxicity eblated compounds may also aid in
understanding the cytotoxicity of specific extracts

7.2.3.3 The 3-[4,5-dimethylthiazol-2-yl]-2,5-dipheyitetrazolium bromide (MTT)

cellular viability assay

Aliquots of 180ul of the 0.25 million cells/ml cell suspension weeeded into the 96-well
microtiter plate, as detailed in Figure 7.1. That@d were then incubated at’@7in 5%
CO;, for 6 hours to facilitate attachment of the cétisthe bottom of the wells. No cells
were seeded into the blank wells (instead, 206f experimental media was added). Plant
extracts (20ul) were added in triplicate to the wells alreadynteoning 180l of cell
suspension. The controls comprised of: (i) methanokexperimental media (negative
control), (i) plant extract with experimental madn the absence of Graham cells (colour
control), (iii) experimental media in absence oftbplant extract and Graham cells (blank
control), and (iv) quinine (Fluka) as the conti©@bntrol wells aided in the determination of
any background extract absorbance, especially enetvent of colour interferences or
interaction of the extract with the MTT solutionadh plate contained four wells for the
blank cell-free control (Figure 7.1). Once the agts were added, the plates were
incubated for 44 hours, after which gDof a 12 mM (50 mg/ml) MTT (USB") solution

in phosphate buffered saline (pH 7.4) (preparedhwitaCl (8 g), KCI (0.3 g),
Na,HPQ;2H,0 (0.73 g) and KEPQ, (0.2 g) in one liter of distilled Millipak40 water
which was then autoclaved for one hour at 120°Caarid5 kgf/cri pressure, stored at 4°C

until required), was added to each well before ¢pa@icubated for a further 4 hours.

After a total incubation period of 48 hours, 2000f supernatant was carefully removed
and discarded, after which 150of DMSO was added for dissolution and measureroént
the formed formazan crystals. For this purposealasistems IEMS Reader MF microplate
reader, equipped with Asc&ntersion 2.4 software, was employed, agitating tlhéep at
1020 rpm for 4 min, while measuring and recordibgabances at a test wavelength of
540 nm and a reference wavelength of 690 nm. Thelteewere expressed in terms of

percentage cellular viability, calculated using &ipn 7.1, taking the relevant controls into

182



account. The 1€ value for each sample was determined from a lgmeid dose response
curve generated by Enzfitter(version 1.05) software. The assay was perforned i

triplicate.

Equation 7.1

(Drug treated abs — Mean dlx=eth free control)

% cell viability = x 100
Mean abs of untreated cell control — Mean alsetffree control

7.3 Results

The toxicity results obtained for the 10 indigen@@nmiphoraspecies are summarised in
Table 7.1 and Figure 7.Zommiphora glandulos&stem) proved to be most toxic 6C
value of 30.5ug/ml), being 4.5-fold more toxic than quinine (cat}. The 1Go values for
all other extracts were in excess of @&ml, with C. africana(stem and leaf)C. mollis
(leaf), C. neglecta(stem), C. schimperi(leaf) C. tenuipetiolata(stem and leaf), ang.

viminea(stem) yielding 1Go values in excess of 200u@/ml.

Figure 7.3 demonstrates the percentage cell viglifi the stem extracts @ommiphora
against the MCF-7 cell line (Chapter 6) when cormagawith that of the transformed
human kidney epithelium cells, at 1Q@g/ml. The percentage cell viability of the
transformed human kidney epithelium cells in thespnce of the extracts is observed to be
higher for the species, than the percentage callity of the MCF-7 cell line, with the
exception ofC. glandulosa(100% cell death). In contrast to the result ot®difor C.
glandulosa C. edulishas a cell viability of 100%. The inhibitory actiyiof this extract
against the MCF-7 cell line was greater resultingaipercentage cell viability of only
19.00%.



Table 7.1: The cytotoxicity of extracts of indigenouSommiphoraspecies, kaempferol and
quinine, against the transformed human kidney epitm cells. Results are given as mean * s.d,
n=3.

Species ICsovalue (ug/ml)

C. africana (leaf) >200.0

C. africana (stem) >200.0

C. edulis (leaf) 99.5+0.71
C. edulis (stem) 194.0 £+ 8.48
C. glandulosa (leaf) 106.5 + 3.53
C. glandulosa (stem) 30.5+3.54
C. marlothii (leaf) 97.5+0.71
C. marlothii (stem) 123.0+4.24
C. mollis (leaf) >200.0

C. mollis (stem) 172.0+1.41
C. ngglecta (leaf) 111.5+ 4.95
C. neglecta (stem) >200.0

C. pyracanthoides (leaf) 104.0 + 7.07
C. pyracanthoides (stem) 101.5+0.71
C. schimperi (leaf) >200.0

C. schimperi (stem) 136.5+0.71
C. tenuipetiolata (leaf) >200.0

C. tenuipetiolata (stem) >200.0

C. viminea (leaf) 141.5+£7.78
C. viminea (stem) >200.0
Kaempferol >150.0
Quinine (control) 136.1 + 4.06
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Figure 7.2: The 1G values depicting the cytotoxicity of the 10 st} and leavesl]) of indigenousCommiphoraspecies; the standard error
of the mean of three replicates are denoted by baxs (n = 3 experiments).
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7.4 Discussion

As described above, the toxicity of the majoritytbé species under investigation were
generally similar, with 16 values in excess of >200@/ml for C. africana(stem and
leaf), C. mollis (leaf), C. neglecta(stem),C. schimperi(leaf) C. tenuipetiolata(stem and
leaf), andC. viminea(stem) (Table 7.1). These results therefore styosggest a lack of
relativein vitro cytotoxicity in the majority of th&€€ommiphoraspecies, both in stem and

leaf extracts, and thus at least some probabitity @ivo non-cytotoxic potential.

During this study, the 1§ value of the plant-derived compound quinine, gehera
considered to be relatively safe, was determinedetd36.06 + 4.06.g/ml. All extracts
[with the exception ofC. glandulosa(stem)] with 1Go values in excess of >100@/ml
can, with relative certainty, be considered noriecoXhe HPLC chromatograms of all the
stem extracts of the select€dmmiphoraspecies, with exception @. viminea shared a
number of similarities and demonstratedsgl@alues of >100.0ug/ml (including C.
vimineg. Commiphora glandulosgstem) was observed to have the highest degree of
cytotoxicity (1Gso = 30.5 £ 3.54ug/ml), and its cytotoxicity further indicated a ohéte
concentration dependence, with increased stemat)doacentrations resulting in parallel
increases in cell death. The HPLC chromatogram sif®aved compounds unique to this
species, to which some of the toxicity may be lamtied (Chapter 8, Table 8.2). The leaf
extract ofC. glandulosa(lCso= 106.5 + 3.53ug/ml) differed from that of the stem, with

the stem extract being approximately three timesenaxic.

Commiphora glandulosaas additionally observed to be active in a nundidrio-activity
assays, demonstrating antimicrobial activity (Ckap#), anti-inflammatory activity
(Chapter 5), as well as anticancer activity (Chale Therefore, these results require
further clarification regarding the nature and fassbasis of these promising activities,
the latter being either ascribed to truly selectael potentially therapeutic activity, or
simply to the overall cytotoxicity in general. Thexicity observed in the current study
may therefore serve as a strong indication thabthkr activities observed with respect to

C. glandulosamay not be specific.

The leaf extracts of each of the species were aedlysing HPLC. It was concluded that

they contain flavonoids in varying amounts (Cham¢r Flavonoids are known to be
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cytoprotective or antiproliferative (Woerdenbetgal, 1994; Pessoet al, 2000), refer to
Chapter 6, as well as cytotoxic (Wang and Mazz@22Matsuoet al, 2005), however,
only few flavonoids are cytotoxic to mammalian s€Neuwinger, 1996). The leaf extracts
of C. africang C. mollisandC. schimperishowed similar flavonoid patterns (Chapter 8,
Table 8.1) and similarities in their HPLC chromatogs (Chapter 8), an indication of the
chemotaxonomic similarity. It is thus not surprgithat these three species had similar
cytotoxicity (1Gso >200.0ng/ml). Commiphora tenuipetiolatéleaf) was also observed to
have an IG, value of >200.0ug/ml, although, its flavonoid pattern varied corsably

from that of the aforementioned species.

The extracts of the stem and leaf@f africanashowed reasonably similar cytotoxicity,
with 1Cso values of >200.0ug/ml. This relationship was observed to be true @r

pyracanthoidesC. tenuipetiolateandC. marlothii

It is important to note, however, that the appacamrall cytotoxicity of the plant does not
necessarily exclude all possibilities regarding thvesence of potential, even specific
therapeutically active compounds. Thed@lue of the flavonol kaempferol, isolated from
the stem extract o€. glandulosa was determined to be in excess of 100gdml, an

indication of the relative safety of this compouAditimicrobial, anti-inflammatory, anti-

oxidant and anticancer investigations were conduectethe compound — yielding positive
results in all cases (Chapters 3 - 6). It is clémt, in spite of the presence of toxic
compounds within a crude plant extract, furtherestigations regarding non-toxic

principles of potential therapeutic value cannag ahould not, be excluded.

In Angiosperms, flavonoids function to protect pafifom predators and infectious agents,
shield plants from UV-B radiation, act as signalimgolecules in plant-bacterium

symbioses, and are the primary pigments that atjpatlinators and seed dispersers.
Kaempferol, at a concentration of >10@/ml was observed to be non-toxic against the

human kidney epithelial cells.

It is evident, however, that toxicity towards certeell lines may be specific. In a study by
Wang and Mazza (2002), the cellular viability ofekapferol (prepared in DMSO), and
other flavonoids, was determined by the MTT assgyirst the RAW 264.7 mouse

monocyte/macrophage cell line, where it ‘exhibitedrked cytotoxicity’ at 18 pg/ml.
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While kaempferol may be relatively inert to the lamkidney epithelial cells, potential
toxicity against other cell lines cannot be excllid€éaempferol is not a dead-end product,
but serves as a precursor to dihydroquercetin, lwimcurn leads to the production of (¥)-
catechin, while quercetin (similar in structure kaempferol) does not. In a study
determining their phytotoxicity, kaempferol was aimto be phytotoxic, while quercetin
was not (Baiset al, 2003). It is therefore imperative that all fastde taken into
consideration upon investigation of the activitya@mpounds and extracts, with special
emphasis on the possibility of bioconversion tdidé$ compoundsin vitro studies can
therefore not be considered sufficient and additiomvestigations are required bothiimn

vitro andin vivo.

Kaempferol was determined, through HPLC analysisafifer 8), to be present in the stem
extracts ofC. pyracanthoidesind C. tenuipetiolata as well as in the leaf extracts ©f
mollis andC. neglecta(Table 8.1), all of which exhibited very differecytotoxicity (IGo
>100.0 pg/ml) to that ofC. glandulosa(stem) (IGo = 30.5 = 3.54ug/ml), a further
indication that this compound is not contributing any toxicity within the selected

species.

The toxicity of a compound or extract against ttesformed human kidney epithelium
cells (Graham cells, as in the MTT assay) versusytotoxicity against cancer cell lines
(as in the SRB assay) may be compared. Data frmeralehundred agents screened in a
MTT assay, in parallel with the SRB assay, indidateat under similar experimental
conditions and within the applied limits of dataabmses, the MTT and SRB assays
generally yielded similar results (Rubinsteinal, 1990; Monkset al, 1991). Cytotoxicity
against the Graham cells was minimal, with the @@tage cell viability being far greater
than the percentage cell viability of the cancell daes, with the exception of.
glandulosa(Figure 7.3) This indicates that the activity is selective, dhdt the isolation

of the particular compounds responsible for thissag may prove to be invaluable.

Different variables may affect the overall toxic@fa plant, extract or isolated compound.
It is thus important that, when determining theitiiy profile (or any biological activity)
of an extract or plant, further studies be condlitteverify whethein vitro activity is, in

fact, a true reflection of the vivo capacity of the plant



7.5 Conclusion

In the present studommiphoraspecies were found to be generally non-toxic, vt
exception ofC. glandulosa(stem), which was toxic to transformed human kidne
epithelium (Graham) cells. Toxicity to this celhdéi was shown to be a concentration-
dependent occurrence, and proved to be the cabeegpect tcC. glandulosaWhile the
toxicity against the cancer cell lines was morevalent, cytotoxicity against the Graham

cells was minimalThis indicates that the activity is selective.
It is important to correct the misguided beliefttharbal medicines do not cause adverse

effects, and even though there may be no evidehcgtotoxicity in vitro, the possibility

of in vivo cytotoxicity cannot be excluded.
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CHAPTER 8: HIGH PERFORMANCE LIQUID
CHROMATOGRAPHY

8.1 Introduction

Chromatography is a specialised separation tecknibat is often employed as a highly
accurate tool in chemical analysis. It may, tonaited extent, also be used for preparative
purposes, particularly in the isolation of relatiwemall quantities of compounds or
materials of comparatively high intrinsic value.r@matography is widely considered to
be the most powerful science available to the modealyst (Scott, 1995). In a single step
process, it can separate a mixture into its indimidcomponents and simultaneously
provide a quantitative estimate of each constituamples may be in the form of a gas,
liquid or solid and can range in complexity fromsiagle compound for identification
and/or quantification, to a multiple component miet containing widely differing
chemical species. The analysis can be carried oud complex instrument or simply,

through the use of relatively inexpensive thin tayiates (Scott, 1995).

The advantages of high performance liquid chronrajolgy (HPLC) over other forms of
liquid chromatography include (Scott, 1995):

e an HPLC column can be used a number of times witregeneration

e the resolution achieved is credible

e the technique is less dependent on the skill of dperator thereby greatly
improving the reproducibility

e the instrumentation lends itself to automation qudntification

e analytical time is decreased

e it provides an analytical alternative for the largember of organic compounds that

are too unstable or insufficiently volatile for &sas by gas chromatography (GC).

The separation process of chromatography is aadthieyelistributing the components of a
mixture between two phases, that being a statiopaase and a mobile phase. Those
components held preferentially in the stationargpgghare retained longer in the system

than those that are distributed selectively inri@bile phase. As a consequence, solutes
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are eluted from the system in the order of theare@asing distribution coefficients with

respect to the stationary phageso factoa separation iachieved (Scott, 1995).

The advances made in natural product researchtlginesult from the use of isolation
techniques, nuclear magnetic resonance (NMR), aonh fthe specific separation and
analytical methods adopted, with HPLC being the tvaidely used analytical method.
This is as a result of the high degree of adaptylaihd sensitivity of HPLC, as well as the
accurate quantitative determination of substituentsomplex mixtures. The presence of a
photo diode array (PDA) detector in HPLC analydiisves for the detection of compounds
by comparing the HPLC retention time and UV speactri#éh a greater degree of certainty
(Molnér-Perl and Flzfai, 2005). HPLC may serve ab@motaxonomic tool in identifying
the presence of certain compounds within a rangsaofples and as an example, to

confirm that these compounds exist within differplaint species.

8.1.1 Flavonoids

Polyphenolics are used extensively (among otherpommds) as chemical markers in
botanical chemosystematic studies. Of widespreashtamic occurrence, flavonoids have
been classed as the most useful chemosystemati@rsaOn the basis of their presence,
plant families have been included in or excludemmrspecific orders (Lai Fangt al,
2001). These markers are helpful in assessing-smeaific variation or relationships

among closely related species.

Flavonoids are responsible for the colour astricgeffrukuiet al, 2003) and often the

bitter taste of certain natural products, and alemonstrate a variety of bioactivities. Of
all the plant polyphenols, flavonoids are of pautic interest due to their high prevalence.
They are characterised into five subclasses: agdmgs, flavonols, flavones, catechins

and flavonones (Molnéar-Perl and Fiizfai, 2005).

Flavonols and flavones are of particular importamssethey possess anti-oxidant and free
radical scavenging activity. The specific role ¢dvbnoids is directly related to their
chemical structures, and their chemical analysisheyefore of utmost importance. A
number of methods have been employed for the gatiméi and qualitative determination

of these flavonoids. This can been accomplishedutiit the use of thin layer

192



chromatography (TLC) with UV-Vis absorption, (Blouand Zarins, 1988; Hertogf al,
1992; Gil et al, 1995), gas chromatography (Molnar-Perl and R(Z805), HPLC
coupled with diode-array ultraviolet (DAD-UV) detec (Justeseet al., 1998; Wang and
Huang, 2004), mass spectroscopy (Molnéar-Perl arddak(2005) as well as through the
use of capillary electrophoresis (Wang and Huaf§42 The chromatographic analysis of
flavonoids is a complex process, specifically aseault of their highly specialised
chemical, physical and structural properties. Thesampounds readily undergo
transformation, oxidation and reduction processasyell as intra- and inter-molecular
rearrangements. The high degree of variation inbtsc flavonoid structure (Figure 8.1)
is ascribed to hydroxylation, methoxylation, thegide of polymerisation, as well as the
type of conjugation, such as glycosylation, malatigh or sulphonation (Molnar-Perl and
Flzfai, 2005). The typical UV spectra of the flawats will be discussed later in the
Chapter.

C |

O

Figure 8.1: The basicchemical structure of flavonoids (Harboreteal, 1975).

8.1.2 Non-volatile chemical constituents found i€ommiphora species

Flavonoids have captured the interest of scientist® numerous disciplines due to their
structural diversity, the biological and ecologicsignificance, and for their health-
promoting properties (Williams and Grayer, 2004)e Thajor flavonoid components of the
flowers of Commiphora mukulwere identified as quercetin, querceti®3x-L-
arabinoside, quercetin-3-p-D-galactoside, quercetin-G-a-L-rhamnoside, quercetin-3-
O-B-D-glucuronide (Kakrani, 1981). The flavonoid penidin-3,5-diO-glucoside is an

anthocyanidin also isolated fro@ mukulflowers.



Bioassay guided fractionation of a crude ;CH-MeOH extract fromCommiphora
africana led to the isolation of the dihydroflavonol gluadsiphellamurin (Meaet al,
2005). This flavonoid was identified as the actoeenpound responsible for the cleavage

activity of the DNA strand, which resulted in thedaxation of supercoiled plasmid DNA.

An ethanolic extract of the air-dried trunk@dmmiphora wightiyielded a new antifungal
flavanone, namely muscanoras well as an already known flavanone, naringefatdpe
et al, 2003). Muscanone was identified a®31",8",14"trimethylhexadecanyl)naringenin,

which is active againgandida albicans in vitro

Commiphoramukulresin was extracted with alcohol by Hamti&l (2005). After removal
of the solvent, the extract was partitioned betweexter and ether. Two crystalline
compounds were isolated from the unsaponiable qrodf the ether-soluble residue and

identified as myricyl alcohol an@tsitosterol (Hanugt al., 2005).

High performance liquid chromatography was the wetemployed for fingerprinting and
quantitatively determining- and Z-guggulsterones, two closely related steroidal heso
in the resin ofC. mukul(Mesrobet al, 1998).

Very little is known regarding the non-volatile ohieal constituents of indigenous
Commiphoraspecies. The objective of this study is therefor@roduce chromatographic
profiles for the 10 indigenouSommiphoraspecies studied.

8.2 Materials and methods

Extracts for HPLC analysis were prepared by exactvith chloroform: methanol (1:1)
with subsequent dilution with methanol to a finahcentration of 50 mg/ml. Analysis of
10 pl extract aliquots was conducted on a PhenomenaxaAgg column (250 mm x 2.1
mm), using a Waters 2690 HPLC system equipped av86 PDA detector, at a constant
mobile phase flow rate of 0.2 ml/min. The mobileapdé consisted acetonitrile: aqueous
formic acid (10 mM) at a starting concentration 1i§% acetonitrile in 90% 10 mM
aqueous formic acid. This ratio was altered throadmear gradient to 90% acetonitrile
and 10% 10 mM aqueous formic acid at 40 min. Thteraatio was maintained for 10 min

before returning to initial conditions. Nebulisexrsgflow was maintained at 30 I/h at 80°C,
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with the expansion region at 90°C and the sourcepéeature at 225°C. Isolated
compounds were injected separately and compareithetoHPLC fingerprint for each
extract, the latter obtained by injection of thetrasts, as described above. Data
integration, analysis and compound identificatiomrevachieved by using the Empofter

software. The flavonoids were tentatively identifie

8.3 Results

The stacked HPLC chromatograms of the sele€mehmiphorastem and leaf extracts are

presented in Figure 8.2 and Figure 8.3, respegtividie retention times, UV absorbance
maxima and the percentage integration areas fectbet peaks are detailed in Figures Al -
A20 and Tables Al - A20 (Appendix A).

The presence of flavonoids was detected in thedgtrhcts, with flavonols and flavones
being most the prominently detected flavonoid deies. Table 8.1 presents the HPLC-
UV results of the tentatively identified flavonodterivatives detected in the leaf extracts,
their retention times (minutes), the flavonoid typed an indication of the concentration
present in each extract. The flavonoids are idiedtifoy their characteristic bands,

absorbed at respective wavelengths (Figure 8.4).
Table 8.2 demonstrates compounds present in thea stdracts of the investigated

Commiphoraspecies. Few compounds are common to the diffeyggties, an indication

that compounds can be utilised as chemotaxonomikarsa
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Figure 8.2: HPLC chromatograms of 10 indigeno@emmiphorastem extracts.
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Figure 8.3: HPLC chromatograms of 10 indigeno@emmiphordeaf extracts.



Table 8.1 HPLC-UV maxima of the tentatively identified flanoid derivatives present in t@mmiphoraeaf extracts.

Rt (min)

15.74
15.74
16.01
16.22
16.39
17.03
17.78
18.25
18.51
18.51
18.95
19.41
20.54
20.85
20.85
21.21
21.44
21.58
21.70
22.20
22.54
23.90

UV Amax

Band |
(nm)
348.0
337.3
3575
354.0
348.0
354.0
356.3
354.0
336.1
364.4
354.0
354.0
354.0
349.2
354.0
354.0
345.6
349.2
349.2
348.0
348.0
342.0

UV Amax
Band Il
(nm)
269.7
240.3
260.3
260.0
255.6
261.5
255.6
253.2
269.1
253.2
255.6
255.6
255.0
265.0
255.6
255.6
265.0
255.6
252.0
265.0
265.0
263.8

Flavonoid type

Flavone
Flavone
Flavonol
Flavonol
Flavone
Flavonol
Flavonol
Flavonol
Flavone
Flavonol
Flavonol
Flavonol
Flavonol
Flavone
Flavonol
Flavonol
Flavone
Flavone
Flavone
Flavone
Flavone
Flavone

CAL CEL [CGL CMaL CML CNL CPL CSL CTL

CVL
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Table 8.21continued: HPLC-UV results of the tentatively identified flanvoid derivatives present in t@®mmiphoraeaf extracts.

uv
Rt UV hanax A
(min) Band | Bagaxll Flavonoidtype | CAL | CEL CGL [CMaL CML CNL CPL CSL CTL | CVL
(hm)
(nm)
29.79 363.4 2662 , Flavonol . .
(Kaempferol)
31.49 345.6 247.3, Flavone oo °
33.28 348.0 267.4, Flavone °
33.72 342.0 263.8 Flavone °
35.01 351.6 253.2, Flavonol )

where: Rt — represents the retention time in me)u@AL =C. africana(leaf), CEL =C. edulis(leaf), CGL =C. glandulosgleaf), CMaL =C.
marlothii (leaf), CML =C. mollis(leaf), CNL =C. neglectgleaf), CPL =C. pyracanthoidegleaf) CSL =C. schimperileaf) CTL =C.
tenuipetiolata(leaf), CVL =C. viminea(leaf). # = low concentration (0.2 — 5.0%¢# = moderate concentration (5.0 — 15.08@®# = high

concentration (15.0 — 40.0%), an arbitrary clasation of the concentration, where the concentnaica measure of the percentage integration

area.
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Figure 8.4: The chemical structures and corresponding UV saedtflavonol (left) and flavone (right). B 19y



Table 8.2 HPLC results of the compounds, expressed in peage area, detected@ommiphorastem extracts.

Peak UX] rﬁ;ax Rt(miny | CAS | CES | cGs | cMAs| cMs| cNs| cps| css| cTs cvs
1 205.1 4.00-4.17 | 5.02 155 | 685 | 766 | 291 | 239 | 694 | 1.96 383 | 4.36
2 207.4 540-550 | 5.15 2.08 0 17.55 1.6 3.14 9.67 2.583 0.29 3.13
3 207.4 9.90 - 10.20| 11.96 0 0 11.68 0 10.17 6.74 0 0 3.37
4 218.0; 278.0 11.622 0.67 0 0.76 0 8.07 0 0 0.1 0 0.28
5 205.1; 278.0 11.853 0 0 0 0 6 0.17 0.39 0.25 0 0
6 203.9; 278.0 12.04 - 12.15| 0.39 0 0.55 0 12.08  2.44 0 0 1.91 0
7 206.3; 275.6 1250-12.67| O 0 0 0 5.76 0.14 0 5.79 9.67 0
8 202.8; 278.0 12.80-12.92| 0.46 0 0 0 7.1 0 0 1.58 2.56 0
9 202.8; 278.0 13.179 1.75 0.24 1.77 0 10.59 0 0 1.14 2.98 0
10 202.8; 278.0 13.30-13.48| 0 0.5 0 0 4.15 4.37 0 4.89 10.99 0
11 202.8; 278.0 13.50-13.80| 1824 | 7.41 | 19.03 | 104 0 1448 | 1624 | 1951 | 394 | 0.85
12 201.6; 279.2 13.81 - 14.20| 2.15 2.2 2.24 0 0.85 2.21 0 3.79 16.58 0
13 225.0, 280.3 13.81-14.20| 0 0 0 0.56 0 0 1.06 0 0 0
14 202.8; 278.0 1450-14.87| 2126 | 539 | 2082 | 9.75 | 2.09 | 2161 | 23.46 | 25.33 | 7.81 1.5
15 202.8; 279.2 15.00-15.28| 6.48 | 3.13 | 374 | 1.77 0 5.9 2.09 | 5.16 0 0.14
16 202.8; 279.2 15.30-15.60| 5.14 | 3.41 | 2.56 172 | 0.62 5.2 0 4.25 0 0.15
17 201.6; 278.0 20.50 - 20.70| 11.18 | 2295 | 10.8 | 1335 | 1998 | 7.29 | 4.36 | 16.29 | 14.37 0
18 232.0, 281.5 31.6 0 0.42 5.46 0 0 0 3.17 0 0 0
19 | 206.3;234.4;270.9 32.40-3250, O 0 0 0 0 0 0 0 0 16.83
20 239.1, 295.7 3240-3250 O 0 0 0 0 0 2.58 0 0 0
21 | 206.3;234.4;269.7 32.60-32.70| O 0 0 0 0 0 0 0 0 15.27
22 229.7,294.5 32.60-32.70| O 4.75 8.29 0.65 0 0 0.81 0 0 0
23 232.0;,274.4 32.8 0 0 4.13 0 0 0 0 0 0 0
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Peak

UV Amax

(nm) Rt (min) CAS CES CGS | CMAS| CMS CNS CPS CSS CTS CVS
24 33.00-3338 0 0 0 0 0 0 0 0 0 11.99
25 262.6; 308.8 33.40-3358 O 2.81 0 0 0 0 0 0.24 0 0
26 | 208.6; 237.9; 273.3 33.40 - 33.58 0 0 0 0 0 0 0 0 0 13.65
27 | 262.6; 304.0; 363.4 34 0 24.66 0 0 0 0 0 0 0 0
28 | 262.6; 363.4; 484.8 34.5 0 6.29 0 0 0 0 0 0 0 0
29 | 207.4; 234.4; 269.7 35.3 0 0 0 0 0 0 0 0 0 18.82
30 246.1 39 0 0 0 8.92 0 0 0 0 0 0

Where: Rt — represents the retention time in msuA = percentage area, CASC= africana(stem), CES =C. edulis(stem), CGS =C.
glandulosa(stem), CMaS <. marlothii (stem), CMS =C. mollis(stem), CNS =C. neglectastem), CPS €. pyracanthoidegstem) CSS €.
schimperi(stem) CTS =C. tenuipetiolatgstem), CVS =C. viminea(stem). Blue highlights the dominant compoundsmmom to most species.
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Kaempferol was isolated froi@d. glandulosa(stem), with a retention time of 30.53 min. The
absorbance maximum of kaempferol was determindaet@66.3 nm and 363.9 nm (Figure
8.5). This flavonol was shown to be present inl¢lad extracts o€. marlothiiandC. neglecta
and the stem extracts @. pyracanthoidesand C. tenuipetiolata however, only in small
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Figure 8.5 The chemical structure, corresponding UV spectr(insert), and HPLC

chromatogranof kaempferol.



8.4 Discussion

HPLC can be a valuable tool in plant chemosystemmassisting in the characterisation of
species on the basis of their secondary metabmiiéents (Lai Fangt al, 2001). The HPLC
chromatograms of the crude stem extracts (Figu2¢ @iffered significantly from the leaf
extracts (Figure 8.3). The leaf extracts revealegl presence of a number of flavonoid
compounds (Table 8.1). Establishing the class afothoid being represented may in some
cases be sufficient to draw conclusions (Lattareti@l, 1996). These flavonoids were not
observed to be present within the stem extracts the exception of kaempferol detected in
small amounts ifCommiphora glandulosaC. pyracanthoidesand C. tenuipetiolata It is,
however, expected that the leaf flavonoid contenthigher in the leaves as a result of the
increased synthesis of UV-absorbing flavonoids agalyphenols. This may serve as
protection against the harmful effects of UV-B &dlin, functioning as anti-oxidant and UV

filters in plants.

Typical flavone and flavonol UV spectra exhibit twmajor absorption peaks in the region of
240 — 400 nm (Mabret al, 1970). These absorption peaks occur at wavdisrigd0 — 380
nm and 240 -280 nm, and are classified as BanddIBand Il, respectively. Band | is
associated with UV absorption due to ring B (cinoghof the typical flavonoid structure
(Figure 8.1), and provides information on bothtiyye of flavonoid and the oxidation pattern,
while Band Il is associated with the absorptionrimig A (benzoyl). In identifying and
distinguishing flavones from other flavonoids, #tesorbance maxima occur between 304 and
350 nm for Band | (Figure 8.4), while the absorleantaxima for flavonols occur between
352 and 385 nm (Harborne, 1973). These groupsasity edentified and were observed to be
the predominant groups amongst the flavonoids ptese

Isoflavones and flavanones demonstrate similar p&tga. This is due to the relative or total
absence of conjugation between the A- and B-rifkgs. both these flavonoids, Band Il

exhibits an intense absorption peak, which, foflasones, occurs at a wavelength region of
between 245 nm and 270 nm, and for flavanones leet@20 nm and 295 nm, with Band | in

all instances represented as only a shoulder oritd@nsity peak (Harborne, 1973). The
presence of these compounds, however, was notielétec
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Common compounds elute at approximately the samteatren times.C. africana(leaf), C.
edulis(leaf), C. glandulosdleaf), C. pyracanthoidegleaf) andC. viminea(leaf), contained a
flavone with an approximate retention time of 15 and absorbance maxima of 269.7 nm
and 348.0 nm (Table 8.1). This flavone was abserihé stem extracts of the species. The
percentage detected within these species variadisantly, with the highest levels present in
C. edulis(Table A4, Appendix A).Commiphora neglectdleaf) contained a flavone at
approximately the same retention time of 15.74 rbimt the observed absorption maxima
differed slightly (240.3 nm and 337.3 nm). A flawbmt this same retention time was present
only in C. mollis(leaf), with absorbance maxima 265.0 nm and 35m{Table 8.1).

The presence of four other flavonoids in the lesraets of C. eduliswas observed at
retention times of 16.39 min (flavone), 18.51 milavone), 19.41 min (flavonol) and 21.44
min (flavone). This flavonoid pattern is similar that presented by the leaves Gf
glandulosaC. pyracanthoideandC. viminea(Figure 8.4 and Table 8.1).

The HPLC-UV results also suggest ti@atafricana(leaf), C. mollis(leaf), andC. schimperi
(leaf) share similar chemical profiles when ascemg the presence of flavonoids.
Commiphora marlothi{leaf) andC. neglectgleaf) also have similar flavonoid profiles.

A flavone with absorption maxima of approximate§92l nm and 336.1 nm and a retention
time of 18.519 min is present in the leaf extratgight of the species, namely edulis C.
glandulosa,C. mollis C. marlothii C. pyracanthoidesC. schimperiandC. viminea with the
percentage integration area being greatesiCioafricang C. pyracanthoidesC. schimperi
andC. viminea(Table 8.1). A slight variation exists in the ramag two speciesC. neglecta
and C. tenuipetiolata,as the flavonoid present at this retention timeaidlavonol with
absorption maxima at 253.0 nm and 364.0 nm. Exrém C. africang C. edulis C.
glandulosa C. mollis C. marlothii C. neglecta C. pyracanthoidesC. schimperiand C.
vimineawere observed to possess a peak of varying pagemitegration area at a retention
time of approximately 19.41 min, which displayeflaavonol pattern in the UV spectra, with
absorption maxima of 255.6 nm and 354.0 nm (Tallg &ll species, with the exception of
C. glandulosaandC. tenuipetiolatahave a flavone present in the extracts of thedeavith a

retention time of 21.44 min and the absorption max265.0 nm and 345.6 nm.
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A very prominent compound in the HPLC chromatog@n®. africana(leaf) is present at a
retention time of 4.05 min with absorption maximé 207.4 nm and 278.0 nm. This
compound has a percentage integration area of %l (Tdble A2, Appendix A) and is present
in all the leaf extracts, but at a lesser percentategration area. This compound was also
observed in the stem extracts of all 10 species.

All 10 Commiphoraleaf extracts possess a compound at a retentio@ of 45.068 min
(Figure 8.3) with an absorbance maximum of 267.4 antompound that may serve as a
chemotaxonomic marker. This compound has a pemerntdegration area of 7.50% @.
africana (Table A2, Appendix A) and the percentage intagratvas observed to be small in

otherCommiphordeaf extracts.

The HPLC profiles (Figure 8.2) and UV spectra of tem extracts of these indigenous
Commiphoraspecies indicate that a similarity exists in thelemical fingerprints. At the
retention time of approximately 13.72 min the apsion maxima was determined to be 202.8
nm and 278.0 nm. This particular compound occursyarying concentrations, in all the
HPLC chromatograms, with the exception@fmollis (stem) (Table 8.2, Peak 11). It is the
dominant compound €. africang C. glandulosa C. neglecta C. pyracanthoidesand C.
schimperj with percentage integration areas of over 14.00%ble 8.2). Another major
compound present in the aforementioned speciesr®atua retention time of around 14.72
min, with absorption maxima of 202.8 nm and 2780 ¢kFigure 8.6). This compound is
present in all species, amas a higher percentage integration area tharethihg at 13.73

min for all species (Table 8.2).
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Figure 8.6: Chromatogram ofCommiphora pyracanthoideéstem) with UV absorption

maxima (insert) of compounds eluting at retentiores 13.73 min and 14.72 min.

Common to all stem extracts, with the exceptiol®o¥iminea is the compound eluting at the
retention time of approximately 20.60 min. This gmund has an absorption maximum of
281.6 nm, and is observed to be most prominenC.iredulisand C. mollis (percentage
integration area is >20.00%). This compound isgres high percentages in all stem extracts
with the exception o€. pyracanthoidegpercentage integration = 4.36%).

Certain similarities in peak areas, retention tiamel absorbance maxima have been noted in
the stem and leaf chromatogramsCofviminea(Figure A19 and Figure A20, Appendix A), as

well as that ofC. edulisspecies (Figure 8.7).

Commiphora viminedas a group of four prominent peaks at a reteniime of between
32.40 min and 33.50 min in the HPLC chromatogranthefstem extragFigure A19, Table
A19, Appendix A) with distinctly high percentagetegration areas. These compounds are
absent in all other stem profiles (Figure 8.2). Phesence of a number of peaks with similar
retention times and absorbance maxima was obsémn&dviminealeaf extract (Figure A20,
Appendix A).
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Two particular compounds with UV absorbance maxih262.6 nm, 304.0 nm and 363.4 nm
occur in the HPLC chromatogram of the stem and de#rfacts ofC. edulisonly. These two
compounds elute at the retention times of approvaipaB34.02 min and 34.50 min (Figure
8.7). The percentage integration area of these oamgs is: 24.66% and 6.29% (Table A3,
Appendix A) respectively in the stem extract, white the leaf extract, the percentage
integration areas are slightly less, being 16.58% 560% respectively (Table A4, Appendix
A).

5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 55.00 60.0C

Figure 8.7: Chromatogram o€ommiphora eduligstem, top) an€ommiphora eduligleaves,
bottom), with UV absorption maxima of compoundstiely at the retention times of

approximately 34.02 min and 34.50 min.



The lack of detection of certain compounds in tkagets is not as a result of the complete
absence of those compounds, but may be as a tddlik presence of only trace amounts,
which were not detected by HPLC/UV.

The effect of oxidation patterns on the UV spedtfdlavones and flavonols is an important
distinguishing characteristic. Band | provides mf@ation about the type of flavonoid, as well
as its oxidation pattern. On increasing the oxatabf the B-ring in flavones and flavonols, a
bathochromic shift in Band | occurs with each addal oxygen function. Changes in the B-
ring oxygenation pattern do not result in any Bénghifts. Band Il may, however, appear as
either one or two peaks (which are designated aasid 1lb, with lla being the peak at the
longer wavelength). Kaempferol is a flavonol isethfromC. glandulosgstem) (as described
in Chapter 3), with an oxidation pattern on theafyd C-ring at the 3, 5 and 7 position and on
the B-ring at the 4’ position, resulting in the ads|ance maxima of Band | at 367 nm. If
kaempferol is compared to a flavonol with a diffgrexidation pattern such as myricetin,
which has the same oxidation pattern on the A- @nding but the B-ring differs in that it's
pattern does not only include the 4’ position bt 8’ and 5’, then the end result is an
absorbance maximum of 374 nm (Harborne, 1973).

Kaempferol was observed to have a UV absorbancénmax of 266.3 nm and 363.9 nm, at a
retention time of around 30.537 min (Figure 8.3)isTcompound was observed in the extracts
of the following CommiphoraspeciesC. pyracanthoidegstem),C. tenuipetiolata(stem),C.
mollis (leaf), andC. neglectgleaf), albeit in small quantities.

Fluorescent detectors, refractive index detectand &PLC-DAD, coupled with mass
spectroscopy (MS), are other methods that may lieedt to detect other compounds for
which the specific column and detectors utilisedswnable to detect. Compounds that lack a
chromophore do not allow for UV detection and itas this reason that a limited number of
compounds were detected.
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8.5 Conclusion

As a result of the limited adequacy of traditionadorphological taxonomy, where

morphological and anatomical classifications praeenplicated in certain instances, other
sources of information are sought after. Chemosystie data will aid in the precise

classification within the genera, complementing tther methods for reliable taxonomic
classification. It is apparent that HPLC can bevaluable use in plant chemosystematics
assisting to characterise species, assessing tamomrelationships amongst species on the
basis of their secondary metabolite contents (laaiget al, 2001).

The HPLC-UV profile chromatograms of the stem amdf lextracts of the 1Commiphora
species under investigation were obtained. Theepeesof flavonoids, predominantly flavone
and flavonol structures, was noted in the leafaets of the species, while the stem extracts
contained few flavonoids and at much lower peragmniategration areas. A number of peaks
were observed to be present at the same retemm@nwith identical absorption maxima, an
indication of the similarities that exist betwedm tspecies. Other compounds present in the
stem extracts ad€ommiphorandicated a definite relationship between species.

It is thus evident that HPLC-UV may be used asohitoidentifying species that belong to the
same chemotaxonomic group. Similarities and diffees were noted in the chromatograms of
the leaves and stems of a certain species. Thssiaithe explanation of the differences in
biological activities that exists for the leavesliatems, and may justify the use of the bark,
rather than the leaf, traditionally, or vice-verda. general, structures, distributions and
percentage occurrence of secondary metabolitewvaduable tools in providing taxonomic

markers as well as defining evolutionary pathwafsnumber of these metabolites are
common in many species (such as kaempferol, Ch8ptant some of them are characteristic
to a particular family, genus or only to a singtkedes. In fact, the specific constituents of
certain species have been used for systematicndiegtion. Groups of secondary metabolites
are used as markers for chemotaxonomical classdicawhich is based on the assumption
that systematically related plants will show similehemical characteristics. For these

purposes, widespread distribution of simple compguare less valuable than more complex



compounds, formed in long reaction chains by thdiat®n of many enzymes and specified
by many different genes (Lattanzbdal, 1996).

HPLC analysis and compound identification with esgpto the flavonoids is tentative. These
flavonoids will need to be confirmed, as was seetihé case of kaempferol. Once confirmed,
the isolation of these flavonoids and other secondaetabolites can be carried out. The
HPLC analysis results could form the basis of aemetailed study of leaf phenolics, and any
marked similarity in their flavonoid pattern mayadr reasonable conclusions of the
interspecies relationships withi@ommiphora Flavonoids, too, exert multiple biological

activities, and identification may provide a majsource of information and a better

understanding of thie vitro biological activities that certain species possess
It is also important to note that not all compounda be identified through the use of HPLC-

UV, as those compounds that are poor chromophoiteeat be detected. It is for this reason

that further analysis be conducted.
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CHAPTER 9: GENERAL CONCLUSIONS

The objectives of the study were to:

0] determine thén vitro anti-oxidant activity of the crude extracts of ibttie leaf and
stem of 10 species @ommiphora

(i) isolate and identify of the chemical compounds oesble for the anti-oxidant
activity in the most active species, through biagsguided fractionation using
column chromatography, TLC and nuclear magneticrrasce (NMR).

(i)  determine the inhibitory effects of each of therasts on the growth of selected
bacteria and yeast and to investigate the dea#tikmof a selected species against
a specific micro-organisms.

(iv)  determine then vitro anti-inflammatory activity of the crude extracts.

(v) determine the anticancer activity of both the kad stem extracts against three
human tumour cell lines.

(vi)  determine the cytotoxicity of each of theecies.

(vii)  produce a phytochemical profile of the plant exsacsing high performance liquid
chromatography (HPLC).

The following appropriate conclusions were drawrtlembasis of experimental data.

I. Anti-oxidant Activity
Most of the extracts portrayed poor anti-oxidartivety in the DPPH assay with the
exception ofCommiphora schimpe(stem),C neglectgstem),C. edulis(stem) andC.
tenuipetiolata(leaf and stem). The results from the ABTS assHgrdd from that of
the DPPH assay, with most extracts displaying hi@ti&T S-scavenging activity with
the most active species beiflg tenuipetiolata(stem),C. neglecta(stem),C. mollis
(stem),C. glandulosgstem) andC. schimper(stem).

The flavonol, kaempferol, displayed exceptionakfradical scavenging activity, in
contrast to the activity displayed by dihydrokaeemnpf (dihydroflavonol).
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The investigation of the interaction between kaergif and dihydrokaempferol
resulted in the construction of an isobologram ldigpg an antagonistic effect, with
the resultant Iggvalue tending towards that Gf glandulosgstem).

It is important to note that the failure of a plaxtract to demonstrata vitro activity
during the general screening process does not serdgsimply a total absence of
inherent medicinal value. The possible presen@yérgistic interactions between the
different plant constituents in crude preparatiomsy result in activities that are not
exhibited by isolated compounds, and should no&xmuded. Furthermore, the plant
or extract may react differentig vivo,

il. Isolation of biologically active compounds
Two compounds were isolated from the stem extra€t. @landulosaThe compounds
were identified as flavonoids viz. kaempferol (fthewl) and dihydrokaempferol
(dihydroflavonol). Both compounds have been presfipusolated from other plant
species, however, not from the gei@@nmmiphora Kaempferol was detected in small
amounts in the stem extracts @&. glandulosa C. pyracanthoidesand C.
tenuipetiolataand in the leaf extracts @f. neglectaeandC. mollis

iii. Antimicrobial Activity
All crude stem and leaf extracts of the 10 indigen@ommiphoraspp. under
investigation exhibited concentration-dependentviigtagainst both Gram-positive
and Gram-negative bacteria, as well as againsttsieatighly pronounced anti-
microbial activity was displayed against the yeastsich serves as a clear indication
of the potential of these extracts for further cleahand pharmacological studies.

Kaempferol, which has been documented to posseSmiembial activity, was
isolated fromC. glandulosa In this study, kaempferol was shown to have ai€ Mi
value of 0.25 mg/ml with respect to activity agaitise Gram-positive bacteria.
aureusand B. cereus However, the isolated kaempferol was found tddse active
againstS. aureughan the stem extract as a whole, the latter iyiglén impressive

MIC-value of 0.005 mg/ml, a result which may wedinge as an indication that the
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overall activity of the extract may be attributed synergism amongst other

compounds.

vi. Anti-inflammatory Activity

Thein vitro anti-inflammatory activity of the crude extractasvinvestigated, by their
ability to inhibit the 5-LOX enzyme, which is inwad in the inflammatory process.
The stem extracts were observed to possess sonhéamh activity, the most active
being C. pyracanthoideswhile the leaf extracts displayed only limitedL&X
inhibition, with the exception ofC. schimperiand C. glandulosa Kaempferol
(flavonol), isolated fromC. glandulosa(stem), exhibited good anti-inflammatory
activity. The 5-LOX inhibitory activity ofC. glandulosa(stem),C. pyracanthoides
(stem) and Ctenuipetiolata(stem) extracts may be attributed partly to thespnce of

kaempferol within these extracts (as verified byL@Ranalysis).

The traditional use (by the Himba tribe) @dmmiphorastem extracts for rheumatoid
arthritis and other inflammatory conditions is thsigoported by thén vitro deter-

mination of the anti-inflammatory activity.

v. Anticancer Activity
The in vitro inhibitory activity of extracts of both the stemdateaf of indigenous
Commiphora species on cell growth in MCF-7, SF-268 and HT-@8lls was
determined. The inhibition of cell proliferation carviability was determined to be
highly dose-dependent. Cert&ommiphoraextracts were highly cancer type specific.

No trend was found upon comparison of the leaf steth extracts and their activity
against the three cell lines. In general, the &dfacts were found to be more active
than the stem extracts against the HT-29 cell lvith the exception o€. africang C.
edulisandC. pyracanthoideswhile the stem extracts were observed to be ractige
against the MCF-7 and SF-268 cell lines, with tkeeption ofC. edulis C. marlothii
and C. pyracanthoidesThe most promising activity against the HT-29Icelas
presented b¥. glandulosa(leaf and stem) an@. marlothii (leaf). The MCF-7 cells
exhibited the most sensitivity to indigeno@@ommiphora species. Commiphora
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africana (leaf and stem) displayed cancer cell specifiagainst the MCF-7 cell line,
and the other cell lines were less sensitive to itigbitory effects of this extract.
Considerable cytotoxicity against the SF-268 cbiisCommiphora glandulos@leaf
and stem) an€. pyracanthoidegleaf and stem) was observed.

The inhibition of cancer cell proliferation of kapferol in all three-cancer cell lines
was determined. The activity of the isolated compubwas determined to be far
greater in the SF-268 and HT-29 cell lines than theserved irC. glandulosastem),
the species from which it was isolated. This inthegpossible antagonistic effects by
other compounds present within the crude extract.

vi. Cytotoxicity
Commiphora glandulosatem extract also produced significant cytotoyieijainst the
Graham (transformed human kidney epithelial) cellsich may explain its activity in
the different biological assays, however, the igalacompound was observed to be
relatively safe. In spite of the presence of tawampounds within a plant in its crude
form, further investigations regarding non-toxicngmunds of potential therapeutic
value cannot and should not be excluded.

Cytotoxicity of all other extracts against the Gaah cells was minimal, with the
percentage cell viability being far greater thap fhercentage cell viability of the
cancer cell linesThis indicates that the activity is selective agathe cancer cell lines
and that the isolation of the particular compouneisponsible for this activity may

prove to be invaluable.

vii. Non-volatile chemical constituents found infCommiphora species
The HPLC chromatograms of the stem and leaf extraicthe 10Commiphoraspecies
under investigation were obtained. Similarities afiferences were noted in the
chromatograms of the leaf and stem extracts ofrticespecies. This aids in the
explanation of the differences in biological adias that exists for the leaves and

stems, and may justify the use of the stem, rathen the leaf, traditionally, or vice-
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versa. The presence of flavonoids was noted irletheextracts of the species, while

the stem extracts contained few flavonoids andwtiniower concentrations.

The HPLC-UV results also suggest tlammiphora africangleaf), C. mollis(leaf)
andC. schimperi(leaf) share similar chemical profiles when asuarhg the presence
of flavonoids, whileC. marlothii(leaf) andC. neglectgleaf), are similar.

As modern cultures and scientific advances spraadnd the world, the breadth of the
knowledge store of traditional healers still rensaicrucial. The full significance of the

indigenous knowledge forfeited may not be realised.thus important that the knowledge be
documented and the traditional use given some noedethrough modern scientific studies.
Commiphoras one such example.
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CHAPTER 10: RECOMMENDATIONS FOR FURTHER RESEARCH

This study intends to contribute towards the knolgkebase of plant species with therapeutic
potential. It should be noted that it acutely enpasses only 10 indigenous species, and the
biological activities and phytochemistry of othadigenousCommiphoraspecies should also
be investigated. Furthermore, material for thisigtwas only collected from a single site. To

account for possible geographical and chemotypr@tian material should be studied from
several populations.

I. Anti-oxidant activity
e No single testing method is capable of providingpanprehensive profile of the anti-
oxidant capacity of a plant species, due to theptexity of oxidation-anti-oxidation

processes, and therefore different methods are tosbd to determine the anti-oxidant
potential.

il. Antimicrobial activity
e |solation and structural elucidation of the compa/siresponsible for the antimicrobial
activity of C. marlothii and the determination of the presence of thesepoamnds in
any of the other species through the use of HPLCsbduld be investigated.

e Determination of the concentration of compoundshiniteach of the species, and
whether synergistic, antagonistic or additive dBeare evident.

e The antimicrobial activity of investigateGommiphoraspecies was determined for
collection strains, but further antimicrobial intigations, which may be of interest,

may be carried out on clinical isolates, especiallhe case of active extracts.

iii. Anti-inflammatory Activity
e The active extracts @@ommiphoraspecies require further investigation, specificail
terms of the isolation, identification and charastgion of the compounds responsible
for the anti-inflammatory activity. Once isolateédese compounds can be combined to
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determine their anti-inflammatory relationship. dstigations involving different
combinations of selecte€ommiphoraextracts, or combinations o€ommiphora
extracts with other potentially active plant extsacshould be carried out to assess

whether synergistic or antagonistic effects arelpced.

e Additionally, the effects of these active compounasCOX-1 and COX-2, including
their selectivity and effect on the suppressionhef COX-2 gene expression, requires
investigation and clarification. The effectivenasfsinteraction of these extracts and
isolated compounds, including the flavonoid derxeg, with other pro-inflammatory
biochemical pathways may be assessed, and thé[@ossicture-activity relationships
determined. This will provide a better understagdifthe possible mode of action.

v. Anticancer
e This study has, without a doubt, proven the exstenof a compound or compounds
with potential in vitro anticancer activity in different species and estsaof
Commiphora Activity-guided fractionation, isolation and idéitation of these
compounds is imperative and may lead to the dewedmp of novel treatments in the

global struggle against cancer and cancer-relaieeats.

vi. Toxicity
e While indigenousCommiphoraspecies were observed to be non-toxic against the
transformed kidney epithelial cells, it is importaa note that in order to establish a
toxicity profile, other cell lines should be inviggtted such as the liver HepG2 cells, as

well asin vivo studies.

vii. Phytochemical investigation
e It is recommended that a thorough geographicahtian study is performed on each
species to explain the diversity between individualthin a population and between
populations.
e Research on the non-volatile compounds warranthéartstudy, as the HPLC
assignments are tentative only. Further analysistrbe conducted using different

detectors and chromatographic techniques suchgasd lichromatography — mass
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spectrometry, to provide a greater insight of tihgtpchemical composition of this
species.

Plants produce a wide range of secondary metabplikdhich may prove to be
invaluable in development of drugs, flavours, feagres, dyes, anti-oxidants and
insecticides. It is thus important to locate antdedaine the role of these secondary
metabolites in plants and unravel their biosynthedihile HPLC has proven to be a
valuable tool in detecting certain secondary mdtedso low or very high molecular
weight molecules go unnoticed. Finding new leads doug development, and
determining the biosynthesis of such products, thgsires a different approach which
researchers are developing. Metabolomics investggéte end products of cellular
functions. The levels of these metabolites are gtkws a response of the biological
systems to environmental or genetic manipulatioralfiey, 2004). The use of
metabolomics in plant studies will enable the cbimdsation and differentiation of
genotypes and phenotypes based on the levels aboigés, and also aid in the rapid
screening of multiple extracts giving an exceptlynaroad overview of the chemistry.
This may also provide a means of improving the pobidn of certain metabolites in

plants through genetic engineering.
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APPENDIX A - HPLC DATA

Commiphora africana (stem)
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Figure Al: HPLC chromatogramf Commiphora africanatem extract.

Table Al: Retention time, percentage integration area and rbAkima for peaks from

Commiphora africanatem extract.

Retention UV maxima % Integration
time (min) (nm) area

3.763 263.8 ; 307.6 ; 363.4 1.22
4.133 205.1 ;278.0 5.02
4,941 262.6 0.72

5.589 207.4 ;345.6 5.15
6.740 275.6 ;332.5 1.42
9.968 206.3 ; 289.8 11.96
11.696 218.0;278.0 0.67
12.137 203.9 ; 278.0 0.39
12.376 205.1;278.0; 334.9 0.52
12.736 203.9 ; 278.0 0.27
12.981 202.8 ; 278.0 0.46
13.701 202.8 ; 278.0 18.24
14.125 201.6 ; 279.2 2.15
14.686 202.8 ; 278.0 21.26
15.056 202.8 ; 279.2 6.48
15.442 202.8 ;279.2 5.14
15.815 202.8 ; 279.2 1.50
20.626 281.5 11.18
33.422 241.4 ;283.9; 331.3 0.60




Commiphora africana (leaf)
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Figure A2: HPLC chromatogramf Commiphora africandeaf extract.

Table A2: Retention time, percentage integration area and rbAkima for peaks from

Commiphora africandeaf extract.

Retention UV maxima % Integration
time (min) (nm) area
3.726 263.8 ; 358.5 1.96
4.051 207.4 ; 278.0 11.14
4.909 202.8 ;260.3 ; 325.4 2.13
7.880 255.6 ;321.8 1.99
11.758 219.1;278.0 5.20
14.954 239.1 1.24
16.013 209.8 ; 260.3 ; 356.3 4.43
16.222 208.6 ; 260.3 ; 354.0 8.31
17.788 230.9; 255.6 ; 356.3 1.13
18.482 209.8 ; 265.0 ; 343.2 19.52
18.887 205.1 ;254.4 ; 354.0 4.02
19.344 203.9;255.6 ; 354.0 5.78
20.270 222.7 ;278.0 2.20
20.853 228.5;265.0 ; 349.2 2.72
21.414 265.0 ; 345.6 1.56
21.587 255.6 ; 348.0 6.31
22.548 245.0 ; 345.6 2.90
23.908 263.8 ;342.0 2.11
30.934 246.1 ; 269.7 ; 318.3 0.71
45.050 267.4 7.50
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Commiphora edulis (stem)
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Figure A3: HPLC chromatograrof Commiphora edulistem extract.

Table A3: Retention time, percentage integration area and raAkima for peaks from
Commiphora edulistem extract.

Retention UV maxima % Integration
time (min) (nm) area
3.754 201.6 ; 265.0 ; 307.6 0.67
4.152 206.3 ; 278.0 1.55
5.494 206.3 ; 278.0 2.08
11.233 202.8 ; 278.0 1.31
12.134 201.6 ; 278.0 0.07
12.308 201.6 ; 278.0 ; 319.4 0.08
12.807 201.6 ;221.5;278.0 0.34
13.767 201.6 ; 278.0 7.41
14.188 201.6 ; 278.0 2.20
14.754 201.6 ; 278.0 5.39
15.099 201.6 ; 278.0 3.13
15.456 201.6 ; 278.0 3.41
15.812 201.6 ; 278.0 1.44
20.645 201.6 ; 278.0 22.95
32.059 259.1;313.5 1.14
32.726 259.1 ; 308.8 4.75
33.371 262.6 ; 308.8 ; 354.0 1.64
33.582 260.3 ; 304.0 2.81
34.021 232.0;262.6 ; 304.0 24.66
34.508 262.6 ; 363.4 6.29
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Commiphora edulis (leaf)
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Figure A4: HPLC chromatogramf Commiphora eduligeaf extract.

Table A4: Retention time, percentage integration area and raAkima for peaks from
Commiphora eduligeaf extract.

Retention UV maxima % Integration

time (min) (nm) area
3.664 263.8 ; 320.6 1.37
4.083 207.4 ;278.0 2.40
10.133 207.4 ;278.0 2.95
11.745 219.1;288.6 ; 326.6 2.92
13.057 226.2 ;312.3 1.57
14.743 202.8 ; 278.0 1.16
15.668 210.9; 269.7 ; 348.0 24.65
16.329 210.9 ; 255.6 ; 348.0 15.72
18.517 214.5;269.7 ; 336.1 2.08
19.391 255.6 ; 351.6 0.15
19.630 207.4 ;226.2 ; 254.4 ; 348|0 0.89
30.305 262.6 ;302.8 ; 363.4 0.28
30.920 232.0;286.3 ; 318.3 2.72
31.557 247.3 ;345.6 4.92
31.862 240.3;285.1 0.58
32.032 257.9;314.7 2.64
32.220 250.9 ; 343.2 0.43
32.696 259.1,;312.3 5.30
33.549 259.1,;,304.0; 360.4 4.95
33.985 262.6 ;304.0 ; 363.4 16.53
45.057 267.4 1.23




Commiphora glandulosa (stem)
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Figure A5: HPLC chromatogramf Commiphora glandulosstem extract.

Table A5: Retention time, percentage integration area and riAkima for peaks from

Commiphora glandulosstem extract.

Retention UV maxima % Integration
time (min) (nm) area
3.760 296.9 ; 366.8 1.39
4.057 206.3 ; 278.0 7.00
4.919 205.1 ; 260.3 1.46
12.726 278.0 0.80
13.275 201.6 ; 278.0 1.81
13.691 201.6 ; 278.0 19.39
14.122 278.0 2.28
14.682 202.8 ; 278.0 21.22
15.055 201.6 ; 278.0 3.81
15.438 278.0 2.95
20.560 278.0 5.49
22.091 232.0;278.0 1.92
23.130 229.7 ;287.4 1.29
29.791 243.8 ; 266.2 ; 296.9 ; 363.4 0.96
31.659 229.7 ;282.7 5.57
32.605 229.7 ; 295.7 8.45
32.842 235.6 ; 268.5 421
33.660 272.1 ;356.3 2.42
34.648 265.0 ; 329.0 ; 365.6 0.22
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Commiphora glandulosa (leaf)
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Figure A6: HPLC chromatogramf Commiphora glanduloskeaf extract.

Table A6: Retention time, percentage integration area, and rtAxima for peaks from

Commiphora glanduloskaf extract.

Retention UV maxima % Integration

time (min) (nm) area
3.798 206.3 ; 261.5 1.75
4.158 207.4 ;314.7 3.32
4.579 206.3 ; 267.4 ; 314.7 0.16
5.448 207.4 ;279.2 7.38
7.085 207.4 ;293.4 2.32
10.094 207.4 27.49
11.697 219.1;278.0 1.07
14.787 205.1;228.5;279.2 ;3135 0.87
15.147 230.9;279.2 ; 313.5 ; 366.8 0.54
15.522 233.2;279.2 ; 313.5 ; 366.8 0.29
15.709 213.3;269.7 ; 348.0 4.10
16.346 215.6 ; 255.6 ; 348.0 1.71
18.410 215.6 ; 269.7 ; 336.1 5.08
18.834 254.4 ,291.0;350.4 0.37
19.272 255.6 ;350.4 0.59
21.381 241.4 ;263.8 ; 313.5 0.06
36.893 279.2 ;312.3; 337.7 0.07
45.085 263.8 ;312.3; 337.7 0.44
50.028 272.1;324.2 35.04
54.423 272.1;291.0;333.7 ;312.3 5.25
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Commiphora marlothii (stem)
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Figure A7: HPLC chromatograraf Commiphoramarlothii stem extract.

Table A7: Retention time, percentage integration area and rhAkima for peaks from

Commiphora marlothistem extract.

Retention UV maxima % Integration
time (min) (nm) area

3.364 207.4 ; 276.8 2.86
3.798 207.4 ; 288.6 3.04
4.177 207.4 ;283.9 6.08
5.426 207.4 ;281.5 13.52
6.707 215.6 ; 270.9 1.96
10.067 207.4 ;278.0 23.38
13.735 201.6 ; 278.0 8.02
14.730 202.8 ; 278.0 7.52
15.092 228.5;279.2 1.37
15.453 229.7 ;279.2 1.32
15.823 232.0;279.2 0.65
16.262 230.9;281.5; 336.1 1.10
20.554 228.5;281.5 16.14
32.142 288.6 0.24

32.626 275.6 ; 326.6 1.62
36.902 275.6 0.40

37.312 252.0 0.41

38.119 248.5 1.47

39.065 246.1 6.88
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Figure A8: HPLC chromatograraf Commiphora marlothileaf extract.
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Table A8: Retention time, percentage integration area and raAkima for peaks from
Commiphora marlothileaf extract.

Retention UV maxima % Integration
time (min) (nm) area
3.766 267.4 0.69
4.083 207.4 ;278.0 2.66
13.065 226.2 ;311.1 28.47
13.773 201.6 ; 278.0 3.64
14.763 201.6 ; 278.0 5.53
15.133 222.7 ;312.3 1.31
15.499 201.6 ; 226.2 ; 278.0 0.84
15.956 225.0;278.0 1.98
18.468 226.2 ;269.7 ; 336.1 1.24
18.917 203.9 ; 255.6 ; 354.0 9.12
19.372 203.9 ; 255.6 ; 354.0 5.35
20.282 223.8 ;278.0 0.42
20.552 203.9;255.6 ; 354.0 5.45
20.874 202.8 ; 255.6 ; 354.0 12.79
21.470 234.4 ;265.0 ; 348.0 0.34
22.334 265.0 ; 348.0 0.65
30.934 240.3 ; 269.7 ; 318.3 1.13
38.107 245.0 ; 308.8 2.15
39.051 245.0 8.22
45.030 268.5 0.62
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Commiphora mollis (stem)
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Figure A9: HPLC chromatogramf Commiphora mollistem extract.

Table A9: Retention time, percentage integration area and raAkima for peaks from

Commiphora mollistem extract.

Retention UV maxima % Integration
time (min) (nm) area

4.091 206.3 ; 278.0 291
4.717 206.3 0.45

5.011 205.1 ; 278.0 2.30
5.515 206.3 ;278.0 1.60
5.711 206.3 ; 278.0 1.67
6.081 206.3 ; 269.7 1.92
6.548 205.1;272.1 1.00
7.687 206.3 ; 269.7 4.33
10.283 206.3 ; 278.0 0.85
10.869 205.1 ; 278.0 2.00
11.622 206.3 ; 275.6 8.07
11.853 205.1 ;278.0 6.00
12.038 203.9 ; 278.0 12.08
12.665 205.1;276.8 5.76
12.919 205.1 ; 278.0 7.10
13.179 203.9;278.0 10.59
13.480 205.1 ; 278.0 4.15
13.842 205.1 ; 276.8 0.85
14.573 203.9 ; 279.2 2.09
20.644 202.8 ; 278.0 19.98
34.653 265.0 0.55
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Figure A10: HPLC chromatogramf Commiphora mollideaf extract.

Table A10: Retention time, percentage integration area and rbBkima for peaks from

Commiphora molligeaf extract.

Retention UV maxima % Integration
time (min) (nm) area
3.669 261.5 1.16
4.031 207.4 ;278.0 6.12
4.979 261.5 1.48
11.769 219.1;278.0 2.98
13.367 202.8 ; 278.0 4.04
15.651 209.8 ;261.5; 354.0 1.05
16.088 208.6 ; 259.1 ; 357.5 22.45
16.304 208.6 ; 259.1 ; 356.3 9.75
17.034 208.6 ; 261.5 ; 354.0 6.33
18.517 214.5 ;269.7 ; 336.1 3.70
18.940 203.9;255.6 ; 354.0 6.56
19.380 203.9;255.6 ; 354.0 3.80
20.545 203.9;255.6 ; 354.0 1.83
20.756 216.8 ; 268.5 ; 339.7 2.15
21.406 265.0 ; 354.6 0.35
32.122 308.8 1.52
34.620 265.0 2.52
34.917 265.0 1.56
35.892 263.8 1.21
41.638 246.1 ; 278.0 ; 325.4 5.98
42.382 260.3 1.45
45.065 268.5 411
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Commiphora neglecta (stem)
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Figure A11l: HPLC chromatogramf Commiphora neglectatem extract.

Table All: Retention time, percentage integration area and rBkima for peaks from

Commiphora neglectastem extract.

Retention UV maxima % Integration
time (min) (nm) area

3.768 202.8 ; 263.8 1.36
4.166 206.3 ; 304.0 2.39
4.629 202.8 ; 260.3 0.25
5.532 202.8 ; 278.0 3.14
6.832 275.6 ;337.3 1.49
10.131 206.3 ; 289.8 10.17
11.298 207.4 ; 263.8 1.04
11.830 278.0 0.17

12.028 221.5;275.6 2.44
13.020 201.6 ; 278.0 1.05
13.316 202.8 ; 278.0 4.37
13.730 201.6 ; 278.0 14.84
14.146 278.0 2.21

14.299 278.0 1.15

14.689 202.8 ; 278.0 21.61
15.035 201.6 ;278.0 5.90
15.395 201.6 ; 278.0 5.20
15.735 201.6 ; 278.0 1.81
16.033 201.6 ; 278.0 2.66
20.488 281.5 3.67

20.712 278.0 7.29
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Figure A12: HPLC chromatogramf Commiphora neglectkaf extract.

Table Al12: Retention time, percentage integration area and mBkima for peaks from
Commiphora neglectkeaf extract.

Retention UV maxima % Integration
time (min) (nm) area

3.771 202.8 ; 261.5 ; 368 1.75
4.164 205.1 ; 307.6 4.29
5.457 207.4 ;278.0 7.54
10.115 207.4 ;278.0 5.10
11.791 219.1;278.0 1.00
16.226 229.7 ; 260.3 ; 354.0 0.67
18.823 255.6 ; 354.0 1.68
19.259 205.1 ; 255.6 ; 354.0 8.41
20.837 265.0 ; 348.0 6.13
21.373 265.0 ; 348.0 26.87
21.793 254.4 ;352.8 0.63
22.209 265.0 ; 348.0 2.88
29.737 265.0 ; 363.0 1.91
35.102 240.0 1.36

39.801 243.8 ; 331.3 ; 365.6 7.67
40.637 278.0 1.01

41.060 278.0 1.37

41.624 248.5 ;273.3;325.4 6.84
42.366 265.0 1.11

45.054 268.5 ; 337.3 3.29
52.066 268.5 ; 365.6 0.97
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Figure A13: HPLC chromatogramf Commiphora pyracanthoidetem extract.

Table A13: Retention time, percentage integration area and mBkima for peaks from

Commiphora pyracanthoidestem extract.

Retention UV maxima % Integration
time (min) (nm) area
3.776 206.3 ; 267.4 ; 307.6 2.05
4.101 206.3 ; 278.0 6.70
4.857 206.3 ; 265.0 1.57
5.511 206.3 ;278.0 9.33
10.013 206.3 ;278.0 12.64
12.348 221.5;278.0 ; 331.3 0.58
13.170 205.1;227.4;278.0 0.61
13.584 202.8 ; 278.0 15.67
14.004 202.8 ; 225.0 ; 280.3 1.06
14.537 202.8 ;279.2 23.46
14.879 202.8 ; 279.2 ; 369.2 3.39
15.233 202.8 ;279.2 2.09
20.340 229.7 ; 267.4 ; 348.0 0.63
20.588 229.7 ;281.5 4.36
21.797 236.7 ; 280.3 1.17
22.893 233.2 ; 288.6 0.78
23.498 263.8 ;344.4 2.50
31.561 234.4 ;293.4 3.17
32.508 237.9;295.7 2.58
32.705 243.8 ; 274.4 0.81
33.568 272.1 ;350.4 0.70
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Commiphora pyracanthoides (leaf)
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Figure A14: HPLC chromatogramf Commiphora pyracanthoiddsaf extract.

Table Al4: Retention time, percentage integration area and mBxima for peaks from

Commiphora pyracanthoiddsaf extract.

Retention UV maxima % Integration
time (min) (nm) area

3.776 201.6 ; 265.0 ; 370.4 2.92
4.170 206.3;281.5 6.29
4.625 265.0 ; 327.8 1.02
4,952 262.6 1.87
5.486 205.1 ;278.0 12.57
10.061 205.1 ; 278.0 14.01
11.817 219.1;278.0 1.66
15.795 213.3;269.7 ; 348.0 7.40
16.470 214.5 ; 255.6 ; 348.0 3.84
16.713 255.6 ; 354.0 2.20
18.598 214.5 ;269.7 ; 336.1 15.16
19.037 255.6 ; 354.0 1.07
19.490 206.3 ; 255.6 ; 354.0 3.71
20.917 255.6 ; 354.0 4.06
21.509 265.0 ; 343.2 0.72
22.695 246.1 ; 308.8 0.69
28.970 278.0 ;3634 5.89
35.093 243.8 ;278.0 1.89
41.636 278.0 2.27
45.040 267.4 4.76




Commiphora schimperi (stem)
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Figure A15: HPLC chromatogramf Commiphora schimpestem extract.

Table Al15: Retention time, percentage integration area and raBkxima for peaks from
Commiphora schimpestem extract.

Retention UV maxima % Integration
time (min) (nm) area

3.717 263.8 ; 307.6 0.60
4.116 206.3 ; 278.0 1.73
4.623 263.8 0.11

4.877 206.3 ; 263.8 0.67
5.512 206.3 ; 278.0 2.36
10.112 207.4 ;278.0 2.13
12.506 205.1 ; 278.0 5.11
12.880 202.8 ; 278.0 1.39
13.108 202.8 ; 278.0 1.01
13.446 202.8 ; 278.0 4.31
13.860 202.8 ; 278.0 17.22
14.295 201.6 ; 278.0 3.35
14.862 202.8 ; 278.0 22.36
15.243 201.6 ; 278.0 4.56
15.625 201.6 ; 278.0 3.75
15.982 201.6 ; 280.3 1.33
18.384 201.6 ; 278.0 1.59
20.673 281.5 18.60
32.596 241.4 ;294.5 0.25
33.438 245.0 ; 288.6 ; 332.5 0.21
45.080 269.7 ; 330.1 1.40
49.866 278.0 ;324.2 1.65
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Commiphora schimperi (leaf)
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Figure A16: HPLC chromatogramf Commiphora schimpeteaf extract.
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Table Al16: Retention time, percentage integration area and mBkima for peaks from

Commiphora schimpeteaf extract.

Retention UV maxima % Integration

time (min) (nm) area
3.739 201.6 ; 265.0 3.83
4.152 207.4 ; 278.0 8.08
4.658 201.6 ; 265.0 0.64
4,951 201.6 ; 260.3 2.88
5.436 201.6 ; 278.0 12.49
11.806 219.1;278.0 ; 323.0 4.38
16.087 229.7 ; 260.3 ; 356.3 1.29
18.270 253.2 ;354.0 1.05
18.604 208.6 ; 261.5 ; 349.2 15.80
19.004 254.4 ;354.0 2.33
20.593 255.6 ;354.0 1.52
20.905 255.6 ; 354.0 2.17
21.210 255.6 ; 354.0 2.05
21.645 255.6 ; 348.0 13.96
23.961 263.8 ; 339.7 2.37
29.761 265.0 ; 308.8 ; 365.6 0.34
35.101 237.9 9.07
35.714 278.0 2.72
39.647 278.0 ; 308.8 ; 337.3 ; 365. 1.03
41.626 278.0 ;3254 1.80
45.028 268.5 4.36
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Commiphora tenuipetiolata (stem)
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Figure A17: HPLC chromatogramf Commiphora tenuipetiolatatem extract.

Table Al7: Retention time, percentage integration area and rBkima for peaks from

Commiphora tenuipetiolatstem extract.

Retention UV maxima % Integration

time (min) (nm) area
4.055 207.4 ;278.0 3.34
6.682 215.6 ; 270.9 1.02
12.010 205.1; 270.9 1.68
12.249 201.6 ; 278.0 5.42
12.623 201.6 ; 278.0 3.06
12.913 202.8 ; 278.0 2.26
13.124 202.8 ; 273.3 2.58
13.426 202.8 ; 278.0 9.19
13.774 202.8 ; 278.8 3.47
13.977 203.9;278.0 14.53
14.537 202.8 ; 359.4 2.78
14.874 202.8 ; 276.8 ; 352.8 4.22
20.672 283.9 22.53
23.176 225.0 ; 288.6 4.07
28.210 239.1 2.09
28.747 228.5 ; 288.6 3.07
29.755 243.8 ; 266.2 ; 320.6 ; 363. 0.52
32.085 229.7 ; 287.4 2.27
32.851 261.5 0.71
34.630 273.3 0.93
35.379 241.4 ;318.3 2.04
38.898 247.3;,306.4 ; 334.9 1.00
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Commiphora tenuipetiolata (leaf)
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Figure A18: HPLC chromatogramf Commiphora tenuipetiolateeaf extract.

Table A18: Retention time, percentage integration area and rBkima for peaks from

Commiphora tenuipetiolatkeaf extract.

Retention UV maxima % Integration
time (min) (nm) area
2.655 205.1;279.2 ;291.0 7.39
4.144 207.4 ; 278.0 6.71
4.979 201.6 ; 278.0 2.07
5.437 205.1 ;278.0 7.43
6.767 210.9 ; 269.7 0.27
9.233 205.1 ;278.0 7.99
10.096 207.4 ;278.0 23.01
11.714 219.1;288.6 ; 326.6 ; 399.2 1.76
13.026 223.5;278.0 ; 399.2 4.45
13.969 221.5;278.0 13.10
14.323 228.5;253.2 ;349.2 1.91
15.167 233.2 ;268.2 0.13
16.329 254.4 ;349.2 0.34
17.703 255.6 : 356.3 0.50
18.604 253.2 ;264.4 9.83
21.704 252.0;349.2 0.40
28.531 254.4 ;272.1 1.17
35.360 246.1 ; 315.9 0.46
39.635 291.0; 327.8 ; 368.0 1.11
41.615 272.1;324.2 3.99
42.358 272.1;324.2 0.60
45.068 266.2 ; 331.3 1.45
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Commiphora viminea (stem)

o.s&:
o.e&:
0.20-

0.0&M LJJ LNMM_

500 1000 1500 2000 2500 30.00 3500 4000 4500 5000 5500  60.0C
Figure A19: HPLC chromatogramf Commiphora vimineatem extract.

Table A19: Retention time, percentage integration area and rBkima for peaks from

Commiphora vimineatem extract.

Retention UV maxima % Integration

time (min) (nm) area
3.725 202.8 ; 263.8 ; 343.2 0.64
4.040 207.4 4.36
4.890 205.1;259.1 1.70
5.521 206.3 ; 278.0 3.13
6.872 203.9 1.07
9.964 205.1 ; 278.0 3.37
13.743 202.8 ; 278.0 0.85
14.725 202.8 ; 278.0 1.50
32.454 206.3 ; 269.7 16.83
32.734 207.4 ;234.4 ; 269.7 15.27
33.160 208.6 ; 236.7 ; 274.4 11.99
33.440 208.6 ;237.9;273.3 13.65
34.022 246.1 ;278.0 0.44
34.650 265.0 ; 308.8 0.25
35.324 207.4 ;234.4 ; 269.7 18.82
36.157 226.2 ;269.7 ; 329.0 3.82




Commiphora viminea (leaf)
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Figure A20: HPLC chromatogramf Commiphora vimine&eaf extract.

Table A20: Retention time, percentage integration area and mBxima for peaks from

Commiphora viminegaf extract.

Retention UV maxima % Integration

time (min) (nm) area
3.726 203.9 ; 262.6 ; 339.7 1.69
4.085 207.4 ; 278.0 5.57
4.857 203.9;262.6 ; 311.1 0.76
14.778 203.9 ;229.7 ; 278.0 1.56
15.740 212.1;269.7 ; 348.0 8.85
16.397 213.3;255.6 ; 348.0 4.68
18.519 214.5 ;269.7 ; 336.1 15.31
19.416 255.6 : 356.3 0.32
20.301 222.7 ;278.0 ; 323.0 ; 336.1 1.48
21.445 265.0 ; 348.0 0.85
28.242 246.1 2.22
32.413 206.3 ; 235.6 ; 269.7 10.70
32.689 237.9;269.7 ; 366.8 3.00
32.894 281.5 ; 366.8 0.64
33.117 208.6 ; 239.1 ; 274.4 ; 366.8 5.02
33.394 208.6 ; 240.3; 273.3 ; 366.8 5.04
33.981 247.3 ;274.4 0.58
35.088 239.1 2.10
35.281 207.4 ;237.9 ; 269.7 ; 339.7 13.70
36.112 269.7 2.49
41.615 272.1;324.2 3.82
45.033 266.2 ; 340.9 2.61
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CG1-AY in COCI3CD30D

Pulse Sequence: s2pul
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Figure B1: *H NMR spectrum of Compourid
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CG1-AY in CDCICO30D

Fulse Sequence: s2pul
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Figure B2: **C NMR spectrum of Compourid
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CGZAVY inCDCIR/CDI0OD

Pulse Sequence: s2pul
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Figure B3: *H NMR spectrum of Compourt

271



CG2ZAY inCDCR/CO30D
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Figure B4: **C NMR spectrum of Compour®i
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APPENDIX C — ABSTRACTS PRESENTED AT CONFERENCES

The pharmacological activity of ten species dCommiphora indigenous to
South Africa.

M. PARASKEVA, A. VILJIOEN, S. VAN VUUREN, H. DAVIDS, R. VAN ZYL
Department of Pharmacy and Pharmacology, Faculty oHealth Sciences, University of the
Witwatersrand, York Road, Parktown 2193, South Africa

Commiphora(Burseraceae)s used traditionally in southern for the treatmemftstomach
ailments, ulcers, fevers, and as a remedy for siaakkscorpion bites. In various parts of
western Africa, the macerated stem is used inrderhent of rheumatic conditions. The resin
of a number ofCommiphoraspecies is applied topically for wound healing.h#ts been
documented that certa®ommiphoraspecies possess antibacterial and antifungal grepe

Cytotoxic and cytostatic activities have also besported.

Extracts of both the bark and leaf of tammiphoraspecies were prepared to test ithgitro

antimicrobial, antioxidant, cytotoxic as well adiaancer activities.

The antimicrobial efficacy [minimum inhibitory coectration (MIC) microtiter plate assay]
ranged between 1 mg/ml and 8 mg/ml with respedh& Gram-negative bacteria. Greater
sensitivities were observed for Gram-positive orgias when tested o@. marlothii, C.
pyracanthoidesand C. glandulosawith the MIC value of< 0.125 mg/ml againsBacillus

cereus.

Extracts generally exhibited poor anti-oxidant wtti in the DPPH (2,2-diphenyl-1-
picrylhydrazyl) assay, with the exception G schimperi(stem), C. neglecta(stem), C.

tenuipetiolata(stem and leaf)and C. edulis(stem) which possessed &g values ranging
between 7.311g/ml and 10.811g/ml. The activity was also assessed qualitatiusing a TLC
plate.

The effect ofCommiphoraextracts on the growth of human tumour cell li(88&-268 and
MCF-7) was observed using the sulforhodamine B (S&BayC. pyracanthoideg¢leaf and
bark) andC. glandulosgleaf and bark) were active in both cell lines. $ospecies exhibited
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anticancer activity with some degree of cytotoyicagainst transformed human kidney
epithelium cells as assessed by the MTT (3-[4,5etlyithiazol-2yl]-2,5 diphenyltetrazolium
bromide) cellular viability assay, indicating a deg of selectivity against the different tumour

cell lines.
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The biological activity of ten species o€ommiphora indigenous to South
Africa.
M. PARASKEVA, A. VILJOEN, S. VAN VUUREN, H. DAVIDS, R. VAN ZYL

Department of Pharmacy and Pharmacology, Faculty oHealth Sciences, University of the
Witwatersrand, York Road, Parktown 2193, South Africa

Commiphora(Burseraceae)s usedtraditionally in southern and western Africa for the
treatment of stomach ailments, ulcers, fevers, maic conditions and as a remedy for snake
and scorpion bites.The resin of a numberCaimmiphoraspecies is applied topically for

wound healing Documented uses of Commiphoraspecies (not indigenous to Southern
Africa) are antibacterial and antifungal propertiegtotoxic and cytostatic activities, as well

as antioxidant activity.

Solvent extracts of both the bark and leaf of tedigenousCommiphoraspecies were
prepared to test th@ vitro antimicrobial, antioxidant, anti-inflammatory, aatncer, as well

as cytotoxicity activity.

The antimicrobial efficacy against Gram-positiveraf@-negative bacteria and yeasts was
assessed using the MIC microtiter plate assay. MHe with respect to Gram-negative

bacteria ranged between 1 mg/ml and 8 mg/ml. Greatesitivities were observed for Gram-
positive organisms when tested Gn marlothii, C. pyracanthoideand C. glandulosawith

the MIC value ok 0.125 mg/ml again®acillus cereus.

Extracts generally exhibited poor anti-oxidant wtti in the DPPH (2,2-diphenyl-1-
picrylhydrazyl) assay, with the exception Gf schimperi(stem), C. neglecta(stem), C.

tenuipetiolata(stem and leaf)and C. edulis(stem) which possessed &g values ranging
between 7.31ug/ml and 10.811g/ml. The activity was also assessed qualitatiusing a TLC
plate.

The anti-inflammatory activity of the extracts wasried out through the use of timevitro 5-
LOX assay. The anti-inflammatory activity displayég each of the extracts at 100ppm
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varied. The species that displayed the greatesDX-lanti-inflammatory activity wereC.
pyracanthoidesindC. glandulosa.

The effect ofCommiphoraextracts on the growth of human tumour cell li(8&-268 and
MCF-7) was ascertained using the sulforhodamin&mBB) assayC. pyracanthoidegfleaf and
bark) andC. glandulosgleaf and bark) were active in both cell lines. $ospecies exhibited
anticancer activity with some degree of cytotoyicigainst the representative normal cell
population assessed by the MTT (3-[4,5-dimethyibiyl]-2,5 diphenyltetrazolium
bromide) cellular viability assay.

Bio-autographic guided isolation was used to tojate the anti-oxidant compound(s) from the
most active species.
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The antibacterial and anti-oxidant activity of Souh African indigenous
Commiphora species and the isolated compounds frof. glandulosa.

M. PARASKEVA %, S. VAN VUUREN', S. DREWES, A. VILJOEN 3

! Department of Pharmacy and Pharmacology, Faculty fotHealth Sciences, University of the
Witwatersrand, 7 York Road, Parktown 2193, South Afica

2 School of Chemistry, University of KwaZulu-Natal, Corner, Scottsville, Pietermaritzburg 3209,
South Africa

3 School of Pharmacy, Tshwane University of Technoly, Private Bag X680, Pretoria 0001,
South Africa. *Correspondence: ViljoenAM@tut.ac.za

Commiphoraspecies (from which Myrrh is obtained) has beewarce of several novel and
bioactive natural compounds. The botanical diversitthis genus in South Africa warrants a
study of this plant group, to provide scientifiddance for the traditional use @ommiphora
species in African healing rites. Traditionally mgers of this genus are used in southern
Africa for the treatment of ulcers, fevers, andaagemedy for snake and scorpion bites. The
resin of some&Commiphoraspecies is applied topically for wound healing.chmented uses

of Commiphorainclude antibacterial and antifungal propertieswell as anti-oxidant activity.

In vitro antimicrobial efficacy was determined against Gramsitive, Gram-negative bacteria
and yeasts using the MIC microtitre plate assayingJsleath kinetics studies (time-kill
studies), the rate at which the antimicrobial adeltd pathogens over a 24 hour period was
determinedCommiphora marlothi{stem) was identified as a suitable candidate¢Herdeath
kinetics assay (MIC = 1 mg/ml agairfst aureus The antibacterial activity was observed to
begin at ca. 30 min of the exposureSofaureudo the different concentrations of plant extract,
as observed through the reduction in colony formings (CFU) over time. All concentrations
exhibited antibacterial activity, with complete bericidal effect achieved by all test
concentrations by the 2our.

Thein vitro anti-oxidant activity of the leaf and stem extsast tenCommiphoraspecies was
investigated using the 2,2-diphenyl-1-picrylhydda@PPH) radical scavenging assay and the
2,2’-azino-bis(3-ethyl-benzthiazoline-6-sulfonic idc (ABTS) assays. Isolated compounds
were subjected to the DPPH assay to determine nhieoxddant potential of each of the
compounds, separately and in combination to determpobssible synergistic, antagonistic or

additive interactions. Extracts generally exhibigedor anti-oxidant activity in the DPPH
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assay, with the exception @f. schimperi(stem),C. neglecta(stem),C. tenuipetiolata(stem
and leaf) and C. edulis(stem) which possessed kgvalues ranging between 7.38/ml and
10.81 ug/ml. The flavonol, kaempferol (Ko = 3.32 ug/ml) showed exceptional radical
scavenging activity, in contrast to the activitgmlayed by dihydrokaempferol (4= 301.57
ug/ml), their combination being antagonistic. Theules obtained in the ABTS assay differed
significantly from the results obtained in the DPR$say, with a greater anti-oxidant activity
observed for most of the species. The best activdag observed for the stem extractCof
neglecta(lCso= 7.28ug/ml) andC. mollis(ICso= 8.82ug/ml).
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