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ABSTRACT

Thirty plant species traditionally used to treat skin plathies were chosen from the
readily available ethnobotanical literature. Four plafggueous or methanol
extracts) displayed promising 5-lipoxygenase inhibitoryvégtiwith 1Cso values
below 61 ppm. These includedoe greatheadii, Melianthus comosus, Pentanisia
prunelloides andWarburgia solutaris. Essential oils generally displayed superior 5-
lipoxygenase inhibitory activity with 1§53 values between 22 and 75 ppm. These
included the essential oils oBallota africana, Helichrysum odoratissmum,
Heteropyxis natalensis and Lippia javanica. A large proportion of the plants
exhibited dose-dependent DPPH anti-oxidant activity witky Malues between 5
and 94 ppm for the most active. These includatleria lucida, Croton sylvaticus,
Melianthus comosus, Lippia javanica and Pentanisa prunelloides. Aqueous
extracts ofMelianthus comosus exhibited the most potent anti-inflammatory and
anti-oxidant activity.

The methanol extract of the leaves tddlleria lucida was subjected to activity
guided fractionation and two anti-oxidant molecules weodated, namely luteolin-
5-O-glucoside and verbascoside (acteoside). Isobolograntrgotien resulted in a
concentration-dependent additive and antagonistic interadieing recognised
between the two isolated compounds.

Warburgia salutaris displayed promising 5-lipoxygenase inhibitory activity. Two
isolated compounds, mukadiaal and warburganal were foundtiallgacontribute

to the anti-inflammatory activity of the plant. Tlessential oils oHelichrysum

odoratissimum, Heteropyxis natalensis and Lippia javanica were subjected to gas



chromatography and major compounds contributing to posaittieinflammatory
effects identified. These includdicaryophyllene, 1,8-cineole, limonene aad
humulene. Enantiomers and racemic mixtures of limendisplayed significantly
different 5-lipoxygenase inhibitory activity suggesting retselectivity of the
enzyme-catalysed reaction. The monoterpene 1,8-ciappleared to cause partial
potentiation of the anti-inflammatory activity displayey limonene.

These results provide some vitro scientific rationale for their traditional use as

dermatological agents.
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Chapter 1: General Introduction

Medicinal plants have been used for skin pathologiesafmumber of centuries
(Hutchingset al., 1996; van Wylet al., 1997; Watt and Breyer-Brandwijk, 1962).
In rural areas in developing countries wounds and skireatlsnconstitute one of the
five most common reasons for people to seek medical (Eyr@n, 1992). It has
been reported that approximately one-third of medicinahtplare used for skin
disorders (Mantlet al., 2001). A common theme underlying many skin pathologies
is infammation. Delayed healing of wounds and chromiflammation is a feature
of diseases such as leprosy, syphilis, AIDS, filasiasand leishmaniasis.
Furthermore, the production of free radicals is ineabig linked to the
inflammatory process (Allen, 2003; Grimble, 1994). Thewefot is not an
unreasonable assumption that medicinal plants currentlg asedermatological
agents are anti-inflammatory and anti-oxidant in theicha@ism of action.
Approximately 80% of the world’s population rely on medadi plants for their
health and wellbeing (Mantkt al., 2001). Medicinal plants share a history of being
used by virtually all cultures at one time or anotherurtiermore, the use of
curative herbal remedies form the basis of sophisticatadt-based traditional
medicine systems that have been in existence for thdsisainyears in countries
such as China and India and have been extensively used tiradit@nal African
health care setting.

The plant kingdom historically became the driving force tfee development of

novel drugs. Phytochemicals have played an importantipahne development of
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chemotherapeutic agents throughout the twentieth cenfy520 new drugs
approved worldwide in the period 1983 to 1994, 30 drugs are derivedydirecn
natural sources and 173 are semisynthetic derivatives leddein parent
phytochemicals (De Smet, 1997). Natural products are widelyed as templates
for structure optimization programs with the goal of trganew drugs. Few
researchers doubt that plants are superior sources etuter diversity especially
in the areas where good synthetic leads do not existofBahd De Gregorio, 2002).
Furthermore, the phytochemical evolutionary engine fioe production and
selection of diverse bioactive molecules has been inegxis for much longer than
any pharmaceutical company.

Many of our present medicines are derived directly direatly from higher plants.
The strong historic bond between plants and humanhheatjan in 1897, when
Friedrich Bayer and Co. introduced aspirin to the wdRdskinet al., 2002) which
is a safer synthetic analogue of salicylic acid obtaifnech willow bark. Many
other phytochemicals have lent themselves to drug develapand these include
pharmacologically diverse chemicals such as caffali@loids such as colchicine
and galanthamine, digoxin and morphine (De Smet, 1997). Fomdher anticancer
(taxoids and camptothecins) and antimalarial (quinine amdinginin) drugs have
altered our perception of fatal illnesses to diseasedwdain be managed and cured.
One of the misconceptions of the twentieth century that complex diseases could
be treated with a ‘single golden molecular bullet’ owéver, the shortcomings of
this approach manifested itself in the emergence oftaesis to antimicrobial and

anticancer drugs. For plants to rely on a single aniibiot their biochemical
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warfare with pathogens would be equivalent to evolutionsuicide because
resistance would develop. As a result, plants havelaje@ various metabolic
mechanisms for the production of structurally and fumetily diverse compounds.
For example Berberis fremontii has been reported to produce both antimicrobial
berberine alkaloids and inhibitors of a bacterial muligdresistant pump (Hsiang
and Lewis, 2000). With the technological strides takirag@lin the biotechnology
arena in recent years, the mechanisms of compleasisesuch as diabetes, heart
disease, cancer and psychiatric disorders are beginnirge telucidated. The
complexity of these illnesses necessitates the developraf a multitude of
different molecules and the innate diversity of phytogicals make them ideal

candidates for this task.

1.1 Overview of Inflammation

The inflammatory process is an extremely complicatstade. A full description
of the physiological processes which take place is kel scope of this work. A
brief overview follows.

Inflammation literally means ‘to set afire’. It iscallective term used to describe
the network of physiological responses of the bodynjary (Fig. 1.1.1). Typical
clinical signs of inflammation include redness, haal awelling which are due to
vascular alterations in the area of injury. When aaarf the body undergoes
trauma, blood vessels in proximity dilate and this is &fwasodilation (Ryan and

Majno, 1977). This results in an accumulation of bloothénvasodilated blood
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Trauma

IV— wBC* > mast cells
a7 |

PG M
LT bradykinin, plasmin histaminé

| » vasodilation

—— 1 vascular permeability

congestion
(heat, rednes}

»  fluid accumulation in EVTSt—
(oedemd)

nerve compression
(pain, loss of functior)

69 Osmosis of pins  +<—— 1 protein concentration
tYES at siteiojiry

1 osmotic pressure 1 hydrostatic pressure————

Fig. 1.1.1 Selected physiological pathways of the inflammatorypoase. Vasodilation ar
congestion are collectively termed hyperemia. Brokerowa indicate release of pro-
inflammatory chemical mediators. Typical inflammgteymptoms are indicated in bold.

EVTS, extravascular tissue space; WBC, white blood;de(5, prostaglandins; LT, leukotrien
Yinhibited by Witch hazelHamamelis virginiana) and Oak barkQ@uercus alba), %inhibited by

Loasa speciosa andAzadirachta idica, %inhibited by chamomileNatricaria recutita).
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vessels and this effect is called congestion. Vadamtlaand congestion are
collectively called hyperemia. Hyperemia results in inorease of vascular
permeability and the escape of fluid from blood vessextravascular tissue space
(Fig. 1.1.1, Fig. 1.1.2). Preparations such as witch h&imh@melis virginiana)
have shown to reduce vascular permeability, and therefdlammation, due to a
relatively high content of tannins, primarily gallotanninghich are reported to
possess astringent properties (Brown and Dattner, 1998).b&®k Quercus alba)
has also been reported to exert the same physiolagfeats adH. virginiana due to

a mixture of tannins including catechins, oligomeric proantfaoicins and
ellagitannins (Graf, 2000).

The loss of fluid from blood vessels results in an aase in concentration of
proteins at the site of injury. As a result an inceegmshydrostatic pressure takes
place and more fluid leaves from the intravascularespadhe extravascular tissue
space. Plasma proteins also move in the same direatidrthe accumulation of
proteins in the extravascular tissue space manifestsiimcaased osmotic pressure
in the tissue area. This in turn results in more flaaling the intravascular space
to the extravascular tissue space and again the pricélsus exacerbated. The
overall accumulation of fluid in the tissue areaesred oedema. Many curative
herbal medications such as the leavekaaka speciosa andAzadirachta indica are
reported to reduce inflammatory oedema (BadcHilal., 2003; Chattopadhyast al.,

1993).
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Normal blood vessel  Inflammed blood vessel
Fig. 1.1.2: Vasodilation, congestion, hyperemia and diapedesis. ditedliplants
such aslLoasa speciosa have been reported to inhibit leukocyte migration and

diapedesis (Atherogenics Inc., 2000)

Terms which are often used to describe the clinical sagmsflammation are heat,
redness, swelling, pain and loss of function. Heat addass can be attributed to
hyperemia whereas swelling can be attributed to oederga1Ri.1). Swelling in
turn results in compression of surrounding sensory nevish can cause pain and
loss of function.

The above physiological processes are partly broughtitaly various chemical
mediators. Mast cells are usually present in the tsssi¥éhen a tissue is subjected
to a traumatic event such as mechanical trauma, radiatidacterial toxins, mast
cells release a chemical mediator known as histammistamine attaches toiH
receptors of the vascular endothelium which resultsinoreased vascular
permeability. Herbal preparations such as chamorMiatr(caria recutita) have

been shown to inhibit histamine release from mast (dtisman and Nelson, 2000)
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due to the presence of flavonoids such as apigenin and tugidéeddleton and
Drzewiecki, 1982).

Trauma to a blood vessel wall can also sometimestriestiie underlying basement
membrane to be exposed. This often proves to be a tifgger for the production
of bradykinin and plasmin which result in further vasddila and vascular
permeability.

Some of the most well known chemical mediators dammation are leukotrienes
and prostaglandins. Both are the end products of arachidaidc metabolism
mainly in white blood cells (Foegh al., 1998). Cell injury results in the liberation
of phospholipids from the surrounding plasma membramg (F1.3). Phospholipids
undergo conversion to arachidonic acid under the actionhofgholipase A
Arachidonic acid can be converted further to prostaglandiny &A@ leukotrienes
(LT) and to a number of other eicosanoids via oxygenatactions under the
action of cyclooxygenases and lipoxygenases, respectivelgvonoids such as
guercetin have been shown to inhibit both phospholipaseamd lipoxygenase
enzymes which results in the inhibition of pro-inflamargt prostaglandins and
leukotrienes (Graf, 2000). Various subtypes of prostaglarehist such as PGE
PGD, and PGE, . Prostaglandins are responsible for various physicdbgi
functions such as smooth muscle relaxation, vasamhlatplatelet aggregation,
cytoprotection, pain and temperature control. Medicpilahts such a€urcuma
longa, Salix alba andAloe barbadensis have been shown to inhibit the physiological
actions of prostaglandins (Bedi and Shenefelt, 2002; Graf,;280@astava and

Srimal, 1985).
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membrane phospholipids

phospholipase A

— = QOH - arachidonic acid

5-lipoxygenase Cyclooxygenase
leukotries Prostaglandin b
Prostaglandiris Thromboxanes

Fig. 1.1.3:Formation of leukotriene and prostaglandin pro-inflammatoegiators.
Taken and modified from Foeghal, 1998.
! inhibited by Curcuma longa, Salix alba and Aloe barbadensis® inhibited by

chamomile KMatricaria recutita),? inhibited by Turmeric Curcuma longa).

Arachidonic acid undergoes conversion to various chemiealiators under the
action of 5-lipoxygenase, 12-lipoxygenase and 15-lipoxygenaskeseTinclude
hydroperoxyeicosatetraenoic acids (HPETE), hydroxy derestiHETE) and
leukotrienes.  Chamomile preparations have been repodedntibit both
lipoxygenase and cyclooxygenadsevitro (Norman and Nelson, 2000). It is thought

that the anti-inflammatory properties of chamomile atteibuted toa-bisabolol,a-
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bisabolol oxides A and B, and matricin which is convertedhiamazulene during
extraction of the aromatic constituents (Czyghiral., 2002). The most actively
investigated leukotrienes are those produced by the 5-lipoxyggmasent in
inflammatory cells such as polymorphonuclear neutrogRilN), basophils, mast
cells, eosinophils and macrophages. Arachidonate undergowsrsion to the
unstable epoxide leukotriene; ALTA,). Leukotriene A undergoes conversion to
dihydroxy leukotriene B(LTB4) or conjugates with glutathione to yield leukotriene
C4 (LTC4) which in turn can undergo sequential degradation of theatbiohe
moiety by peptidases to yield Lh@and LTE. Leukotriene B has been reported to
be responsible for the attachment of white blood cellsh® endothelium of
damaged blood vessels and also acts as a chemoattrédatamhagocytes.
Leukotriene G and LTD, are potent bronchoconstrictors and have been reported to
be secreted in hyperallergenic conditions. Leukotrieng lOD, and LTE
collectively form the slow-reacting substance of diydgxis (SRS-A) which is
secreted in hyperallergenic conditions such as asthma rapghyaxis. Many
medicinal plants have been reported to inhibit the faomaf leukotrienes such as
Turmeric Curcuma longa) which additionally inhibits prostaglandins and stimulates
the adrenal glands to secrete cortisone (Srivastava,, B38fstava and Srimal,
1985).

Currently, there are four separate approaches to akiptieene drug development:
5-lipoxygenase enzyme inhibitors, leukotriene receptor anistg, inhibitors of a
membrane-bound 5-lipoxygenase activating protein (FLAP), andpbladipase A

inhibitors (Miele, 2003; Peters-Golden, 2003; Samaria, 2004).
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Various other chemical mediators exist which also plapoitant roles in the
inflammatory process. These include platelet activatagior (PAF) secreted by
macrophages, natural killer (NK) and lymphocytic cdligerleukin (IK) 8 secreted
by macrophages; complement cascade proteins, immunoig®lnid cytokines.
Various constituents of herbal preparations such as Zeyteiphave displayed a
reduction of immunoglobulin E (IgE) and low affinity Igieceptors such as CD23
(Banerjeeet al., 1998; Latchmaret al., 1994; Xuet al., 1997). A variety of
medicinal plants such &caria tomentosa have been shown to inhibit tumour
necrotic factow (TNF- o).

As discussed above, increased vascular permeability playsiportant role in the
inflammatory cascade. It has been reported that {@sparmeability following a
traumatic event follows a bimodal pattern over tinhaitial vascular permeability is
brought about by the action of histamine whereas mor@mpyetl permeability is
caused by a combination of prostaglandins and leukotrienestealsed vascular
permeability is accompanied by WBC migration to the edsaular tissue space.
The migration of WBC is termed diapedesis and is accom@dmy the release of
enzymes and free radicals from the WBC for purposekestioying foreign matter.
Medicinal plants such akoasa speciosa have been shown to reduce leukocyte
migration and diapedesis (Badi#tal., 2003).

A number of nuclear transcription factors such agBl&re responsible for many of
the regulatory functions of the inflammatory response sashproduction of
cytokines (IL-1, IL-2, IL-6, IL-8) and tumour necrosis faca (TNFo). It has been

shown that medicinal plants such as arnieiCa montana) inhibit NF«B (Bedi
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and Shenefelt, 2002). It is thought that phytochemicals sisclsesquiterpene
lactones, isoprenoids, kaurene diterpenoids and polypbsoé responsible for the
inhibitory action on this important transcription factBremner and Heinrich,
2002).

The inflammatory response is beneficial when the desbtm of foreign matter is an
end in itself. However, often normal inflammatory pbisgical responses are
exaggerated and hypersensitivity reactions follow. FRgpes of hypersensitivity
reactions can take place. Type | are caused by primetasits which secrete large
amounts of histamine with resultant hyper-vasodilatiah ia typical of exposure to
grasses, pollens, weeds and dust. Medicinal plants sU@plaosia purpurea have
been shown to modulate both cell mediated and humongdaoents of the immune
system (Damret al., 2003).

Type Il is an immune cytotoxic reaction caused by th&trdetion of normal self
tissue by degradation enzymes secreted by WBC. TypedH immmune complex
hypersensitivity reaction characterized by circulatinggams bound to antibodies
and is typical of diseases such as rheumatoid asthrifiype 1V is a delayed type
hypersensitivity reaction that develops relatively sloahd is typical of contact
dermatitis.

The inflammatory process is extremely complex with erous ‘checks and
balances’. Abundant targets exist for potential chbsrapeutic agents. The
structural and functional diversity of phytochemicalsgent unique opportunities
for their development as chemotherapeutic agents whiett their potential at one

or many possible inflammatory targets.

27



1.2 Overview of Free Radicals and Anti-oxidants

1.2.1 Definition of a Free Radical

A free radical is any species that contains one oermapaired electrons as part of
its molecular structure and is capable of independenteexist (Halliwell and
Gutteridge, 1999). An unpaired electron is an electrondbeatipies an atomic or
molecular orbital by itself. Free radicals can berfed by the gain or loss of a single
electron from a non-radical. In addition, free ratBccan be formed by homolytic
fission whereby the breakage of a covalent bond betweenatoms takes place
(Halliwell and Gutteridge, 1999). As a result, one electrom each of the shared

pair remains with each individual atom:

A:B—>A +B

A'is an A-radical and Bis a B-radical. Similarly, homolytic fission of ercovalent

bond in the water molecule will yield a hydrogen radicai) @hd a hydroxyl radical

(OH).

Alternatively, free radicals can be formed by hetdriolfission in which one atom
receives both electrons when a covalent bond is br¢ialliwell and Gutteridge,

1999):
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A'B—A. +B”
The extra electron gives A a negative charge and B free radical with a positive
charge.

1.2.2 Common Free Radicals and their Formation

Aerobic life utilizes oxygen for the oxidation and combustof hydrogen- and

carbon-rich substrates. This process facilitatesptbeuction of chemical energy
which is essential for life. It also results in tleeluction of the oxygen molecule to
various free radicals (Gutteridge, 1993). Stepwise reduofimxygen takes place

as follows:

0O, + e + H — HO, hydroperoxyl (radical)

HO, — H'+ O% superoxide anion (radical)

O* + 2H" + e— H,0, hydrogen peroxide (non-radical)

H,O,+ e— OH + OH hydroxyl (radical)

OH+e+H— HO

Stepwise reduction of the oxygen molecule results inraber of different radicals

as shown above. In addition, the oxygen molecul&enground state, as it occurs
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naturally, qualifies as a free radical (Gutteridge, 1993jiwtl, 1995; Halliwell

and Gutteridge, 1999). Furthermore, the oxygen molecule undedig@utation
reactions resulting in the formation of hydrogen peroxtich plays a critical role
in the production of highly reactive free radical spe¢igstteridge, 1993; Halliwell
and Gutteridge, 1999). These concepts are examined indataéin forthcoming

discussion sections.

Nitric oxide (Nd) is another free-radical found in various biologicatems. It is

produced by the vascular endothelium and other cells (Moraradiddiggs, 1991).

It has been reported to react with the superoxide aniqdduce a peroxynitrite
intermediate (ONOQ® which is capable of damaging many biological molecules
(Beckmaret al., 1990; Saraset al., 1990).

Transition metals in the first row of the d-block dfetPeriodic Table contain
unpaired electrons. As a result, they fall within thealdrdefinition of free-radicals.
Furthermore, they display variable valencies which mékes potentially reactive.

A number of other free radicals exist in biologicalteyss such as thioyl, peroxyl

and alkoxyl free radicals (Halliwell, 1995).

1.2.3 Pauli’'s Principle

A potential anti-oxidant will scavenge various free cath such as the 2,2-diphenyl-
1-picrylhydrazyl (DPPH) free radical by donation of aac&ron. Reduction of the

DPPH free radical by an anti-oxidant is schematia&fyresented in Fig. 3.2. Once

an anti-oxidant donates an electron it will itselftbensformed into a free radical.
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Such electron donation or reduction is dependent upon tmisaréhat the free
radical formed is more energetically stable than the fadical reduced (Halliwell
and Gutteridge, 1999; and references therein). Free radaaility is inversely
related to activity. Free radical activity is deterndintgy Pauli’'s principle which
states that no two electrons can have the same quamiotbers (Halliwell and
Gutteridge, 1999; and references therein). Spin quantum msirhbge only two
possible values ( + Y2 ). As a result, electrons shaaingolecular orbital will
possess opposite spins. This implies a restrictionlectren transfer to a free
radical. For example, the oxygen molecule in the giostate, as it occurs
naturally, qualifies as a free-radical because itthasunpaired electrons located in
differentz* (= antibonding) orbitals (Halliwell and Gutteridge, 1999; anénexices
therein). These two electrons have the same spinumamimbers or have parallel
spins. As a result, transfer of electrons to thegerymolecule has to take place one
at a time. This property contributes to the fact thatgen reacts sluggishly with
many non-radicals. Complex organic compounds of the hubmaty should
immediately combust in oxygen of the air but the al&pia restriction fortunately
slows this process down. On the other hand, a commerrddical such as singlet
oxygen (Guptat al., 2003) is more reactive than the oxygen molecule igtbend
state because the spin restriction is removed andstiokzing ability of this free
radical is correspondingly increased (Gutteridge, 1993; wAgllli 1995; Halliwell

and Gutteridge, 1999).
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1.2.4 Diseases Caused by Free Radicals

Free radicals play an important role in the pathogenelsmany diseases. The
production of free radicals vivo takes place randomly and for specific metabolic
purposes. An imbalance between free radical generatimh b®@dy defense
mechanisms results in oxidative damage to various ceittsres such as DNA,
proteins, lipids, etc. It has been reported that vanmaibological conditions and
illnesses such as cancer, atherosclerosis, cardidaastisease, diabetes, immune
system impairment, Parkinson’s disease, Alzheimer'seatie, arthritis and
premature body aging can be linked to the production of weagtive free radicals
(Benavente-Garcidt al., 1997, Vaughan, 1997). Furthermore, it has been proposed
that free-radicals play an important role in the pgémesis of ischaemic injury

(Cotelleet al., 1996).

1.2.5 Definition of Anti-oxidants

An anti-oxidant is any substance that when present atdéowentrations, compared
to those of the oxidizable substrate, significanthagg| or inhibits, oxidation of that
substrate (Halliwell and Gutteridge, 1999). Anti-oxidants @einby a number of
mechanisms including removal of oxygen or decreasing Bga&bncentrations;
removal of catalytic metal ions; removal of reaetoxygen species (ROS) such as
superoxide anions and hydrogen peroxide; scavenging of initiadagddicals such
as hydroxyl free radicals; scavenging of singlet oxygen; daihdreakage of an

oxidation sequence (Gutteridge, 1993).
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Superoxide dismutase (SOD), catalase and glutathione pemxadagxamples of
enzymatic innate biological anti-oxidants inherent to tn@dn body. A number of
nonenzymatic anti-oxidants also exist such as alburaggrhic acidg-tocopherol,

B-carotene, uric acid and bilirubin (Prior and Cao, 1999).

1.2.6 Medicinal Plants as Anti-oxidants

Various medicinal plants have been reported to possdsexadant properties.
These include, amongst others, thyme, marjoram (Baetiaal., 1992), sage
(Schwarz and Ternes, 1992; Stepleml., 1977; Svoboda and Deans, 1992) and
catnip (Hirosueet al., 1988). In addition, a number of phytochemicals which
display anti-oxidant activities have been isolated fromadicinal plants. These
include polyphenols such as tannins and flavonoids (Yokozawal. 1998),
tocopherols and catechines (Dapkeviatsl., 1998). Organic acids, carotenoids
and protein hydrolysates have also displayed anti-oxidéfetts or synergistic

effects with other anti-oxidants.

1.2.7 Limitations of Current Anti-oxidants

The food industry has traditionally provided the impetus awsnemtum for the
discovery of novel anti-oxidant molecules. Phenaampounds provided the
stepping stone for the production of synthetic anti-axislauring the Zbcentury
(Sherwin, 1990). Some of the well known anti-oxidantsdusaeday include
synthetic compounds such as gallates, 2,6-di-tert-butyl-4-npétégbl (BHT), tert-

butyl hydroxyanisole (BHA) and tert-butyl hydroquinone (TBHQHowever, in
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recent years consumer preference has turned the witleglcle in the search for
natural products. Tocopherol and ascorbic acid displagri@nti-oxidant potentials
than synthetic anti-oxidants (Nishirgh al., 1991) and the safety and toxicity of
synthetic anti-oxidants has often been a point of coioterand concern with
synthetic anti-oxidants reportedly being implicated in saudiver damage and
carcinogenesis (Grice, 1986; Wichi, 1988). Furthermore, sarhethe
physicochemical properties of the available synthetic -@atiants such as
instability and volatility are deemed to be unfavourableolat®on of novel anti-
oxidant phytochemicals and structure-activity analysis cordgult in the
development of an anti-oxidant compound which is superiortdarms of
physicochemical and pharmacological profiles. This cautiohately yield anti-

oxidant compounds of greater therapeutic potential than tlyrearilable.

1.3 Inflammation, Free Radical Production and Anti-oxidants

The production of free radicals is inextricably linkedthe inflammatory process.
The immune system produces a large number of potent cdemibich include free
radicals. Free radicals prime the immune responseyitenflammatory cells and
are innately bactericidal (Allen, 2003; Grimble, 1994).ed-radicals and oxidants
activate NkB, a nuclear transcription factor, resulting in an uplagn of

interleukin-1, interleukin-8 and tumour necrosis factoKf). This in turn further

stimulates the immune response, increases oxidant produatid can lead to

further tissue damage. The paragraphs which follow provitap-shot’ of an
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extremely complicated process describing the interigbleb@cepts of inflammation
and free radical production. As a result, they offesmaplified picture for the sake

of brevity and understanding.

1.3.1 Free Radicals and the ‘Respiratory Burst’

When human tissue is subjected to injury, an acute inflaorghaésponse often
develops as described in Section 1.1. Foreign mattehenirtflamed area is
engulfed by neutrophils and macrophages reaching the sitehsnghtysiological
response is called phagocytosis. At the onset of pheggsyboth neutrophils and
macrophages demonstrate an increase in oxygen uptake ang teisned the
‘respiratory burst’. This process ultimately resultstihe formation of toxic free
radicals such as superoxide anion and the production of gsalrperoxide which
plays a critical role in the assembly of highly reacfree radical species.

The formation of superoxide anions and hydroxyl free radioglshe respiratory
burst has been observed not only in neutrophils and mageghmt also in brain
microglial cells, liver Kupffer cell, monocytes, basdphimast cells and eosinophils.
It is also of interest to note that the immunolog&abstance histamine described in
section 1.1 has been shown to stimulate basophils, @tdsiand mast cells to

produce more superoxide anions.

1.3.2 Free Radicals and Inflammatory Cell Recruitment

As described in section 1.3.1, superoxide anions are produced tpgycptia cells

such as neutrophils and macrophages. It has been repotietipbeoxide anions
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react with a component of normal plasma and in sogdaire responsible for
forming a chemotactic factor for neutrophils. Furthemmat has been shown that
perfusion of tissue with superoxide anions caused an imcr@asvascular
permeability and neutrophil margination and pavementing (Daéstroet al.,
1982). In addition, prostaglandins regulate some inflammdtmctions (Tanakat

al., 2004) and effective anti-oxidant treatment has been dfotom inhibit
prostaglandin synthesis (Rekkaal., 1996). Many other examples are available
which demonstrate the close relationship between fre@alaproduction and
inflammatory cell recruitement (Ayyagami al., 2003; Grimble, 1994; Safaykt

al., 1994).

1.3.3 Free Radicals, Anti-oxidants and the 5-lipoxygenase Emag

Molecular structure elucidation of the 5-lipoxygenase enzlaseyielded valuable
information about the mechanism of action of this praaimiinatory enzyme. For
maximum activity to take place, it is necessary thateéhsyme be converted from
an inactive reduced state to an active oxidized stabeir{dy, 1999). The active 5-
lipoxygenase enzyme undergoes recycling via formation of aagentyl free
radical, hydropyroxy radical and oxygen atom insertiondifferent places of the
carbon chain of arachidonic acid (Young, 1999). Anti-oxidants faee radical
scavengers could therefore potentially reduce all thad&als mentioned and thus
terminate synthesis of leukotrienes. In addition, leugné&s have been documented

to enhance the ‘respiratory burst’ and thus increase fadical production
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(Halliwell and Gutteridge, 1999; Young 1999). Therefore, inhibitadnthe 5-

lipoxygenase enzyme can also indirectly reduce free gafiocduction.

1.3.4 Practical Examples of Free Radicals and Inflammation

A large number of examples are available which are #&blelepict the close
relationship that exists between free radical producaod the inflammatory
process in a clinical setting (Halliwell and Gutterid$899). For example, patients
suffering from psoriasis have been shown to haverarsdéactor which increases
oxygen-radical production by phagocytes which are known turaglate in
epidermal lesions. Macrophages are present in the lesfangelinated nerves in
multiple sclerosis and damage may be exacerbated byprtbgtuction of free
radicals. Lungs of animals which are damaged by elewatgglen concentrations
provoke an inflammatory response characterized by an ioflmeutrophils. These
in turn release superoxide anions and hydrogen peroxide andatses more tissue
damage. Inhalation of silica particles and asbestosiosvik to cause a chronic
inflammatory condition accompanied by macrophage destrueim subsequent
release of free radicals into the extracellular mumding medium. Furthermore,
some asbestos fibres contain iron which can stimulgtid peroxidation and
hydroxyl-radical formation. Free radical production by ashe and silica can lead
to further tissue destruction and the development of esarfelalliwell and

Gutteridge, 1999).
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1.4 Medicinal Plants, Skin Pathologies and Relevance to Inflamation / Free

Radicals

Only 1-3% of modern drugs are used for ailments of the (8kamtle et al., 2001).
Medicinal plants have been used by traditional peamlenfany different types of
skin disorders. (Hutchinget al.; 1996; van Wyket al., 1997; Watt and Breyer-
Brandwijk, 1962). Currently available ethnobotanical dtere often proves to be
limited in information when skin pathologies are desatibeFurthermore, the
mechanism of action of medicinal plants used for skmexits is rarely reported.
Without such information it is difficult to justify ehrational usage of medicinal
plants as effective dermatological chemotherapeutintage

Pharmacological and pharmacognostic investigations haasilted in the
development of many conventional anti-infammatory amdi-@xidant agents.
These include anti-inflammatory agents such as salicgticd (Evans, 1996).
Likewise, semi-synthetic steroidal drugs are synthesizgdg plant steroids as
intermediates such as diosgenin and hecogenin and steedk@doids of the
Solanaceae family.  Anti-oxidants derived from natural sources hayeined
popularity in recent years and these include phytochemsta&ls as catechins and
procyanidins (Dragsted, 2003). Therefore, ethnobotanicaismomly used in
traditional medicine for skin ailments may possess iaffammatory and anti-
oxidant phytochemicals which may explain their mechanignaation. These
phytochemicals may be used as a foundation and driving for¢cbe development

of conventional chemotherapeutic agents. Furthermore,rmalcagnostic
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investigations of these phytochemicals could yield valuabielasions about the

rationale for using medicinal plants as dermatologigaints.

1.5 Rationale for the Usage of the 5-Lipoxygenase and the 2,plenyl-1-

picrylhydrazyl (DPPH) Anti-oxidant Assays

Numerous biological assays are in existence for thesrm@tation of anti-
inflammatory and anti-oxidant activities of therapeut@mmpounds. Established
anti-inflammatory assays include, amongst others, oygigenase-1 (COX-1) anti-
inflammatory assay, cyclooxygenase-2 (COX-2) anti-infraatory assay,
interleukin-1 (IL-1) and interleukin-6 (IL-6) anti-inflamnmay assays, NéB anti-
inflammatory assay and the 5-lipoxygenase assay (Kaekali, 2003; Tanakat

al., 1992; Wuet al., 2004). Anti-oxidant assays have also been in existence f
many years and include the oxygen radical absorbance tag@&AC), ferric
reducing anti-oxidant power (FRAP), total oxidant scavemgiapacity (TOSC),
and 2,2-diphenyl-1-picrylhydrazyl (DPPH) assay (Aruoma, 2003pwe¥er, the
DPPH anti-oxidant assay involves the use of a stabder&@ical which is relatively
easier to handle than conventional free-radicals usezbstablishedn vitro anti-
oxidant assays. Furthermore, the stability of the DREl radical implies that a
potential anti-oxidant will react with other well knovnee radicals which are more
unstable and therefore more reactive. Moreover, thBeHDRssay is relatively
inexpensive compared to othaer vitro anti-oxidant assays. Although numerous

anti-inflammatory assays also exist, the 5-lipoxygenadebitory assay was
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specifically chosen because the 5-lipoxygenase enzymeheisretically very
sensitive to anti-oxidants because of its non-hemeatom in the active site of the
enzyme which undergoes redox recycling for activation (Sdenaind Bucar, 2005;
Young, 1999). For maximum activity to take place, it isessary that the
transitional iron atom of the enzyme be converted fammnactive reduced state to
an active oxidized state (Young, 1999). Many 5-lipoxygenasbiinls act as non-
selective antioxidants by reducing the active-site faron. Further investigations
could potentially reveal the dichotomy or correlatibetween 5-lipoxygenase

inhibitory activity and anti-oxidant activity of selectegtdicinal plants.
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1.6 Study Objectives

The following objectives were proposed for theilfuént of this academic work:
e Implementation of the 5-lipoxygenase anti-inflammat@sey.

e Screening of selected ethnobotanicals for anti-inflatony activity using the 5-
lipoxygenase enzyme assay. The concentration of edlesthnobotanicals to
inhibit 50% of 5-lipoxygenase activity (k) will be determined.

e Implementation of the DPPH anti-oxidant assay.

e Screening of selected ethnobotanicals for anti-oxidetntity using the DPPH
anti-oxidant assay. The concentration of seleetedobotanicals to reduce 50% of
DPPH radicals (16s) will be determined.

e |solation of possible anti-inflammatory compounds fread crude plant extracts
using classical chromatographic techniques.

e [solation of possible anti-oxidant compounds from leadi€ plant extracts using
column chromatography and thin layer chromatography.

e Evaluation of 1G, values of lead pure compounds with regard to anti-
inflammatory and anti-oxidant activity.

e Determination of interaction between isolated-aritammatory and anti-oxidant

compounds using isobologram construction.
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Chapter 2: Collection and Extraction of Plant Material

2.1 Introduction

A thorough literature survey undertaken revealed thatiaimad plants have been
used for various skin disorders for a number of centuridewever, the precise
mechanisms of action and active constituents of tbaetiges have not been fully
elucidated. As a result, viable plants were identifiedlected and subjected to
extraction procedures. It was hoped that crude extfacssabtained could in future

be subjected to biological testing.

2.2 Materials and Methods

2.2.1 Collection of Plant Material

South African indigenous plants were chosen accordintheéo reported use as
dermatological agents and availability from variousalpes (Fig. 2.1). Only plant
parts which were reported in literature (Hutchiegal., 1996; van Wylet al., 2000;
Watt and Breyer-Brandwijk, 1962), to be used for skin ailsiemtre harvested.
Thirty plants were collected from various localities or wetdained from the
Walter Sisulu Botanical Garden (WSBG) and National Biot Institute (NBI).
Table 2.1 depicts medicinal plants chosen which may pgssilsplay anti-
inflammatory / anti-oxidant activity correlating witndir traditional use. Plant
family divisions allow insight into anti-inflammatorgnd / or anti-oxidant actions
across genus and species in a particular family. Vowsgemmens are housed in the

Department of Pharmacy and Pharmacology, Universityso¥Nitwatersrand,
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() (d)

Fig. 2.1: Collection of various medicinal plants used for deoiegfical pathologies. (a)

collection at Walter Sisulu Botanical Garden (WSB®);Groton sylvaticus; (c) Bulbine

spp.; (d)Pentanisia prunelloides.
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Table 2.2 South African medicinal plants chosen based on dostedesvidence as dermatological agents with correspomnancgl

uses and chemical compounds previously isolated.

Specied Family Common topical uses Chemical compounds
and pharmacological action

Aloe ferox™? Asphodel aceae Arthritis, eczema, venereal sores, skin lesions, [@s)p Glycoproteins have wound healing effects.

Aloe greatheadi'? blisters, ringworm, boils. Contains wound-healing,

Aloe maculata’? hydrating, insulating and protective properties.

Artemisia afra™*® Compositae Neuralgia, swellings in mumps, throat inflammation, eyg The volatile oil contains 1,8-cineole;thujone,
lotion, haemorrhoid lotion, measles rash, earadtieves | p-thujone, camphor and borneol. Also containg
pain of gumboils, relieves toothache. terpenoids of the eudesmadien- and germacrat

types, as well as coumarins and acetylenes.

Ballota africana’ Lamiaceae Lotion for sores on the head, thrush. Diterpenoidlaes of the labdane type.

Bulbine spp. 7*° Asphodel aceae Rheumatism, sciatica, rashes, itches, ringworms, alacke Glycoproteins in the leaf gel, such as aloctin A
lips, mouth ulcers, rheumatism. aloctin B. Also contains chrysophanol.

Carpobrotus edulis? Aizoaceae Antiseptic, severe weeping infantile eczema, woundsishuTannins, malic acid, citric acid have antiseptic,
ringworm, blue-bottle stings. vasoconstricting and tissue regenerating prope

Clausena anisata™ Rutaceae Wounds which are usually infested. Various terpenes.

Clerodendrum glabrum' == Verbenaceae Decoction of the leaf used to prevent the developmient @ Chemistry poorly studied.

Maggots, blowflies and other parasites in wounds
on animals.
Cotyledon orbiculata’ Crassulaceae Earache, toothache, boils, inflammation Containdiaarglycosides of the bufadienolide

type but there is no clear link to reported analg
effects.

Crinum bul bispermum-==

Amaryllidaceae

Aching joints, swollen joints, rheumatism, varicose
veins, backache, septic sores, abscesses, earache.

Various alkaloids have been shown to have
analgesic activity.

Croton gratissimus

Croton sylvaticus

Euphorbiaceae

Inflammation, bleeding gums, wounds, boils.

Saponins, monoterpenoids, diterpenoids.

Datura stramonium’*? Solanaceae Wounds, sores, swellings, tumours, rheumatic pain, goutAlkaloids.
boils, abscesses, bruises, inflammation, pus.
Gloriosa superba®*? Colchicaceae Skin eruptions, bruises, haemorrhoids, sprains, pimples, Colchicine, phenolic alkaloid, steroids,

wound disinfectant, toothache, rheumatism and gout.

ien

and

rties.

salicylic acid.
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Species

Family

Common topical uses

Chemical compounds
and pharmacological action

Halleria lucida®

Scrophulariaceae

Earache, skin ailments.

Chemistry poorly studied. Compoapjisar
to be mildly astringent.

Harpagophytum procumbens | Pedaliaceae Rheumatism, arthritis, sores, ulcers,boils. Triterpnand flavonoids.
Helichrysum odoratissimun-°| Compositae Popular ingredient for wound dressings, wound Flavonoids, sesquiterpenoids and acylated
infections, acute dermatoses. phloroglucinols. The antimicrobial flavonoid
(chalcone) helichrysetin has been isolated. Th
essential oil containg-pinene andi-humulene.
Heteropyxis natalensis' = Heteropyxidaceae Steaming of the face, nose and mouth in nose The essential oil contains monoterpenoids
bleeding, bleeding gums. such a$-ocimene, 1,8-cineole and limonene
Kigelia africana™** Bignoniaceae Ulcers, sores, syphilis, rheumatism, acne and Dihydroisocoumarins and their glycosides.
toothache.
Leonotis leonurus™? Lamiaceae Boils, eczema, skin ailments, itching, fever, arthritisDiterpenoids.
swollen glands, mouth ulcers.
Lippia javanica™* Verbenaceae Scabies, lice, sprained joints, rashes, urticaria. Volatile oil contains monoterpenoids such as

Myrcene, caryophyllene, linalogh;cymene
and ipsdienone.

Contains various organic acids, alcohols,
iridoid glycosides and triterpenoids.

Melianthus comosus'~

Melianthaceae

Sores, rheumatism, painful feet, bruises.

Triterpenpiolssibly heart glycosides.

Pentanisia prunelloides"* Rubiaceae Burns, swellings, sore joints, rheumatism. Naphthoqeso Chemistry poorly studied.

Rauvolfia caffra™** Apocynaceae Analgesic properties, rashes including rashes cauj None of the compounds isolated thus far have
measles, urticaria. been shown to have dermatological effects.

Rothmannia capensis ** Rubiaceae General rashes, rash caused by measles. Indole dkalaih as reserpine and ajmalicin

(raubasine).

<cilla natalensis™**

Hyancinthaceae

Various skin ailments including sprains, fractures,
boils and sores.

Saponins and flavonoids.

Trichilia emetica’” Meliaceae Eczema, skin ailments, ulcers, rheumatism, gout. Loidsn

Warburgia salutaris™ Canellaceae Penial irritation, urethral inflammation, sores, skin | Drimane sesquiterpenoids.
irritation.

Ziziphus mucronata’ > Rhamnaceae Boils, sores, swellings, pain relief, promotion of Various alkaloids.

healing, glandular swellings, carbuncles.

2 Referencing indicated by numbéutchingset al.,

1996;° van Wyket al., 2000;> Watt and Breyer-Brandwijk, 1962.
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Johannesburg, South Africa. Seasonal and regiongtieaas were not taken into

consideration and plants were collected between June 2d0Riae 2004.

2.2.2 Preparation of Crude Plant Extracts

Plants were air dried at room temperature for three @aggnacerated. Indigenous
people often utilize aqueous solvents for extraction ghaes in a rural setting.
However, phytochemists have in the past been reportedetovarsous volatile
solvents for extraction procedures because of easy niatigpuand handling in a
laboratory setting. This invariably confounds the datalabai in various literature
and as a result both methanol and aqueous solvents wgerk for extraction
procedures. Furthermore, the polarity index of methanddlatively similar to that
of water with both solvents reportedly classed as polaraddition, the mode of
application of medicinal plants in rural settings c@metimes be direct without
further extraction procedures but this is not feasibleirfievitro biological tests.
Correlation in biological activity between the two typd®xtracts was subsequently
investigated. Extraction with aqueous and methanol solweassnot performed
successively. Rather, approximately 5 g of separate atadeplant material was
subjected to one of the two extraction solvents. Cxiichetion took place for eight
hours and the samples were re-extracted with the saiwens for an additional
eight hours. Methanol extracts were placed in aefuohamber to dry or
alternatively subjected to rotary vacuum evaporation aquk@us extracts were
lyophilized using a freeze drier (Virtis) for 48 hours. plant extracts were stored

at room temperature.
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2.2.3 Extraction of Essential Oils

Seven of the selected plantdrtemesia afra, Ballota africana, Clerodendrum
glabrum, Heteropyxis natalensis, Helichrysum odoratissimum, Leonotis leonurus,
Lippia javanica) are, according to literature, aromatic and the esdeonils were
obtained according to the method of Yastlial. (2005) with slight modification.
Briefly, crude plant material was hydro-distilled in 500 shiwater for three hours
using a Clevenger-type apparatus. The temperature of theatypavas kept
constant at 104 °C. Essential oil and water was cetlleict the collection arm of the
apparatus and separation was due to density differenths. essential oils were
stored in amber vials which offered protection against ligiieted degradation.

The amber vials were then stored at 4 °C to pre&sdrgial oil resinification.

2.3 Results and Discussion

2.3.1 Non-volatile Compound Yield

Yield of aqueous and methanol extracts obtained is exqutess a percentage of
fresh plant material weighed before extraction procesiwere initiated. All species
investigated, locality and percentage yield are given inelaa.

Resource limitation prevented the collection of ainté identified from literature
which are used for various dermatological pathologies. efort was made to
obtain agueous or methanol extracts of plants which Vueited by distribution.
Alternatively, if a plant was aromatic and methamoblqueous extracts could not be

obtained, essential oils were obtained by hydro-digtitat
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Table 2.2: Plant name, locality, plant part and percentage yieél8outh African medicinal plants commonly used topjcadr

skin diseases.

Plant Voucher / locality Plant part Methanol / Aqueous / Essntial oll % Yield?®
Aloeferox WSBG Leaves Aqueous 20.48
Methanol 59.52
Exudate - nd
Aloe greatheidii WSBG’ Roots Aqueous NP
Methanol 5.18
Aloe maculata WSBG’ Leaves Aqueous NPM
Methanol 15.90
Roots Aqueous NPM'
Methanol 11.11
Artemisia afra Klipriversberg Leaves Aqueous NP
(Gauteng) Methanol NPM
Aerial parts Essential oil 0.35
Ballota africana Vergelegen Aerial parts Aqueous 20.60
(Southern Cape) Methanol 20.60
Essential oil 0.012
Bulbine spp. WSBG’ Leaves Aqueous 28.75
Methanol 23.75
Carpobrotus edulis WSGP’ Leaves Aqueous 16.89
Methanol 45.85
Clausena anisata WSBG’ Leaves Aqueous 23.21
Methanol 21.27
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Plant Voucher / locality Plant part Methanol / Aqueous / Essntial oll % Yield?®
Clerodendrum glabrum North-west of Warmbad| Leaves Aqueous 18.35
(Northern Province) Methanol 9.63
Aerial parts Essential oil NPM
Cotyledon orbiculata WSBG’ Leaves Aqueous 29.00
Methanol 43.16
Crinum bul bispermum WSBG’ Bulb Aqueous NP
Methanol 2.84
uwe Flowers Aqueous 40.42
Methanol 26.39
Croton gratissimus WSBG’ Bark Aqueous 4.49
Methanol 8.97
Croton sylvaticus NBI® Roots Aqueous 15.20
Methanol 64.80
Datura stramonium South of Warmbad Fruit Aqueous 18.95
Methanol 5.44
Leaves Agueous 26.14
Methanol 13.71
Gloriosa superba WSBG’ Corms Aqueous 26.20
Methanol 2.49
Halleria lucida WSBG Leaves Aqueous 15.64
Methanol 19.52
Roots Aqueous 11.96
Methanol 491
Harpagophytum procumbens | Commercial product Roots Aqueous 17.40
Methanol 52.80
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Plant Voucher / locality Plant part Methanol / Aqueous / Essntial oil | % Yield®
Helichrysum odoratissmum | Amatola Mountains Leaves Aqueous NP
(Eastern Cape) Methanol NPM
Aerial parts Essential oil (AV 587) 0.064
Essential oil (AV 590) 0.14
Heteropyxis natalensis Cullinan Whole plant Aqueous NP
(Gauteng) Methanol NPM
Aerial parts Essential oil fid
Kigelia africana Northern Province Fruit Aqueous 34.00
(commercial product) Methanol 22.71
Leonotis leonurus WSBG Leaves Aqueous 8.81
Methanol 20.59
Aerial parts Essential oil fid
Lippia javanica Melville Koppies Leaves and Aqueous 12.40
(Gauteng) stems Methanol 12.80
Aerial parts Essential oil 0.054
Melianthus comosus WSBG Leaves Aqueous 27.46
Methanol 27.71
Pentanisia prunelloides NBI® Roots Aqueous 6.00
Methanol 52.00
Rauvolfia caffra WSBG Bark Aqueous 11.39
Methanol 2.17
Stem Aqueous 14.92
Methanol 7.69
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Plant Voucher / locality Plant part Methanol / Aqueous / Essntial oll % Yield?®
Rothmania capensis WSBG’ Fruit Aqueous 36.32
Methanol 37.49
Roots Aqueous 15.01
Methanol 5.80
Scilla natalensis WSBG Bulb Agueous 14.88
Methanol 35.98
Trichilia emetica Swaziland Leaves Aqueous 20.67
Methanol 12.00
Warburgia solutaris WSBG’ Leaves Aqueous 26.32
Methanol 23.30
Ziziphus mucronata Melville Koppies Leaves Aqueous 14.81
Methanol 12.88

4percentage yield expressed for aqueous and methanol epeachy weight and for essential oil per wet weighplaht

material weighed.

Walter Sisulu Botanical Garden, Johannesburg, South Africa

®National Botanical Institute, Pretoria, South Africa.

4University of the Witwatersrand Medical School, Johaboeg, South Africa.

®not determined.
"no plant material.
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2.3.2 Essential Oil Yield

Seven of the selected plantdrtemesia afra, Ballota africana, Clerodendrum
glabrum, Heteropyxis natalensis, Helichrysum odoratissimum, Leonotis leonurus,
Lippia javanica) are aromatic and the essential oil yield expressedp@scentage of

fresh plant material is represented in Table 2.2.
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Chapter 3: 5-Lipoxygenase and Anti-oxidant Activities of Medtinal

Plant Extracts

3.1 Introduction

The mechanism of action of medicinal plants used faioua skin disorders
remains an unanswered question. Without such informatibeit(en vitro data) it
is difficult to justify the rational usage of medicirEants as effective therapeutic
agents. The intricate interplay between inflammatioth axidation prompted the
investigation of anti-inflammatory and anti-oxidant a¢i®s of medicinal plants
collected. The 5-lipoxygenase anti-inflammatory and tR€B anti-oxidant assays
were chosen as yardsticks to represent such biolcagtiaity for reasons explained
in Section 1.5. Preliminary screening offered a benchnuwarkubjecting specific
medicinal plants to further biological tests and clzdsichromatographic

techniques.

3.2 Materials and Methods

3.2.1 Materials

Tweerf 20 was obtained from Merck (S.A); dimethyl sulfoxide (DMS@js from
Saarchem (S.A); potassium hydrogen phosphatelRKy), potassium dihydrogen
phosphate (KkEPQy), linoleic acid, 2,2-diphenyl-1-picrylhydrazyl (DPPH) and
ascorbic acid were from Fluka (S.A); potato 5-lipoxygenaseyme and

nordihydroguaiaretic acid (NDGAyere from Cayman (U.S.A); methanol (HPLC
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grade) was from Ultrafine Limited (S.A). The materwiadsre used without further

purification. Double distilled de-ionised water was usedédgonstitution.

3.2.2 Biological Testing

3.2.2.1 5-lipoxygenase Assay

Possible inhibition of 5-lipoxygenase activity was determibgdthe method of
Sircaret al. (1983) and modified by Evans (1987). This assay was impteohéry
myself in collaboration with Ms. S. Baylac (Roberterance) in October 2003. All
concentrations refer to final concentrations in 3 ml tegemaintained at 25 °C in a
thermostated bath. Stock solutions were made up inrgaoce to Appendix 1.
The standard assay mixture containedill®f plant extract dissolved in a 3 % w/w
solution of Tweefi 20 in DMSO, 0.1 M potassium phosphate buffer (pH 6.3,
2.95ml) prepared with analytical grade reagents and linatgd (100uM, 50 pL).
The initial concentration of plant extract was 100 pwith at least a threefold
stepwise serial dilution used for determination of SxXjgenase inhibitory activity.
An extract showing no or weak (< 50 % inhibitory activity)180 ppm was not
subjected to further testing and stepwise serial dilut@&nleast three readings were
taken for each extract. The final concentratiorhefTweefi 20 in DMSO solution
in the reaction mixture was 0.3 % v/v. Linoleic acather than arachidonic acid,
was used due to its ease of handling and strongertgffori the 5-lipoxygenase
enzyme resulting in greater UV absorbance readings (BaldcRacine, 2003;
Shimizuet al., 1990). The reaction was initiated with the additib@@0 U (12uL)

isolated 5-lipoxygenase diluted with equal volume potassinosphate buffer
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maintained at 4 °C. The stock concentration of the enzyme 8333 U mit.
Potato 5-lipoxygenase was used rather than human equivalentodgeeater
accessibility, cost and greater purity with concomittaatuction in side-reactions.
The increase in absorbance at 234 nm was recorded fornl@esiwith a single
beam spectrophotometer (Analytikiena Specord 40) linked t&Ca by the
Winaspect software (Fig. 3.1 (a)-(€)). Decreasing amounts of eixirere added
and initial reaction rate was determined from the sldgheostraight line portion of
the curve.

The percentage enzyme activity was calculated by compawdth the negative
control (DMSO and Tweéh20) according to the following equation:

% activity = $e/ Suc X 100 (1)
where $eand S are the slope of graph due to plant extract and slogeaph due
to negative control, respectively. Nordihydroguaiaretied aepresented the
positive control and its activity was assessed witinal concentration of 20 ppm
with at least a threefold reduction in concentratiangiserial dilutions (Baylac and
Racine, 2003). Percentage enzyme activity was plotted agansentration of
plant extract. The concentration of plant extraeit ttaused 50% enzyme inhibition

(ICs0) was determined using Enzfitfeversion 1.05 software.
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(d) (e)

Fig. 3.1: The 5-lipoxygenase assay; (a) weighing of the plambetxt(b) addition of plant
extract dissolved in DMSO to give a final concentratibd@) ppm in cuvette; (c) addition
of linoleic acid (substrate) to cuvette; (d) addition ®fipoxygenase (enzyme); (e)

monitoring of reaction at 254 nm over a period of 10 min.
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3.2.2.2 DPPH Anti-oxidant Assay

The anti-oxidant activity of each extract was determinasked on the colorimetric
method described by Shimaah al. (1992) to test for DPPH (2,2-diphenyl-1-
picrylhydrazyl) radical scavenging activity. This assaswnplemented by myself
in collaboration with Ms. M. Muranova (CSIR, Pretor&&guth Africa) in January
2004. A 96 well microtitre plate was used to generate attjgve measure of
radical scavenging activities of extracts. All corications refer to final
concentrations in each well. Stock solutions were maglein accordance to
Appendix 2. The reaction mixture containediOextract dissolved in pure DMSO
and 200uL DPPH (0.077 mmol.tY) dissolved in HPLC grade methanol. The final
concentration of DMSO in the reaction mixture was 2@/% Reaction mixtures
for negative controls contained extracts and methaitbbut DPPH. Each extract
was tested at an initial concentration of 100 ppm witleadt a threefold reduction
in concentration using serial dilutions to determimalfanti-oxidant activity. The
plate was shaken for 2 minutes and stored in the darknfadditional 30 minutes.
Percentage decolourisation was obtained spectrophotoafigtat 550 nm using a
Labsystems Multiskan RC microtitre plate reader (Fi).3Each assay was
performed in triplicate. Extracts which displayed praimg activitiy & 50%
decolourisation at 100 ppm) were retested at lower comt@ms using serial
dilutions. Analytical grade ascorbic acid and NDGA ¢ibuted the positive
controls (Dupontet al., 2001; Songet al., 2005). The activities of the positive
controls were assessed with an initial concentratbr20 ppm with at least a

threefold reduction in concentration using serial dilgio The concentration of the
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(DPPH) OZNQ N— + FIOH

O
(DPPH-H) OZNQ N—N Fio-

Fig. 3.2: Principles of the DPPH anti-oxidant assay; (a) a @8 microtitre plate

containing an active medicinal plant extract. Yellowllsvéndicate strong free
radical scavenging activity while purple wells indicateal free radical scavenging
activity. Colourless wells are used to subtract coloterierence due to plant
extracts. Top and bottom rows constitute negativeraotsn (b) Chemical reaction
representing the reduction of DPPH by a flavonoid (FIGéthpound. DPPH in its

unreduced form is purple but undergoes a colour change to yatioavreduced.
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extract that caused 50% decolourisationsflGvas determined using Enzfitfer

version 1.05 software.

3.2.2.3 Statistical Analysis
Student’st-test was used to determine statistical differences ilodi@al activity
with a significance level of P €.05. All analysis were performed with GraphPad

Prisnf version 4.03 software.

3.3 Results and Discussion

3.3.1 Anti-inflammatory Activity

The vast majority of medicinal plants did not exhibit asignificant anti-
inflammatory activity in the 5-lipoxygenase assay at abitrarily chosen
concentration of 100 ppm. This concentration value wasen because of the
inherent limitations associated with localised andswanmal drug delivery (TDD).
Optimistic expectations of TDD were often thwarted bynynaitfalls inherent to
this science. Most notably, the outermost nonviable lafethe epidermis, the
stratum corneum, has proved particularly resistant t® TDe to its lipid bilayer
architectural design (Elias, 1983; Meidan and Michniak, 2004).a Assult, this
places a major limitation on the physicochemical ifgadisplayed by compounds
which qualify as candidates for TDD. Such physicochelmigatations include,
amongst others, molecular weights less than 500 dallogsP (octanol-water)

between one and three and Pka values between six an(Baimg, 2001; Meidan
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and Michniak, 2004). As a result, a maximum concentrataoevof 100 ppm
chosen is extremely conservative because the limtatdescribed mean that only a
small percentage of applied drug eventually reaches the stge A larger value
would entail a scaling up of the concentration of theiagdbrmulation to the skin
which could decrease patient compliance and increasatyoxistatistical analysis
for this set of results was, for the greater part, dekeomnecessary as this formed a
preliminary screening exercise. However, statisticaste®re included sporadically
and in ensuing investigations. Furthermore,itheitro activity of medicinal plant
extracts were compared to NDGA and Vit C and an arbitsagfe of relativan
vitro activity was defined which allowed the identification bétmaximum IGy
regarded as indicating worthwhile anti-inflammatory acieis follows (Baylac and

Racine, 2003):

++++ X 10 ppm (very strong)
+++ 10 ppmGsp < 30 ppm (strong)
++ 31 ppm <sd€ 50 ppm (moderate)

+ 51 ppmGsd< 100 ppm (weak)

Inactive above 100npp

Colour interference prevented obtaining credible 5-lipoxygenahibitory activity

for Croton sylvaticus. This phenomenan has been reported to exist for compound
such as citral (Baylac and Racine, 2003).

Large discrepancies (P < 0.05) in 5-lipoxygenase anti-oxidativities between

agueous and methanol extracts of some plants indit&tea realistic approach in a
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laboratory setting would be to use extraction solventstick to those used in
clinical settings. Such discrepancies include the aquealsnathanol extracts of
Melianthus comosus, Pentanisia prunelloides andWarburgia salutaris.

Only four plants (aqueous and methanol extracts) displaydipoxygenase
inhibitory activity representing 13.33 % of medicinal plastdected. NDGA
represented the positive control with and@alue of 5 + 0.50 ppm (Abad al.,
1995; Hopeet al., 1983; Safayet al., 1992). In addition, NDGA represented one of
the positive controls in the DPPH anti-oxidant ass@h an IGo value of 2.73 £
0.50 ppm. The dual contribution to anti-inflammatory and-axidant activities of
NDGA represented an innate and inherent correlation betasganflammatory
and anti-oxidant activities and chemistries.

The aqueous extract Melianthus comosus displayed the strongest 5-lipoxygenase
inhibitory activity with an IGy value of 13.84 + 1.18 ppm (Table 3.1). However, it
should be noted that no significant difference betwe#nmedicinal plants
(methanol and aqueous extracts) displaying 5-lipoxygenasetorjilactivity was
observed (p > 0.05). However, a statistically signichfiérence in 5-lipoxygenase
inhibitory activity was observed between the methamad aqueous extracts of
M.comosus (p < 0.05). This again indicated the importance of usirgaeton
solvents similar to those used in clinical settingfie Wound-healing properties of
M. comosus are poorly understood. However, it has been repohiadtihe leaves
and roots ofM. comosus contain triterpenoid molecules (van Wk al., 1997)
which have been shown to possess anti-inflammatory tycfhviu, 1995). It would

be of interest to determine the active principlesubtoa reductionist approach.
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Table 3.1: Plant name, plant part, 5-lipoxygenase inhibitory and DBRtiHoxidant activities of South African medicinal gan

commonly used topically for skin diseases.

Species Plant part Methanol / Aqueous / Essential oil kg (ppm)* ICso (ppm)°
Aloe ferox Leaves Aqueous > 100 77.93 +1.5%
Methanol > 100 19.11 + 0.1C
Exudate - > 100 17.72 + 0.35
Aloe greatheadii Roots Aqueous * *
Methanol 30.33(1.59) |>100
Aloe maculate Leaves Aqueous * *
Methanol > 100 > 100
Roots Aqueous * *
Methanol > 100 > 100
Artemisia afra Leaves Aqueous * *
Methanol * *
Aerial parts Essential oil > 100 > 100
Ballota africana Aerial parts Aqueous > 100 > 100
Methanol > 100 > 100
Essential oil 29.99 (2.14) |>100
Bulbine spp. Leaves Aqueous > 100 > 100
Methanol > 100 > 100
Carpobrotus edulis Leaves Aqueous > 100 > 100
Methanol > 100 13.35 £ 0.13
Clausena anisata Leaves Aqueous > 100 20.45 £ 0.76
Methanol > 100 20.91 + 0.23
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Species Plant part Methanol / Aqueous / Essential oil kg (ppm)* ICs (ppm)°
Clerondendrum glabrum Leaves Aqueous > 100 > 100
Methanol > 100 > 100
Aerial parts Essential oil * *
Cotyledon orbiculata Leaves Aqueous > 100 > 100
Methanol > 100 93.38 + 6.3
Crinum bulbispermum Bulb Aqueous * *
Methanol > 100 > 100
Flowers Aqueous > 100 > 100
Methanol > 100 42.17 £0.12
Croton gratissmus Bark Aqueous > 100 > 100
Methanol > 100 > 100
Croton sylvaticus Roots Aqueous nd 11.28 +0.23
Methanol nd 5.82 +0.10
Datura stramonium Fruit Aqueous > 100 > 100
Methanol > 100 > 100
Leaves Aqueous > 100 > 100
Methanol > 100 > 100
Gloriosa superba Corms Aqueous > 100 > 100
Methanol > 100 > 100
Halleria lucida Leaves Aqueous > 100 80.58 £ 0.7¢
Methanol > 100 8.49 £ 0.172
Roots Aqueous > 100 83.36 £ 1.2%
Methanol > 100 14.93 + 0.24
Harpagophytum procumbens | Roots Aqueous > 100 71.42 £ 1.4(
Methanol > 100 19.84 + 0.13

<
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Species Plant part Methanol / Aqueous / Essential oil kg (ppm)* ICs (ppm)°
Helichrysum odoratissmum | Leaves Aqueous * *
Methanol * *
Aerial parts Essential oil —AV 587 22.46 (1.70) > 100
—AV 590 35.90 (6.10) > 100
Heteropyxis natalensis Whole plant Aqueous * *
Methanol * *
Aerial parts Essential oll 46.63 (1.69) | > 100
Kigelia africana Fruit Aqueous > 100 > 100
Methanol > 100 > 100
Leonoatis leonurus Leaves Aqueous > 100 34.21 £ 0.7
Methanol > 100 > 100
Aerial parts Essential oil > 100 > 100
Lippia javanica Leaves and stems Aqueous > 100 50.07 +1.8%
Methanol > 100 11.42 + 0.08
Aerial parts Essential oll 74.26 (1.54) | > 100
Melianthus comosus Leaves Aqueous 13.84 (1.18) 5.27 £0.15
Methanol 55.05 (0.00) 5.60 +0.12
Pentanisia prunelloides Roots Aqueous > 100 38.02 £ 0.4¢
Methanol 32.71 (9.08) | 11.79+0.14
Rauvolfia caffra Bark Aqueous > 100 > 100
Methanol > 100 > 100
Stem Aqueous > 100 > 100
Methanol > 100 63.91 + 1.46
Rothmania capensis Fruit Aqueous > 100 > 100
Methanol > 100 > 100
Roots Aqueous > 100 > 100
Methanol > 100 > 100
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Species Plant part Methanol / Aqueous / Essential oil kg (ppm)* ICs (ppm)°
illa natalensis Bulb Aqueous > 100 > 100
Methanol > 100 > 100
Trichilia emetica Leaves Aqueous > 100 43.89 £ 0.91
Methanol > 100 17.90 = 0.3(
Warburgia salutaris Leaves Aqueous > 100 34.43 £0.74
Methanol 32.11 (11.95) | 15.38 +0.20
Ziziphus mucronata Leaves Aqueous > 100 32.75+1.17
Methanol > 100 21.51 +£0.32
NDGA - - 5+0.50 2.73+0.06
Vit C - - > 100 2.46 £ 0.01

45-lipoxygenase inhibitory activity.
® DPPH anti-oxidant activity, values are mean + S.D (n=3)

°Value in brackets reflects standard error of data gdiied to obtain a sigmoidal curve.
4Value is mean + S.D (n=3).
® Not determined due to colour interference.

* Not determined due to insufficient plant material.
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The mode of application of medicinal plants might s@lety release molecules to
increase their specificity. For example, it has besported that traditional healers
useHeteropyxis natalensis for steaming the face, nose and mouth in nose bleeding
(Van Wyket al., 1997; Watt and Breyer-Brandwijk, 1962). It could be assuimad t
such application results in the release of volattengounds which could be
responsible for the pharmacological and therapeutictefdche plant.

Another example is.eonotis leonurus which is sometimes applied as an ointment
containing powdered leaves for pain above the eye. Thikoohatf application
could possibly selectively diffuse lipophilic active molées to the necessary
dermatological site.

The methanol extract of the rootsFdntanisia prunelloides displayed moderate 5-
lipoxygenase inhibitory activity with an kg value of 32.71 + 9.06 ppm. Little
appears to be known about the chemistri.qirunelloides but it has been reported
to possess anti-inflammatory activity by inhibiting thgclooxygenase-1 enzyme
(Yff et al., 2002). It is interesting to note thgt comosus andP. prunelloides are
all traditionally used for rheumatism which is charagztel by exaggerated
immunological responses such as increased prostaglandin aatwhntibody
production resulting in pathological manifestations of tisease such as pain, bone
destruction and deformation (Chial., 2004; Westmast al., 2004). Furthermore,
the traditional Zulu name fd?P. prunelloides is ‘Icishamlilo’ which literally means
‘the extinguisher of the fire’ referring to the fadtat in traditional health-care
settings it is used for pain control (Ngwengh al., 2003). Pain is often a

manifestation of immunological chemical mediators saglprostaglandins.
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The methanol extract of the leaves\idirburgia solutaris also displayed moderate
5-lipoxygenase inhibitory activity (l§g= 32.11 £ 11.95 ppm). The relatively large
coefficient of variation implies poor fit to a signdai curve suggesting that this
particular plant does not conform to the standard laseaif enzyme inhibition and
this needs to be investigated further. Furthermore,rdguéncy distribution of 5-
lipoxygenase inhibitory activity could be skewed which coulgla@n the large
coefficient of variation. Limited resources preventedHer verification of this and
this warrants further investigation. The leavesWbfsolutaris are used for skin
diseases but in practice the bark is also used. Thesl@ankbark oiWV. solutaris
have been shown to display equipotent activity againstcj@ooxygenase-1
enzyme and possess similar antibacterial propertiesh¢Zke et al., 2000). In
addition, Zschocket al. (2000) reported that the TLC-fingerprints of the leaf and
bark extracts oW. salutaris were very similar. These results may indicate laimi
molecular profiles in the leaves and barkMfsolutaris. Furthermore, Drewes al.
(2001) suggested possible substitution of leaves in placarkfdd\W. solutaris due

to the plant’'s over-exploitation in the context ohrtmedicine and the present
threat of extinction in the wild. In the same publatit was noted that drimane
sesquiterpenoids, warburganal and polygodial, were isofi@iedboth the bark and
the leaves oW. solutaris. Another drimane sesquiterpenoid, muzigadial, has been
isolated from the bark oiV. solutaris and therefore there is a possibility that it is
present in the leaves of the same plant (Rabe andStaden, 2000). Drimane
sesquiterpenoids have been reported to possess a wideuspeaxdtrbiological

activities (Jansen and de Groot, 1991) while polygodial haadilrbeen shown to
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display anti-infammatory activity (da Cunha&t al., 2001). In addition
sesquiterpenoids such psaryophyllene and germacrene D have in the past been
reported to display anti-inflammatory activity and thisuldo explain the anti-
inflammatory action of the leaves W. solutaris (Baylac and Racine, 2003). The
common name OfV. solutaris is fever tree and a close association between &ener
inflammation exists. Due to the interesting anti-imffaatory pharmacological
profile displayed byW. solutaris and the interesting chemistry presented by the
drimane sesquiterpenoids, it was decided to test two deinssquiterpenoid
molecules from this plant in the 5-lipoxygenase antamiinatory assay (Chapter
5).

The methanol extract of the roots Alfoe greatheadii was one of the few plants
which displayed any activity in the 5-lipoxygenase assaythErmore, neithefloe
ferox nor Aloe maculata displayed any anti-inflammatory effectéloe barbadensis

has been shown to decrease thromoxanghhomboxane B and prostaglandina2
(Bedi and Shenefelt, 2002; and references therein) and préwernixidation of
arachidonic acid (Reynolds and Dweck, 1999). In additioni-igftammatory
compounds such as salicylic acid have been shown to benpraseiloe
barbadensis. Relief of inflammation is also thought to be du¢h® presence of gel
polysaccharides, especially the acetylated mannans gRsyand Dweck, 1999).
Anti-inflammatory compounds such as C-glucosyl chromdmees been isolated
from Aloe barbadensis and have been reported to display topical anti-inflammator
activity (Hutteret al., 1996). It would be of interest to subject such compounds to

the 5-lipoxygenase assay. Moreover, depending on theglmaloassay employed
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different molecules fromA. barbadensis such as anthraquinones can be shown to act
as anti-inflammatory agents (Dawsal., 1989).

A number of essential oil-containing plants displayedrgf to weak 5-lipoxygenase
inhibitory activity with 1Gg values ranging from 22.46 + 1.70 ppm to 74.26 + 1.54
ppm. The essential oil ¢delichrysum odoratissmum displayed the most potent 5-
lipoxygenase inhibitory activity which was significantlyegter than the essential
oils of Ballota africana, Heteropyxis natalensis and Lippia javanica (p < 0.05).
However, no significant difference in 5-lipoxygenase intbity activity was
observed between the two essential oilHof odoratissmum (p > 0.05). The
essential oils oteonotis leonurus and Artemisia afra displayed no activity at a
concentration of 100 ppm. Essential oils have beenrtegbdo display anti-
inflammatory activity while essential oil constituestsch as terpenic hydrocarbons,
sesquiterpenic hydrocarbons and sesquiterpenic alcohols deere reported to
display 5-lipoxygenase inhibitory activity (Alexander, 2001; Bayand Racine,
2003). Essential oil activity could be related to typesheinaicals present, amounts
of chemicals present (concentration effect), sysengantagonism, additiveness and
potentiation. As a result, it was decided to subjectecteh of essential oils to gas
chromatography (GC) and GC coupled with mass spectroscsy) (for
identification of constituents and for further tests glesd to elucidate any
synergism, antagonism and additive interactions betwesani@asl oil constituents
(Chapter 6). The inherent chemical nature of essemtigbnstituents means that

they are lipid soluble, low molecular weight chemicalsich can diffuse through
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the skin barrier and reach the underlying tissues. Tpesgerties make essential

oils ideal candidates for future development.

3.3.2 Anti-oxidant Activity

The maximum concentration of 100 ppm was chosen forahme gseasons as those
described in Section 3.3.1. Likewise, comparison withptisative controls (NDGA
and Vit C) allowed the definition of an arbitrary scalerelative in vitro anti-
oxidant activity. This allowed the identification of theaximum IG, regarded as
indicating worthwhile anti-oxidant activity. In essenti® same criteria were used
as those defined in Section 3.3.1 for the 5-lipoxygenasey.asBarthermore, a
thorough investigation of various literature indicatedttthe range chosen for
maximum Gy value correlated well with that indicated in liter&Ahmadet al.,
2005; Juma and Majinda, 2004; Lebal., 2002; Salehet al., 2005; Valentovaet
al., 2005; Zowet al., 2004). In addition, statistical analysis for this&feresults was
deemed unnecessary as this formed a preliminary screenamngisex However,
statistical tests were included sporadically and iniegsavestigations.

The vast proportion of medicinal plants tested displad@se-dependent DPPH anti-
oxidant activity. All essential oils tested displayedactivity at a concentration of
100 ppm which could be due to their low polyphenolic contétalyphenolics are
able to act as free radical scavengers by electron dandtie to their inherent
molecular structure (Priogt al., 2000). Donation of an electron could result in a
stable polyphenolic molecule because electron delatialis in the aromatic rings

ensures stability (Gillespiet al., 1986). The doughnut-shaped electron clouds
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above and below aromatic rings could possibly ensafgestree radical formation
which may perhaps explain the biological activity obedrv

The methanol extract of the leaves Albe ferox and the leaf exudates displayed
statistically different anti-oxidant activities (p < 0.0®)oesin derivatives such as
isorabaichromone, feruloyaloesin and p-coumaroylalobaire been isolated from
A. ferox and shown to be potent DPPH radical and superoxide anionngegse
(Yagi et al., 2002). Further investigation is warranted to determieectiemical
constituents which result in significantly differenttieoxidant activity between the
methanol extract and leaf exudatefoferox. Little appears to be known about the
chemical profile ofCarpobrotus edulis. However, antibacterial activity has been
related to the presence of flavonoids isolated froenstime plant (van der Watt and
Pretorius, 2001). Flavonoids have in the past been sloattribute to anti-oxidant
activity and this could explain the strong anti-oxidanivagtdisplayed byC. edulis
(Cotelleet al., 1996).

The flowers of Crinum bulbispermum exhibited moderate DPPH anti-oxidant
activity as opposed to the bulbs which displayed no actaityl00 ppm. This
difference between aerial and subterranean plant pautd be due to harnessing of
anti-oxidant molecules for protection against ultra-viokdiation. Likewise, the
methanol extract of the leaves and rootd$afieria lucida displayed significantly
different anti-oxidant activity (p < 0.05). It would beearesting to determine the
difference, if any, in anti-oxidant activity betweeniaband subterranean parts in
other plants. It is also interesting to note thatrtiehanol extract of the leaves of

H. lucida displayed more potent anti-oxidant activity than the nmethaxtract of
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the roots ofHarpagopytum procumbens (p < 0.05) butH. procumbens displayed
superior efficacy compared td. lucida (Fig. 3.3).

Another interesting result was th&roton gratissmum and Croton sylvaticus
displayed completely different anti-oxidant activify< 0.05). Given that biological
activity is simply a manifestation of chemical prodilehis warrants further
investigation.

Methanol extracts were generally more active (P < OtB&) aqueous extracts as
free radical scavengers which again indicates that & wagproach to high
throughput screening would be to utilize extraction salven laboratory settings
identical to solvents used in clinical settings. Exawpdf this include, but are not
limited to, methanol and aqueous extractsAdbe ferox, Halleria lucida and
Rauvolfia caffra. The only two exceptions to this were the aqueous dxtrfathe
leaves ofLeonotis leonurus which displayed greater anti-oxidant activity than the
corresponding methanol extract (P < 0.05) and the aquetrasts of the leaves of
Melianthus comosus which displayed greater anti-oxidant activity than the
corresponding methanol extract (P < 0.05). Littlenswn about the anti-oxidant
activities ofClausena anisata, Lippia javanica, Rauvolfia caffra, Trichilia emetica
and Ziziphus mucronata and this warrants further investigation.

Medicinal plants which displayed the most potent arigi@nt activities included.
gylvaticus (methanol extractHl. lucida (methanol extract) and. comosus (aqueous

and methanol extract) relative to the arbitrary so&kelativein vitro anti-oxidant
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activity defined previously. All three medicinal plantemtioned displayed anti-
oxidant activity statistically different from the pagé controls of Vit C and NDGA.
The vast proportion of medicinal plants chosen disggagnti-inflammatory and / or
anti-oxidant activity. The inflammatory and oxidationscades are extremely
complex with a number of potential pharmacological taxgef medicinal plant
showing little or no activity in the 5-lipoxygenase assaypPPH anti-oxidant assay
might display biological activities in a selection different assays. Furthermore,
results obtained by experimentation are simply a maatiea of the method used.
It is not an unreasonable assumption that medicimaitpltested might exert potent
activities in anti-inflammatory and anti-oxidant assayshsas the iron chelation
assay, hydrogen peroxide assay, cyclooxygenase-1 assag@t@lation between
in vitro andin vivo tests also needs to be verified for a complete assegf anti-
oxidant and anti-inflammatory activity. In addition, fuethwork is required to
assess the toxicity profile of medicinal plants whick ased topically for skin
disease.

Due to the promising activities presentedHbglleria lucida, Warburgia solutaris
and essential oilsHelichrysum odoratissmum, Heteropyxis natalensis, Lippia
javanica) and their availability from natural localities, tkesedicinal plants were
subjected to further biological tests and classical chtogmaphic techniques
documented in the following sections.

The anti-oxidant potential of various medicinal plantptiiyed in Table 3.1 may be
due to concentration differences in anti-oxidant mdies. Alternatively, it may be

due to the stability of the free-radical formed by tmi-axidant molecules in a

74



medicinal plant relative to the stability of the DPREe-radical (Pauli’'s principle).
Such stability differences need to be analysed furthegusectron spin resonance
(ESR) in the pursuit of novel anti-oxidant moleculedhis warrants further

investigation.
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Chapter 4: Hallerialucida: Isolation and Further Biological Studies

4.1 Introduction

Preliminary screening of the anti-oxidant activity bifalleria lucida yielded
promising results with an Kgvalue of 8.49 £ 0.12 ppm for the methanol extract of
the leaves. Given this result and the interestimmagharmacologic uses of this
medicinal plant, a decision was taken to subject théanet extract of the leaves of
Halleria lucida to activity-guided fractionation. It was hoped that sachivities
would result in the isolation of anti-oxidant compoundisolated compounds were
subsequently characterised by utilizing HPLC and NMR and egtastbiological

assays. Further, their potential for interaction inasstigated.

4.1.1 Botanical Description

A small to medium-sized tree. It can reach 20 metelseight. The leaves are
drooping, ovate, thinly leathery, shiny bright green anddssr The apex tapers to
attenuate and the base very broadly tapers to squdre.ma@rgin of the leaves is
finely toothed or scalloped. The flowers are cream, lmeckor orange in colour,

tubular and often grow in clusters. The fruit is @vte almost round, fleshy and
black. The bark is pale greyish brown in colour, longitady fissured and flaky

(Coates-Palgrave, 2003; Palmer, 1981).

76



Fig. 4.1: Halleria lucida in flower.

4.1.2 Distribution
Olifants River Mountains in the Western Cape but naifined to this area (Coates-
Palgrave, 2003). Occuring in forests, forested ravines andlamds often along

streams or in rocky places (van Wstkal., 2000).

4.1.3 Dermatological Uses
Used for a variety of skin complaints. The Zulu use dhed leaf moistened with
water and the juice is squeezed into the ear for thef &f earache. (Coates-

Palgrave, 2003; Hutchingsg al., 1996; Watt and Breyer-Brandwijk, 1962).
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4.2 Materials and Methods

4.2.1 Thin Layer Chromatography (TLC)

Preliminary screening of the methanol extract of thevdsaof Halleria lucida
indicated promising anti-oxidant / free radical scavengictiyity. The methanol
extract of the leaves dfl. lucida was subjected to activity-guided fractionation
using TLC. This technique is simple, rapid and cost effeand allows for easy
zoning and separation of biologically active molecul€se methanol extract of the
leaves ofH. lucida was diluted (1:10) with methanol (Rochelle Chemicals) and
approximately 2ul was applied to a silica gel (AlugrénSil G/UVass Macherey-
Nagel) TLC plate using a calibrated glass capillary fitheschmann Laborgerate).
The TLC plate was developed in a mobile phase comprisgthanol:water:ethyl
acetate (16.5:13.5:100). The TLC plate was then removedriedl for 1-2 min.,
placed under UV light of wavelength 254 and 356 nm and viewemn#&g).
Positive free radical scavenging / anti-oxidant agtiwlas confirmed by spraying
the plate with DPPH solution (0.2¢l in HPLC grade methanol from Ultrafine
Limited) using an atomizer. Colour development occurredctgpeously and

active molecules appeared as yellow zones against a pagdground (Fig. 4.2).

4.2.2 Silica Gel Column Chromatography (SGCC)

A glass column resistant to solvents and able to taitiosspressure differentials was
used. The column was clamped in an upright position. Weatmm packing was
used in which silica gel (size 0.063-2 mm, Macherey-Nage$ mexed with the

appropriate mobile phase and poured into the column as a coeyea suspension
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Fig. 4.2: Final isolation of two anti-oxidant compounds using PTL®ctive
molecules appear as yellow zones against a purple backgrimilogdving
atomization of a TLC plate with DPPH. C, methantta&ct of leaves oHalleria

lucida; X, compound X; Y, compound Y.

to form the stationery phase. Particular attentias paid to ensure a small volume
of mobile phase supernatant.  Approximately 1 g extractlpérg silica was
weighed (1200 mg) and dissolved in approximately 2.5 ml of thiglenphase. The
extract solution was then mixed with approximately 2.5 &tistary phase and
allowed to dry in a fume-cupboard. The dry mass mixtdifgant extract and silica
gel was then introduced to the supernatant mobile phake totumn. Flow rates

of the column were adjusted appropriately. Gradieniogludf increasing polarity
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was initiated consisting of successive elutions of hexadedichloromethane (9:1);
dichloromethane and methanol (6:1); and methanol. Tdwidns were collected
from the column (F1-F6) and free radical scavengingifadant activity of each
fraction was monitored and confirmed by TLC under UV light atomisation as
described in Section 4.2.1. Fractions displaying free ahdicavenging / anti-
oxidant activity (F3-F5) were dried using a rotavapour (BUcHilR). Fractions
with similar R values for potential anti-oxidant compounds were consties
fractions with similar components. Fraction 5 was emofor further fractionation
procedures as it appeared to contain fewer biologicallytiv@ecompounds. This
was used as rationale for choosing F5 over F3 and F4o&dias of active
compounds could be achieved more efficiently. SGCC wdsrpggd on F5 using
a mobile phase system comprising methanol:water:ethyhtec€16.5:13.5:100).
Active fractions displaying similar [Rralues for potential anti-oxidant compounds
were recombined and dried yielding a final mass of 900 mg.ll bases fractions
were generally stored in cool, dark places between proegdor prevent UV

initiated degredation.

4.2.3 Size Exclusion Column Chromatography (SECC)

SECC, also known as gel filtration or gel permeatibromatography, was used
subsequent to SGCC. In this method molecular size diifee account for

separation of biologically active molecules. The statry phase consisted of a
porous three-dimensional polymeric matrix (Sephadex LH-20,nrd@a Biotech)

with a fractionation range < 1.5 daltons. The polymematrix was initially
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immersed in methanol for several hours to facilitateléwg to occur prior to use.
Thereatfter, the matrix was introduced into a glassmpland the biologically-
active fraction (F5, 300mg) was applied to the supernasmtescribed in Section
4.2.2. Methanol was used as mobile phase. Fourty dractivere eluted and
collected and biological activities and fraction composit(R: values of active
compounds) monitored using TLC and DPPH atomisation. iBrectdisplaying
similar biological activities and chemical compositi@milar R values) were
combined: F9-F40 combined while F1-F8 were discarded. Combinetiofra
were then subjected to drying using a rotavapour and furtherofmation. In all
cases fractions were generally stored in cool, dark pleeeseen procedures to

prevent UV initiated degredation.

4.2.4 Flash Column Chromatography (FCC)

FCC comprised flash silica (size 0.04-0.063 mm, Macherey-INagehe stationary
phase and methanol, water and ethyl acetate (33:13.5:16® e®bile phase. The
glass column was packed by the same method describedtionsé.2.2 with F9-
F40 subjected to further fractionation. The eluate walteated and parallel
biological and chemical profiling (Rralues) of fractions was performed BiLC
and DPPH atomisation. Fractions displaying free radicatenging / anti-oxidant
activity and similar chemical composition (similar ¥lues) were combined and
dried using a rotavapour. In all cases fractions were dggnetared in cool, dark

places between procedures to prevent UV initiated degreadatio
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4.2.5 Crystallisation

Further purification of compounds was attempted by crysasitbn from methanol

following FCC. The dry active fraction (following odination) was dissolved in
methanol and placed at room temperature in the dark upawisual inspection

of crystallization took place. Crystals were removed washed with acetone over
filter paper (55 mm, Whatman). Purity and chemical cositipm (R values) of

crystals were assessed by TLC and DPPH atomisation.

4.2.6 Preparative / Analytical TLC (PTLC)

FCC and crystallization appeared to have caused deattatisof one of the active
anti-oxidant / free radical scavenging compoundbl.diucida. As a result, F5 was
discarded and further isolation procedures reverted to Edsdisd in Section 4.2.2.
A total of 79.6 mg of F4 was dissolved in methanol and ap@gea band to two
TLC plates (size 20 x 20 cm, thickness 0.5 mm, SIL G-50,4/%om Macherey-
Nagel).  The plates were then developed in a mobileepsygstem comprising
methanol:water:ethyl acetate (16.5:13.5:100) for approximagfdymin in the dark.
The plate was then air-dried for 5-10 minutes and visualireter UV light for
detection of compounds. Positive identification of twoaltive molecules was
made by spraying with a DPPH atomizer along a narrow atrihe edge of each
plate. Correlation with previously determined ¥lues for the two bioactive
compounds aided positive identification. The colorinseteaction which took
place was used to estimate the position of the bdradshad been protected from

the spray and subsequently marked. The marked band vegedaff the plate,
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mixed with an excess volume of methanol, filtered andddin a fume-chamber.
Purity of compounds obtained by PTLC was initially assessadg TLC and

DPPH atomization (Fig. 4.2). Correlation with previgusétermined Rvalues for

the two isolated compounds was also evident. PTLC yied@dpdoximately 7.8 mg
and 9 mg of two anti-oxidant / free radical scavengingadiive molecules,
respectively, which were subsequently stored in the dBdth compounds isolated
were subsequently subjected to the DPPH anti-oxidant asskthe 5-lipoxygenase

assay.

4.2.7 High Performance Liquid Chromatography (HPLC)

HPLC / UV-MS was performed in collaboration with M?. Steenkamp (Forensic
Toxicology Research Unit, Forensic Chemical Labasatdohannesburg, South
Africa). ldentification and detection was performedngsa Waters 2690 HPLC
System (Phenomenex Aqua C18 column, 250 x 2.1 mm) equipped v@€6 a
photodiode array (PDA) detector and a Thermabeam mdsstige detector
(TMD). The TMD detector was operated in electron iotpaode with the ioniser
at 70 eV with a gain of 10 and scanning mass range of 50-550 @&hauZ spray
mass selective detection was operated in positive matlenwiflow splitting. The
flow rate of the HPLC was 0.2 ml/min and the gas flavotigh the nebuliser 30 I/h.
The nebuliser, expansion region and source temperateresmaintained at 80 °C,
90 °C and 225 °C, respectively. Isolated compounds describedtiors4.2.6 were
injected separately and compared to the HPLC fingerprirtiradal by injecting the

methanol extract of the leaves ldf lucida. Final analysis and identification was
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confirmed by convolution of retention times and UV profilesing Empowét

software.

4.2.8 Nuclear Magnetic Resonance (NMR)

Final chemical characterization of two isolated amidant molecules was
confirmed by NMR in collaboration with Prof. F. van Haéen (RAU,
Johannesburg, South AfricaNMR spectroscopy experiments on the compounds
were performed on a Varian Inova 2000 300 MHz spectrophotonftespectra
were recorded at 25 °C in deuterated chloroform. Chersictis were recorded in
ppm referenced to tetramethyl silane (TMS) as interraidsird. Chemical shifts,
coupling constants and signal multiplicity were reportedhwihe following
designationsd = chemical shift in ppm; J = coupling constatts doublet;dd =
double doublet;m = multiplet; s = singlet;t = triplet. Unfortunately, Mass
Spectrometry and Infrared Spectrometry could not be peefbimtandem to NMR

due to insufficient isolated compound material.

4.2.9 Biological Testing
The two isolated anti-oxidant molecules were subsequesitjected to the 5-
lipoxygenase assay and the DPPH anti-oxidant assay asbddsa Section 3.2.2.1

and Section 3.2.2.2
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4.2.10 Isobologram Construction for Anti-oxidant Compounds

The synergistic, antagonistic or additive interactioiwken the two isolated
molecules was determined. Different concentrationsnef isolated molecule were
prepared using serial dilutions and these were combinedsetital dilutions of the
second isolated molecule. The DPPH assay (Section 3.2vas used and k¢
values for each combination determined. Isobolograms emr&tructed by plotting
fractional 1G values for one compound against fractionahMalues for the second
compound. The different fractional J€ values for each combination were
calculated and plotted. Points lying above the straitiggonal line (convex in
shape) and those lying below the straight diagonal lineca@nin shape) indicated
an antagonistic or synergistic interaction, respectiyielg. 4.3) (Berenbaum, 1978).
Points lying on the straight line indicated that the cowiidon of two compounds in

guestion have an additive interaction.

4.2.11 Statistical Analysis
Student’st-test was used to determine statistical differencesiatogical activity
with a significance level of P 8.05. All analysis were performed with GraphPad

Prisnf version 4.03 software.
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Fig 4.3: Graphical shapes produced by synergistic, antagonistic antvadd
isobolograms for a combination of two compounds (Berenbad®y78).

Taken and modified.

4.3 Results and Discussion

4.3.1 HPLC

HPLC analysis was undertaken to determine purity of comgmpnior to chemical
characterization using NMR. Furthermore, the UV spegéi@erated by the PDA
detector offered valuable information regarding the typartiFoxidant molecules
isolated. This provided a platform to attempt final cheéducidation using NMR.
For convenience, the two compounds were labelled comp¥uam compound Y,

respectively (Fig. 4.4).
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Fig. 4.4: HPLC and UV profiles oHalleria lucida and associated anti-oxidant molecules isolated from the
same plant determined at 254 nm; (a) methanol extrabedeaves oHalleria lucida; (b) compound X; (c)

compound Y.
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Compound X had a retention time of 16.6 min. Thg values observed are 248.5
nm and 340.9 nm. The UV spectrum extracted provisionallyifeehtompound X
as a flavone-type flavonoid. Typical flavone UV spacexhibit two major
absorption peaks in the region 240-400 nm (Madbrgd., 1970). These two peaks
are commonly referred to as Band | (300-380 nm) and Band Il (240-288nuhare
due to absorption caused by the B-ring cinnamoyl systemlrend-ting benzoyl
system, respectively. Theg.xVvalues for compound X are 248.5 nm and 340.9 nm
representing peak wavelength values for Band Il and Barespectively (Fig. 4.4
(b)) The UV spectrum extracted for compound X was smudahe profile reported
for luteolin-7-O-glucoside but thé.,.x value for the latter was reported to be at a
longer wavelength. This could possibly be due to a 5-hydmgeodip substitution
which could in theory have caused a hypsochromic shift. aA®sult it was
suggested that glycosidic linkage is confined to carbon-3tiregsun the luteolin-5-
O-glycoside isomer.

Purity of compound X was assessed prior to chemical ctesization by
determination of peak purity using the EmpoWeoftware. Peak purity is used to
evaluate whether a chromatographic peak is spectrally d@moas. Spectral
heterogeneity can indicate the presence of coelutiom infegration algorithm
confirmed purity angle to be less than purity thresholdvaasl a final indicator of
spectral homogeneity and subsequent purity. A decision weeguently made to
subject compound X to NMR analysis.

Compound Y had a retention time of 18.5 min. Thg value of 330.1 nm (Fig. 4.4

(c)) offered little in the way of final chemical chategsation. The area of the peak
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for compound Y is less than that observed for compound s could possibly be
due to compound Y absorbing less strongly than compound X atngb4
Differences in peak areas could be indicative of a tgreaoncentration of
compound X compared to compound Y in the dry leaf. Altevabtithe method of
isolation of both compounds, namely PTLC, could be nedfieient for compound
X than compound Y. Spectral homogeneity and peak purity wargarly

determined for compound Y as for compound X. A decision sudsequently

taken to subject compound Y to NMR analysis.

4.3.2 Chemical Structure Elucidation (NMR)

4.3.2.1Luteolin-5-O-p-D-glucoside

The more polar compound (7.8 mg, B®51) was eventually isolated by PTLC as
discussed in section 4.2.6 and identified as luteold-&D-glucoside (Fig. 4.5 (a)).
NMR spectra are presented in Appendix'B-NMR & 7.39~7.43 (2Hm, H-2', 6),
6.93 (1H,d, J = 8.9 Hz, H-5’), 6.85 (1HJ, J = 2.4 Hz, H-8), 6.72 (1Hl, J = 2.2 Hz,
H-6), 6.57 (1Hs, H-3), 4.87 (1Hd, J = 7.7, H-1"). *C-NMR & 180.4 (C-4), 165.8
(C-2), 164.3 (C-7), 160.7 (C-5), 160.1 (C-9), 150.8 (C-4"), 147.0 (CiZ}.5 (C-
1), 120.0 (C-6’), 116.7 (C-5'), 113.9 (C-2’), 108.9 (C-10), 106.4 (C-3), 106:1 (
1), 105.5 (C-6), 99.4 (C-8), 78.5 (C-5"), 77.3 (C-3"), 74.7 (C-2")1.2 (C-4"),
62.5 (C-6"). The NMR data correlated to that given iarbtture (Linet al., 2001).
Hydrogen shift correlations excluded luteolin-78D-glucoside isomer and
glucoside substitution on the B-ring cinnamoyl systedliNégoumyet al., 1986;

Feenyet al., 1988; Lewist al., 1998).
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Fig. 4.5: Chemical structures of isolated compounds from the methextract of
the leaves ofHalleria lucida. (a) luteolin-50-glucoside; (b) verbascoside

(acteoside).

4.3.2.2 Verbascoside

The less polar compound (9.0 mg, ®R57) was eventually isolated by PTLC as
discussed in section 4.2.6 and identified as verbascosaetenside (Fig. 4.5 (b)).
NMR spectra are presented in Appendix'B-NMR § 7.57 (1H,d, J = 15.9 Hz, H-
7), 7.05 (1Hd, J = 2.1 Hz, H-2), 6.94 (1Hid, J = 1.8 Hz and 8.4 Hz, H-6), 6.77

(1H,d, J = 7.8 Hz, H-5), 6.69 (1Hl, J = 2.1 Hz, H-2"), 6.66 (1H], J = 8.7 Hz, H-
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5%, 6.55 (1H,dd, J = 1.8 Hz and 8.1 Hz, H-6"), 6.25 (1#,J = 15.9 Hz, H-8), 5.18
(1H, d, J= 1.8 Hz, H-1 Rham), 4.37 (1, J = 7.8 Hz, H-1 Gluc), 4.10-3.20
(Carbohydrate-H), 2.80 (1H, J = 7.2 Hz, H-7"), 1.08 (3HJ, J = 6.3 Hz, H-6
Rham). *C-NMR § 168.3 (C-9), 149.8 (C-3), 148.0 (C-7), 146.9 (C-4), 146.1 (C-
4'), 144.7 (C-3"), 131.4 (C-1’), 127.6 (C-1), 123.2 (C-6), 121.2 (C-Hl)7.1 (C-5'),
116.5 (C-27), 116.3 (C-5), 115.2 (C-8), 114.6 (C-2), 104.2 (C-1, Gluc), 10311 (C
Rham), 81.7 (C-3, Gluc), 76.2 (C-5, Gluc), 76.0 (C-2, Gluc), 73.8 Rham), 72.3
(C-8), 72.3 (C-2, Rham), 72.0 (C-3, Rham), 70.5 (C-4, Gluc), {0-5, Rham),
62.3 (C-6, Gluc), 36.6 (C-7"), 18.5 (C-6, Rham). The NMR dataetated to that

given in literature (Andargt al., 1982).

Luteolin-5-O-p-D-glucoside and verbascoside (acteoside) have bothitbestified

and characterized in the leavedbfiucida (Abdullahiet al., 1986).

4.3.3 Documented Anti-inflammatory and Anti-oxidant Activities of Luteolin-5-
O-glucoside and Verbascoside

Verbascoside, a phenylpropanoid glycoside, has been rdportbe present in a
number of plants (Franzy& al., 2004; Linet al., 2004; Pinart al., 2004). The
anti-oxidant activity of phenylpropanoid glycosides has beeestigated and it has
been reported that they display radical scavengingitgcagainst DPPH, hydroxyl
and superoxide anion (Gab al., 1999; Kyriakopoulotet al., 2001). In addition,

verbascoside has been shown to inhibit lipid peroxid4tionet al., 2004).
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Furthermore, verbascoside has been reported to inhibit dgte&kanigration in rat
glomeruli (Akbayet al., 2002; Hayastst al., 1994).

Information regarding the biological activities of lut@efi-O-glucoside is limited.
However, luteolin has been reported to display DPPHahdcavenging properties
(Edenharder and Grinhage, 2003). In addition, luteolin and spomding
glycosides have also been shown to inhibit lipid peroxidaticee et al., 2002)
while luteolin-7-glucoside has been used as a referemterial for inhibition of
lipid peroxidation in scientific studies (Fejesal., 2000). Furthermore, the anti-
inflammatory activities of luteolin and derivatives tharévave been studied and
documented and include inhibition of IL-5, degranulation, myxygenase and 5-

lipoxygenase activity (Cheoreg al., 1998; Parlet al., 1999; Williamset al., 1999).

4.3.4 DPPH and 5-lipoxygenase Activities of Luteolin-&-glucoside and
Verbascoside

Isolated compounds were again subjected to further biologgstd and the results
were as depicted in Table 4.1. Both luteoli®sylucoside and verbascoside did not
display any 5-lipoxygenase inhibitory activity which wasisistent with the activity
displayed by the methanol extract of the leaveBlaferia lucida from which they
were isolated. The anti-oxidant activities were sigaiiity greater for the isolated
compounds than for the crude extract (P < 0.05). Thidtresms expected as the
crude extract has a lower yield of the two anti-oxidaomgounds than pure

compounds in the DPPH anti-oxidant assay. As a resaltvould expect a far
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Table 4.1: Comparison of the DPPH anti-oxidant and 5-lipoxygenaseitaesi of

Halleria lucida, luteolin-5-O-glucoside and verbascoside.

Plant/Compound Plant part Methanol/Aqueoi€so (ppmy | 1Cso (ppm)
extract

Halleria lucida Leaves Methanol > 100 8.49 £0.12

luteolin-5-O-glucoside| - - > 100 6.12 + 0.4(

verbascoside - - > 100 7.18 +0.08

NDGA 5+0.50 2.73 £0.06

Vit C > 100 246 +£0.01

45-lipoxygenase inhibitory activity.

P DPPH anti-oxidant activity, values are mean + S.D (n=3)

¢ Value is mean + S.D (n=3).

greater 1Go value for the crude extract compared to they N&alues of the two

isolated compounds. However, possible antagonism betwissit-

5-O-glucoside and verbascoside could also explain this beiraand was therefore

investigated. As a result isobologram construction wasrtaids.

4.3.5 Isobologram Construction

4.3.5.1 H. lucida and Vitamin C (Ascorbic Acid)

Isobologram construction was undertaken as described tio®ec2.10 and was

used as a tool for predicting the synergistic, antagonstiadditive anti-oxidant

interaction between luteolin-6-glucoside and verbascoside.

It was necessary to

subject the two isolated compounds for further biologitadting following
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isobologram construction. Therefore, it was esskemtiadissolve the isolated
compounds in a volatile solvent which allowed subsequemgland reutilization
of compounds in further biological tests. A decisiorswaade to compare and
contrast DMSO and methanol as solvents for the amethextract of the leaves of
Halleria lucida and Vit C.

Isobologram construction using DMSO and methanol producdthsipnofiles (Fig.
4.6 (a) and (b)). This allowed us to proceed with furthes tedating to isobologram
construction. In addition, these preliminary resuftsred valuable insight into the
usage ofH. lucida with conventional anti-oxidants. It appears that a patod
antagonism exists. The potential for interaction betweedicinal plants and

conventional medicines has been reported (Mdled., 2004).

4.3.5.2 Luteolin-5-O-glucoside and Verbascoside

Investigation of the interaction between luteoli®5lucoside and verbascoside
resulted in an isobologram displaying marked antagonisng. (Bi.6 (c)).
Isobolograms are useful not only in displaying synergamtagonism and additivity
but allows one to correlate such activity over a raofeoncentrations for two
compounds. Raw data generated for the isobologram ootesdrin Fig. 4.6 (c) is

displayed in Table 4.2.
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Fig. 4.6:Isobologram constructions. (a) methanol
- extract of the leaves &f. lucida and Vit C
g 29 dissolved in DMSO:; (b) methanol extract of the
8 15 -
g 1 X ><3 . leaves oH. lucida and Vit C dissolved in
g 0.5 (5\A i :
o I X methanol; (c) luteolin-%-glucoside and
0 0.5 1 1.5 2 25

luteolin-5-O -glucoside

(€)

verbascosideRatio values for (a), (b) and (c)
denote the quotient of fractionaldgralues and

are therefore unitless. Indices temalividual points.
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Table 4.2:

interaction between luteolin-6-glucoside and verbascoside.

Raw data generated for construction of isobologram toladisp

Concentrations (ppm) IC 50 Values (ppm) Ratio Valued’
Plate X2 YP X s.d® Y s.d® X Y
1 50 0 9.75 0.24 0.00 0.0¢ 1.00 0.00
50 1 9.65 0.37 0.19 - 0.99 0.02
2 35 5 20.24 0.27 2.89 - 2.08 0.30
25 10 13.23 0.39 5.29 - 1.36 0.55
3 10 25 3.62 - 9.05 0.26 0.37 0.94
5 35 1.28 - 8.94 0.19 0.13 0.93
4 1 50 0.20 - 9.75 0.24 0.02 1.01
0 50 0.00 0.00 9.65 0.37 0.00 1.00

%luteolin-5-O-glucoside.
b verbascoside.

standard deviation (n=3),
9 ratio values denote the quotient of fractionap@lues and are therefore unitless.

Raw data presented in Table 4.2 reveals the existenceogdditerns of interaction.

Luteolin-5-O-glucoside (X) and verbascoside (Y) appear to interaeniradditive

manner when one of the two compounds are present indoeeatrations. Such

low concentrations of either compound could presumably eegay antagonism.

An indication of the statistical significance of egobint (Fig. 4.6) relative to the

additive line on the same graph was determined.

determined by geometric iteration of the shortest lidkstance of individual points,

Statissignificance was

represented by indices 1-6 (Fig. 4.6), to the additive épeesented by the equation

y = -x + 1 where x and y represent the x- and y-axspeaetively. Points 1 and 4

displayed additive activity in relation to ideal additie®logical behaviour (p >

0.05) while points 2,3,5 and 6 displayed marked antagonism (p < 0.05).

Furthermore, points 2,3,5, and 6 were compared and sttsignificance between
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all four points was observed (p < 0.05). Additivity is appar for low
concentrations of luteolin-B®-glucoside and verbascoside i.e point 1 and 4 are both
additive in relation to the ideal additive line (p > 0.09)he greatest antagonism
was observed for the combinations in plate 2 i.e. 35 ppmtedlin-5-O-glucoside
with 5 ppm of verbascoside and 25 ppm of luteoli@®-5glucoside with 10 ppm of
verbascoside (p < 0.05). Antagonism was therefore foundet@oncentration
dependent. A number of explanations can be proposegpiain the antagonistic
phenomena observed. It is possible that luteolid-glucoside and verbascoside
interact chemically to form a complex resulting ower anti-oxidant potential.
NMR analysis could verify this. Furthermore, the pKduga could be similar
which would indicate an equal likelihood, and therefonapetition, for scavenging
the DPPH free radical. In addition, the concentratiof luteolin-50-glucoside and
verbascoside might be reaching saturation level with dsgar DPPH free radical
scavenging activity. However, such a scenario is unligslyaw data generated by
the DPPH anti-oxidant assay for the combination tadtsat indicate saturation (all
combinations <90% DPPH free radical scavenging / decolourisatiomheahitghest
concentration tested. Other compounds in the crude nwtbatract ofH. lucida
could also contribute to the observed anti-oxidant activityis could involve the
prevention of decomposition or autoxidation of luteoli®BHucoside or
verbascoside (Palozza and Krinsky, 1992) or alternatively iogchanism involving
recycling of luteolin-50-glucoside and verbascoside free radicals which could

perhaps increase antagonistic behaviour via scavenging ctiompeti
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Furthermore, it is important to remember that theaiswh procedures for luteolin-5-
O-glucoside and verbascoside involve “naked-eye” visualisabbALC plates
atomised with DPPH. Although this invariably resultsah\aty-guided isolation of
major anti-oxidant compounds, it remains a subjectiverteffothe sense that an
individual’s visual cortex has its own limit of detectityilof colour change. It could
possibly prove more accurate to utilize a camera whichadeates a colorimetric
reaction with its own standardised limits of deteditypi This would standardise
activity-guided fractionation and zoning of all viable amtidant compounds
regardless of the level of their activity. The pot@ntor interaction, and therefore
competition, between all viable anti-oxidant compoundsnsrmmous and could
further explain the higher Kgvalue of the crude methanol extractkbflucida in
relation to the isolated compounds.

In addition, given the predominance of luteolir®5glucoside and verbascoside in
the HPLC profile of the methanol extract of the lemwfHalleria lucida (Fig. 4.4) it
is a possibility that other compounds which contributéhi® anti-oxidant activity
and possibly interaction and competition are non-UWactilf this is indeed the
case visualisation of such compounds under UV light at leagth 254 and 356 nm
would prove unsuccessful and other techniques of isolatiatdviae warranted.

In conclusion it would appear that isolation of actiméi-axidant constituents d.
lucida via a reductionist approach yielded two viable anti-oxidankoues. It
appears that the two molecules react in an antagomsaimer when in combination.
This could explain the higher $gvalue of the crude methanol extract in relation to

the isolated compounds. Isolated compounds in low contengsaesulted in an
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additive phenomenon being observed. These low comatems probably mimic the
concentrations of the two isolated compounds in thehamed extract of theH.

lucida and therefore additivity is probably observed in the saxtiact. As a result,
the high 1G, values of the crude extract in relation to the ismlatompounds is
probably due to lower yield. Usage of both compounds appeeause marked
antagonism when combined according to various concemtreditios. Therefore,
isobologram construction in tandem to reductionist appr@aisheecommended for
the isolation and identification of viable anti-oxidamlaetules in various medicinal

plants and for their possible subsequent clinical usenmbaation.
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Chapter 5: Warburgia salutaris. Isolated Compounds and Further

Biological Studies

5.1 Introduction

Preliminary screening of various South African medicinahfd used topically for
skin diseases was described in Chapter 3. The methztnatteof the leaves of
Warburgia salutaris was shown to display moderate but promising 5-lipoxygenase
inhibitory activity with an 1G, of approximately 32.11 ppm. Various drimane
sesquiterpenoids such as warburganal and polygodial haveidud&tied fromW.
salutaris (Mashimbyeet al., 1999). It is possible that these compounds are not
present in the aqueous or methanol extractd.cfalutaris given the polarity of the
extraction solvents. However, various sesquiterpenba#& in the past been
extracted and identified with various agueous methanoligtisns (Janget al.,
2004; Kitajima et al., 2002; Zidorn et al., 2000). Furthermore, present
ethnobotanical literature indicates that ointmenésmade from pounded leaves and
stalks of W. salutaris, mixed with bark and any kind of fat, and used in cases
involving inflammation, sores and skin irritation (Hutchingsal., 1996). This
would allow selective diffusion of drimane sesquiterpdrnmmpounds to areas of
local skin pathology. Given the interesting chemistnyd wide spectrum of
biological activities intrinsic to drimane sesquiterpdsoand the interesting
ethnopharmacological profile reported faév. salutaris, a decision was taken to

subject these compounds to further biological tests. &umibre, the over-
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exploitation ofW. salutaris and consequent threat of extinction means that there is
an urgent need for the accumulation of more scienkfiowledge about this

medicinal plant.

5.1.1 Botanical Description

Slender in stature, usually 5-10 m in height but can occalbyaeach a height of 20
m. Leaves are elliptic to lanceolate, glossy darkrged®ve, paler green below,
hairless, covered with clear gland dots and slightly atmm The apex and base
taper. The flowers are white or greenish in colour antdaaxi The fruit is a
spherical berry with leathery skin, green to black iroaoland covered with gland
dots. The bark is brown in colour, rough in texture andota@chlets are long and

lax (Coates-Palgrave, 2003; van Watlkal., 1997).

Fig. 5.1: Warburgia salutaris. Taken from van Wylkt al. (1997).
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5.1.2 Distribution

Restricted to a few localities in the north-eastgarts of South Africa where it has
been heavily exploited for its bark. Usually found gldhe eastern seaboard of the
province of KwaZulu-Natal and extending northwards througluialanga and the
Northern Provinces. Occurs in evergreen forest, wooded saging bushveld in

rocky or sandy places (Coates-Palgrave, 2003; vanai\glk, 1997).

5.1.3 Dermatological Uses

W. salutaris has been used since early times, as indicated by it8ispeene which
means ‘salutary’ or ‘health giving’ (Coates-Palgrave, 300 It has been used
medicinally for penial irritation, urethral inflammatie@nd sores (Hutchinga al.,
1996; van Wyket al., 2000). The bark is often powdered and applied to sores and
inflammation (Rabe and van Staden, 2000). In addition/m@ints made from
pounded leaves and stalks, mixed with bark and any kind of éatisad in cases of

inflammation, sores and skin irritations (Hutchireygl., 1996).

5.2 Materials and Methods

5.2.1 Reference Compounds

Preliminary screening of the methanol extract of tlaeds ofWarburgia salutaris
yielded promising 5-lipoxygenase inhibitory activity. Due to éxpensive nature
of the assay it was unpractical to conduct biologiegillided fractionation for
zoning out viable anti-inflammatory compounds. A literatteeiew revealed that

traditional healers often use the bark, leaves anksstdW. solutaris as ointments
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for penial irritation, lotions for inflammation of therethra and generalized sores
(Hutchingset al., 1996; van Wyket al., 1997). Furthermore, a compound by the
name of warburganal has been identified and isolated froth bark and leaves of
W. salutaris as a major compourand subsequently the leaves represented a good
alternative source of major active compounds found irbtrk (Mashimbyest al.,
1999). Drimane sesquiterpenoid standards, warburganal ancadmlkavere made
available by Prof. S.E. Drewes (University of NatalyBan, South Africa) utilizing
SGCC and crystallization as previously published (Mashindbya., 1999) while
polygodial had undergone polymerisation. Drimane sesgemeids have been
reported to possess a wide spectrum of biological aesvéuch as antibacterial,
antifungal, anticomplemental, antifeedant, plant-glowtegulatory, cytotoxic,
phytotoxic, piscicidal, and molluscicidal. As a resultdecision was made to

subject warburganal and mukaadial to further biological tests.

5.2.2 Biological Testing
The two isolated molecules were subjected to the 5-ligengse assay and the
DPPH anti-oxidant assay as described in Section 3.2.211 Sation 3.2.2.2,

respectively.

5.2.3 Statistical Analysis
Student’st-test was used to determine statistical differencesiatogical activity
with a significance level of P 8.05. All analysis were performed with GraphPad

Prisnf version 4.03 software.
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5.3 Results and Discussion

5.3.1 DPPH and 5-lipoxygenase Activities W. salutaris, Mukaadial and
Warburganal

The DPPH anti-oxidant and 5-lipoxygenase inhibitory acsvitd the methanol
extract of the leaves AdiV. salutaris were promising (see Table 3.1). Previous
studies reported the existence of a number of drimaneispgmoid compounds to

be present in the leaves and bark\ddalutaris as major compounds (Drewetsal,
2001; Mashimbyeet al., 1999; Rabe and van Staden, 2000). Furthermore, the
biological activities of drimane sesquiterpenoids are \aiu varied (Jansen and de
Groot, 1991). This was used as a rationale for subjecting dwmane
sesquiterpenoids, namely warburganal and mukaadial, to rfubtbgical tests.
The results are displayed in Table 5.1. It is appateamt warburganal displays
moderate 5-lipoxygenase inhibitory activity with andGf 61.86 ppm. Mukaadial
displayed an Ig value > 100 ppm in the 5-lipxoygenase assay. However, this
translated into 46.10 % enzyme inhibition at 100 ppm. Froenrésults it is
apparent that both mukaadial and warburganal are contgbuin the 5-
lipoxygenase inhibitory activity ofV. salutaris. However, the difference in activity
between the two isolated compounds &idsalutaris is significant (p < 0.05) and
can possibly be due to other compounds being present in thenmleti&ract ofW.

salutaris. Limited isolated compound material prohibited furtherdgadal testing.
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Table 5.1: Comparison of the DPPH anti-oxidant and 5-lipoxygenase aesiwatf

Warburgia salutaris, mukaadial and warburganal.

Plant/Compound Plant part  Methanol/AqueguSso (ppm}) ICs0 (ppm)°
extract

Warburgia salutaris | leaves methanol 32.11 (11.85) |15.38 £0.20

mukaadial - > 100" > 100

warburganal - 61.86 (0.078) > 100

NDGA 5+0.50 2.73 £0.06

Vit C > 100 246 +£0.01

@5-lipoxygenase inhibitory activity.

P DPPH anti-oxidant activity, values are mean + S.D (n=3)
“Value in brackets reflects standard error of data pdiitéd to obtain a sigmoidal

curve.

446.10 % inhibition at 100 ppm.
®Value is mean + S.D (n=3).

In addition,W. salutaris contains a number of other drimane sesquiterpenoids such

as polygodial,

isopolygodial (isotadeonal),

muzigadiad asalutarisolide and

ugandensidial (cinnamodial) (Mashimbgteal., 1998; Rabe and van Staden, 2000)

and it is possible that such compounds are also contgpbigtithe anti-inflammatory

activity of the crude extract.

This warrants further stigation and the

procurement of HPLC profiles diV. salutaris in tandem with biological assays

would yield valuable information with regard to the presesmocé activity of these

compounds in the crude plant extract.
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It is apparent from Table 5.1 that maukaadial and warbukrga@anot contributing
to anti-oxidant activity. Anti-oxidant activity of theathanol extract o#V. salutaris
could possibly be due to the presence of flavonoid commuRthvonoids such as
guercetin and kaempferol have been isolated Wdarburgia stunlmannii and these
compounds could possibly be present in the leav&¥ sélutaris ((Manguroet al.,

2003).

5.3.2 Drimane Sesquiterpenoids as a Class of Bioactive Moléxsi

A drimane sesquiterpenoid is a bicyclic sesquiterpeneoritains the classic A,B
ring system of many di- and triterpenes. Thereforenal be considered as the
missing biogenetic link between lower and higher terpedg&sseén and de Groot,
1991; and references thereinWWarburgia salutaris has been reported to contain a
number of drimane sesquiterpenoids (Fig. 5.2). Both warbatgend mukaadial
contain two aldehyde groups and differ only in the latiesspssing a hydroxyl
group at C-6. This hydroxyl group appears to be responsibéelérge reduction in
5-lipoxygenase inhibitory activity compared to warburganals rmentioned in
Section 1.3.3, the 5-lipoxygenase enzyme undergoes convdrsim an inactive
reduced state to an active oxidized state (Young, 1999)s pbssible that the
hydroxyl group on C-6 of warburganal alters the redox potewtidiis reaction by

nucleophilic attack on the Feof 5-lipoxygenase. Alternatively, the hydroxyl group
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CHO
& CHo
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Fig. 5.2: Drimane sesquiterpenoids reported to be preseWaiturgia salutaris.
(a) warburganal; (b) maukaadial; (c) polygodial; (d) isggodtial (isotadeonal); (e)
muzigadial; (f) salutarisolide (Drewest al., 2001; Mashimbyest al., 1999; Rabe

and van Staden, 2000).
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may interact with the 5-lipoxygenase enzyme via hydroged fimmation. It has
also been reported that biological activity of the eidéhydes is primarily related
to their ability to form adducts with amino groups and thight explain the 5-
lipoxygenase activity observed (D’Ischa& al., 1982; Jonassohsat al., 1997).
Furthermore, it has been reported that racemic mixtafewarburganal halved
allergenic responses compared to a single enantionemp$et al., 1982). It is
possible that the 5-lipoxygenase reaction is enantiomspgcific and that selection
of warburganal enantiomers might provide more promisingp®<igenase
inhibitory activity and this warrants further investigatioln addition, the large class
of bioactive molecules represented by drimane sesquit@gsemay provide a
‘stepping-stone’ for chemical synthesis, structurevagti elucidation and
enantiomeric selection in the search for a leadiafltimmatory agent. It is also of
interest to note that both warburganal and polygodial e implicated in the
formation of skin irritation and the development ohtact dermatitis (Jansen and de
Groot, 1991). This is unusual when one takes into consideridgodermatological
uses olW. salutaris.

Various anti-inflammatory activities have been attributed drimane
sesquiterpenoids. The bark Dfimys winteri has been shown to display anti-
asthmatic, anti-allergic, anti-inflammatory and antciceptive effects which were
related, at least partially, to the presence of pohajd@lalheiroset al., 2001; and
references therein). Furthermore, polygodial has bhewn to significantly inhibit

mouse paw oedema, exudation and cell influx (da Cenéla, 2001).
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Drimane sesquiterpenoids are known to have antibactamaifungal, cytotoxic,
molluscicidal and insect-antifeedant activities (Fukuyasnal., 1982; Taniguchi
and Kubo, 1993). Consequently, the bark\bkalutarisis one of the most sought-
after medicinal plant commodities in the South Afriteaditional health care sector
(Mander, 1997; Williams, 1996). The wide-spectrum of actidigplayed by
drimane sesquiterpenoids is promising. However, suctsal@ativity of action can
result in toxicity and subsequent restricted use and durstructure-activity
relationship elucidation is warranted. Given the largenmer of drimane
sesquiterpenoids identified, synthesis of an ideal datelias a potential 5-

lipoxygenase inhibitor seems feasible and eminent.

5.3.3 Documented Anti-inflammatory and Anti-oxidant Activities of the Genus
Warburgia

To the best of my knowledge no quantitative informationeapp to be available
regarding the DPPH anti-oxidant and 5-lipoxygenase ananmflatory biological
activities of the genug/arburgia. As a result, evidence-based extrapolation to other
species within the genus was attempted as well as tedeatadlecules isolated. As
mentioned previously, anti-oxidant activitieswérburgia salutaris could be related

to flavonoids such as quercetin and kaempferol which haen lisolated from
Warburgia stuhlmannii and these compounds could possibly be present in thesleave
of W. salutaris (*Manguroet al., 2003). In addition, several flavonol glycosides
have been isolated from the leaves\Wrburgia ugandensis. ("Manguroet al.,

2003). Drimane sesquiterpenoids with rearrangement odriheane skeleton has
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yielded novel anti-inflammatory molecules such as dysisatr@cid which is
reported to inhibit human phospholipasgsklectively (Gianninet al., 2000). It is
encouraging that such molecular rearrangement can ensalecévity and potency

of drimane sesquiterpenoids (Fig. 5.3).

Fig. 5.3: Dysidotronic acid — a sesquiterpenoid with a rearrangedathe skeleton
displaying enhanced potency and selectivity towards huptaspholipase A

(Giannini, 2000).

Sesquiterpenoids have in the past been shown to digptainflammatory activity

(da Cunhaet al., 2001). Furthermore, sesquiterpenic hydrocarbons and
sesquiterpenic alcohols have been reported to displago®ylyenase inhibitory
activity (Baylac and Racine, 2003).

Further investigations into the 5-lipoxygenase inhibitativity of a large number

of drimane sesquiterpenoids and optimisation of structctreitst relationships

could result in a novel anti-inflammatory compound with esigr selectivity,
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potency and inferior cytotoxicity compared to conventioaati-inflammatory

agents.
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Chapter 6: Essential Oils: Isolation and Further Biologcal Studies

6.1 Introduction

The essential oils dfleteropyxis natalensis, Helichrysum odoratissmum and Lippia
javanica displayed promising 5-lipoxygenase inhibitory activity witbsd values
between 22 ppm and 75 ppm (Table 3.1). As a result, GC andNEE analysis
was undertaken in order to identify compounds possibly reggerisr the observed
pharmacological effect. Insufficient plant matepa¢vented further analysis of the

essential oil oBallota africana.

6.1.1 Helichrysum odoratissmum

6.1.1.1 Botanical Description

A perennial aromatic herb or shrublet up to 600 millimetrefaight containing
densely hairy or woolly leaves, thin greyish white stentsersistent flower heads

(Pooley, 2003; van Wyt al., 1997) (Fig. 6.1 (a)).

6.1.1.2 Distribution
Widely spread over large areas of South Africa, extendietween the Cape to
Zimbabwe. Occuring in large clumps, on damp grass slopescytary around

rocks and at the foot of cliffs (Pooley, 2003; van Véykl., 1997)).
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(a) (b)

Fig. 6.1:Aromatic plants commonly used
topically for skin diseases. These were
hydrodistilled and the essential oil subjected to
further biological testing. (&)elichrysum
odoratissmum; (b) Heteropyxis natalensis;

(c)Lippiajavanica.

(€)
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6.1.1.3 Dermatological Uses

Helichrysum odoratissmum is a popular ingredient for wound dressings. Leaves
are widely used on wounds to prevent infection. The Zuduaudgecoction of the
leaf and twig to swab skin in acute dermatoses (van &/\d., 1997; Watt and

Breyer-Brandwijk, 1962).

6.1.2 Heteropyxis natalensis

6.1.2.1 Botanical Description

A small tree up to 10 metres in height with a branchadktr The branches are
densely leafy and the foliage is strongly aromatice bark has a distinctive mottled
appearance due to regular flaking. The leaves are siolpieng and shiny green
but can be tinged red when young. The flowers are yedlods are followed by

small dry capsules (Coates-Palgrave, 2003; Palmer, 1981B(Fi)).

6.1.2.2 Distribution
Distributed over the north-eastern parts of South Af{idon Breitenbach, 1986).
Occurs in bushveld, forest margins in riverine margirg @so on rocky hillsides

(Coates-Palgrave, 2003).

6.1.2.3 Dermatological Uses

Used by the Venda for steaming the face, nose and moutbse bleeding and

bleeding gums (van Wyét al., 1997; Watt and Breyer-Brandwijk, 1962).
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6.1.3 Lippia javanica

6.1.3.1 Botanical Description

An erect, woody shrub up to two metres in height. Theele@ave hairy containing
conspicuous veins and are highly aromatic. The flowersall and yellow-white

in colour and produced in dense rounded heads (vane\&k 1997) (Fig. 6.1 (c)).

6.1.3.2 Distribution
Occurs over large parts of South Africa. The distribuextends northwards into
tropical Africa (van Wyket al., 1997). Usually found in woodland, bushveld and

grassland (Coates-Palgrave, 2003).

6.1.3.3 Dermatological Uses
The Zulu use it to treat measles, urticaria, rashdsprained joints. Applied
topically to treat scabies and lice and infusions ard teerashes (Hutchings al.,

1996; van Wylet al., 1997).
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6.2 Materials and Methods

6.2.1 Gas Chromatography (GC)

Gas chromatography uses temperature differentials to atepassential oil
components. Differences in volatility ensures adeqaaparation. Samples to be
injected were diluted 2:8 with hexane andilwas injected into the GC system
(Shimadzu 17A gas chromatograph). The following operatmgditions were
maintained: Column: J&W-DBI (60m x 0.25 mm id., 0.g& film thickness),
temperatures: injection port 230 °C, column 60 °C for 1 r&ifiC / min. to 180 °C,

180 °C for 2 min., (total = 25 min.) and flame ionizatiored&dr (FID) 260 °C.

6.2.2 Gas Chromatograpy / Mass Spectrometry (GC / MS)

Essential oils were analysed by GC / MS using a Hewlatkard G1800A GCD
system. An Innowax FSC column (60 m x 0.25 mm diameter, Pr25film
thickness) was used. Helium was used as carrier gaioat eate of 0.8 ml / min.
GC oven temperatures were maintained at 60 °C for 10 #nftC,/ min. to 220 °C,
220 °C for 10 min., 1 °C / min. to 240 °C (total = 80 min.).litSlow was adjusted
at 50 ml / min. Injector and detector temperatures weiatained at 250 °C. Mass
spectra were taken at 70 eV. Mass range was from miz 885 Base peaks and
molecular ion (M) were identified. Kovats Indices (KI) for all compuds were
determined and relative percentage amounts of separa@ttiglssil constituents
were calculated from peak areas of the total ion chiegnam (TIC). Library

searches were carried out using the Wiley GC / MSajpand TBAM Library.
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Matching both retention indices and mass spectral fratatien patterns offered

positive identification of essential oil constituents.

6.2.3 Combination Tests for Anti-inflammatory Compounds (EssentialOil
Standards)

Isobologram construction for the assessment of theirdlammatory potential of
combinations of essential oil standards proved to be impahctThis was mainly
due to the expensive nature of the 5-lipoxygenase assaya rAsult, single I£3
values for combinations of essential oil standards weterm&ed. Particular

attention was paid to the avoidance of enzyme saturation.

6.2.4 Statistical Analysis
Student’st-test was used to determine statistical differencesiatogical activity
with a significance level of P 8.05. All analysis were performed with GraphPad

Prisnf version 4.03 software.

6.3 Results and Discussion

6.3.1 Helichrysum odoratissmum

6.3.1.1 Essential Oil Composition

Plants from two different populations were collectedrfrthe Amatola Mountains
which were close to each other within the locality. \lmrcnumbers were AV 587
and AV 590. Gas chromatographic profiles (Fig. 6.2 and Fig. &rf®) gas

chromatography coupled with mass spectroscopy resulbde(6al) were obtained.
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Fig. 6.2: Gas chromatography profile bfielichrysum odoratisssmum (AV 587)
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Fig. 6.3: Gas chromatography profile bfielichrysum odoratissimum (AV 590)

Table 6.1: GC / MS results oHelichrysum odoratissmum from two populations

from the Amatola Mountains designated as AV 587 and AV 590.

RRI* Area percentage | Area percentage Compound
(AV 587) (AV 590)

1032 4.8 8.3 a-pinene

1076 - 0.3 camphene

1118 1.0 1.9 B-pinene

1174 0.4 1.0 myrcene
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RRI* Area percentage | Area percentage Compound
(AV 587) (AV 590)
1203 11.6 19.6 limonene
1213 11.2 17.1 1,8-cineole
1246 0.5 0.2 (ZB-ocimene
1255 0.3 - y-terpinene
1280 1.0 3.7 p-cymene
1348 - 0.04 6-methyl-5-hepten-2-one
1386 1.1 1.7 1-octenyl acetate
1391 - 0.05 (2)-3-hexen-1-ol
1393 - 0.02 3-octanol
1413 - 0.03 rosefuran
1429 - 0.03 Perillen
1452 - 0.03 p-cymenenecsp-dimethylstyrene
1452 0.1 0.4 1-octen-3-ol
1468/1469 - 0.08 trans 1,2-limonene-epoxide
1482 - 0.1 fenchylacetate
1493 - 0.4 a-ylangene
1497 3.2 4.6 a-copaene
1544 - 0.07 a-gurjunene
1553 15 0.05 italicene
1568 - 0.04 1-methyl-4-acetyl-cyclohex-1-eng
1597 - 0.2 bornyl acetate
1594 0.8 0.6 trans-p-bergamotene
1612 25.2 9.3 B-caryophyllene
1628 0.8 0.4 aromadendrene
1648 - 0.03 myrtenal
1661 1.7 1.9 alloaromadendrene
1678 - 0.1 cis-p-mentha-2,8-diene-1-ol
1687 7.2 4.0 a-humulene
1704 5.4 - y-curcumene
1704 - 0.6 y-muurolene
1726 - 0.1 B-chamigrene
1730 0.4 - d-guaiene
1740 1.33 - cis-a-bisabolene
1741 - 0.4 B-bisabolene
1742 - 1.7 B-selinene
1751 - 0.4 carvone
1758 - 0.05 cis-piperitol
1771 0.6 0.2 y-bisabolene
1773 2.0 0.3 d-cadinene
1776 - 0.2 y-cadinene
1782 0.09 0.2 cis-carvylacetate
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RRI* Area percentage | Area percentage Compound
(AV 587) (AV 590)

1786 3.9 - ar-curcumene

1796 1.1 1.7 selina-3,7-(11)-diene

1838 - 0.09 2-phenyl ethyl acetate

1845 - 0.2 trans-carveol

1853 0.2 0.5 cis-calamenene

1864 - 0.2 p-cymen-8-ol

1868 - 0.04 (E)-geranyl acetate

1882 - 0.1 cis-carveol

1941 0.1 0.1 a-calacorene

2001 0.1 1.3 iIso caryophyllene oxide

2008 4.9 5.9 caryophyllene oxide

2045 0.5 0.2 Humulene epoxide |

2071 1.3 1.7 Humulene epoxide Il

2081 - 0.06 Humulene epoxide IlI

2088 0.08 - 1-epi-cubenol

2104 1.0 0.8 viridiflorol

2144 - 0.095 spathulenol

2170 0.3 - B-bisabolol

2184 - 0.1 cis-p-menth-3-en-1,2-diol

2187 0.2 0.1 T-cadinol

2205 0.1 - clovenol

2239 0.07 0.03 carvacrol

2256 - 0.07 cadalene

2273 0.2 0.3 porosadienol

2312 0.7 1.1 9-geranyl-p-cymene

2389 0.4 - caryophyllenol |

Total 96.67 94.21

RRI* - relative retention indices calculated againstikanes.

Fourty compounds were identified in the essential oiltled aerial parts of
Helichrysum odoratissmum (AV 587). The major compounds accumulated were
[-caryophylleng25.2 %), limonene (11.6 %), 1,8-cined¥l.2 %) andx-humulene
(7.2 %).

Sixty-five compounds were identified in the essentidl ajithe aerial parts of

Helichrysum odoratissmum (AV 590). The major compounds accumulated were
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limonene (19.6 %), 1,8-cineole (17.1 %}pinene (8.3 %) andp-caryophyllene

(9.3 %).

/I

I////,

I

(a) (b) (©)

/ N\

(d) ()

Fig. 6.4: Chemical structures of some of the major compoundsnadiatied in the
essential oil of the aerial parts ldélichrysum odoratissmum. (a) B-caryophyllene;
(b) limonene; (c) 1,8-cineole; (d)-pinene; (e)a-humulene. Taken and modified

from Guenther and Althausen (1949).

6.3.2 Heteropyxis natalensis

6.3.2.1 Essential Oil Composition

A gas chromatographic profile (Fig. 6.5) and gas chromapbgreoupled with mass

spectroscopy results (Table 6.2) were obtained.
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Fig. 6.5: Gas chromatography profile bileteropyxis natalensis.

Table 6.2: GC / MS results oHeteropyxis natalensis.

RRI* Area percentage Compound
1032 3.7 a-Pinene

1035 tf a-Thujene

1076 0.1 Camphene

1118 7.1 B-Pinene

1132 0.1 Sabinene

1174 0.9 Myrcene

1183 6.3 p-Mentha-1,7(8)-diene (=Pseudolimonene)
1188 0.2 o-Terpinene

1203 24.4 Limonene

1213 21.2 1,8-Cineole

1246 0.4 (2)-B-Ocimene

1255 1.6 y-Terpinene

1266 1.8 (E)-B-Ocimene

1272 0.1 Vinyl benzene=Etyrene)

1273 th 2-heptyl acetate

1275 0.4 2-Methylbutyl butyrate

1280 2.9 p-Cymene

1290 0.3 Terpinolene

1327 th (2)-3-hexenyl acetate

1379 th 3-Methyl-3-butenyl isovalerate
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RRI* Area percentage Compound
1398 1.0 2-Nonanone

1452 tf a,p-Dimethylstyrene

1463 0.1 (E)-2-hexenyl butyrate

1482 0.1 Fenchyl acetate

1497 0.1 a-Copaene

1521 0.1 2-Nonanol

1553 10.0 Linalool

1565 0.1 Linalyl acetate

1571 0.1 trans-p-Menth-2-en-1-ol

1597 0.1 Bornyl acetate

1604 0.1 2-Undecanone

1612 th B-Caryophyllene

1630 0.1 Terpinen-4-yl acetate (=4-Terpinenyl acetate)
1661 th trans-Pinocarvyl acetate

1670 th trans-Pinocarveol

1682 0.2 o-Terpineol

1687 0.3 a-Humulene

1689 tf trans-Piperitol (trans-p-Menth-1-en-3-ol)
1704 0.1 y-Muurolene

1706 1.6 a-Terpineol

1719 th Borneol

1733 tr Neryl acetate

1742 0.2 B-Selinene

1744 0.1 a-Selinene

1751 th Carvone

1758 tf cis-Piperitol

1758 0.1 (E,E)-a-Farnesene

1765 0.1 Geranyl acetate

1773 0.2 o-Cadinene

1776 0.1 y-Cadinene

1799 th Cadina-1,4-diene (=Cubenene)
1811 th trans-p-Mentha-1(7),8-dien-2-ol
1845 0.1 trans-Carveol

1853 0.1 cis-Calamenene

1857 th Geraniol

1871 tf p-cymen-8-ol

1889 th Benzyl butanoate

1901 0.1 Geranyl butyrate

1941 0.1 a-Calacorene

1945 0.1 1,5-Epoxy-salvial(4)14-ene
2000 tf Eicosane
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RRI* Area percentage Compound

2008 3.6 Caryophyllene oxide

2029 0.1 Perilla alcohol

2037 tf Salvial-4(14)-en-1-one

2045 0.1 Humulene epoxide-I

2050 0.1 (E)-Nerolidol

2051 th Gleenol

2071 0.8 Humulene epoxide-Il

2080 tf Cubenol

2081 tf Humulene epoxide-II

2088 0.1 1-epi-Cubenol

2098 0.1 Globulol

2100 tf Heneicosane

2144 th Rosifoliol

2144 0.1 Spathulenol

2153 tf Neointermedeol

2179 0.1 6-epi-cubenol

2200 0.2 y-Eudesmol

2204 0.2 T-Cadinol

2208 0.1 Eremoligenol

2209 0.1 T-Muurolol

2223 th Hinesol

2232 0.1 Clovenol

2239 tf Carvacrol

2250 0.4 o-Eudesmol

2255 0.6 a-Cadinol

2271 th (2E,6E)-Farnesyl acetate

2273 0.1 Selin-11-en-4-ol

2316 tf Caryophylla-2(12),6(13)-diengsol
(=Caryophylladienol I)

2324 0.3 Caryophylla-2(12),6(13)-dienesol
(=Caryophylladienol II)

2384 tf Hexadecanol

2389 0.3 Caryophylla-2(12),6-dienéb-ol (=Caryophyllenol 1)

2392 0.2 (2E,6E)-Farnesol

2396 th Eudesma-4(15),7-dieriol

2397 0.3 Caryophylla-2(12),6-dienfsol (=Caryophyllenol 11)

2622 tf Phytol

Total 94.9

RRI* - relative retention indices calculated againstikanes.
®trace constituent.

124




Ninety-six compounds were identified in the essentiabieteropyxis natalens's.
The major compounds accumulated were limonene (24.4,%}ineole (21.2 %),

linalool (10.0 %) angs-pinene (7.1%).

. %W%ﬁ

(a) (b) (c) (d)

Fig. 6.6: Chemical structures of some of the major compounds adeated in the
essential oil oHeteropyxis natalensis. (a) limonene; (b) 1,8-cineole; (c) linalool; (d)

B-pinene. Taken and modified from Guenther and Altha(s249).

6.3.3 Lippia javanica
6.3.3.1 Essential Oil Composition
A gas chromatographic profile (Fig. 6.7) and gas chromapbgreoupled with mass

spectroscopy results (Table 6.3) were obtained.
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Fig. 6.7: Gas chromatography profile bifppia javanica.

Table 6.3: GC / MS results olf ippia javanica.

RRI* Area percentage Compound
1032 0.17 o-pinene

1076 0.3 camphene

1174 2.6 myrcene andi-phellandrene
1203 0.45 limonene

1218 0.46 B-phellandrene

1246 12.97 (2)-B-ocimene

1266 6.21 (E)-B-ocimene

1280 0.87 p-cymene

1319 0.21 dihydrotagetone

1382 0.18 cis-alloocimene

1444 0.79 ipsenone (tentative, Wiley)
1450 0.2 trans-linalool oxide furanoid)
1452 0.12 1-octen-3-ol

1478 0.16 cis-linalool oxide furanoid)
1497 0.42 a-copaene

1500 0.18 cistagetone

1522 0.33 trans-tagetone

1532 0.18 camphor

1553 65.19 linalool

1612 3.58 B-caryophylline

1661 0.07 alloaromadendrene

1687 0.19 a-humulene

1704 0.1 y-muurolene
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RRI* Area percentage Compound
1719 0.37 borneol

1726 1.48 germacrene-d

1740 0.09 o-muurolene

1755 0.09 bicyclogermacrene

1758 0.21 (E,E)-a-farnesene

1773 0.16 o-cadinene

1830 0.1 2,6-dimethyl-8&),5(E), 7-octatriene-2-ol
2001 0.07 isocaryophylline oxide

2008 0.42 caryophylline oxide

2050 0.06 E)-nerolidol

2071 0.03 humulene epoxide Il

Total 99.01

RRI* - relative retention indices calculated againsikanes

Thiry-four compounds were identified in the essential bihe aerial parts dfippia
javanica. The major compounds accumulated were linalool (65.19 (29)p-

ocimene (12.97 %),Ej-B-ocimene (6.21 %) angtcaryophylline (3.58 %).

OH //

72N 72

/I

T/,

(@) (b) (©) (d)

Fig. 6.8: Chemical structures of some of the major compounds adeated in the
essential oil of the aerial partsldppia javanica. (a) linalool; (b) (E)B-ocimene; (c)
(2)-p-ocimene; (dB-caryophyllene. Taken and modified from Guenther and

Althausen (1949).
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6.3.4 Correlation between Chemical Composition and Anti-indmmatory

Activity

Major compounds previously identified in the essential ofl Helichrysum
odoratissmum include 1,8-cineole,a-pinene, B-caryophyllene andoa-humulene
(Gundidza and Zwaving, 1993; Kuiageal., 1999;Lwande et al., 1993). To the
best of my knowledge limonene-rich essential oils thus plant have not been
identified. In the same published reports the monoterpénenene, has been
reported to be present albeit in lesser or trace quantisich discrepancies could
be due to seasonal and population variability (Lourensal., 2004). Both
Helichrysum odoratissmum populations displayed strong to moderate 5-
lipoxygenase inhibitory activity with I§ values of 22.46 ppm and 35.90 pjion
AV 587 and AV 590, respectively. The essential oilHofitalicum has been
reported to display moderate 5-lipoxygenase inhibitory act(@gylac and Racine,
2003). Bothp-caryophyllene and limonene have been shown to disptapgst-
lipoxygenase inhibitory activity (Baylac and Racine, 2003)esehtwo compounds
might in part explain the strong anti-inflammatory atyidisplayed by AV 587 and
AV 590. Notably, AV 587 contains almost three fold m@rearyophyllene than
AV 590 which might explain the lower kgvalue of AV 587 compared to AV 590.
Another sesquiterpene similar in structurgdtoaryophyllene ist-humulenewhose
5-lipoxygenase inhibitory activity has not been reporte@iven the structural
similarities betweer-caryophyllene andi-humulene, it remains a possibility that

the latter compound contributed to the 5-lipoxygenase inhyb#otivity observed.
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It would be interesting to subjeathumuleneo the 5-lipoxygenase assay as it could
reveal how subtle structural modifications could inflileeBelipoxygenase inhibitory
activity. One could hypothesise that an increase in ddudiels and a consequent
reduction in attached hydrogen atoms could result in a tieduof hydrogen
bonding and affinity betweea-humuleneand the 5-lipoxygenase enzyme. This
observation might increase our understanding of struetctreity relationships.
Limonene, a monoterpene, is present in AV 587 and AV 53%0raajor compound.
This compound has been shown to display strong 5-lipoxygemaibéory activity
(Baylac and Racine, 2003). Furthermore, limonene has bbkewn to inhibit
lipoplysaccharide induced inflammation and inflammatory roégration (Souzaet
al., 2003). Such pharmacological effects might make thispcoand an attractive
target for future development whereby chemical modiboaimight enhance its
selectivity.

Aliphatic aldehydes are said to be predominantly ant&mfhatory and compounds
such agrans-2-decenal, dodecanal and decanal have been reportedlay dispng
5-lipoxygenase inhibitory activity (Baylac and Racine, 2003he strong activity
displayed by aliphatic aldehydes might be due to strongtahal similarities to
linoleic acid. Opening closed-ring structures of terpenaids aisB-caryophyllene
and limonene in an effort to mimic linoleic acid stwretly might potentially
increase their activity.

The compound 1,8-cineole is a major compound of both AV 58A&890. The

only structural difference between 1,8-cineole and limens an oxygen bridge
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between positions 1 and 8. It is probable that such a aamdpeould display poor
5-lipoxygenase inhibitory activity due to the electronegatitrogen atoms of the
enzyme which could contribute to electronegative repulsibms might explain the
weak activity displayed by alcohols such as geraniokldiol and phenylethyl
alcohol (Baylac and Racine, 2003). However, it is intergso note that it was
proposed that 1,8-cineole may possibly afford gastroprotebly anti-inflammatory
and anti-oxidant mechanisms (Santos and Rao, 2001, Sardabs 2004). In the
same publication it was also stated that 1,8-cineole pwsgess 5-lipoxygenase
inhibitory activity.

Major compounds identified in the essential oiH&teropyxis natalensis correlated
well with those identified for the same oll in litewag (Weyerstahdt al., 1992). In
the same publication it was noted that limonene, 18stinand linalool are all
major constituents of the essential oil ldéteropyxis natalensis while p-mentha-
1(7),8-diene was acknowledged as being a derivatiepaiene pyrolysis. The 5-
lipoxygenase inhibitory activity displayed by the essentidl of Heteropyxis
natalensis could be due to the monoterpene limonene which makes up®dt4he
essential oil composition and has been shown to gigplipoxygenase inhibitory
activity (Baylac and Racine, 2003). The lower activity o essential oil oH.
natalensis compared tdHelichrysum odoratissmum might be due to multiple factors
such as the absence picaryophyllene, the hypothesized weak activity of 1,8-
cineole (as discussed) and linalool which has been reptotelisplay weak 5-
lipoxygenase inhibitory activity (Baylac and Racine, 2003)he Effect of 1,8-

cineole and linalool on limonene can potentially be @fediluting an active
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principle. However, this needs to be confirmed withher testing. Of interest is
that B-pinene is another major constituent accumulated inetsential oil ofH.
natalenss. The 5-lipoxygenase inhibitory activity df-pinene has not been
documented. However, the structural isomgainene has been reported to display
moderate 5-lipoxygenase inhibitory activity (Baylac and Ra@0€3). It would be
of interest to investigate the difference in activifygny, between these two isomers.
In addition, the influence of one isomer on the ottmirld reveal interesting details
about their chemistries and mode of action.

Literature reports indicate that major compounds of tbeemtial oil ofLippia
javanica include linalool and3-caryophyllene (Ngassapat al., 2003). However,
(2)-B-ocimene and K)-B-ocimene, have only been described as being present in
minor, trace or absent quantities (Muyinet al., 2004; Mwangiet al., 1991;
Ngassapat al., 2003). This is in agreement with a previous study which abeic
high variability in essential oil constituents bippia javanica both within and
between natural plant populations (Viljoennal., 2005). The same report outlines
the existence of various chemotyped.gdpia javanica including the one described
in this report. It would be interesting to subject varioaiiral plant populations of
Lippia javanica to the 5-lipoxygenase assay and to record the differénany, in
anti-inflammatory activity. The relatively poor 5-lipaygnase inhibitory activity of
the essential oil dfippia javanica might be due to linalool which makes up 65.19 %
of the essential oil composition and has been showdisflay no 5-lipoxygenase
inhibitory activity at a concentration of 100 ppm (Bayland Racine, 2003).

Furthermore, the relatively strong 5-lipoxygenase inhilitectivity reported foi-
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caryophyllene in the same publication explains the weakirdtgmmatory activity
of the essential oil given thgkcaryophyllene only makes up 3.58 % of the total
essential oil composition. Baylac and Racine (2003)rtegdahat the potency @f
caryophyllene as a 5-lipoxygenase inhibitor is greater thanahlinalool which
was shown to have no activity. The two isomers,fBgimene and (ZB-ocimene,
are also major compounds in the essential olil. gavanica. It would be interesting
to determine the level and difference in 5-lipoxygenasebitry activity, if any,
between these two isomers. Correlation betweeremtenfiguration and anti-
inflammatory activity has been documented (¥bal., 2002).

Essential oils are highly complex mixtures of differenimpounds. A molecule
which exists in minor quantities might exert a pharmagichl effect in a
synergistic, antagonistic, additive or potentiating ma@m. As a result, it remains
an ‘open-debate’ as to which chemicals are directly nolirectly involved in
exerting a 5-lipoxygenase inhibitory effect. Analysistioé contribution of each
essential oil constituent in a complex essentialoiture to the anti-inflammatory

activity remains a daunting task.

6.3.5 Limonene and 1,8-cineole

The 5-lipoxygenase inhibitory activity, gas chromatographiofile and mass
spectroscopic analysis of various essential oils waseribed in the preceding
sections. Two of the most promising essential oilsewistichrysum odoratissimum
(AV 587) andHeteropyxis natalensis. These two essential oils share common

chemical compounds as major constituents, namely 1,8eia@d limonene. The
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strong 5-lipoxygenase inhibitory activity of limonene ha®ady been reported
(Baylac and Racine, 2003). Limonene contains a chirateand as such can exist
in two enantiomeric forms. Gas chromatographic seperatf racemic limonene
can only be undertaken by utilisation of a chiral column cWwhundergoes
diastereomeric interactions with chiral analytes aAresult, a decision was taken to
test each enantiomer separately and as a racemiarenikt the 5-lipoxygenase
assay. The compound 1,8-cineole does not contain a caitak and as such exists
in one structural form. A decision was taken to tesioua combinations of 1,8-
cineole and limonene for determination of any synerga&mtagonism, additivity or

potentiation.

6.3.5.1 Limonene

Limonene can exist in two isomeric forms, namely (RH({monene and (S)-(-)-
limonene (Fig. 6.9). These enantiomers were testedidoglly and in a 1:1
racemic mixture. The results are displayed in Table 6l#e (R)-(+)-limonene
enantiomer was approximately three-fold less activen ttiee (S)-(-)-limonene
enantiomer (P < 0.05). Statistical significance waseoled between the (S)-(-)-
limonene enantiomer and the racemic mixture (P < 0.05)rthermore, the 1:1
racemic mixture of limonene enantiomers displayedpéxlygenase inhibitory
activity intermediate between the values for the sommers when tested separately.
However, statistical significance was only observed &0 % level of significance
(p = 0.05059) when comparing 5-lipoxygenase inhibitory activityhef (R)-(+)-

limonene enantiomer and the 1:1 racemic mixture. Theseélts indicate that the
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enzymatic reaction for the conversion of linoleicdatd a conjugated diene is

stereoselective.

CH
3 CHg
H
HLC H
3 CH
H,C 3 'CH,
(R)-(+)-limonene (S)-(-)-limonene

Fig. 6.9: Chemical structures of the enantiomeric forms ofolwene. Limonene
exists as the (R)-(+)-limonene and the (S)-(-)-lime@aemantiomeric forms. The
racemic mixture of both forms is a major constituefttiee essential oil of
Helichrysum odoratissimum and Heteropyxis natalensis. Taken and modified from

Guenther and Althausen (1949).

Table 6.4:5-lipoxygenase inhibitory activity of limonene enantiomested

separately and in a 1.1 racemic mixture.

Compound ICs0 (ppm)*
(R)-(+)-limonene 36.92 (4.87)
(S)-(-)-limonene 11.50 (4.73)
limonene racemic (1:1) 26.37 (1.80)
NDGA 5+0.56

45-lipoxygenase inhibitory activity.

PValue in brackets reflects standard error of data pfittesl to obtain a sigmoidal
curve.

“Value is mean + S.D (n=3).
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This is in agreement with published data which stategliealipoxygenase enzyme
is responsible for the oxygenation of unsaturated faitlsaand that this reaction is
stereoselective (Yamamoto, 1990). A number of repatuimient different anti-
inflammatory activity relating to different isomers dhe same compound
(Patrignaniet al., 1990; Vazqueet al., 1997). However, such activity for limonene
and its isomers appears to be unprecedented. Theses résidt important
implications in the sense that an essential oil's-aflammatory activity might be
considerably altered depending on the enantiomers presertha proportions of
each enantiomer in a racemic mixture. Furthermorent@mer selection can
greatly effect permeation through the skin (Touibal., 1994). This has important

implications for essential oils which are used fomakiological applications.

6.3.5.2 1,8-cineole

This compound displayed no significant 5-lipoxygenase inhipiemtivity at 100
ppm. Various combinations of 1,8-cineole and limoneneef(rec mixture) were
prepared. Only the combination of 1,8-cineole at 50 ppm armhéme (racemic
mixture) at 50 ppm displayed greater 5-lipoxygenase inhibitatyvity than

limonene (racemic) tested alone (p < 0.05) (Table 6.5)mil&i results were
obtained for combinations of 1,8-cineole and both enamtisrof limonene (p <
0.05).

Although these results are unlikely to change the 1i@gd values for the racemic
mixture of limonene and its individual enantiomers ifiest and not statistically

significant at p <0.05), it does present an interesting result. It waplgear that
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Table 6.5: Typical 5-lipoxygenase inhibitory values produced by various

combinations of limonene with 1,8-cineole.

(1:1 racemic mixture)

(1:1 racemic mixture)
&

1,8-cineole

Compound® % enzyme inhibition® | Combination® % enzyme inhibiton®
(R)-(+)-limonene 80.65 (1.70) (R)-(+)-limonene | 87.10 (1.65)
&
1,8-cineole
(S)-(-)-limonene 89.68 (3.66) (S)-(-)-limonene| 96.13 (2.83)
&
1,8-cineole
limonene 87.10 (5.26) limonene 96.13 (4.70)

#compounds tested at a concentration of 50 ppm.
P each compound making up a combination constituted a final stratien of 50

ppm in the cuvette.

¢ Value in brackets reflects standard error of data points

1,8-cineole acts in a potentiating manner. It is posHialel,8-cineole acts as a more

natural solubilising agent than DMSO and Tw&&0 thereby potentially increasing

the contact points between the enzyme and limonemrektingly, 1,8-cineole and

limonene differ structurally only by the addition of a B®ygen bridge in cineole.

This oxygen might, to some extent, play a role in tedox recycling of 5-
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lipoxygenase. These results are unprecedented and whamtiet investigations to

elucidate the biochemical mechanisms of this interaction
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Chapter 7: Conclusions

e The mode of action of medicinal plants which are usedeamatological agents is
generally by inhibition of inflammation and / or oxidation However, the
inflammatory cascade and oxidation pathways are extyecoehplex. As a result, a
medicinal plant not displaying activity at one pharmacalalgsite might exert an
effect at other potential targets. Furthermore, mensitve and specific biological
assays need to be developed for proper assessment onoihe of action of

medicinal plants.

e A dichotomy appears to be present between the dlammatory and anti-
oxidant activities of medicinal plants commonly used topictdr skin diseases
(Table 3.1). Anti-inflammatory agents generally do nopldig anti-oxidant effects
and vice versa. However, the dual activities of the pesicontrol, NDGA, is

promising and encouraging.

e [sobologram construction foHalleria lucida and Vitamin C serendipitously
revealed the potential for interaction between madicplants and “conventional”
medication (Fig. 4.6). This holds important implicatidor the concurrent use of

traditional and “conventional’ medication in a healthecsetting.

e Isobologram construction for anti-oxidant moleculesoatonfirmed that the
combinations of pharmacologically active compounds ivitaBly unpredictable

and warrants further investigation (Fig 4.6 and Table 4.2).
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e A number of drimane sesquiterpenoids appear to be ablahibitithe 5-
lipoxygenase enzyme (Table 5.1). Possible modes of aciotude alterations of
redox potential, nucleophilic attack on the*Fef 5-lipoxygenase, hydrogen bond
formation and, most plausibly, the formation of adduaith amino groups.
Deconvolution of the mode of action is warranted. Farrtiore, a number of
drimane sesquiterpenoids have been shown to be prad#atburgia salutaris and
the potential for interaction is possible. Further expental evidence is needed for

proper judgement and insight.

e Essential oils generally display no anti-oxidant\aistiand this may be due to low
polyphenolic content (Table 3.1). However, they geherm@khibit promising 5-

lipoxygenase inhibitory activity. GC / MS profiling anditestionist approaches for
isolation of biologically-active essential oil stand® is often shortsighted.
Essential oils are complex mixtures and the potental ifiteraction between

different constituents is enormous.

e The 5-lipoxygenase enzymic reaction is stereospecifibl€T@.4). This holds
enormous implications for essential oil production arahatherapy. Enhancing
the biological effect of an essential oil might dependselective separation of one
isomer. This invariably leads to higher costs of prodactmr pharmaceutical

companies.

e The potential of apparently ‘inactive’ medicinal plam@nstituents such as 1,8-

cineole testifies to the shortcomings of the technigquesladle for zoning in on
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chemical compounds (Table 6.5). Given the results addain the preceding

sections, it is easy to overlook many novel and primgpigharmacological agents.

e Our findings support the rationale for the traditionad o various South African

medicinal plants as dermatological agents.
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Chapter 8: Further Work

Isolation of active anti-inflammatory and anti-oxidamblecules is only the first step
in the long journey of discovering novel anti-oxidant aadti-inflammatory
molecules. The next step would be to determine the Eemvotis penetration
through the epidermis by measuring parameters such asopaditefficients and
flux. This would finally determine whether such compoundsndieed reach the
required site to exert a pharmacological effect.

Furthermore, essential oils are extremely complexureés sometimes comprising
hundreds of different compounds. As seen from expetsngescribed, hundreds
and thousands of different combinations and permutations passible.
Isobologram construction is also limitless and can ektertwo, three or even four
molecules. Furthermore, the correlation between vitro and in vivo
pharmacological effects is often clouded by the latteribelient biological
complexity. In addition, toxicity screening of activmedicinal plants and
compounds could yield valuable information. Therefore, ¢hesive search for

novel anti-inflammatory and anti-oxidant compounds has ojist begun.
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Appendix 1

Stock solutions of reagents for usage in the 5-lipoxygeasssy (Chaper 3, Section

3.2.2.1) were prepared.

Tweer® 20 in DMSO (dimethyl sulfoxide) solution
Tweerf 20 (1.5 g) was poured into a beaker. DMSO was added to mfikala
weight of 55 g. The contents of the beaker were stered to give a final 3 % w/w

solution of Tweefi20 in DMSO.

Potassium phosphate buffer
A 0.2 M KH,POsand 0.2 M KHPOy solutions were prepared. Approximately 77.5
ml of K,HPQO, was added to 22.5 ml KIRO, and adjusted to 200 ml with,B to

obtain 0.1 M potassium phosphate buffer at pH 6.3.
Linoleic acid

Approximately 0.16 g of linoleic acid was placed in a voltrmodlask and dissolved

to 100 ml with ethanol. The solution was then thorougtilyesl.
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Appendix 2

Stock solutions of reagents for usage in the DPPH (2,2dyMH1i-picrylhydrazyl)

anti-oxidant assay (Chaper 3, Section 3.2.2.2) were prepared.

DPPH solution

Approximately 0.038 g of DPPH was dissolved in methanol andenog to 1 L

with the same solvent. This gave a final concewmnadif 0.096 mM.
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Appendix 3

i J_ st
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Fig. Al: 'H-NMR spectrum of luteolin-8-4-D-glucoside obtained in deuterated
chloroform. Chemical shifts are recorded in ppm refezdro tetramethyl silane

as internal standar
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Fig. A2: 'C-NMR spectrum of luteolin-®-s-D-glucoside obtained in deuterate
chloroform. Chemical shifts are recorded in ppm referencetetramethyl silane ¢

internal standard.
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Fig. A3: 'H-NMR spectrum of verbascosiadtained in deuterated chloroform. Chem

shifts are recorded in ppm referenced to tetramethyl sdamaternal standard.
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Articles published in print.

150



151



152



153



Bibliography

Abad, M.J., Bermejo, P., Villar, A. 1995. The actiuitlyflavonoids extracted from
Tanacetum microphyllum DC. (Compositae) on soybean lipoxygenase and

prostaglandin synthetase. Gen Pharmacol, 26(4), 815-819.

Abdullahi, H., Nyandat, E., Galeffi, C., Messana, licd\etti, M., Bettolo, G.B.M.

1986. Cyclohexanols d¢tallerialucida. Phytochemistry, 25(12), 2821-2823.

Ahmad, R., Ali, A.M., Israf, D.A., Ismail, N.H., ShaaK., Lajis, N.H. 2005.
Antioxidant, radical-scavenging, anti-inflammatory, cytoto and antibacterial

activities of methanolic extracts of sotdedyotis species. Life Sci, 76, 1953-1964.

Akbay, P., Calis, I., Undeger, U., Basaran, N., BasaA.A. 2002. In vitro
immunomodulatory activity of verbacoside froNepeta ucrainica L. Phytother

Res, 16(6), 593-595.
Alexander, M. 2001. Aromatherapy & immunity: How the o$essential oil aids
immune potentiality: Part 3 immune responses to inflanomadnd essential oils

useful in inhibiting them. Int J Aromatherapy, 11(4), 224

Allen, L.H. 2003. Mechanisms of pathogenesis: evasion iifingk by

polymorphonuclear leukocytes. Microbes Infect, 5(14), 1329-1335.

154



Andary, C., Wylde, R., Laffite, C., Privat, G., WinteamiF. 1982. Structures of
verbascoside and orobanchoside, caffeic acid sugas dsten Orobanche rapum-

genistae. Phytochemistry, 21(5), 1123-1127.

Aruoma, O.l. 2003. Methodological considerations dbaracterizing potential
antioxidant actions of bioactive components in pland Mutat Res, 523-524, 9-

20.

Atherogenics, Inc. 2000. Science and technology > Clitacgets > inflammation

(Accessed 17 May 2004).

Ayyagari, V.N., Januszkiewicz, A., Nath, J. 2003. Rritammatory responses of
human bronchial epithelial cells to acute nitrogerxidie exposure. Toxicology,

197, 149-164.

Badilla, B., Arias, A.Y., Arias, M., Mora, G.A., Reda, L.J. 2003. Anti-
inflammatory and antinociceptive activities bbasa speciosa in rats and mice.

Fitoterapia, 74, 45-51.

Banerjee, P., Xu, X.J., Poulter, L.W., Rustin, M.H. 1998hanges in CD23

expression of blood and skin in atopic eczema after Chined®al therapy. Clin

Exp Allergy, 28(3), 306-314.

155



Banias, C., Oreopoulou, V., Thomopoulos, C.D. 1992. Thecke®f primary
antioxidants and synergists on the activity of plantaets in lard. J Am Oil Chem

Soc, 69, 520-524.

Barry, B.W. 2001. Novel mechanisms and devices to enabtessful transdermal

drug delivery. Eur J Pharm Sci, 14, 101-114.

Baylac, S., Racine, P. 2003. Inhibition of 5-lipoxygernasessential oils and other

natural fragrant extracts. Int J Aromatherapy, 13(233-142.

Beckman, J.S., Beckman, T.W., Chen, J., Marshal..,Frreeman, B.A. 1990.

Apparent hydroxyl radical production by peroxynitrite: Implicas for endothelial

injury from nitric oxide and superoxide. Proc Natl Acad 38A, 87, 1620-1624.

Bedi, M.K., Shenefelt, P.D. 2002. Herbal therapy in ggology. Arch Dermatol,

138, 232-242.

Benavente-Garcia, O, Castillo, J., Marin, F.R.,udet A., Del Rio, J.A. 1997.

Uses and properties Gitrus flavonoids. J Agric Food Chem, 45, 4505-4515.

Berenbaum, M.C. 1978. A method for testing for synergh wny number of

agents. J Infect Dis, 37, 122-130.

156



Bodeker, G.C., Ryan, T.J., Ong, C.K. 1999. Traditional appgres to wound

healing. Clin Dermatol, 17, 93-98.

Bolton, B.M., De Gregorio, T. 2002. Trends in developnwfies. Nat. Rev., 1,

335-336.

Bremner, P., Heinrich, M. 2002. Natural products as tadgenodulator of the

nuclear factoB pathway. J Pharm Pharmacol, 54, 453-472.

Brown, D.J., Dattner, AM. 1998. Phytotherapeutic appraadioe common

dermatologic conditions. Arch Dermatol, 134(11), 1401-1404.

Cha, H.S., Kim, T.J., Kim, J.Y., Lee, M.H., Jeon, C.Kim, J., Bae, E.K., Ahn,
K.S., Koh, E.M. 2004. Autoantibodies to glucose-6-phosphsbmerase are
elevated in the synovial fluid of rheumatoid arthritisigrats. Scand J Rheumatol,

33(3), 179-184.

Chattopadhyay, R.R., Chattopadhyay, R.N., Maitra, S.K. 199Bossible
mechanism of antiinflammatory activity 8Fadirachta indica leaf extract. Indian J

Pharmacol, 25(2), 99-100.

Cheong, H., Ryu, S.Y., Oak, M.H., Cheou, S.H., Yoo, GK3n, K.M. 1998.
Studies of structure activity relationship of flavonoids the anti-allergic actions.

Arch Pharm Res, 21(4), 478-480.

157



Coates-Palgrave, K. 2003. Trees of Southern AfricauiksStrSouth Africa, P.

1212.

Cotelle, N., Bernier, J., Catteau, J., Pommery, Jlletyal, Gaydou, E.M. 1996.

Antioxidant properties of hydroxy-flavones. Free RadwlB0(1), 35-43.

Czygal, FC., Frohne, D., Hiller, K., Holtzel, C., Ndgé&., Pachaly, P., Pfander, HJ,
Willuhn, G. 2002. In: Matricariae flos. Wichtl, Meditors.  Herbal drugs and
phytopharmaceuticals. CRC press incorporated, Boca Rakonmga, U.S.A, 369-

373.

da Cunha, F.M., Frode, T.S., Mendes, G.L., Malheiras,C&chinel Filho, V.,
Yunes, R.A., Calixto, J.B. 2001. Additional evidencetfa anti-inflammatory and

anti-allergic properties of the sesquiterpene polygodidé Sci, 70(2), 159.69.

Damre, A.S., Gokhale, A.B., Phadke, A.S., Kulkarni, K.Baraf, M.N. 2003.
Studies on the immunomodulatory activity of flavonoidedction of Tephrosia

purpurea. Fitoterapia, 74, 257-261.

Dapkevicius, A., Venskutonis, R., van Beek, T.A., Linsser®.Hl = 1998.

Antioxidant activity of extracts obtained by differentletion procedures from some

aromatic herbs grown in Lithuania. J Sci Food Agric,1200-146.

158



Davis, R.H., Leitner, M.G., Russo, J.M., Byrne, M.B989. Anti-infammatory
activity of Aloe vera against a spectrum of irritants. J Am Podiatr Medo&ss

79(6), 263-276.

Del Maestro, R.F., Planker, M., Arfors, K.E. 1982. device for the participation
of superoxide anion radical in altering the adhesive ioterabetween granulocytes

and endotheliunm vivo. Intl J Micocirc Clin Exp 1(2), 105-120.

De Smet, P.A.G.M. 1997. The role of Plant-derived drugshenbal medicines in

healthcare. Drugs, 54(6), 801-829.

D’Ischia, M., Prota, G., Sodano, G. 1982. Reaction oygudial with primary
amines: an alternative explanation to the antifeedativity. Tetrahedron Lett,

23(32), 3295-3298.

Dragsted, L.O. 2003. Antioxidant actions of polyphenoleumans. Int J Vitam

Nutr Res, 73, 112-119.

Drewes, S.E., Crouch, N.R., Mashimbye, M.J., de Le&iM,, Horn, M.M. 2001.

A phytochemical basis for the potential useVidrburgia salutaris (pepper-bark

tree) leaves in the place of bark. S Afr J Sci, 97; 383

159



Dupont, R., Goossens, J-F., Cotelle, N., Vrielynck, lezix, H., Hénichart, J-P.,
Cotelle, P. 2001. New bis-catechols 5-lipxoygenase imhgitBioorg Med Chem,

9(2), 229-235.

Edenharder, R., Griinhage, D. 2003. Free radical scavergiitgaof flavonoids
as mechanism of protection against mutagenicity induced tdy-butyl
hydroperoxide or cumene hydroperoxidesatmonella typhimurium TA102. Mutat

Res, 540(1), 1-18.

Elias, P.M. 1983. Epidermal lipids, barrier functiamd desquamation. J Invest

Dermatol, 80(s), 44-49.

El-Negoumy, S.l., Abdalla, M.F., Saleh, N.A.M. 1986.lavenoids ofPhlomis

aurea andP. floccose. Phytochemistry, 25(3), 772-774.

Evans, A.T. 1987. Actions of cannabis constituents ogre@z of arachidonate

metabolism: anti-inflammatory potential. Biochem Phacol, 36, 2035-2037.

Evans, W.C. 1996. Trease and Evans’' Pharmacogno&yeditdbn. WB Saunders

Company Limited, London, 176-177.

160



Feeny, P., Sachdev, K., Rosenberry, L., Carter, M. 198&eolin 70-(6"- O-
malonyl)$-D-glucoside andrans-chlorogenic acid: oviposition stimulants for the

black swallowtail butterfly. Phytochemistry, 27(11), 3439-3448.

Fejes, S., Blazovics, A., Lemberkovics, E., Petri, &'0ke, E., Kery, A. 2000.
Free radical scavenging and membrane protective efiéctethanol extracts from
Anthriscus cerefolium L. (Hoffm.) andPetroselinum crispum (Mill.) nym. ex A.W.

Hill. Pytother Res, 14(5), 362-365.

Foegh, M.L., Hecker, M., Ramwell, P.W. 1998. The eino&is: prostaglandins,
thromboxanes, leukotrienes, and related compounds. Isic Band clinical

pharmacology. Katzung, B.G., editors. Appleton and ea@pnnecticut, 304-318.

Franzyk, H., Olsen, C.E., Jensen, S.R. 2004. Dopaol 2-katd 2,3-

diketoglycosides from Chelone oblique. Nat Prod, 67(6), 102

Fukuyama, T., Sato, T., Asakawa, Y., Takemoto, T. 1982. Anpatytotoxic
warburganal and related drimane-type sesquiterpenoids fieohygonum

hydropiper. Phytochemistry, 21, 2895-2898.

Gao, J.J., lgalashi, K., Nukina, M. 1999. Radical sogivgn activity of

phenylpropanoid glycosides Baryopteris incana. Biosci Biotechnol Biochem,

63(6), 983-988.

161



Giannini, C., Debitus, C., Posadas, I., Paya, M., D’Auvia/. 2000. Dysidotronic
acid, a new and selective human phospholipasaniibitor from the sponge

Dysidea sp. Tetrahedron Lett, 41, 3257-3260.

Gillespie, R.J., Humphreys, D.A., Baird, N.C., Robims&.A. Carbon: inorganic
compounds and hydrocarbons. In: Chemistry. Allyn andBaknc., Boston, 416-

4109.

Graf, J. 2000. Herbal anti-Inflammatory agents for skgeake. Skin Therapy

Letter, 5(4), 3-5.

Grice, H.C. 1986. Safety evaluation of butylated hydrdugioe (BHT) in the

liver, lung, and gastrointestinal tract. Food Chem Tax@4, 1127-1130.

Grimble, R.F. 1994. Nutritional anti-oxidants and the mashreof inflammation:

theory and practice. New Horiz, 2, 175-185.

Guenther, E., Althausen, D. 1949. The Essential ®itdume Two. D. van
Nostrand Company, Inc., Toronto, P. 852.

Gundidza, M.G., Zwaving, J.H. 1993. The chemical compasitiothe essential
leaf oil of Helichrysum odoratissmum Sweet from Zimbabwe. J Essent Oil Res,

341-343.

162



Gupta, Y.K., Gupta, M., Kohli, K. 2003. Neuroprotectiveeraf melatonin in

oxidative stress vulnerable brain. Indian J Physiotfaheol, 47(4), 373-386.

Gutteridge, M.C. 1993. Biological origin of free radicadexd mechanisms of

antioxidant protection. Chemico-Biological Interactpfl, 133-140.

Halliwell, B. 1995. Oxygen radicals, nitric oxide and humiaffammatory joint

disease. Ann Rheum Dis, 54, 505-510.

Halliwell, B., Gutteridge, J.M.C. 1999. Free RadicasBiology and Medicine.

Oxford University Press, Oxford, P. 968.

Hayashi, K., Nagamatsu, T., Ito, M., Hattori, T., Suzoki, 1994. Acteoside, a
component ofStachys sieboldii MIQ, may be a promising antinephritic agent (2):
Effect of acteoside on leukocyte accumulation in tleengiruli of nephritic rats. Jpn

J Pharmacol, 66(1), 47-52.

Hirosue, T., Matsuzawa, M., Irie, I., Kawali, H., Hgag Y. 1988. Antioxidative
activities of herbs and spices. J Jap Soc Food Shnb¢c35, 630-633.

Hope, W.C., Welton, A.F., Fiedler-Nagy, C., Batuladiedo, C., Coffey, J.W.
1983. In vitro inhibition of the biosynthesis of slow reacting substaraf

anaphylaxis (SRS-A) and lipoxygenase activity by querceBimchem Pharmacol,

32(2), 367-371.

163



Hsiang, P., Lewis, K. 2000. Synergy in medicinal plasatsimicrobials potentiated

by multidrug pump inhibitors. Proc. Natl. Acad. Sci. U.$9V, 1433-1437.

Hutchings, A., Lewis, G., Cunningham, A., Scott A. 199&luaMedicinal Plants:

an Inventory. University of Natal Press. Pietermhttg, South Africa, P. 461.

Hutter, J.A., Salman, M., Stavinoha, W.B., Satsangj, Williams, R.F., Streeper,
R.T., Weintraub, S.T. 1996. Antiinflammatory C-glucosktamone fromAloe

barbadensis. J Nat Prod, 59, 541-543.

Jang, M.K,, Lee, H.J., Kim, J.S., Ryu, J.H. 2004. Acaorinoid and two
sesquiterpenoids frourcuma zedoaria as inhibitors of nitric oxide synthesis in

activated macrophages. Arch Pharm Res, 27(12), 1220-1225.

Jansen, B.J.M., de Groot, A. 1991. The occurrence ardglmal activity of

drimane sesquiterpenoids. Nat Prod Rep, 8, 309-318.

Jonassohn, M., Davidsson, R., Kahnberg, P., Sterner, O.. 1B8& reactivity of

drimane unsaturated dialdehydes towards nucleophiles. Tetoaheb3(1), 237-

244,

164



Juma, B.F., Majinda, R.R. 2004. Erythrinaline alkaloidsnftbe flowers and pods
of Erythrina lysstemon and their DPPH radical scavenging properties.

Phytochemistry, 65(10), 1397-1404.

Kankuri, E., Solatunturi, E., Vapaatalo, H. 2003. Effestgphenacetin and its
metabolite p-phenetidine on COX-1 and COX-2 activities aquessionin vitro.

Thromb Res, 110(5-6), 299-303.

Kitajima, J., Suzuki, N., Satoh, M., Watanbe, M. 2002sgB#&erpenoids oforilis

japonica fruit. Phytochemistry, 59(8), 811-815.

Kuiate, J.R., Amvam Zollo, P.H., Nguefa, E.H., Bess J.-M., Lamaty, G.,
Menut, C. 1999. Composition of the essential oils ftbm leaves oMicoglossa
pyrifolia (Lam.) O. Kuntze andHelichrysum odoratissmum (L.) Less growing in

Cameroon. Flavour Frag J, 14, 82-84.

Kyriakopoulou, I., Magiatis, P., Skaltsounis, A.L., Aligias, N., Harvala, C. 2001.
Samioside, a new phenylethanoid glycoside with freezehdscavenging and

antimicrobial activities fronfPhlomis samia. J Nat Prod, 64(8), 1095-1097.

Latchman, Y., Whittle, B., Rustin, M., Atherton, D.Brosthoff, J. 1994. The

efficacy of traditional Chinese herbal therapy inpatoeczema. Int Arch Allergy

Immunol, 104(3), 222-226.

165



Lee, J.Y., Chang, E.J., Kim, H.J., Park, J.H., CI®WV. 2002. Antioxidative

flavonoids from leaves dfarthamustinctorius. Arch Pharm Res, 25(3), 313-319.

Lewis, D.H., Bloor, S.J., Schwinn, K.E. 1998. Flavahand carotenoid pigments
in flower tissue ofSandersonia aurantiaca (Hook.). Sci Hortic-Amsterdam, 72,

179-192.

Lin, L.C., Chiou W.F., Chou, C.J. 2004. Phenylpropanoid gigas from

Orobanche caerulescens. Planta Med, 70(1), 50-53.

Lin, J., Lin, Y., Huang, Y., Wen, K., Chen, R., Uefg, Liao, C. 2001. Isolation
and cytotoxicity of flavonoids from Daphnis genkwae FldsFood Drug Anal, 9(1),

6-11.

Liu, J. 1995. Pharmacology of oleanolic acid and ursaid. aJ Ethnopharmacol

49(2), 57-68

Lourens, A.C.U., Reddy, D., Bar, K.H.C., Viljoen, A.M., Van Vuuren, S.F. 2004.

In vitro biological activity and essential oil composition otifondigenous South

African Helichrysum species. J Ethnopharmacol, 95 (2-3), 253-258.

166



Luo, X.D., Basile, M.J., Kennelly, E.J. 2002. PolypHenantioxidants from the
fruits of Chrysophyllum cainito L. (Star Apple). J Agric Food Chem, 50(6), 1379-

1382.

Lwande, W., Hassanali, A., Wanyama, O.B., Ngola, Swahkbi, JW. 1993.
Constituents of the essential oil id&lichrysum odoratissmum (L.) Less J Essent

Oil Res, 5, 93-95.

Mabry, T.J., Markham, K.R., Thomas, M.B. 1970. Theawiblet spectra of
flavones and flavonols. In: The Systematic Iderdtimn of Flavonoids. Springer-

Verlag, New York , 41-61.

Malheiros, A., Filho, V.C., Schmitt, C.B., SantosRAS., Scheidt, C., Calixto, J.B.,
Monache, F.D., Yunes, R.A. 2001. A sesquiterpene drimatiheantinociceptive

activity fromDrimys winteri bark. Phytochemistry, 57, 103-107.

Mander, M. 1997. Medicinal Plant Marketing and StrategiesSiastaining the
Plant Supply in the Bushbuckridge Area and Mpumalanga Provilx&NCED

community forestry project, South Africa, p. 162.

®anguro, L.O.A., Ugi, |., Hermann, R., Lemmen, P. 200&vdnol and drimane-

type sesquiterpene glycosides \Warburgia stuhlmannii leaves. Phytochemistry,

63, 497-502.

167



PManguro, L.O., Ugi, I., Lemmen, P., Hermann, R. 2003.vdHal glycosides of

Warburgia ugandensis leaves. Phytochemistry, 64(4), 891-896.

Mantle, D., Gok, M.A., Lennard, T.W.J. 2001. Adversd aeneficial effects of
plant extracts on skin and skin disorders. AdversggReact. Toxicol. Rev., 20(2),

89-103.

Mashimbye, M.J., Maumela, M.C., Drewes, S.E. 1999. Adne sesquiterpenoid

lactone fromWarburgia salutaris. Phytochemistry, 51, 435-438.

Meidan, V.M., Michniak, B.B. 2004. Emerging technologiestriansdermal

therapeutics. Am J Ther, 11, 312-316.

Middleton, E., Drzewiecki, G. 1982. Effects of flavad® and transitional metal
cations on antigen-induced histamine release from hunaaophils. Biochem

Pharmacol, 31, 1449-1453.

Miele, L. 2003. New weapons against inflammation: dual bitdnis of

phospholipase A2 and transglutaminase. J Clin Invest, 118-P].
Miller, K.L., Liebowits, R.S., Newby, L.K. 2004. Congwhentary and alternative

medicine in cardiovascular disease: a review of biokdtyi based approaches. Am

Heart J, 147(3), 401-411.

168



Moncada, S., Higgs, E.A. 1991. Endogenous nitric oxide: ploggiplpathology

and clinical relevance. Eur J Clin Invest, 21, 361-374.

Muyima, N.Y.O., Nziweni, S., Mabinya, L.V. 2004. Antimabial and
antioxidative activities ofagetes minuta, Lippia javanica and Foeniculum vulgare
essential oils from the Eastern Cape Province of SAfriba. J. Essent Oil-Bear

Plants, 7(1), 68-78 .

Mwangi, J.W., Addae-Mensah, |., Munavu, R.M., Lwande, ¥891. Essential oils

of KenyanLippia species Part lll. Flavour Frag J, 6, 221-224.

Ngassapa, O., Runyoro, D.K.B., Harvala, E., Chinou, 28)3. Composition and

antimicrobial activity of essential oils of two poputats of TanzaniarLippia

javanica (Burm. f.) Spreng. (Verbenaceae). Flavour Frag J, 182221-

Ngwenya, M.A., Koopman, A., Williams, R. 2003. Zulu BotahiKnowledge: an

introduction. National Botanical Institute (NBI), p. 55.

Nishina, A., Kubota, K., Kameoka, H., Osawa, T. 1991tiokidizing component,

Musizin, inRumex japonicus Houtt. J Am Oil Chem Soc, 68, 735-739.

169



Norman, R., Nelson, D. 2000. Do alternative and comefeary therapies work

for common dermatologic conditions? Skin and Aging, 8%8)33.

Palmer, E. 1981. A Field Guide to the Trees of Soutkdrica. 29 Edition.

Collins, London, P. 393.

Palozza, P., Krinsky, N.l. 199Z3-Carotene and-Tocopherol are synergistic anti-

oxidants. Arch Biochem Biophys, 297(1), 184-187.

Park, K.Y., Lee, S.H., Min, B.K,, Lee, K.S., ChoiSJ. Chung, S.R., Min, K.R.,
Kim, Y. 1999. Inhibitory effect of luteolin 43-glucoside fromKummerowia
striata and other flavonoids on interleukin-5 bioactivity. P#aMed, 65(5), 457-

459.
Patrignani, P., Volpi, D., Ferrario, R., Romanzini, Di Somma, M., Patrono, C.
1990. Effects of racemic, S- and R-indobufen on cycloaxgge and lipoxygenase

activities in human whole Mood. Eur J Pharmacol, 19983

Peters-Golden, M., Brock, T.G. 2003. 5-lipoxygenase andP-LRrostaglandins

Leukot Essent Fatty Acids, 69 (2-3), 99-109.

Pinar, S.F., Ezer, N., Calis, I.L. 2004. Three aegatiavone glycosides from

Sderitisozturkii Aytac & Aksoy. Phytochemistry, 65(14), 2095-2099.

170



Pooley, E. 2003. Mountain Flowers. The Flora Publioatibrust, p. 146.

Prior, R.L., Cao, G. 1999.In vivo total antioxidant capacity: comparison of

different analytical methods. Free Radic Biol, 27(11/12),3-1181.

Prior, R.L., Cao, G. 2000. Analysis of botanicals amtady supplements for

antioxidant capacity: a review. J AOAC Int, 83(4), 950-956.

Rabe, T., van Staden, J. 2000. Isolation of an améibatsesquiterpenoid from

Warburgia salutaris. J Ethnopharmacol,3,171-174

Raskin, 1., Ribnicky, D.M., Komarnytsky, S., Llic, NRoulev, A., Borisjuk, N.,
Brinker, A., Moreno, D.A., Ripoll, C., Yakoby, N., O’'lde J.M., Cornwell, T,
Pastor, I., Fridlender, B. 2002. Plants and human hmattie twenty-first century.

Trends Biotechnol., 20(12), 522-531.

Rekka, E.A., Kourounakis, A.P., Kourounakis, P.N. 1996vedtgation of the

effect of chamazulene on lipid peroxidation and freeiceddprocesses. Res

Commun Mol Pathol Pharmacol, 92(3), 361-364.

Reynolds, T., Dweck, A.C. 1999 Aloe vera leaf gel: a review update. J

Ethnopharmacol, 68, 3-37.

171



Ryan, T.J. 1992. Worldwide strategy for skin health agagefinancial strait-jacket.

Int J Dermatol, 31(6), 416-421.

Ryan, G.B., Majno, G. 1977. Inflammation. The Upjolam{pany, P. 80.

Safayhi, H., Mack, T., Sabieraj, J., Anazodo, M.l., @atmnian, L.R., Ammon,
H.P. 1992. Mechanism of anti-inflammatory actions otuuorine and boswellic

acids. J Pharmacol Exp The261(3), 1143-1146

Safayhi, H., Sabieraj, J., Sailer, E.R., Ammon, H.P1994. Chamazulene: an

antioxidant-type inhibitor of leukotriene;Bormation. Planta Med, 60, 410-413.

Salehi, P., Sonboli, A., Eftekhar, F., Nejad-Ebrahifi, Yousefzadi, M. 2005.
Essential oil composition, antibacterial and antioxidaativity of the oil and various
extracts ofZizphora clinopodioides subsp.rigida (BOISS.) RECH. f. from Iran.

Biol Pharm Bull, 28(10), 1892-1896

Samaria, J.K. 2004. Anti leukotriene drugs: are theyyeakful? J Indian Acad

Clin Med, 5(1), 41-43.

Santos, F.A., Rao, V.S. 2001. 1,8-cineol, a food flangpegent, prevents ethanol-

induced gastric injury in rats. Dig Dis Sci, 46(2), 331-337.

172



Santos, F.A., Silva, R.M., Campos, A.R., de Aroujo,.R.ima Junior, R.C.P., Rao,
V.S.N. 2004. 1,8-cineole (eucalyptol), a monoterpene cadtuates the colonic

damage in rats on acute TNBS-colitis. Food Chem Tox&t¥), 579-584.

Saran, M., Mechel, C., Bors, W. 1990. Reaction of Nth @,: Implications for
the action of endothelium-derived relaxing factor (EDRFgeFRad Res Commun,

10, 221-226.

Schneider, 1., Bucar, F. 2005. Lipoxygenase inhibitors fnabaral plant sources.
Part I: Medicinal Plants with inhibitory activity @arachidonate 5-lipoxygenase and

5-lipoxygenase/cyclooxygenase. Phytother Res, 19, 81-102.

Schwarz, K., Ternes, W. 1992. Antioxidative constituemfRosmarinus officinalis

andSXalvia officinalis. Z Lebensm Unters Forsch, 195, 95-98.

Sherwin, E.R. 1990. Antioxidants. In: Branen, A.Laviglson, P.M., Salminen,

S., editors. Food Additives. New York: Marcel Dekkas.] 144-145.

Shimada, K., Fujikawa, K., Yahara, K., Nakamura, T. 199&ntioxidative

properties of xanthan on the autoxidation of soybeaim @iclodextrin emulsion. J

Agric Food Chem, 40, 945-948.

173



Shimizu, T., Honda, Z., Mii, I., Seyama, Y., lzumi, Radmark, O., Samuelsson,
B. 1990. Potato arachidonate 5-lipoxygenase: purificatiormactaization, and
preparation of 5(S)-hydroperoxyeicosatetraenoic acid. ddistfenzymol, 187, 296-

306.

Sircar, J.C., Shwender, C.J., Johnson, E.A. 1983. &o\limxygenase inhibition

by nonsteroidal anti-inflammatory drugs. Prostaglandins323;396.

Song, Y.C., Huang, W.Y., Sun, C., Wang, F.W., Tan, R2B05. Effects of
polyphenols from grape seeds on oxidative damage to cdliiNA. Mol Cell

Biochem, 267(1-2), 67-74.

Souza, M.C., Siani, A.C., Ramos, M.F., Menezes-de-Litnd,, Henriques, M.G.

2003. Evaluation of anti-inflammatory activity of essainbils from two Asteraceae

species. Pharmazie, 58(8), 582-586.

Srivastava, R. 1989. Inhibition of neutrophil response by ouircu Agents

Actions, 28(3-4), 298-303.

Srivastava, R., Srimal R.C. 1985. Modification of dertaflammation-induced

biochemical changes by curcumin, Indian J Med Res, 81, 215-223.

174



Stampf, J.L., Benezra, C., Asakawa, Y. 1982. Steredmsjtgoof allergic contact
dermatitis (ACD) to enantiomers. Part Ill. Experntadly induced ACD to a
natural sesquiterpene dialdehyde, polygodial in guinea pfgsh Dermatol Res,

274(3-4), 277-281.

Stephen, S.C., Mathasevic, B.O., Hsieh, O.A.L., Hua®d,. 1977. Natural

antioxidants from rosemary and sage. J Food Sci, 42, 1102-1106.

Svoboda, K., Deans, S.G. 1992. A study of the varialblityosemary and sage

and their volatile oils on the British market. Flavd-ragr J, 7, 81-87.

Tanaka, K., Aikawa, Y., Kawasaki, H., Asaoka, K., Inabba Yoshida, C. 1992.
Pharmacological studies on 3-formylamino-7-methylsulfonytaré-phenoxy-4H-
1-benzopyran-4-one (T-614), a novel antiinflammatorynag&th communication :
inhibitory effect on the production of interleukin-1 angterleukin-6. 1992. J

Pharmacobiodyn, 15(11), 649-655.

Tanaka, K., Hirai, H., Takano, S., Nakamura, M., NagKta,2004. Effects of

prostaglandin Bon helper T cell functions. Biochem Biophys Res Gam 316,

1009-1014.

175



Taniguchi, M., Kubo, I. 1993. Ethnobotanical drug discoveaged on medicine
men’s trials in the African savanna: screening of eatica#n plants for

antimicrobial activity II. J Nat Prod, 56, 1539-1546.

Touitou, E., Chow, D.D., Lawter, J.R. 1994. Chigablockers for transdermal

delivery. Int J Pharm, 104(1), 19-28.

Valentova, K., Sersen, F., Ulrichova, J. 2005. Radsravenging and anti-
lipoperoxidative activities oSmallanthus sonchifolius leaf extracts. J Agric Food

Chem, 53(14), 5577-5582.

van der Watt, E., Pretorius, J.C. 2001. Purificatiod mentification of active

antibacterial components @arpobrotus edulisL. J Ethnopharmacol, 76, 87-91.

van Wyk, B., Van Oudtshoorn B., Gericke N. 1997. Medickkints of South

Africa. Briza Publications, P. 304.

van Wyk, B., van Wyk, P., van Wyk, B. 2000. Photographic gtnd&rees of

Southern Africa. Briza Publications, P. 356.

Vasquez, M.T., Rosell, G., Pujol, M.D. 1997. Synthesid anti-inflammatory

activity of rac-2-(2,3-dihydro-1,4-benzodioxin)propionic aciddais R and S

enantiomers. Eur J Med Chem, 32(6), 529-534.

176



Vaughan, M. 1997. Oxidative modification of macromolesut@nireview series.

J Biol Chem, 272, 18513-18513.

Viljoen, A.M., Subramoney, S., van Vuuren, S.F.s@8aK.H.C., DemirciB. 2005.
The composition, geographical variation and antimicrobidiviae of Lippia

javanica (Verbenaceae) leaf essential oils. J Ethnopharm@6(l;2), 271-277.

Von Breitenbach, F. 1986. National List of Indigenougebr Dendrological

Foundation. Pretoria, South Africa, p. 42.

Watt J.M., Breyer-Brandwijk M.G. 1962. The Medicinabaoisonous Plants of

Southern and Eastern Africa. Livingstone, P. 525.

Westman, M., Korotkova, M., af Klint, E., Stark, Audoly, L.P., Klareskog, L.,
Ulfgren, A.K., Jakobsson, P.J. 2004. Expression ofos@mal prostaglandin E

synthase 1 in rheumatoid arthritis synovium. Arthiigeum, 50(6), 1774-1780.

Weyerstahl, P., Christiansen, C., Gundidza, M, Mavil1892. Constituents of the

essential oil oHeteropyxis natalensis. J Essent Oil Res, 4, 439-445.

Wichi, H.P. 1988. Enhanced tumour development by butylatedokyalnisole

(BHA) from the prospective of effect on forestomachl a®sophageal squamous

epithelium. Food Chem Toxicol, 26, 717-723.

177



Williams, V.L. 1996. The Witwatersrand muti trade. &/&l Flora, 82(1), 12-14.

Williams, C.A., Harborne, J.B., Geiger, H., HoullR 5. 1999. The flavonoids of
Tanacetum parthenium and T. wulgare and their anti-inflammatory properties.

Phytochemistry, 51(3), 417-423.

Wu, M.J., Wang, L., Ding, H.Y., Weng, C.Y., Yen, J.H2004. Glossogyne
tenuifolia acts to inhibit inflammatory mediator production in acnegphage cell line

by downregulating LPS-induced NF-kappa B. J Biomed Sci, 118),199.

Xu, X.J., Banerjee, P., Rustin, M.H., Poulter, LW. 19%odulation by Chinese
herbal therapy of immune mechanisms in the skin aépist with atopic eczema.

Br J Dermatol, 136(1), 54-59.

Yagi, A., Kabash, A., Okamura, N., Haraguchi, H., Mouwst&.M., Khalifa, T.I.

2002. Antioxidant, free radical scavenging and anti-inflatary effects of aloesin

derivatives inAloe vera. Planta Med, 68(11),957-960.

Yamamoto, S. 1990. “Enzymatic” lipid peroxidation : Reaw of mammalian

lipoxygenases. Free Radic Biol Med, 10(2), 149-159.

178



Yayli, N., Yasar, A., Giileg, C., Usta, A., Kolayli, S., §ancelebi, K., Karaglu, S.
2005. Composition and antimicrobial activity of essenbigd from Centaurea

sessilis andCentaurea armena.  Phytochemistry, 66, 1741-1745.

Yff, B.T.S., Lindsey, K.L., Taylor, M.B., Erasmus, ®., Jager, A.K. 2002. The
pharmacological screening dfentanisa prunelloides and the isolation of the

antibacterial compound palmitic acid. J Ethnopharm&@gll), 101-107.

Yokozawa, T., Chen, C.P., Dong, E., Tanaka, T., Non@kaNishioka, E. 1998.
Study on the inhibitory effect of tannins and flavonoidsirsgjahe 1,1-Diphenyl-2-

picrylhydrazyl radical. Biochem Pharmacol, 56, 213-222.

You, Z., Heiman, A.S., Hudson, C.E., Lee, H.J. 200ZedEbf chirality at C-20 of
methyl 13,170,20-trinydroxy-3-oxo-1,4-pregnadien-21-oate derivatives on anti-

inflammatory activity. Steroids, 67(5), 353-359.

Young, R.N. 1999. Inhibitors of 5-lipoxygenase: a therapegtential yet to be

fully realized? Eur J Med Chem, 34, 671-685.

Zidorn, C., Ellmerer-Muller, E.P., Ongania, K.H., $t,1S., Stuppner, H. 2000.

New taxonomically significant sesquiterpenoids frioeontodon autumnalis. J Nat

Prod, 63(6), 812-816.

179



Zou, Y., Lu, Y., Wei, D. 2004. Antioxidant activity of &¥onoid-rich extract of

Hypericum perforatumL. invitro. J Agric Food Chem, 52(16), 5032-5039.

Zschocke, S., Rabe, T., Taylor, J.L.S., Jager, Aln, Staden, J. 2000. Plant part

substitution — a way to conserve endangered medicinatisplarlEthnopharmacol,

71(1-2), 281-292.

180



