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General Abstract

The methanol extract ddelichrisum pedunculatum was screened for antimicrobial activity up to
a concentration of 5 mg/ml using the agar dilutiechnique. A number of test bacterial isolates,
comprising both Gram negative and Gram positiveaoigms were susceptible to the crude
extract of the plant. The minimum inhibitory contrations (MICs) of the extract ranged
between 1 and 5 mg/ml for the susceptible organisrhe MICs of the selected antibiotics,
chloramphenicol and penicillin, ranged between @ 4rmg/L, and 2 and 32 mg/L respectively
againstBacillus cereus, Proteus vulgaris and Saphylococcus aureus OKOH1. Bactericidal
activity was determined by the time kill assay. Tiethanol extract of the plant was not
bactericidal at 1 x MIC foB. cereus, P. vulgaris and Staph. aureus OKOH1. At 2 x MIC the
extract was bacteriostatic agaiBstcereus but bactericidal againgt. vulgaris and Saph. aureus
OKOH1. Combination studies were doné/ak MIC, 1 x MIC and 2 x MIC of the plant extract
with 1 x MIC of the antibiotics. Combinations oftiplant extract and chloramphenicol resulted
in mostly indifferent interactions againBt vulgaris and Saph. aureus OKOH1 but synergistic
interactions at higher concentration of the plaxtraet for B. cereus. Penicillin combinations
gave synergistic interactions at lower concentratiof the plant forP.vulgaris and Staph.

aureus OKOH1 but was mostly indifferent fd. cereus.
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CHAPTER 1

INTRODUCTION

Populations throughout Africa, Asia and Latin Ancariuse traditional medicine to help meet
their primary health care needs, and it is estithéttat in developing countries, as much as 80%
of theindigenous populations depend on traditional systehmedicineand medicinal plants as
their primary source of healthcare. Traditional mee includes a variety of health practices,
approaches, knowledge and beliefs that incorpomgst, animal and/or mineral based
constituents, spiritual therapies and exercisesd usegularly or combined for prevention,
diagnosis or treatment of disease (WHO, 2002).

Over the past decade, herbal medicine has beconmepia of increasing global
importance, with both medical and econonmplications. In Australia, Europe and North
America complementary and alternative medicin@dsdasingly used in parallel with allopathic
medicine and in European in particular, herbal wieds represent amportant share of the
pharmaceutical market, with annual satethe range of US$7 billion (Mukherjee, 2003) the
United States, the saté herbal products has skyrocketed from $200 nmillio 1988to greater
than $3.3 billion in 1997 (Parekdt al., 2005; Mahady, 2001). There has been an incrgasin
number of countries adopting national policies aaditional medicine and developing
regulations with regards to defining the role tlratlitional medicine plays in their health care
delivery systems (WHO, 2002).

Although free health care has become entrenchebuth Africa’s constitution, many

rural people still rely on the cheaper traditiohahling methods and it is estimated that between



12 and 15 million South Africans still use tradited remedies from as many as 700 indigenous
plant species (Meyer and Afolayan, 1995), thus,3bath African government now recognizes
the importance of traditional medicine as a kewjater of primary health care and is promoting
the integration of traditional healing into theiofl health care system in the Drug Policy of the
Government’s Reconstruction and Development PrograifHess, 1998).

Medicinal plants form the principal component @ ditional medicine (Eloff, 1998) and
have been used for centuries as remedies for hulisease because they contain compounds
with therapeutic values. Plant derived compoundsodiinterest because they are believed to be
safer (due to their long term use) and more effecBubstitutes for synthetically produced
antimicrobial agents (Maoz and Neeman, 1998), thsy culturally acceptable and better
compatible with the human body with fewer side efgParekfet al., 2005).

Medicinal plants are the richest bio-resource oigdrof traditional systems of medicine,
modern medicines, nutraceuticals, food supplemehts;maceutical intermediates and chemical
entities for synthetic drugs (Hammetral., 1999). There has been a global growth in thatpla
derived medicinally useful formulations, drugs amehlthcare products, its market covering
more than 60% of the products of plant origin.ds lbeen estimated that 14-28% of higher plant
species are used medicinally and that 74 % of phewohogically active plant derived
components were discovered after following up dmeinedicinal use of the plant and that 25%
of modern medicine are descended from plants wbilsérs are synthetic analogues built on
prototype compounds isolated from plants (Wakdik@04).

Phytomedicines are defined as therapeutic agemigedefrom plants or parts of plants,
or the preparations made from them. A phytomedijcideally, represents the totality of the

medicinal plant or one of its parts (such as r¢edf, flower, fruit, etc.), rather than a single



isolated chemical compound (Foster, 1997). The Idpweent of pharmaceuticals begins with
identification of active principles, detailed bigioal assays and dosage formulations, followed
by clinical studies to establish safety, efficacyl pharmacokinetic profile of the new drug (lwu
et al., 1999). The same follows for plant therapeutierag, and thorough biological evaluation
of plant extracts is vital to ensure their efficasgfety and quality (Eloff, 1998b). These factors
are of importance if plant extracts are to be ammbms valid medicinal agents and as a
prerequisite for global harmonizatiaf herbal health claims of medicinal plants (Mahady
2001). With the vast knowledge about plants and thetabolites the challenge is to ascertain
their safety and efficacy, especially with regardgreating those diseases which represent the
greatest burden, particularly for poorer populai@WHO, 2002). It is therefore important to
investigate scientifically those plants which héeen used in traditional medicines as potential
sources of novel therapeutic compounds. The resoegef interest in natural therapies and
increasing consumer demand for effective, safejrabproducts suggests that quantitative data

on phytomedicines is needed (Hamraeal., 1999).

1.1. The therapeutic value of plant secondary metaiites

Plant secondary metabolites have found applicatiomarious types of treatments. They have
been used in cancer treatments (Scletek, 2006; Iwuet al., 1999; Ahn, 1994; Matkowski and
Wolniak, 2005), as anti-inflammatory agents (Gibda2003; Briskin, 2000), antidiabetic agents
(Day, 1990) and as antimicrobial agents with aotiqroal (Meckest al., 1999), antibacterial
(Meyer and Afolayan, 1995), and antifungal (Dwivedlid Singh, 1999) activities, and in that
capacity have also been found to mitigate the sifiects associated with synthetic

antimicrobials (Al-Bakri and Afifi, 2007).



Faced with the emergence of multi drug resistantreorganisms, plant derived
compounds have become popular as substitutes fdnetically produced antimicrobial agents
and they have been found to be useful as antibiesistance-modifying agents (Al-hebshal.,
2006). Antibiotics are sometimes associated witlveegk effects on the host including
hypersensitivity, immune-suppression and allergactions while antimicrobials of plant origins
treat infections while simultaneously mitigatingmgeof the side effects that are associated with
synthetic antimicrobials (Pareldhal., 2005).

Moreover, the public is becoming increasingly awafe problems with the over
prescription and misuse of traditional antibiot{@owan, 1999). This has resulted in intensive
research by ethnopharmacologists, botanists, maaogbsts and natural product chemists
(Tanakaet al., 2006) in the search for newer less expensivetraltive substances (Saéeal,
1996) especially with the realization that the etifee life span of any antibiotic is limited
(Clark, 1996). This has lead to the isolation amehtification of a large variety of secondary
metabolites produced by plants and subsequentilyekploration for use as active principles in

medicinal preparations (Tayletal., 2001).

1.2. TheHelichrysum species

There are over 600 species l#lichrysum occurring worldwide, with 245 found in Southern
Africa. The Helichrysum species are annuals, herbaceous perennials dosshgtowing to a
height of 60-90 cm. They are usually found in thargns of forest woodlands or in open
grasslands. They love the sun and do well in ¢bds are well drained and water retentive, light
sandy or stony. General characteristicdHefichrysum species are that they grow as prostrate,

semi-erect and erect herbs, are normally many-stamiend have woody taproots. The leaves



and stems have a whitish woolly appearance, edjyewsiaen the plant is young and the flowers
are small. The flowers have bracts, which are smaltlified leaves which grow as cup-like
enclosures. Theédelichrysum species produce many unusual products which aiedically
active (Mathekga, 2000) and is known for its aramand therapeutic properties. Some
members of the gent$elichrysum have been well characterized with respect to thextondary
metabolites which are used by the plants as a biodal defense mechanism against bacteria
and fungi.

In Southern AfricaHelichrysum species are used widely for medicinal purposesiand
particular the South African species are generafigd for infectious diseases and antibiotic
activity has been demonstrated for a number ofispéMathkega, 2000). They are traditionally
used in the treatment of wounds, infections andira®ry conditions. The extracts as well as the
essential oils fronHelichrysum species have exhibited promising biological aaggiin manyin
vitro assays which include anti-oxidant, antimicrobrad anti-inflammatory activity (Lourens

al., 2004).

1.2.1 Helichrysum pedunculatum

The candidate plant in this studyHslichrysum pedunculatum, a plant used by the Xhosa people
of South Africa to treat traditional circumcisionounds. Helichrysum pedunculatum is a
perennial herb with a wide distribution, rangingnr southern Lesotho to the Eastern Cape
Province (Meyer and Dilika, 1996). No specific amtirobial properties of this plant have been
reported although its medicinal values which ineldidts ability to cure stomach ailments and its

inflammatory properties have been cited by sombast(Meyer and Dilika, 1996).



The plant is used by the Xhosa and Fengu as aimgesfter circumcision and the root is
also used for coughs and colds (Hutchings, 199@}ibActerial assays dfi. pedunculatum
showed that dichloromethane extracts were actianagall the Gram positiveacteria tested,
as well as two Gram negative bactefaterobacter cloacae and Serratia marcescens (Meyer
and Dilika, 1996). A water extract ¢1. pedunculatum was effective agains®taphylococcus
aureus and Micrococcus kristinae and the shaken methanol extract did not show atiyits
against the microorganisms tested (Meyer and Dilil@96). An antibacterial-activity guided
fractionation of the dichloromethane extract of gi@nt resulted in the isolation of linoleic and
oleic acids both of which inhibited a number of @rgositive bacteria tested. A strong
synergistic effect between the two fatty acids \aBs® observed againStaph. aureus and M.
kristinae. No other constituents have been isolated forsglant except these fatty acids (Dilika

et al., 2000).

1.3. Risks associated with the traditional circumgion rite

There are various risks associated with the pradidraditional circumcision among the Xhosa.
Traditional circumcision is often performed in no@dical settings, under conditions conducive
to sepsis. This increases the chances of healbligons resulting from these surgical practices by
poorly trained or untrained practitioners. In SoAfnica, every year, youngbakwetha (Xhosa:
male initiates) are hospitalized or die from cir@ision wounds undergone during traditional
initiation rites (Daily Sun, 2006). Ritual circuns@n under some circumstances can put young
men at risk of contracting sexually transmittedeations (STIs), HIV/AIDS and other blood-
borne infections. Ischaemia (starvation of bloogpdy) or/and infection from the tight thong

bandage wrapped around the wound, leads to pepkssand gangrene, with subsequent loss of



penile tissue. Infection can spread throughoubthdy and ultimately, septicemia is the cause of
most deaths from circumcision. Septicemia is aadtibn in which large amounts of bacteria are
present in the blood. It occurs as a result ofliped infection in the body after which bacteria
spill over the primary infection site into the btband carried throughout the body.

It is difficult to quantify the morbidity and motity associated with ritual circumcision
in South Africa, as actual numbers of youths pantakn these rites annually is indeterminable.
This is largely due to the esoteric nature of tteeand as a consequence, data collection is scant.
However deaths, largely due to blood poisoning Heeen reported in the media (Natal Witness,

2002; Daily Sun, 2006).

1.3.1 Wound infections
All surgical wounds are contaminated by microbest & complex interplay between host,
microbial, and surgical factors ultimately deterasrthe prevention or establishment of a wound
infection. Microbial factors that influence the asishment of a wound infection are the
bacterial inoculum, virulence, and the effect o€ tmicroenvironment. Most surgical site
infections (SSIs) are contaminated by the patiews endogenous flora, which are present on
the skin, mucous membranes, or hollow viscera @iand Robson, 1975). Sources of such
pathogens include surgical/hospital personnel ammaoperative circumstances, including
surgical instruments, articles brought into therapee field, and the operating room air.

The usual pathogens on skin and mucosal surfages$Gem-positive cocci (notably
staphylococci). However, Gram-negative aerobesasa@robic bacteria contaminate skin in the
groin/perineal areas. Gram-positive organisms, iqdarly staphylococci and streptococci,

account for most exogenous flora involved in SSIee most common group of bacteria



responsible for SSIs isStaph. aureus. According to a National Nosocomial Infections
Surveillance (NNIS) Systems Report (1998pph. aureus accounts for 20% of the pathogens
commonly associated with wound and burn infectiand is the most common cause of acute
pyogenic (pus-producing) infection in man. The ayeerce of resistant strains has considerably
increased the burden of morbidity and mortality oasgted with wound infections.
Staphylococcus epidermis is the name given to a heterogeneous group ofutasernegative
staphylococci which are often isolated from clihispecimens. They are generally of low
pathogenicity and can be usually regarded as sacpmavaders of little importance but are an
increasingly common cause of severe infections sscdepsis associated with intravascular lines
(Thomas, 1991).

Most Bacillus species are regarded as having little or no pathogootential. However,
both Bacillus cereus andB. subtilis have been known to act as primary invaders orrskny
infectious agents in a number of cases (Mathedtgal., 2000). On a few occasions highly
toxigenic strains oB. cereus have caused septic conditions in man. Other migasasms listed
in the NNIS Systems Report as important wound irdaccausative agents includeterococci,

Pseudomonas aeruginosa, Enterobacter speciesCandida albicans and group D streptococci.

1.4. Aims of the study
The broad aim of the study was to carry out anssssent of the antimicrobial potential of the
methanol extract dfl. pedunculatum. The specific objectives include:

)] to screen the crude methanol extracHopedunculatum for antibacterial activity against

a panel of bacterial isolates;



ii)

to determine the Minimum Inhibitory ConcentratidhlC) of the crude methanol extract
of the plant, against a panel of different micrbB@ecies;

to determine the rate of killing of the extrachagt selected susceptible bacterial strains
in order to quantitatively characterize the relasioip between bactericidal activity and
the concentration of antimicrobial agents;

to investigate possible synergistic interactiorfs tloe plant extract with selected

antibiotics.



Accepted for publication iAfrican Journal of Biotechnology.

CHAPTER 2

Assessment of Antimicrobial Properties of Natural @mpounds of Plant Origin: Current
Methods and Future Trends

Abstract

Medicinal plants have recently received the attentof the pharmaceutical and scientific
communities and various publications have docunderitee therapeutic value of natural

compounds in a bid to validate claims of their bgital activity. Attention has been drawn to

the antimicrobial activity of plants and their mmtétes due to the challenge of growing

incidence of drug-resistant pathogens. Some plaatgee shown the ability to overcome

resistance in some organisms and this has leds&arehers investigating their mechanisms of
action and isolating active compounds. Particutasu$ is on establishing the effect of the
plants/plant extracts in terms of their microstadimd microcidal action and the spectrum of
organisms affected. This has enabled exploitatibrplants for the treatment of microbial

infections and in the development of new antimi@blgents. This requires rigorous research
and it is therefore imperative to follow standardthods to authenticate claims of antimicrobial
action. Results comparability is largely dependemt the techniques employed in the
investigations and conclusive results can only b&aioed if methods are standardized and
universal. This paper reviews the current methagixiun the investigations of the efficacy of
plants as antimicrobial agents and points out sofhike differences in techniques employed by
different authors.

Keywords. medicinal plants, plant extracts, antimicrobigéats, antimicrobial activity,
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1.0 Introduction

Plant-derived substances have recently become edit gnterest owing to their versatile
applications (Bariset al., 2006). Medicinal plants are the richest bio-reseuof drugs of
traditional systems of medicine, modern medicinestraceuticals, food supplements, folk
medicines, pharmaceutical intermediates and chéraidgties for synthetic drugs (Hammetr

al., 1999). It has been estimated that 14-28% ofdrigitant species are used medicinally and
that 74% of pharmacologically active plant deriwenponents were discovered after following
up on ethnomedicinal use of the plant. A numbentdresting outcomes have been found with
the use of a mixture of natural products to tres¢ases, most notably the synergistic effects and
polypharmacological application of plant extrackbpons, 2003).

The development of pharmaceuticals begins with tiflestion of active principles,
detailed biological assays and dosage formulatitmitgwed by clinical studies to establish
safety, efficacy and pharmacokinetic profile of thew drug (Iwuet al., 1999). The same
follows for plant therapeutic agents. Thorough dgital evaluation of plant extracts is vital to
ensure their efficacy and safety. These factorsoéremportance if plant extracts are to be
accepted as valid medicinal agents. Many plant lieeen used because of their antimicrobial
traits and the antimicrobial properties of plantsvén been investigated by a number of
researchers world wide. Ethnopharmacologists, l&ttgnmicrobiologists, and natural-product
chemists are searching the earth for phytochemwhish could be developed for the treatment
of infectious diseases (Tanadal., 2006) especially in light of the emergence afgdresistant

microorganisms and the need to produce more efeeatitimicrobial agents.

The antimicrobial susceptibility test (AST) is assential technique in many disciplines

of science. It is used in pathology to determirgstance of microbial strains to antimicrobials,
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and in ethnopharmacology research, it is used terne the efficacy of novel antimicrobials
against microorganisms, essentially those of médimoportance. The test is the first step
towards new anti-infective drug development. Thaeevarious AST methods that are employed

by researchers and these could lead to variatioresults obtained (Lampinen, 2005).

1.1 Plant products as therapeutic agents

Traditionally used medicinal plants have recentlyaated the attention of the pharmaceutical
and scientific communities. This has involved telation and identification of secondary
metabolites produced by plants and their use aseagrinciples in medicinal preparations
(Taylor et al., 2001). Many of the plant secondary metabolites @nstitutive, existing in
healthy plants in their biologically active forntsyt others occur as inactive precursors and are
activated in response to tissues damage or pathaitpak (Osbourne, 1996).

The array of secondary metabolites produced bytplEndaunting, with wide ranging
chemical, physical and biological activities. Thesmstitute a source of bioactive substances
and presently the scientific interest has increakeglto the search for new drugs of plant origin.
A number of plant secondary metabolites (PSM) H@een used as anticancer agents. Flavonoid-
rich extracts from the mature roots Sfutellaria baicalensis have been shown to exhibit anti-
proliferative effects on various cancer lines (S¢het al., 2006). Taxol, a diterpene from the
Pacific yew has been widely used as a drug fotrr@gment of ovarian and breast cancer (&vu
al., 1999). Limonoids, a group of triterpenes, haeerbshown to be successful in treatments
with in-vitro bioassays on human tumor cell lines, with limoaird isofraxinellone being the

most active compounds (Ahn, 1994).
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1.1.1 Antimicrobial secondary metabolites

Mainstream medicine is increasingly receptive o thse of antimicrobial and other drugs
derived from plants, as traditional antibiotics tv@e ineffective and because of the rapid rate of
plant species extinction. There is a feeling amoatyiral-products chemists and microbiologists
alike that the multitude of potentially useful pbghemical structures which could be
synthesized chemically is at risk of being losttiievably (Cowan, 1999).

Many of the earliest isolated pure compounds withlolgical activity were alkaloids.
Naturally occurring alkaloids are nitrogenous coomuis that constitute the pharmacogenically
active basic principles of flowering plants. Alkals have been divided into 3 major classes
depending on the precursors and the final struciline true alkaloids are derived from amino
acids, are basic and contain nitrogen in a hetetmcying e.g. nicotine. Common alkaloid ring
structures include the pyridines, pyrroles, indolggrolidines, isoquinolines, and piperidines
(Bennet and Wallsgrove, 1994). A benzylisoquinolatiealoid, papaverine was shown to have
inhibitory effect on several viruses and indoquimelalkaloids fronCryptolepsis sanguinolenta
displayed activity against a number of Gram negabacteria and yeast (Sihah al., 1996).
Quinine, an alkaloid, is popular for its antiamdehetivity against the malaria parasite (st
al., 1999).

The terpenes are one of the largest and most divgreupsof plant secondary
metabolites. They include sterols amiderpenes, complex compounds that are formedhiey t
cyclization of2, 3-oxidosqualene. Sterols and triterpenes cannaglate as glycosidmnjugates
in substantial quantities in plants. These glycesjg@hich include steroidal glycoalkaloids, are
commonly referredo as saponins. A number of studies have shownngapto have inhibitory

effects on protozoa. Saponins fr@uaillaja saponaria andAcacia auriculoformis were found to
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be antiprotozoaln vitro with butanol as the main active component (Wall&@94). Another
important sub-class of compounds under the terpeares the essential oils of which
monoterpenes, diterpenes and sesquiterpenes fernmajority of this sub-class. Essential oils
possess biological activity including antibacteriahtiviral, antifungal and anti-inflammatory
effects. Oils fromCinnamomum osmophloeum have been shown to possess antibacterial activity
againstEscherichia coli, Enterococcus faecalis, Staph aureus (including methicillin resistant
Staph. aureus) andVibrio parahaemolyticus, with cinnamaldehyde being the main antibacterial
component isolated. This compound has also beemlyidsed in antiseptic mouthwashes
because of its activity against oral bacteria (A&l 2004). Some essential oils are effective
against some higher organisms such as nematodksintiees and insects. Common active
components of the essential oils include thymolyvaeol, camphor and terpinene-4-ol
(Acamovic and Brooker, 2005).

The phenolics and polyphenols are another groygasft secondary metabolites (PSM)
that have exhibited antimicrobial activitymportant subclasses in this group of compounds
which have been found to have antimicrobial adtiiniclude phenols, phenolic acids, quinones,
flavones, flavonoids, flavonols, tannins and coungrThis group includes metabolites derived
from the condensation of acetate units (e.g. tepés), those produced by the modification of
aromatic amino acids (e.g. phenylpropanoids andneoins), flavonoids, isoflavonoids and
tannins. Flavones, flavonoids and flavonols havenbknown to be synthesized by plants in
response to microbial infection so it is not susimg that they have been found,vitro, to be
effective antimicrobial substances against a widemya of microorganisms (Bennet and

Wallsgrove, 1994).
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Many human physiological activities, such as statioh of phagocytic cells, host-
mediated tumor activity, and a wide range of anfiég¢tive actions have been assigned to tannins.
These are soluble in water, alcohol and acetonegares precipitates with proteins (Basri and
Fan, 2005). Tannins have been traditionally usedpfotection of inflamed surfaces of the
mouth and treatment of catarrh, wounds, hemorrhaid diarrhea (Ogunleye and Ibitoye,
2003). As a group, coumarins have been found tousiite macrophages, which could have an
indirect negative effect on infections (Cowan, 1999

External plant surfaces are often protected by ddiopers e.g. waxes fatty acid esters
such as cutin and suberin. In addition, exterreduiés can be rich in phenolic compounds,
alkaloids, diterpenoids, steroid alkaloids and pttempounds which inhibit the development of
fungi and bacteria. Cell walls of at least some awmtyledons also contain antimicrobial

proteins, referred to as thionins (Angeh, 2006).

1.1.2 Practical clinical application of plant antimicrobial compounds

Bacteria have evolved numerous defenses againgniambial agents, and drug-resistant
pathogens are on the ridénis resistance is conferred by multidmegistance pumps (MDRS),
membrane translocases that extrude structuualhglated toxins from the cell. These protect
microbial cells from both synthetic and naturalimuntrobials (Stermitzt al., 2000). Secondary
metabolites resemble endogenous metabolites, lggdramones, signal transduction molecules
or neurotransmitters and thus have beneficial nrealiceffects on humans due to their
recognition in potential target sites (Pare&hal., 2005). The use of plant extracts and
phytochemicals can be of great significance indapeutic treatments and could help curb the

problem of these multi-drug resistant organismsa btudy done witlPs. aeruginosa, which is
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resistant to different antibiotics, its growth wiakibited by the extracts from clove, jambolan,
pomegranate and thyme (Nascimesttal., 2000).

Moreover, the synergistic effects of extracts waittimicrobial activity in association
with antibiotics can provide effective therapy aidrug resistant bacteria. These synergistic
combinations represent a largely untapped souragewof pharmaceutical products with novel
and multiple mechanisms of action that can overcomnoeobial resistance. Recent developments
in plant biotechnology have created the tools twipce botanical mixtures at a level comparable
to that of pure drug compounds (Gibbons, 2003) thnough biosynthesis and bioengineering
dependence on large amount of plant material isicedl limiting depletion of biogenetic
resources in forests. These compounds, howeveuldhie subjected to animal and human
studies to determine their effectiveness in whotganism systems, including in particular
toxicity studies as well as an examination of tiedfects on beneficial normal microbiota (lwsu
al., 1999). It would be beneficial to standardize e of extraction anish vitro testing so that
the search for new antimicrobial drugs from plarisild be more systematic and to facilitate

proper interpretation of results (Cowan, 1999).

2.0 Experimental approaches

There are multiple factors that may affect the oote of susceptibility tests and standardized
methods are more likely to be reproducible thantamdardized methods. Standardization is
required for intra- and interlaboratory reproduliipias results may be significantly influenced
by the method used (EUCAST, 2003). Standard caitear evaluation of plant antimicrobial
activity are lacking and results greatly differ ween authors. Sometimes it is difficult to

compare results obtained, when dealing with plattaets, with literature because several
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variables influence the results, such as the enmemtal and climatic conditions under which
the plant grew, choice of plant extracts, choicextfaction method, antimicrobial test method
and test microorganisms (Nostebal., 2000; Hammeget al., 1999). The beneficial medicinal
effects of plant materials typically result frometlsecondary products present in the plant
although it is usually not attributed to a singtenpound but a combination of the metabolites.
The medicinal actions of plants are unique to @iqdar plant species or group, consistent with
the concept that the combination of secondary mredin a particular plant is taxonomically
distinct (Parekhet al., 2005). They also vary between tissues (higlo@centrations occur in
bark, heartwood, roots, branch bases and woundes$samong species from tree to tree and
from season to season (Gottlieb, 1990). In thenkwilitscheret al., (1972), found that extracts
are generally richest in antibacterial agents dfterflowering (sexual) stage of their growth is

complete, and that plants taken from stressfulrenments were particularly active.

2.1 Plant extract preparation

Extraction methods, used pharmaceutically, invagparation of medicinally active portions of
plant tissues from the inactive/inert componentsubing selective solvents with appropriate
extraction technology. During extraction, solvediffuse into the solid plant material and
solubilise compounds with similar polarity (Gre@904). The basic parameters influencing the
quality of an extract are: a) the plant part usedstarting material, b) the solvent used for
extraction and c) the extraction technology. Effgcplant material depends on the nature of the
plant material; its origin; degree of processingpisture content and particle size, while

variations in extraction method include type ofragtion; time of extraction and temperature.
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The nature of solvent, solvent concentration andrg will also affect quantity and secondary

metabolite composition of an extract (SEA, 2006).

2.1.1 Plant material

Fresh or dried plant material can be used as asdar secondary plant components. However,
most scientists working on the chemistry of secopgdant components have tended to use
dried plant material for several reasons. Diffeemnn water content may affect solubility of
subsequent separation by liquid-liquid extractiod ¢he secondary metabolic plant components
should be relatively stable especially if it iskde used as an antimicrobial agent. Furthermore
many plants are used in the dry form (or as an @agiextract) by traditional healers. Plants are
usually air dried (Dilikeet al., 1996; Barist al., 2006) to a constant weight but other researchers
dry the plants in the oven at about 40°C for 743alieet al., 1996). Also, plants will have
different constituents depending on the climatindibons in which it is growing. The choice of
plant material used in the extract preparationsisaily guided by the traditional use of the plant

and the ease of handling of the different plantplgite the leaves, stems etc.

2.1.2 Choice of solvent

Successful determination of botanical compounds fptant material is largely dependent on the
type of solvent used in the extraction procedurepérties of a good solvent in plant extractions
include low toxicity, ease of evaporation at lonahhgoromotion of rapid physiologic absorption

of the extract, preservative action and inabilitycause the extract to complex or dissociate
(Hughes, 2002). The choice of solvent is influenbgdvhat is intended with the extract. Since

the end product will contain traces of residualvent, the solvent should be non-toxic and
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should not interfere with the bioassay. The chaidkalso depend on targeted compounds. In a
study where the optimal conditions for extractiohtannins and other phenolics, aqueous
acetone was better at extracting total phenolias iqueous methanol (Cork and Krochenberger,
1992). In another study where twenty different sak¢ were evaluated, chloroform was found to
be the best solvent for the extraction of non-pddalogically active compounds from the roots
of Angelica archangelica (Harmalaet al., 1992). If the extraction is for general phytoctheal
analysis or screening then the larger the variétgommpounds the extractant will extract the
better, because there is a better chance thatgisalty active compounds will be present (Eloff,
1998b). Traditional healers use primarily water plant extracts from organic solvents have
been found to give more consistent antimicrobiélvag compared to water extracts (Parekh
al., 2005).

Polyphenolic compounds such as flavonols and nbstr seported bioactive compounds
are generally soluble in polar solvents such ashametl (Houghton and Raman, 1998)ost
antimicrobial active components that have beentifieth are not water soluble and thus organic
solvent extracts have been found to be more padfeatekhet al., 2006). Water-soluble
compounds, such as polysaccharides and polypeptiadsding fabatin and various lectins, are
commonly more effective as inhibitors of pathogetsaption and have no real impact as
antimicrobial agents (Cowan, 1999). Water solultdednoids (mostly anthocyanins) have no
antimicrobial significance and water soluble phe&®lare only important as antioxidant
compounds (Yamajet al., 2005; Nanget al., 2007). The most commonly used solvents for
investigations of antimicrobial activity in plardése methanol, ethanol, and water (Paretdl .,
2005; Bisignanoet al., 1999; Lourenset al., 2004; Salieet al., 1996, Rojaset al., 2005).

Dichloromethane has also been used by a numbeseérchers (Dilika and Meyer, 1996; Freixa
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et al., 1996). Some authors use a combination of thalsergs to obtain the best solvent systems
for extraction (Nostreet al., 2000). Acetone, although not a very commonlyduselvent, has
been used by a number of authors (Basri and F&%; Zilika et al., 1995; Lourenst al., 2004,
Mathkegaet al., 2000). In a study by Masoko and Eloff (2006) vehéhey investigated the
antifungal activity ofCombretum species, from the extractants used, which includexkne,
dichloromethane, acetone and methanol they disedvirat acetone and methanol extracted
more chemical compounds from the leaves than ther &olvents. Both acetone and methanol
were found to extract saponins which have antinbiedoactivity. Eloff (1998b) examined a
variety of extractants for their ability to solubg antimicrobials from plants, rate of extraction,
ease of removal, toxicity in bioassay, among otimangs, and acetone received the highest
overall rating. It gave the lowest minimum inhilsitaconcentration for Gram positive organisms
tested and the largest number of different compitznand inhibitors from two plants tested but
Eloff (1998b) does note that different results mbg obtained with other plants and

generalization cannot be made on the usefulnegsatbne as an extractant.

2.1.3 The extraction method

Variations in extraction methods are usually foimthe length of the extraction period, solvent
used, pH, temperature, particle size and the stheesample ratio. The longer the contact
between solvent and material the more is extractetil all possible materials have been
extracted. The extraction period can be shorteyegribding the plant material finer as this will

increase the surface area for extraction therebgeasing the rate of extraction. Shaking the
plant material-solvent mixture will also increase trate of extraction. In the study by Eloff

(1998hb), five minute extractions of very fine peles of diameter 10um gave higher quantities
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than values obtained after 24 hr in a shaking nm&chiith less finely ground material. In one
study, sequential extraction with various solveatsroom temperature was compared with
extraction in a water bath at 37°C for 30 minutethwistilled water adjusted to pH 2.0 with
HCI and then neutralized with NaOH before extractath diethyl ether. The authors concluded
that the latter method had higher activity whichswascribed to the acidified aqueous
environment which promoted easy extraction (Nostral., 2000). The solvent-to-sample ratio
affects the quantity and quality of constituentdaoked. In a study to identify the optimal
conditions for extracting sugars from non-defategbean a solvent ratio of 5:1 at 25°C or 50°C
for 15 mins was found to give the best yield ofa@u@siannoccanet al., 2006). In some studies
solvent to sample ratios of 10 ml: 1 g solvent itp Weight ratio has been used and reported as
ideal (Green, 2004).

The method that has widely been used by researtharstigating antimicrobial activity
is homogenization in solvent (Meyer and Dilika, 698asri and Fan, 2005; Paredtral., 2005).
Dried plant material is ground in a blender, pusatvent and shaken vigorously for 5 minutes or
left for 24 hrs after which the extract is filteradd fresh solvent added to the residue for another
24 hrs. Some publisheneport shaking unhomogenized dry leaves in sohfentabout 5
minutes, filtering and concentrating under redupeelssure to obtain an epicuticular extract
(Mathekga, 2001). This actually gave a higher yaatd bioactivity than using the same method
but with homogenized (macerated) extract (Dikkal, 1996; Mathekga, 2001). Of interest are
the results obtained by Meyer and Dilika (1996nhgdhese different methods on the same plant.
They found that the homogenized dichloromethaneekgenerally had higher activity than the
shaken extract of the same solvent. The trend nasdame for the aqueous extract for the same

microorganisms tested.

21



One other common method is serial exhaustive eidragvhich involves successive extraction
with solvents of increasing polarity from a nonguo{e.g. hexane) to a more polar solvent (e.g.
methanol) to ensure that a wide polarity rangeashgounds could be extracted (Green, 2004).
This is ideal when the aim is to screen the plantafvariety of compounds. Some methods are
employed when a particular class of compoundsrgetad. For example when one is interested
in essential oils, then the method of choice wdaddsteam distillation, volatile solvent extraction
or supercritical fluid extraction (SFE) (Lemberkesét al., 2002).

Maceration, maceration with sonication, Soxhletaotion and SFE with hexane or €0
was compared for the extraction of low-polarity gmunds fromMikania glomerata and SFE-
hexane proved to be the most effective. These nevathods, which also include microwave
assisted methods, are proving to be more efficleant the conventional methods (Vilegasl.,
2002). Other researchers employ soxhlet extradialried plant material using organic solvents
(Kianbakht and Jahaniani, 2003). In soxhlet extoactthe sample is continually exposed to
fresh solvent, which improves the efficiency of theethod. The method works well for
compounds that can withstand the temperature obtiéng solvent, but cannot be used for
thermolabile compounds as prolonged heating may tealegradation of compounds (de Paira
et al., 2004).

Other common extraction methods include macerdftmmfluid extract) where whole or
coarsely powdered plant-drug is kept in contachwiite solvent in a stoppered container for a
defined period with frequent agitation until solalshatter is dissolved, percolation and infusion
which is prepared by immersing the plant matemaldome time in cold or hot water (Handa,

2006).
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2.2 Antimicrobial susceptibility testing

In ethnopharmacology research the antimicrobiateigbility test (AST) is used to determine
the efficacy of potential antimicrobials, from bagical extracts, against a number of different
microbial species. AST methods are used to scr&en pxtracts for antimicrobial activity but
are largely used to determine the usefulness o&raimicrobial in combating infections by
determining its minimum inhibitory concentration IB). In clinical researchin vitro
susceptibility tests are particularly importantif organism is suspected to belong to a species
that has shown resistance to frequently used amtimial agents. They are also important in
epidemiological studies of susceptibility and inmgarisons of new and existing microbial
agents (EUCAST, 2003).

Successful discovery of novel natural antimicrabizds necessitated the development of
new bioassay techniques which are sensitive entaigletect small amounts of biologically
active chemicals (Lampinen, 2005). Standardizedtro tests are essential for screening plant
extracts or compounds and more studies should baucted for MIC determination of natural
products in order to get results that are comparabl those of currently used antibiotics
(Devienne and Raddi, 2002). Evaluation of the pemtonce of a susceptibility test should
include criteria such as ease of use, reprodutipilie. the ability to yield the same result on
repeat testing, test sensitivity and specificityri8lenset al., 1995). Although current standard
methods, approved by various bodies like the Natiddommittee for Clinical Laboratory
Science (NCCLS), British Society for Antimicrobi@hemotherapy (BSAC) and the European
Committee for Antimicrobial susceptibility testingEUCAST), exist for guidelines of
antimicrobial susceptibility testing of conventibmiugs, these might not be exactly applicable

to plant extracts and modifications have to be n{glZenmeret al., 1999).
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AST standard tests can be conveniently divided ohftusion and dilution methods.
Common diffusion tests include agar-well diffusicagar-disk diffusion and bioautography,
while dilution methods include agar dilution anatbr micro/macrodilution. The broth and agar
based methods are the conventional reference nefbodST (Tenoveet al., 1995). There are
other commercial custom-prepared methods like ga acreen plate, Epsilometer test and the
Vitek system which could be used in place of tlendard reference methods but these are not
common in routine AST (Joycet al., 1992) and are not common for testing activityptzint

extracts.

2.2.1 Agar-disk diffusion assay

Agar diffusion techniques have been widely usedassay plant extracts for antimicrobial
activity (Freixaet al., 1996; Saliest al., 1996), although there are limitations with teehinique.
Disk diffusion is suitable for identification of dds but not effective for quantification of
bioactivity (Hammeret al., 1999; Nostrcet al., 2000; Langfieldet al., 2004). These diffusion
techniques generally do not distinguish bactericaohal bacteriostatic effects. The MIC can not
be determined and these are usually used for prelmpscreening (Pareldt al., 2006; Tepest

al., 2004) i.e. as qualitative tests, since the amaofirextract that adheres to the disk is not
guantitatively determined. Some researchers howeaee reported MIC values obtained by the
agar diffusion method (Dilikat al., 2000; Leiteet al., 2006) although high activity in the disk
diffusion assay does not necessarily correlat®ewoMIC values in the microtitre plate method
(Lourenset al., 2004). The agar-disk diffusion technique canydmé used for AST of pure
substances because when it is applied to mixtunegining constituents, which exhibit different

diffusion factors, results may be unreliable (Si#val., 2005). In the method, 6 mm paper disks,
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saturated with filter sterilized (Salet al., 1996) plant extract at the desired concentratina,
placed onto the surface of a suitable solid agadivme Muller Hinton agar is usually the
medium of choice although tryptone soy agar (Losietral., 2004) or nutrient agar (Doughari,
2006) have sometimes been used by other researdlinersnedia is preinoculated with the test
organism and authors have reported inoculum sizdsH® cfu/ml of bacteria for inoculating
diffusion plates (Barigt al., 2006). There has been noted variation on whdtiterdisks are
impregnated with antimicrobial agent after or befqlacing on the inoculated plate. Some
impregnate the disks before placing on the agaurgmset al., 2004; Salieet al., 1996) while
others place the disk on the plate first beforeregpating them (Nostret al., 2000; Barist al.,
2006). In a report by Mbatet al., (2006), the paper disks were soaked in the éztrfact for
about 2 hrs while Basri and Fan (2005) left thekslifo dry under a laminar flow cabinet
overnight. Other authors refrigerate the platesafohour or two at 4 °C to allow pre-diffusion of
the extracts from the disk into the seeded agaarlégfore incubation (Lourere al., 2004,
Tepeet al., 2004; Schmourlet al., 2004). The plates are then incubated at 37 fQ4adnrs for
bacteria and 48 hrs for fungi (Sakeal., 1996; Barist al., 2006). Some were incubated for 18
hrs at 37 °C for the same species of bacteria (Nestl., 2000; Lourenst al., 2004). Zones of
inhibition are then measured from the circumfereat¢he disks to the circumference of the
inhibition zone or recorded as the difference ianteéter between the disks and the growth free

zones around the disks (Sadteal., 1996).

2.2.2 Agar-well diffusion method
The principle of the agar well diffusion methodtie same as that of the agar-disk diffusion

method. A standardized inoculum culture is spreasghlky on the surface of gelled agar plates.
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Wells of between 6 and 8 mm are aseptically punahredhe agar using a sterile cork borer
allowing at least 30 mm between adjacent wells #wedPetri dish. Fixed volumes of the plant
extract are then introduced into the wells. Thagslare then incubated at 37°C for 24 hrs for

bacteria (Mbatat al., 2006).

2.2.3 Bioautography

This is a variation of the agar diffusion methodendthe analyte is adsorbed onto a Thin Layer
Chromatography (TLC) plate. Bioautography is alsmpkyed as a preliminary phytochemical
screening technique, by bioassay guided fractionatp detect active components (Nogtral.,
2000; Schmourlet al., 2004). Bioautography overcomes the challengsadéting antimicrobial
compounds from crude extracts with complex chemioahponents by simplifying the process
of their isolation and identification. It relatiyelses very little amount of sample which is ideal
for plant extracts and also allows the determimatd the polarity of the active compounds
(Runyoroet al., 2006). In their study, Silvet al., (2005) compared different methods of AST,

and they concluded that bioautography is a prd¢tiearoducible test which is easy to perform.

In the bioautography agar overlay procedure, aroted amount of the extract is
applied to silica gel plates and developed withappropriate solvent system. A suspension of
the test bacteria is sprayed onto the TLC plateeSauthors report using an inoculum of 0.84
absorbance at 560 nm (Meyer and Dilika, 1996), evbthers report using a suspension df 10
cfu/ml (Schmourloet al., 2004). The bioautograms are then incubated &€ 26r 48 hrs in
humid conditions. Microbial indicators (usuallyretolium salts) are used as a growth detectors

(Silvaet al., 2005). These are sprayed onto the plates aftethvihe plates are reincubated at 25
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°C for 24 hrs (Dilika and Meyer, 1996) or at 3792 8-4 hrs (Dilikaet al., 1996; Runyaret al.,

2006). Clear (white) zones on the TLC plate indicattimicrobial activity of the extracts. Some
authors state that direct bioassay on TLC platemisan ideal method for the quantification of
bioactivity of plant extracts. They suggest thatCTtauses disruption of synergism between

active constituents in an extract thereby redugmegctivity (Schmourlet al., 2004).

2.2.4 Broth microdilution

The micro-titre plate/broth microdilution methodsharovided a potentially useful technique for
determining MICs of large numbers of test samplesadvantages over diffusion techniques
include increased sensitivity for small quantitie§ extract which is important if the
antimicrobial is scarce as is the case for manyrabproducts; ability to distinguish between
bacteriostatic and bactericidal effects; and qtainte determination of the MIC (Langfielet

al., 2004). This method can also be used for a wideety of microorganisms, it is not
expensive and it presents reproducible resultshdmmicro-titre plate method, a stock solution of
the extract is first obtained in solvent, usualhe tsolvent used for extraction (Grierson and
Afolayan, 1999) or in dimethyl sulfoxide (DMSO) (&aet al., 1996; Nostreet al., 2000; Baris

et al., 2006). Methanol and acetone are sometimes chasewlvents because, in addition to
dissolving the extracts completely they show nahbition of the microorganisms even at 2%
final concentration (Meyer and Afolayan, 1995; Afgan and Meyer, 1997; Mathekghal.,
2000). Most authors report on filter sterilizingtlva 0.22 or 0.45 um membrane filter before the
procedure (Meyer and Afolayan, 1995; Kianbakht dabaniani, 2003). The EUCAST (2003)
document states that when membrane filtration ésl e samples, before and after sterilization,

should be compared by assay to ensure that adsotpas not occurred. Mueller Hinton broth or
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water is often used as diluents in the wells of ithierotitre plate before transferring an equal
volume of stock solution to the plate. EUCAST (2DG8commends cation-supplemented
Muller-Hinton broth for non-fastidious microorgamis. Kianbakht and Jahaniani (2003)
discovered that the MIC values foribulus terrestris L. did not depend on the type of media
used when comparing the performance of Brain Ha&ursion broth and Muller-Hinton broth.

Two fold serial dilutions are then made from thestfiwell to obtain a concentration
range. For full range MIC 5-8 concentrations repnéieig achievable concentrations for the
antimicrobial are usually tested (Mendoza, 1998hoagh some authors have reported from
even 3 concentrations. An equal volume of a fixadtérial culture is added to the wells and
incubated at 37°C for 24 hr (Lourems al., 2004) while the recommended temperature by
EUCAST (2003) is 35-37°C in air for 16-20 hr formtastidious organisms. The inoculum size
for the microtitre plate procedure is usually 1%&fui/ml (Lourenset al., 2004; Basri and Fan,
2005). Others have used a microbial culture wittopiical density of 0.4(log-phase) at 620 nm
or a 12 hour broth culture adjusted to a 0.5 Mdatlturbidity standard (Barig al., 2006).
EUCAST (2003) recommends that plates be inoculatigiiin 30 minutes of standardization of
inoculum, to avoid changes in inoculum density.

Plates are then examined for changes in turbiditgraindicator of growth. The first well
that appears clear is taken to be the MIC of theaek Some researchers use indicators (Umoh
et al., 2005) or spectrophotometry to determine preseoicggrowth in microtitre plates
(Devienne and Raddi, 2002, Matsumeatoal., 2001). Indicators (usually tetrazolium salts or
resazurin dye) are added after the incubation geimd left for about 6 hours and changes in
colour or absence of colour, depending on the atdic is used to detect the MIC breakpoint.

The use of calorimetric indicators eliminates tleech for a spectrophotometric plate reader and
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avoids the ambiguity associated with visual congmarior measurement of growth inhibition
rings on agar plates. When the spectrophotomegitaod is used the absorbance, usually at 620
nm with the negative control as a blank, is usedetect the breakpoint (Sakeal., 1996). The
concentration at which there is a sharp declinthenabsorbance value (Devienne and Raddi,
2002), or the lowest concentration which gives i@ absorbance reading (Sadieal., 1996) is
deemed to be the MIC.

The minimum bactericidal concentration (MBC) is atatined by subculturing the
preparations that would have shown no evidenceroivily in the MIC determination assay.
These subcultures are made either in broth oran pigtes. In broth, the MBC is regarded as the
lowest concentration of extract which does not poedan absorbance reading at 620 nm relative
to the negative control (Salet al., 1996). On agar the lowest concentration shovaay of

growth represents the MBC.

2.2.5 Agar dilution assay

The agar dilution test is more versatile than thettb dilution assay and does not present
problems encountered with the latter i.e. samplatiem, contamination and determination of
MIC breakpoints (Silvat al., 2005). In this method a stock solution of th&aot is prepared in
its extracting solvent, filter-sterilized (0.22 pemd then incorporated in molten agar, cooled to
50°C in a water bath, to obtain different conceidre of the extract in the agar. Usually Muller-
Hinton agar (EUCAST, 2003) is used although sontbas have used nutrient agar (Grierson
and Afolayan, 1999; Meyer and Afolayan, 1995). llam preparation also differs between
authors and others have used overnight culturdi@hlsi of 1:100 (Meyer and Afolayan, 1995) or

1:10 (Meyer and Dilika, 1996) in broth. EUCAST (3)0ecommends an inoculum density of
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about 10 cfu/ml and using replicator pins, micropipettestandard loop to transfer about 1ul
(10* cfu/ml) of the inoculum.

Some publications have reported leaving the platesnight, before streaking, to allow
the solvent to evaporate (Grierson and Afolayar89)19The organisms are streaked in radial
patterns on the agar plates and incubated at 33°@4f to 48 hrs. The MIC is defined as the
lowest concentration of the extract inhibiting tvisible growth of each microorganism on the

agar plate (Nostret al., 2000; Hammeet al., 1999).

2.3 Guidelines from standardization bodies

Given the diversity of the methods used in the ytaofl the antimicrobial potential of plant
compounds, the comparison of results by differahbtatories is very difficult. Breakpoints for
MIC and MBC are defined differently by researchargl standardization bodies. The British
Society for Antimicrobial Chemotherapy (BSAC) defnMIC as the lowest concentration of
antimicrobial that will inhibit the visible growtbf a microorganism after overnight incubation
and MBC as the lowest concentration of antimicrbltieat will prevent the growth of an
organism after subculture on antimicrobial free lme@he EUCAST (2000) defines MIC as the
lowest concentration, expressed in mg/L, that urdifmedin vitro conditions, prevents the
growth of bacteria within a defined period of tiened the MBC as the lowest of an antimicrobial
agent, expressed in mg/L, that under defimedtro conditions reduces by 99.9% (3 logarithms)
the number of organisms in a medium containingnéefiinoculum, within a defined period of
time (EUCAST, 2000). The National Committee on € Laboratory Standards (NCCLS) has

guidelines for AST which include guidelines for aubum preparation, medium choice;
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incubation conditions and minor changes in thesgopols may have a significant impact on

susceptibility test results.

3.0 Conclusion

The ethnomedicinal study of plants is importantrfaydern day medicine but its usefulness can
not be over-emphasized if methods are not starmktdp obtain comparable and reproducible
results. Other pharmacological studies like timd ktudies; potentials for combination
antimicrobial chemotherapy and mechanisms of acti@important ingredients as additional
tests to fully assess antimicrobial activity of ngl@xtracts, and these are subjects of intensive

investigation in our laboratory.
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CHAPTER 3

MATERIALS AND METHODS

3.1. Plant material

The plants used in this study were collected atUWnéversity of Fort Hare Research farm
between August 2006 and June 2007 and identifigdrbfessor D Grierson, Botany Department
as Helichrysum pedunculatum. The plants were cleansed with water and the leawedried to

constant weight at room temperature (24 °C).

3.2. Preparation of crude extract

Crude extract of the dry leaves of the plant wapared with methanol, following the method of
Basri and Fan (2005). For each extraction, 50 glafit material was first extracted in 500 ml
absolute methanol and left for 24 hours on a shakesyom temperature. Most protocols propose
a 1:5 w/v plant material to solvent but becausthefnature of the plant material the volume was
increased to obtain a 1:10 w/v mixtubdter the 24 hr period, the extract was expressetl=00

ml fresh solvent added to the residue and lefafosther 24 hours after which it was expressed
again. The residue was discarded and the extigetefi with Whatman no. 1 filter paper and
evaporated to dryness in a rotary evaporator uretkrced pressure. The extract was evaporated
in a weighed flask to allow for calculation of tiield of the extraction process. The yield of the
methanol extraction was 12 % on avera@estock solution of 50 mg/ml of the extract was

prepared, from the dry extract, in methanol andestan the fridge at about 4 °C for future use.
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3.3. Test organisms

Bacteria species that have been implicated in wonfedtions were used in the study and these
were selected to represent environmental isolagésrence strains and clinical isolates and they
included the following:Escherichia coli ATCC 8739, Staphylococcus aureus ATCC 10389,
Streptococcus faecalis ATCC 29212 Bacillus cereus ATCC 10702 Enterobacter cloacae ATCC
13047, Klebsiella pneumonae ATCC 10031, Proteus wulgaris ATCC 6830, Acinetobacter
calcoceticus UP, environmental strains d®aphylococcus epidermidis and Staphylococcus
aureus and clinical staphylococcal isolate&gphyl ococcus aureus OKOH 1, OKOH 2A, OKOH

3 andSaphylococcus sciuri OKOH 2B). These clinical staphylococcal strainseh@reviously
been isolated by the Applied and Environmental blioology Research Group (AEMREG),
University of Fort Hare and their 16S rRNA genewsatces are available in the Gene Bank and

their accession numbers are EU244633, EU2446344E685 and EU244636.

3.4 Antibacterial Activity of plant extract

The agar dilution method of Afolayan and Meyer (ZP@as used for assaying the antibacterial
activity of the plant extract. Agar was preparetloiving the manufacturer’s instructions and
placed in a water bath at 50 °C. The extract stmtition was filtered through a 0.22 um filter
then incorporated in the molten agar at differeniumes to obtain a range of concentrations
between 0.1 and 5 mg/ml. The agar-extract was ploute sterile Petri dishes and allowed to
cool. Controls were set up, one containing onlyieat agar and the second containing nutrient
agar and 10 % methanol (highest concentration dhamel achieved by any dilution). The
organisms were radially streaked onto the solidifigar-extract plates. Complete inhibition of

bacterial growth was expected for an extract taléelared active and the minimum inhibitory
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concentration (MIC) was defined as the lowest caotre¢ion of the extract that inhibited growth

of the test organism.

3.4.1 Preparation of bacterial inocula

All test bacteria were maintained on nutrient agaa to prepare inoculum for the agar dilution
procedure, the test microorganisms were recovemegterile nutrient broth and incubated

overnight at 37 °C. Prior to streaking the inoculanto the agar extract plates, the overnight

culture was diluted 1:100 v/v in fresh sterile it broth.

3.5 Antibacterial Susceptibility Testing of Peniciin and Chloramphenicol

Antibacterial susceptibility testing (AST) of that#iotics was done following the description of
the European Committee for Antimicrobial SusceptipiTesting (EUCAST), (2000). A stock
solution of the antibiotic was prepared in accoodawith the description of the manufacturer.
Different volumes of the stock solution were incangted in sterile, molten agar to obtain a two
fold dilution series ranging from 0.004 mg/L to 5h@/L. The agar was poured onto sterile Petri
dishes and allowed to cool before streaking theasganisms. The plates were inoculated with

a wire loop and incubated at 37 °C for 18 hr.

3.5.1 Inoculum preparation
The colony suspension method according to EUCASID3? was used for preparation of the
inoculum. The test organism was cultured in nutraggar overnight. Identical colonies from the

culture were suspended in sterile saline. The sisspe was adjusted with saline to give an
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optical density of 0.1 at 6QQ The adjusted inoculum was diluted 1:100 in briathgive an

approximate inoculum of 5x2@fu/ml.

3.6. Time kill studies of the methanol extract oH. pedunculatum

The broth macrodilution method of Okoli and Iroedl2005) was used for the time kill assay.
Kill kinetics were done at MIC and 2xMIC (previoystietermined) of three selected test
organismsB. cereus, P. wlgaris and Saph. aureus OKOH1. These concentrations were
developed in 10 ml nutrient broth from a 100 mgétalck solution of the plant extract. This was
inoculated with 0.5 ml of test organism preparedthey colony suspension method described
above. The final inoculum density was approximately cfu/ml. A negative and a positive
control were set up, without the plant extract ghd other supplemented with 5 mg/L
ciprofloxacin respectively. Incubation was don@4at’C on an orbital shaker at 120 rpm.

At time intervals ranging from O to 24 hr the numsbef surviving microorganisms were
counted. About 0.2 ml from each sample was withdrawd diluted in a ten fold series in sterile
normal saline (0.85 % w/v NaCl). About 0.2 ml ofckadilution was plated in duplicate in
nutrient agar using the pour plate method. Triphetrazolium chloride (TTC) was incorporated
in the molten sterile agar before pouring at arafi1:100 v/v, to facilitate easier enumeration of
the colonies after the incubation period. The TT&\prepared in sterile water to obtain a 0.5 %
solution and filtered in a 0.22 um filter beforeanporating into the agar to maintain its sterility
The plates were incubated at 37 °C for 24 houex afhich colonies were counted from the test
plates. Colonies were counted from plates contgibetween 30-300 colonies. The results were

expressed as lggcfu/ml and time kill curves plotted.
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3.7. Combination studies

Combination studies were done following the prifeipf the time kill assay, to measure the total
effect of the combined antimicrobial agents comgavdth the most active agent in the
combination. This was done following the guidelifiesn the methods of Leet al. (2005) and
Pankeyet al. (2005). Combinations were made in 10 ml brotf{MIC, 1xMIC and 2xMIC of
plant extract with 1xMIC of the two antibiotics ohdmphenicol and penicillin. Both the extract
and antibiotics were tested alone as controlslatoaicentrations included in the combinations.
The test organism8. cereus, P. vulgaris andSaph. aureus OKOH1 were inoculated at a rate of
approximately 10 cfu/ml and incubated at 37 °C. About 0.2 ml alitpuof each sample were
taken at 0 and 24 hr intervals for viable countctEealiquot was serially diluted in sterile saline
and plated on nutrient agar using the pour plat¢hoae Colonies were counted on plates
yielding 30-300 colonies after incubation at 37f€ 24 hr. Plating was done in duplicate and
results expressed as meaniogfu/ml. The log change after 24 hr was calculated dach
sample by subtracting the lpgat O hr from the log at 24 hr to determine if there was
bactericidal activity. The effect of the combinativas calculated by the difference between the
survivors in the combination and the more activéheftwo agents in the combination. Synergy
and additivity/indifference were defined, respeelyy as a> 2log cfu/ml decrease and a <
2logio cfu/ml change in the viable count of test organisrthe combination, in comparison with
the most active single drug. In an antagonistic woation, the combined effect of the drug is

less than their independent effect.
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CHAPTER 4

RESULTS

4.1 Antibacterial activity

The methanol extract off. pedunculatum was screened for antimicrobial activity up to a

concentration of 5mg/ml using the agar dilutiorht@que. Eight out of the 14 bacterial isolates

tested were found to be susceptible to the effettieextract at a final concentration of 5 mg/ml

(Table 4.1) while the remaining six bacterial isetawere resistant to the extract. The minimum
inhibitory concentrations (MICs) of the extract augd the susceptible strains were observed to
range between 1 and 5 mg/mAtinetobacter calcoceticus and the environment&aphyl ococcus

epidermidis had MIC of 1 mg/ml, while the other susceptiblaists had MIC of 5 mg/ml (Table

4.1).
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Table 4.1. Antibacterial activity of the methanol extract df pedunculatum against selected

bacterial strains.

Organism Gram Activity MIC
reaction (mg/ml)

Escherichia coli ATCC 8739 - - ND
Saphylococcus aureus ATCC 10389 + - ND
Sreptococcus faecalisATCC 29212 + - ND
Bacillus cereus ATCC 10702 + + 5
Enterobacter cloacae ATCC 13047 - - ND
Klebsiella pneumonae ATCC10031 - - ND
Proteus vulgaris ATCC 6830 - + 5
Acinetobacter cal coceticus® - + 1
Saphylococcus epider midis ® + + 1
Saphylococcus aureus ® + + 5
Staphyl occocus aureus OKOH 1* + + 5
Staphyl ococcus aureus OKOH 2A* + + 5
Staphylococcus sciuri OKOH 2B + - ND
Staphylococcus aureus OKOH 3 + + 5

Key: MIC represents minimum inhibitory concentratiSmepresents environmental strains and

* represents clinical isolates. ND — Not investigdteyond 5 mg/ml.
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4.2. Time kill assays
Bactericidal activity, measured by assay of viaté#l density at different time intervals, was
determined by the time kill assay. Cell viabilitysvplotted against time to obtain kill curves to
depict the effect of different doses of the extracttest organisms. A 1xMIC concentration of
the methanol extract dil. pedunculatum did not reduce the initial inoculum & cereus even
after 24 hr of exposure. The bacterial growth wasibited for the first 4 hr but recovers
thereafter and follows a normal growth pattern glgghtly lower than the control curve (Fig.
4.1). At 2 x MIC, the initial inoculum does not shany significant reduction for the first 12 hr
and is reduced by only about 1.32 Legnits after 24 hr of exposure to the extract. The
antibiotic exhibited considerable action Bncereus reducing viable counts to 0 after 24 hr (Fig.
4.1).

Time kill studies forP. vulgaris revealed a more bactericidal action of the extriact x
MIC the organism multiplied just slightly slowerath in the broth control. At 2 x MIC the
bacterial growth remained almost static for thetfd hr and thereafter reduced to almost zero
with a 5 Logp reduction in 8 hr (Fig. 4.2). Ciprofloxacin hadbactericidal effect on the bacteria

from the onset of the experiment managing to elat@rthe organisms in 4 hr.
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Figure 4.1.Time-kill curve of the methanol extract df pedunculatum againsB. cereus.
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At a concentration of 1 x MIC viable countsS@éph. aureus OKOH 1 were initially reduced for

the first 4 hr after which the organism multipliedponentially. At 2 x MIC the microorganisms
steadily decreased in growth until completely etiated in 24 hr. In the ciprofloxacin control,
there was an initial slight increase in inoculurteafvhich it steadily decreased by 2 Lggnits

after 24 hr. The antibiotic did not eliminate allet microorganisms after the 24 hr exposure

period (Fig. 4.3).

10

E
=
o
>
= 6
) &
c
2 \\\\\‘_____'///
°
3
o 4
—
o
o
4
2
0 T T T
0 2 4 8 12 24

Exposure time (hr)
—¢— Control Cipro —e— MIC 2MIC

Figure.4.3. Time-kill curve of the methanol extract &f. pedunculatum againstStaph. aureus

OKOH1.
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4.3. Determination of MIC of Chloramphenicol and Paicillin

Three bacterial strains nameB; cereus ATCC 10702,P. wulgaris ATCC 6830 andStaph.
aureus OKOH1 and two antibiotics (chloremphenicol and ip#im) were selected for
combination studies. The study demands pre-detatiom of the minimum inhibitory
concentrations of the antibiotics against the teghnisms. Chloramphenicol was observed to
have MIC of 2 mg/L againdB. cereus ATCC 10702 andP. vulgaris ATCC 6830 while it was
slightly higher (4 mg/ml) for the clinical isolatg&aph. aureus OKOH1). B. cereus andP.
vulgaris showed more resistance to penicillin with MIC88fmg/L, 16 times higher than that of

chloramphenicol. The MIC of penicillin agair&aph. aureus OKOH1 was 2 mg/L (Table 4.2).

Table 4.2.Minimum Inhibitory Concentrationsf Chloramphenicol and Penicillin against the

test bacterial strains.

Organism MIC (mg/L)

Chloramphenicol Penicillin

B. cereus ATCC 10702 2 32
P. vulgaris ATCC 6830 2 32
Saph. aureus OKOH 1 4 2
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4.4. Combination Studies

Combination studies were done following the priteipf the time kill assay. Reduction in
bacterial counts (in Lag units) was calculated by subtracting viable cowftthe most active
antimicrobial alone from the counts obtained in¢benbination. The antibiotics were combined
at 1x MIC while the concentration of the plant extrwas varied. The results of the combination
studies are as shown in Table 4.3.

A combination of ¥2x MIC plant extract with 1x MICf @hloramphenicol gave an
indifferent interaction againdB. cereus (a reduction of 0.17892 Log units). Increasing the
concentration of the extract, while the antibiotias kept constant, improved the activity of the
two antimicrobials. At 1x MIC and 2x MIC of plankteact there was a total of 3.43933 and
3.04139 log reductions respectively. The same tvealobserved witR. vulgaris, as increasing
the concentration of the extract appeared to imprthe activity of the combination with
chloramphenicol. At'/;x MIC of the extract the combination was antagémistith the
combination resulting in an increase of 1.30832Punits in viable counts compared to the more
active of the two antimicrobial agents. At 1x Ml@da2x MIC the activity was improved to
achieve indifferent interactions. All combinationgith chloramphenicol gave indifferent
interactions agains&aph. aureus OKOH 1, but the figures, however, suggest thathir
increasing the concentration of the plant extraghirhave resulted in antagonistic interactions.
Combining*/,x MIC of the plant extract with 1x MIC of peniciflidid not improve the activity
of the antimicrobials again&. cereus but resulted in a 0.192422 log increase in viauaents
compared with the more active of the antimicrobatme. The activity was however enhanced
by increasing the concentration of the plant extachieving a 0.44494 and 0.54921 log

reductions with 1x MIC and 2x MIC of the extracspectively. In contrast, increasing the

52



concentration of the extract reduced the activitthe antimicrobials againgt wulgaris. At */,x
MIC the interaction was synergistic achieving a3246 log reduction of the bacteria. The
interactions are however indifferent at 1x and 2KCMTI'he phenomenon is the same Saph.
aureus OKOH1 with a bacterial reduction of 3.62492 log'ak MIC of plant extract but

indifferent interactions at higher concentratiohthe methanol extract (Table 4.3).

Table 4.3.In vitro activity H. pedunculatum of extract-antibiotic combinations against 3 seddc

bacterial strains.

Organism Reduction in bacterial counts (logocfu/ml) by combination
compared with the most active antimicrobial alone
I, MIC 1IMIC 2MIC Y, MIC 1IMIC 2MIC
E/IMIC Ch E/IMIC Ch E/AMIC Ch E/IMIC Pn E/IMIC Pn E/IMIC Pn
B. cereus -0.17892  -3.43933  -3.04139  0.192422 -0.44494  -0.54921
(A1) (S) (S) (AN) (A1) (A1)
P. vulgaris 1.308329 0 0 -5.43246 0 0
(AN) (A1) (AN) (S) (A1) (A1)
S aureus -1.77477 0 0 -3.62492 0 0
OKOH1 (A1) (A1) (AN) (S) (A1) (A1)

Ch - chloramphenicol, Pn - penicillin. S - synetigid - Indifferent/additive, AN — Antagonistic.
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CHAPTER 5

DISCUSSION AND CONCLUSION

The results obtained from these investigations stiat/ eight out of fourteen bacterial isolates
tested against the methanol extracHopedunculatum were susceptible at a final concentration
of 5 mg/ml. These are mostly Gram positive bactkug however, one can not pick out a trend
to compare susceptibilities of the Gram negativéd @&nam positive bacteria due to the small
range of concentrations that were used in the tigatgn. However, from previous studies, the
plant has been shown to inhibit mostly Gram positbacteria. These were also shown to be
inhibited at relatively lower concentrations thama@ negative bacteria (Diliket al., 2000;
Meyer and Dilika, 1996). This is consistent withdings from other authors that Gram negative
bacteria are usually more resistant to antimiclobggents than Gram positive bacterial species
(Basri and Fan, 2005; Meyer and Afolayan, 1995)isT$& unexpected considering that major
plant pathogens belong to tigam-negative bacteria, but could be due to thetfeat Gram-
negative bacteria have a permeabildgrrier (Mathkega, 2001), comprised of the outer
membrane, which restricts tpenetration of amphipathic compounds. For a bichalty active
compound to have activity in a cell it must firstfuse from its site of application, usually the
exterior of the cell, to its site of action, ofteuithin the cell and patrtition itself onto the adiv
site (Hansch and Lien, 1971). The rate of thesentsweill depend on the lipophilicity of the
compound and the presence of multidrug resistano®s (MDRS), which extrude toxins across
this barrier. Gram negative bacteria have an opteyspholipidic membrane carrying the

structural lipopolysaccharide components. This reake cell wall impermeable to lipophilic
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solutes, while porins constitute a selective bareethe hydrophilic solutes with an exclusion
limit of about 600 Da (Nostret al., 2000).

Meyer and Dilika (1996) reported on the antimicebbactivity of a shaken methanol
extract of H. pedunculatum. They reported that the extract was not effecéven up to a
concentration of 100 mg/ml against a number of Grpaositive bacteria used in this
investigation. This is discordant with the reswlgained in this study unless one considers the
difference in the extraction methods which is supgabby the findings by the same authors that
the homogenized dichloromethane extract had higlotivity (lower MIC) than the shaken
extract for the same microorganisms. While shakiag employed in the previous study, in this
particular study the ground plant material was hgemized in solvent for almost 48 hr.
Sometimes reports are not directly comparable durdthodological differences such as choice
of plant extract, extractant, test microorganismd antimicrobial test method (Hammetral.,
1999). Different extraction solvents yield diffeteasultant active fractions. For example studies
have shown that while methanol would yield maimyh@cyanins, terpenoids, saponins, tannins,
xanthoxyllins, lactones, flavones and polyphendsgetone would yield mainly flavonols
(Cowan, 1999). In a study where the quantity anegerdity of compounds extracted, rate of
extraction, toxicity in a bioassay, ease of remowhlsolvent and biological hazard were
evaluated for several solvents and solvent mixfuaestone gave the best results (Eloff, 1998b).
The larger the variety of compounds that are etdthby the extractant, the better the chance
that biologically active components will also betraxted if a specific class of chemical
component is not targeted. Fresh or dried planern@tcan be used as a source for secondary
plant components. Most scientists working on thenaistry of secondary plant components have

tended to use dried material because differencewater content may affect solubility of

55



subsequent separation by liquid-liquid extractiod ¢he secondary metabolic plant components
should be relatively stable especially if it is b2 used as an antimicrobial agent. The
composition of plant extracts is known to vary adoog to local climate and environmental
conditions. Differences in microbial growth, expgsof microorganisms to extract, solubility of
extract may also affect results of susceptibiktsts (Hammeet al., 1999).

Time kill studies allow for a more rational expbtibn of medicinal plants both in
traditional medicine and in the empirical developinef new antimicrobials (Ngemenyal.,
2006). The effectiveness of an antimicrobial agenmheasured by its ability to inhibit and kill
bacteria. Time kill curves show the bactericidatively of a fixed concentration of an
antimicrobial agent expressed and are one of tret mbable methods for determining tolerance
of microorganisms and also show a clear relatign8letween the extent of inhibition and the
concentration of the extract (Nostebal; 2000). Figure 4.1. shows that a dose of 1xMIGhef
extract was neither bacteriostatic nor bactericadminstB. cereus because the microorganism’s
growth is not inhibited at this concentration. Hoee at 2xMIC the extract shows some activity
which is largely bacteriostatic for the first 12 fihe total effect of the extract is a reduction in
the initial inoculum, oB. cereus by approximately 1 Log unit after 24 hr which by convention
is regarded as bacteriostatic. WRhwulgaris, there is no apparent bactericidal activity at the
MIC as well but at 2xMIC, although there is aniadiincrease in viable cells for the first 2 hr,
there is rapid decrease of viable cells by abdubd@o in 6 hr showing considerable bactericidal
activity (Figure 4.2)Staph. aureus OKOH1 decreases steadily throughout the incubaigrod
and the extract achieves an almost 5 jbatecrease of the viable cells in 24 hr (Fig. 4.3.)
exhibiting bactericidal activity comparable to tleemparator drug. The extract exhibited

dose/concentration-dependent bactericidal actiatyall the test organisms because increasing
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the extract concentration to 2xMIC improved its teacidal activity. In concentration-
dependent killing the killing capacity of the anittmobial is directly proportional to increasing
concentration and maximum effect is achieved byeasing concentration to almost 10xMIC.
This is in contrast to time-dependent kinetics w#re killing capacity is not affected by
increasing concentrations but by the amount of tineebacteria is exposed to the antimicrobial.
Many pharmacodynamics and clinical studies havéuated either dose elevation or prolonged
infusion for time-dependent antimicrobials as prging therapeutic approaches (Kifferal.,
2005).

A bactericidal activity is defined as a 3 {ggecrease in the cfu/ml or a 99.9 % kill over a
specified time (Yagi and Zurenko, 2003). The tirhéook to reduce the initial inoculum by 3
logio in 24 hr (Tbe 999 fOr B. cereus was greater than 24 hr, 8 hr #ervulgaris and 24 hours for
Saph. aureus OKOH1. An important observation to note which sedike an anomaly is that
P.wlgaris, a Gram negative bacterium, was eliminated fastan B.cereus and Staph. aureus
OKOH1, both Gram positive organisms. This showsbpbbe species specific bactericidal
activity of the methanol extract éf. pedunculatum.

An important problem often observed in time kiludies but rarely addressed in data
analysis is microbial regrowth after initial redioct in the starting inoculum. Some authors have
conceptualized a bacterial population as consistintyvo distinct and discrete subpopulations
with drastically different susceptibility (Jumlse al., 2003). Regrowth is then attributed to the
preferential killing of the susceptible sub-popidat coupled with selective amplification of the
resistant sub-population. Given that typical tiniledtudies are performed over 24 hr, there may
not be adequate time for the resistant sub-populat take over the entire population in the

study time period. After 24 hr of exposure, baetethurdens can be identical in a slow
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bactericidal agent or a rapid killing agent follaMey regrowth (due to emergence of resistance).
In contrast, some authors attribute regrowth ttaden with the drug exposure representing a
selective pressure eliminating the susceptible spblations leaving the resistant subpopulations
(Tamet al., 2005). Also, some species are able to withstalvérse conditions better than others
(Oshodiet al., 2004).

A number of interesting outcomes have been fourt thie use of a mixture of natural
products to treat diseases, most notably the sigtiergeffects and polypharmacological
application of plant extracts (Gibbons, 2003). Thas found application in the use of plant
extracts in combination with antibiotics to overamicrobial resistance to those particular
antibiotics. Plant extracts are believed to inhrhitroorganisms by mechanisms different from
those of conventional antibiotics and this coulduseful in the development of novel, efficient
drugs that either block or circumvent resistancelmaisms or those that attack new targets
(Oluwatuyi et al., 2004; Samieet al., 2005). This effect enables the use of the resmec
antibiotic when it is no longer effective by itsdliiring therapeutic treatment (Nascimeetal .,
2000).

The understanding of synergism mechanism is fundéheto development of
pharmacological agents to treat diseasssag medicinal plants (Betost al., 2006). While the
effect of the combinations on the bacteria was isgespecific, increasing the concentrations of
plant extract in combinations with chloramphenigabstly resulted in improved antibacterial
activity. The opposite is true for most combinasiowith penicillin where increasing the
concentration resulted in reduced antibacteriavigt

The MIC range of the methanol extract kf pedunculatum is relatively of magnitude

higher than those of common broad spectrum aniilsiair even other plant extracts and in this
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regard could be of little use as an effective amtiobial. However it exhibited promising
activity when combined with antibiotics and coule iseful combined therapy with antibiotics
to overcome microbial resistanegich may help to extend the use of these antitsotir to
reduce doses in order to prevent adverse effetis.trend for antimicrobial drugs has been to
relate ann vitro index of antimicrobial action such as the MIC witharmacokinetic actiom
vivo but conditions in broth culture measurements o€Mlill not mimic precisely conditions
occurring in living systems. Furthermore some thetdic agents are converted to active
metabolites that may possess significant antimietaztivity in vivo (Lees and Aliabadi, 2000).
There is need to explore other extracts of thisitpta make a conclusion on its effectivess to
treat wound infections. On the other hand, thengtie of this plant, which could justify its use

by the Xhosa, could be more as an anti-inflammaagent than as an antimicrobial agent.
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