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Phytomedicine

Mankind has discovered the idea that certain plants had healing powers, and thus contain what
we currently characterize as antimicrobial principles, long before the existence of microbes was
ascertained (Rios and Recio, 2005). The earliest evidence of humans’ use of plants for healing
dates back to the Neanderthal period (Kleiner, 1995). In the 16" century, botanical gardens
were created to grow medicinal plants for medical schools (Akerele, 1993). Herbal medicine
practice flourished until the 17" century when more “scientific pharmacological remedies were
favoured (Trevelyan, 1993). Around the world, the history of herbal use begins when health
care was provided by women in the home. Initially they used home-made botanical remedies
and later purchased similar products as “patent medicines.” In the early 19" century, scientific
methods became more advanced and preferred, and the practice of botanical healing was
dismissed as quackery. In the 1960s, with concerns over the iatrogenic effects of convectional
medicine and desire for more self-reliance, interest in “natural health” and the use of herbal
products increased (Trevelyan, 1993). Worldwide, herbal use again became popular and in
1974 the World Health Organization (WHO, Geneva, Switzerland) encouraged developing
countries to use traditional plant medicines to “fulfill a need unmet by modern systems.”
(Trevelyan, 1993). Despite the availability of different approaches for the discovery of drugs,
plants still remain the main reservoirs of natural medicines. It is estimated that about 30% of
the drugs in the modern pharmacopeias were derived from plants and many others, which are
synthetic analogues, were built on prototype compounds isolated from plants (Farnsworth, NR
et al., 1985; De Silva, 2005; Kim, 2005) and over the years there have been increasing interests

in the use of herbal therapeutics worldwide. It is estimated that over 80% of the developing



world’s population still depend on herbal medicines, while half of the population in the
industrialized countries, also use herbal formulations for health care (Bodeker and Kronenbger,

2002).

South Africa is exceptionally rich in plant diversity with some 21 000 species of flowering
plants — almost 20% of the world’s higher plants — of which 80 % are endemic (Fennel, CW et.
al., 2004). Many plants have been used for different purposes, such as food, drugs and
perfumery. Yet, there has been limited research and support for the systematic understanding
and development of the enormous wealth of medicinal plants in the country. Indeed,
increasingly, more pharmacognostic investigations of plants are needed to be carried out to find

novel drugs or templates for the development of new therapeutic agents.

Antimicrobial drugs have proved remarkably effective for the control of microbial infections.
However, there is an increased attention on extracts and biologically active compounds isolated
from plant species used in herbal medicine due to the side effects and the resistance that
pathogenic micro-organisms build against conventional antibiotics (Essawi and Srour, 1999).
According to Eloff (1998), the amount of resistant strains of microbial pathogens is increasing
since penicillin resistant and multiresistant pneumococci caused a major problem in South
African hospitals in 1977. The potential problem of emerging resistance to antimicrobial agents
requires careful monitoring. Antimicrobial studies have shown that Gram-negative bacteria
show a higher resistance to plant extracts than gram-positive bacteria (Palambo and Semple,

2001; Kudi, AC et al., 1999; Paz, 1995; Vlietinck, 1995). This can be as a result of the



variation in the cell wall structures of Gram-positive and Gram-negative bacteria (Palambo and
Semple, 2001). More specifically, Gram-negative bacteria have an outer membrane that is
composed of high density lipopolysaccharides that serves as a barrier to many environmental
substances including antibiotics (Kudi, AC et al.,, 1999). New compounds inhibiting
microorganisms such as benzoin and emetine have been isolated from plants (Cox, 1994). Eloff
(1999) stated that the antimicrobial compounds from plants may inhibit bacteria by a different
mechanism than the presently used antibiotics and may have clinical value in the treatment of
resistant microbial strains. As certain antibiotic treatments lead to the development of
multiresistant organisms, it is now standard clinical practice to use a combination of two or
more antibiotics with different mechanisms of action in an attempt to prevent the development
of antibiotic resistance and improve the outcome of therapy (Beringer, 1999). Craig (1997)
reported that infections caused by Pseudomonas aeruginosa are often difficult to treat and in an
attempt to achieve an optimal outcome, clinicians would use combinations of antibiotic
therapies with the aim of achieving antibiotic synergy. There is a continuous and urgent need to
develop new antibiotic and immune modulating compounds with diverse chemical structures
and novel mechanisms of action, because there has also been an alarming increase in the
incidence of new and re-emerging infectious diseases (Rojas, R et. al., 2003). The South
African flora offers great possibilities for the discovery of new compounds with important

medicinal applications in combating infection and strengthening the immune system.

In the developed countries of the world, plants have been widely accepted as the sleeping
giants of the pharmaceutical industries that may provide an unlimited source of antibiotics and

it is estimated that 27 million South Africans utilize traditional herbal medicines from more



than 1020 plant species (Stafford, Gl et. al., 2004), more than 80% of those who live in the
rural areas now depend on medicinal plants that have been used in folkloric medicine (Stafford,
Gl et. al., 2004) and these include H. pedunculatum and H. longifolium. Reports of work done
on the antimicrobial activities of H. pedunculatum and H. longifolium is scanty in available

literature.

The genus Helichrysum Mill. derives its name from the Greek words helios (sun) and chrysos
(gold) which is appropriate considering the attractive yellow flowers displayed by several
species (Pooley, 2003). The genus belongs to the Asteraceae family, tribe Inuleae and subtribe
Gnaphaliinae (Hilliard, 1983). This large genus consists of approximately 500-600 species and
although Helichrysum species are also found in southern Europe, south-west Asia, southern
India, Sri Lanka (previously Ceylon) and Australia, most species occur in Africa, including
Madagascar (Hilliard, 1983). In South Africa and Namibia, 244-250 species are widely
distributed; the tremendous morphological diversity displayed by these species resulted in their
subdivision into 30 morphological groups, using the shape and size of the flower heads as
differentiating characteristics (Hilliard, 1983). The flower heads are either solitary or occur in
compact or spreading inflorescences. The aerial parts are usually hairy or woolly and plants
occur as herbs or shrublets that are sometimes dwarfed and cushion forming. They are often
aromatic (Pooley, 1998, 2003; Van Wyk, BE et al., 2000). Helichrysum species are used
extensively in ethnomedicine in South Africa and many of the uses are associated with the
treatment of infections, e.g. it is used widely for treatment of respiratory diseases and wound
dressing (Lourens, ACU et al., 2008). The large morphological diversity of the genus is

complemented by chemical diversity as illustrated by the range of novel compounds isolated



from the genus. Despite the extensive past and present traditional uses, the unrivalled botanical
diversity, and the chemical complexity, it remains ironic that explorations of the biological
activities of indigenous species are comparatively poorly studied. The genus Helichrysum is
notoriously challenging from a taxonomic perspective and several examples have been
highlighted to emphasize the importance of correct botanical identification when embarking on
ethnopharmacological and phytochemical studies. There is an interesting relationship between
the morphological classification and the classes of chemical compounds isolated from a
specific morphological group and there are certain classes of compounds, e.g. diterpenes,
guaianolides, acylated phloroglucinols and a-pyrone derivatives, for which one can predict in
which species they are most likely to occur (Lourens, ACU et al., 2008). This may be
important in the search of new plant-derived drugs, e.g. acylated phloroglucinols show
potential as anti-staphylococcal drug leads (Gibbons, 2004) and a-pyrone derivatives have anti-
HIV properties (McGlacken and Fairlamb, 2005; Appendino, G et al., 2007). Helichrysum is
an interesting genus from an ethnobotanical, phytochemical and pharmacological perspective
but the biological data to correlate the ethnobotany to the chemistry are still lacking. To
advance our knowledge on this fascinating genus a multidisciplinary approach involving
microbiology, botany, chemistry and ethnopharmacology has been used to investigate some
antibacterial potency of two species (H. pedunculatum and H. longifolium) employed in

treating circumcision wounds and wounds infections.



Choice of Helichrysum pedunculatum and Helichrysum longifolium for this study

Medicinal plants have been used for centuries as remedies for human diseases because they
contain components of therapeutic value and their acceptance in recent times as an alternative
form of healthcare, especially with increasing trend of development of microbial resistance to
available antibiotics, has led to extensive investigation on the antimicrobial potentials of
medicinal plants. Our study candidates — H. pedunculatum and H. longifolium have been
recognized as important plants, being extensively used in South Africa where they grow widely
for the healing of circumcision wounds. Although the use of these plants in male circumcision
practices in South Africa has been age long, many incidences of alarmingly high numbers of
death caused by post-circumcision infections have been reported which questions the efficacy
of the plants or its application in wound infection control and healing. There has not been any
detailed study of the antimicrobial potentials of these plants against most of the wound
associated microbial pathogens know to science. Neither has there been any study to elucidate
the mechanisms of actions of the active compounds of these plants, nor their potential in

combination antimicrobial chemotherapy.
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Fig 1: Helichrysum pedunculatum in its natural vegetation

Fig 2: Helichrysum longifolium in its natural vegetation



JUSTIFICATION OF THIS RESEARCH

We now have the global problems of multiple antibiotics resistance, emergence of new and
resurrection of previously eradicated diseases, considerable drawbacks in the use of existing
antibiotics and in the developing countries, an inability of the average family to control
infections using orthodox medicine (Lupetti, A et al., 2003). Concurrent or sequential
treatment for invasive infections has been typically considered as an option to improve results
of monotherapy; however, combination therapy could be an alternative to monotherapy for
patients with invasive infections that are difficult to treat, such as those due to multi-resistant
species and for those who fail to respond to standard treatment. Antimicrobial compounds used
in combination might promote the effectiveness of each agent, with efficacy being achieved
using a lower dose of each drug. Pharmacological benefits would accrue, with one drug
clearing infection from one body system while the other clears it from a different site. In
addition, synergism in antimicrobials could be utilized in an attempt to prevent or delay the
emergence in vivo of resistant populations of the pathogenic organisms. Both literature reports
and ethnobotanical records indicate a general consensus on the use of antimicrobially active
medicinal plants to provide cheaper drugs that may complement existing supplies from
orthodox medicine in the Primary Health programme and/or provide novel or lead compound
that may be employed in controlling infections in our communities (Lupetti, A et al., 2003).
Several studies have confirmed the antimicrobial efficacy of plants of South Africa origin,
however there is still a serious dearth of information regarding the synergistic potentials of
these plants, which is the primary focus of this research (Afolayan, AJ et al., 2002, Van Wyk,

BE et al., 1997, WHO, 1995).



AIMS AND OBJECTIVES

BROAD AIM

The overall objective of this project was to investigate the antibacterial properties of extracts of
Helichrysum pedunculatum and Helichrysum longifolium found in the Eastern Cape Province,

South Africa and which are commonly used in the treatment of circumcision wounds.

SPECIFIC OBJECTIVES

A ldentification of plants with antimicrobial property.

Information on traditional herbal practice in the Eastern Cape Province of South Africa is
passed from one generation to the other through oral tradition (Grierson and Afolayan, 1999).
Considering the rapid rate of deforestation and loss of biodiversity, there is a need for accurate
scientific documentation of the knowledge and experience of these herbalists. Therefore the
objective of this study was to investigate the use of traditional plants for the treatment of
circumcision wounds. H. pedunculatum and H. longifolium were identified as the most used
species in the province for the treatment of circumcision wound and other wounds infections.
These species were repeatedly mentioned as the prominent plants used for the treatment of

circumcision wounds and were therefore chosen as our candidate plants.

B: Determination of the antibacterial properties of plants

With the increasing acceptance of herbal medicine as an alternative form of healthcare, the
screening of plant extracts for antimicrobial activity has shown that higher plants represent a
potential source of new anti-infective agents. The antibacterial activity of H. pedunculatum and
H. longifolium is scanty in available literature prior to this study. Another objective of this
study was to investigate the antibacterial activities of H. pedunculatum and H. longifolium by

preliminary bioassay screening of their extracts against a wide range of pathogenic
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microorganisms implicated in wounds and wound infections including referenced,

environmental and clinical strains.

C: Determination of rate of kill of the extracts of these plants

The effectiveness of an antibacterial agent is measured by its ability to inhibit or Kkill bacteria
(Nostro, A et al., 2001). In vitro time-kill assays are expressed as the rate of killing by a fixed
concentration of an antimicrobial agent and are one of the most reliable methods for
determining tolerance (Nostro, A et al., 2001). Generally, the effect of anti-infective agents on
the test bacteria is time and concentration dependent, as it is always evident from the data
presented. At higher concentration and longer duration of interaction more organisms will be
affected. Prior to this study, the in vitro time-kill activities of H. pedunculatum and H.
longifolium have never been reported in the literature. In the present investigation extracts of
these plants were screened in vitro for time-kill studies. This was carried out in order to

validate the use of these plants for the healing of circumcision wounds.

D: Investigation of the synergistic potentials of these plants extracts and some antibiotics.

The screening of crude plant extracts for synergistic interaction with antibiotics is expected to
provide leads for the isolation of multiple drug resistance (MDR) inhibitors. The use of Catha
edulis extracts at subinhibitory levels, has been reported to reduce the minimum inhibitory
concentration (MIC) values of tetracycline and penicillin G against resistant oral pathogens,
Streptococcus oralis, Streptococcus sanguis and Fusobacterium nucleatum (Al- hebshi, N et

al., 2006). There have been worrisome incidences of high death rate resulting from
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circumcision wounds infection even after treating such wounds with H. pedunculatum and H.
longifolium leaves. Perhaps the plant(s) could be of more relevance in combination therapy and
a source of resistance modifying principles. Hence, another objective of the study was to
investigate the synergistic potentials of various combinations of these plants extracts as well as

some standard antibiotics.

E: Determination of phytochemicals and the anti-oxidant activities of these plant extracts

Free radicals have been implicated in the causation of several chronic diseases such as diabetes,
cancer and atherosclerosis. Many complications of wound healing, including inflammation,
retinopathy and atherosclerotic vascular diseases, have been linked to oxidative stress (McCune
and Johns, 2003). Bioactive compounds and plant extracts that can scavenge free radicals have
a great potential in preventing the progression of these diseases (Sabu and Kuttan, 2002).
Despite the wide uses of H. pedunculatum and H. longifolium for circumcision wound healing
in the Eastern Cape Province of South Africa, there is no information on their antioxidant
activities, yet such information is important in the understanding of the justification for
utilizing these plants as sources of medicine. Thus, one of the objectives of this project was to
investigate the antioxidant activity of both extracts of these plant species. To achieve this, the
DPPH and ABTS radical scavenging experiments as well as Fe**— Fe?" transformation assay
were used to determine the antioxidant capacity of the extracts. Catechin and Butylated

hydroxyltoluene (BHT) were used in the experiments as standard antioxidant compounds.
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F: Isolation and identification of pure compounds from candidate plants

Secondary metabolites derived from both microorganisms and higher plants have provided a
wide range of drugs that are used for the treatment of infectious diseases. Many species of the
genus Helichrysum are known for their antiinfective properties. They are rich in different
compounds like phenolics e.g. flavonoids and chalcones, phthalides, o-pyron derivatives,
terpenoids, essential oils, volatiles and fatty acids (Czinner, N et al., 2001) . However,
considering the various pharmacological activities of this species, many other bioactive
compounds are yet to be isolated and characterized in the plant. For example, before the
commencement of this study, there were only few reports on the pure compounds isolated from
H. pedunculatum, with virtually no reported compound ever isolated from H. longifolium in the
literature (Czinner, N et al., 2001). One of the objectives of this project, therefore, was to
perform a bioactivity-guided isolation and identification of compounds from the leaves of H.
pedunculatum and H. longifolium. To achieve this, several chromatographic techniques
coupled with the use of 1D and 2D, NMR spectroscopy such as *H, *C, COSY, HMQC and

HMBC spectroscopy were used in structure elucidation.

The structure of the thesis

This thesis consists of contributions in the form of reprints of published papers, accepted
articles and some manuscripts submitted for publication. The thesis is structured as follows:
Chapter 2 presents a vast review of literature on the use of bioactive plant products; it reveals

an overview of the use of bioactive plant products in combination with standard antibiotics and
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its implications in antimicrobial chemotherapy. Chapter 3 presents a study on the in vitro time-
kill assessment of crude methanol extract of H. pedunculatum, while chapter 4 as well presents
studies on the in vitro time-kill assessment of crude aqueous and acetone extracts of H.
pedunculatum. The in vitro antibacterial time-kill studies of leaves of H longifolium are
reported in chapter 5. Chapters 6, 7 and 8 reports on the in vitro evaluation of the interactions
between crude extracts from the leaves of H. pedunculatum and H. longifolium as well as some
antibiotics. The phytochemical properties and antioxidative properties of the crude extract are
presented in chapters 9 and 10, while chapter 11 reports on isolated compounds from the crude
leaves extracts of these plants which were obtained in small amounts. The general discussion
and conclusion from this study are presented in chapter 12, in an attempt to consolidate the

results obtained from the study of these valuable medicinal plants.
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