


Chapter 1

INTRODUCTION

1.1 Background

1.1.1 Phytomedicines: the greening of modern medicine

Naturally occurring substances of plant, animal and mineral origin have provided a
continuing source of medicines since the earliest times known to man, but it is the
plant kingdom, in particular, which has proved to be of the most use for treating most
of our ailments. During the course of history, experimentation has succeeded in
distinguishing those plants, which have beneficial effects from those, which are toxic
or merely non-effective. Through trial and error, human beings have discovered ways
of relieving pain and sickness, and of living in harmony with nature. This process has
gradually evolved throughout the whole world over a period of thousands of years and

it is estimated that some 20,000 plant species are used medicinally (Penso 1982).

Scientifically based medicine has accumulated a great amount of knowledge
about the causes of sickness and their cures. Against this background, traditional
healers and their practices appear as a mainstay of the grossest darkness, which holds
the human mind. Yet contrary to this frequently held assumption, some of the
medicines used by the traditional healers are surprisingly effective. Many of our
medicinal plants, which have continued to be used clinically, are now given in the
form of isolated compounds or in standardised preparation. More and more people in
developing countries utilise traditional medicine for their major primary health

care needs. During the last decades, extensive investigations have been done on
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medicinal plants. The obtained results often justified the use of the plants in folk
medicine and constituted a serious basis for the improvement of the efficacy, the safety
and the quality of herbal remedies used all over the world. Moreover plants are known
to offer excellent perspectives for the discovery of new therapeutic products including
anti-infectious agents (Cox & Balick 1994). Scientists have shown a keen interest in the
knowledge of traditional healers all over the world. Higher plants, in particular,
contribute to Western medicine in being ingredients of approximately one quarter of
prescriptions dispensed (Phillipson & Anderson 1989). Although available in the United
States for little more than 10 years, ethnomedicines represent an important class of
natural therapeutics that are broadly used and accepted world-wide (Israelsen 1995).
Plants and plant products are present in 14 of the 15 therapeutic categories of
pharmaceutical preparations, which are currently recommended to medical practitioners
in the United Kingdom. Numerous examples from medicine impressively demonstrate
the innovative potential of natural compounds and their impact on progress in drug

discovery and development (Phillipson & Anderson 1989).

1.1.2 Ethnopharmacology and the utilization of herbal drugs

The ability to correlate ethnobotanical reports with corresponding scientific studies
could lead to improved selection of plants for further study in the health care system of
a country. Ethnopharmacology provides scientists with an alternative approach for the
discovery of antimicrobial agents, namely the study of medicinal plants with a history of
traditional use as a potential source of substances with significant pharmacological and
biological properties. The combination of analysing ethnomedical information and
scientific studies on plant extracts may reduce the number of plants that need to be
screened for drug discovery attempts, resulting in a corresponding greater success rate

than by random selection and mass bioscreening (Vlietinck et al. 1995).

Drug development based on ethnomedical leads has followed the identification

of plant species with biologically active compounds and the characterisation and
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standardisation of traditional recipes for reformulation as medicines. During the
1800s, the active principles of a number of plént drugs were isolated and it was realised
that the clinical effects of drugs such as opium, cinchona and ipecacuanha could be
attributed to the chemical compounds morphine, quinine and emetine, respectively
(Phillipson & Anderson 1989). The recognition of many African plants as medicines led
to the isolation of several biologically active molecules; examples range from the well
known physostigmine (from Physostigma venonosum) used for the treatment of
glaucoma to the recently identified antiviral agents from Ancistrocladus abbreviatus
(Iwu 1994). Some recent work done in drug development in India, relates to species of
Commiphora (used as a hypolipidaemic agent), Picrorhiza (which is hepatoprotective),
Bacopa (used as a brain tonic), Curcuma (anti-inflammatory) and Asclepias (cariotonic)

(Jain 1994).

The National Cancer Institute (NCI), Bethesada-Maryland, screened 21,881
extracts derived from over 10,500 samples for activity against the human
immunodeficiency virus (HIV); 2320 of these extracts were of medicinal plant origin.
Approximately 18% of the total number of extracts showed significant anti-HIV activity
of which four plant-derived compounds are in preclinical development at the NCI
(Cragg et al. 1994). In the Amazonia, ethnobotanical studies have identified plants
documented by early travellers; these include Paullinia yoco and llex guayusa, which
are used as stimulants (Schultes 1994). Numerous drugs have entered the international
pharmacopoeia via the study of ethnobotany and traditional medicine. This process has
recently resulted in clinical trials of ‘Provir’ an oral product from a medicinal plant for
the treatment of respiratory viral infections and ‘Virand’ a topical antiviral product for

the treatment of herpes in Shamam pharmaceuticals, a development-stage company

(king & Tempesta 1994).
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1.1.3 South African traditional medical practice

In the traditional African worldview the natural environment is a living entity whose
components are intrinsically bound to mankind. The wealth of information on folk
medicine coupled with the enormous diversity of the South African flora (about 24000
species) focussed our attention on the use of folk medicine as the starting point for our
research. The traditional doctors in this country known as inyanga or ngaka have been
practising for centuries. They play a significant part in health care in so much that they
treat about 60-70% of patients (Matthe 1989). The detailed analysis of the
pharmacological properties of medicines used traditionally brought to light that there
are innumerable acids, alkaloids, flavonoids, terpenoids, oils, gums, resins, fats etc.
present in plants. Some of these ingredients do have a specific pharmacological reaction
towards sickness, which are recognised by pharmacologists (Watt & Breyer-Brandwijk
1962; Hutchings 1966; Van Wyk et al. 1997).

Natural product research continues to provide a tremendous variety of lead
structures, which are used as templates for the development of new drugs by the
pharmaceutical industry. The field of ethnobotanical research has expanded greatly in
recent years as the value of this type of research has come to be more widely
recognised. The traditional use of medicinal plants and the pharmacological activity of
extracts previously investigated shows that a viable approach to pharmaceutical research
in the areas of various diseases such as arthritis, tuberculosis (TB), cancer, diabetes,
bacterial and viral infections etc. is needed. Medicinal plants possess many potentially
valuable therapeutic agents which needs further research to investigate their

effectiveness.
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1.2 Tuberculosis

1.2.1 Epidemiology

Tuberculosis remains a serious health problem in many regions of the world, especially
in developing nations. It is a contagious disease and is becoming an epidemic in some
parts of the world. TB is considered to have the fifth highest fatality rate in the world
(Kochi 1997). It is estimated that 30-60% of adults in developing countries are infected
with Mycobacterium tuberculosis. Approximately 8-10 million individuals develop
clinical TB and 3 million die of TB each year (WHO/IUATLD 1989). The WHO
suggests that the number of new cases world-wide will rise from the current 7 million a
year to 10 million by 2015. It is estimated that between 2000 and 2020, nearly 1-billion
more people will be newly infected, 200-million people will get sick and 70 million will
die from TB if control of the disease is not strengthened (New Scientist 1998). Within
the black population of South Africa TB is endemic. The prevalence of TB in South
Africa increased from 0.9% in 1975 to 3.9% in 1991 among black gold miners (Murray
et al. 1996). A program audit of 2473 TB patients in KwaZulu-Natal, South Africa, was
conducted between 1991 and 1994. It was found that monthly admissions increased
from 34 per month in 1991 to 66 in 1994 (Wilkinson et al. 1996). In South Africa,
over 3 in every thousand people die of TB, the highest rate in the world. One out of
every 200 people suffers from active tuberculosis. TB is the most commonly notified
disease in South Africa and the fifth largest cause of death among the black population
(South African Tuberculosis Association 1998). In the United States, the number of TB
cases steadily decreased until 1986 when an increase was noted; TB cases has continued
to rise since. Ten million individuals are infected in the USA, with approximately 26000
new cases of active disease each year (National Jewish Medical and Research Center
1994).

TB has already been recognised as one of the most frequent opportunistic
infections in persons with Human Immunodeficiency Virus (HIV) infection in

developing countries. HIV infection results in an impairment of the immune system and
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entails a substantial risk of TB in those individuals who are or become infected
with the tubercle bacillus (Grange & Davey 1990). It is said that there is an exchange of
“evil services” between the two diseases, tuberculosis and HIV- infections, warranting
the term of cursed duet (Chretien 1990). The diagnosis of infection caused by M.
tuberculosis is of increased public health concern following increases in the number of
cases in developing countries and major increases in developing countries is associated
with the spread of HIV infection (Wilkinson ef al. 1996). The TB epidemic in Africa
reached its peak with the advent of HIV infection. The problem became serious enough
that, in 1991, Stamford raised the question’ “Is Africa Lost?” (Stamford et al. 1991). TB
accounts for almost one-third of AIDS death worldwide, which kills 2-million people
each year and infects 8-million more almost all of them in developing world. It causes
about 40% of AIDS death in Africa and Asia. (WHO/TB/98.258). Control of the TB
epidemic linked with HIV infection will depend largely on the adequate treatment of
TB, and possibly of effective chemoprophylaxis, not just for HIV-infected persons but
for the community as well (WHO/IUATLD 1989).

1.2.2 TB in animals

Studies on TB have been directed not only on humans, but also towards marine
creatures and domestic animals. Mycobacterium causes TB in many animal species
including humans. Generally, Mycobacterium bovis infects cattle and cervids, but it has
the potential to infect virtually all species of mammals (Stead 1997). Bovine TB is well-
established in cattle in Australia and New Zealand and causes a serious public health
problem, especially in children through ingestion of TB-infected milk (Tweddle &
Livingstone 1994).

There is sufficient evidence to suggest that TB infection in animals is widely
distributed and is found at significantly high prevalence in some population of animals.
Diverse pathological conditions causing the strandings and/or deaths of several species
of sea lions and seals on the Northern Coast of the province of Buenos Aires was
reported. Bacterial isolates from the diseased sea lions and seals showed characteristics

consistent with M. bovis, whereas some demonstrated the properties of M. tuberculosis.
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More recently, cases of TB have been detected in an Australian sea lion, and in a New
Zealand fur seal (Bernardelli ef al. 1996). Ferrets were recognised as significant wild
life vectors of TB in New Zealand. Ten out of eighty animals captured from the wild
were severely infected (Cross et al. 1999). TB was diagnosed on a game ranch in
Zambia outside a national park in free ranging animals like kafue lechwes and
bushbucks (Zieger et al. 1998). In some buffalo herds the prevalence of TB is as high as
70% in the Kruger National Park of South Africa. A number of lions, cheetahs and
baboons contracted the disease and died recently by consuming infected buffalo meat

and carcasses (Keet et al. 1996).

The zoonotic transmission of TB infection in humans is likely to occur by
aerosolization of infected particles produced from the cough of live animals, or by the
housing of infected material in the rendering plant or postmortem laboratory (Fanning et
al. 1991). The epidemiology of M. bovis infections in man were reported in 1974 and
1975 in Sweden in areas where cattle TB had previously been common (Sjogren &
Hillerdal 1978). A case-control study of TB in cattle done between December 1993-
1995 in Northern Ireland suggested that a TB outbreak among people staying close to
the animal farm was associated with bovine TB in cattle. Infected cattle played a
significant role in the transmission of TB (Denny & Wilesmith 1999). There were
34,959 human deaths from all forms of TB in England and Wales in 1931, of which an
estimated 2147 deaths (6.1%) were attributed to TB infection from cattle (Minor 1999).

TB infection in a fully susceptible population in any game park, leads to the
establishment of the disease in a particular species which then become maintenance host
of the disease. The presence of a large number of maintenance hosts in the diverse
ecosystem of game park may be expected to infect the disease further to other species in
the park and neighbouring areas. Additionally the close association between humans
and animals especially baboons in the parks particularly in some of the tourist camps
and local dwellings, should be a cause for concern, as the infection, which is known as

Zoonosis, may also be contracted by man (Keet et al. 1996).
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1.2.3 Mpycobacterium tuberculosis; the causative agent

Robert Koch first isolated the causative agent of tuberculosis, Mycobacterium
tuberculosis in 1882. Koch found the bacillus constantly associated with the clinical
disease, isolated it in pure culture, reproduced the disease in guinea pigs and rabbits,
and recovered the bacillus in pure culture, from the experimentally infected animals.
The shape of M. tuberculosis is slender, straight, or a slightly curved rod with rounded
ends. The organisms vary in width from 0.2 to 0.5 pm and in length from 1 to 4 pm.
The most unique structure of the mycobacterial cell is its cell wall, a multilayered
structure approximately 20 nm thick. The bacilli are non-motile, non-sporogenous, and
nonencapsulated. They are difficult to stain with the gram stain but are usually
considered to be gram positive. The Ziehl-Neelsen stain is useful in staining organisms
and once stained they are resistant to decolourization with acidic alcohol. For this
reason they are often referred to as acid-fast bacilli. The Ziehl-Neelsen stain is generally
used for the visualisation of the organism. With this stain, the bacilli appear as
brilliantly stained red rods against a deep sky-blue background. Organisms often have a
beaded appearance because of their polyphosphate content and unstained vacuoles

(Joklik et al. 1968) (Figure 1.1).

TB most commonly occurs in communities who live in poor socio-economic
conditions. This is because people living in poor conditions have little immunity to the
TB infection as a result of malnutrition, physical stress, poor access to health services,
overcrowded conditions etc. This bacterium primarily affects the lungs and may infect
anyone at any age. If someone who is actively infected by tuberculosis sneezes or
coughs, it is easy for people nearby to inhale the tuberculosis bacteria. However,
inhaling the organism does not usually mean that one can develop the active disease. A
person’s natural body defences are usually able to control the infection so that it does
not cause disease. In this case, the person would be infected but not have the active

disease. Only about 10% of those infected will actually develop TB in their
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Figure 1.1. Mycobacterium tuberculosis stained uniformly by the Ziehl-Neelsen method:
(@) Colonies x 400 (b) Straight and curved rods x 1000 of M tuberculosis (Courtesy:
WHO/TB/98.258).

lifetimes. The active disease can occur in an infected person when the body's resistance
is low or if there is a large or prolonged exposure to the bacteria that overcome the
body's natural defences. The body's response to active TB infection produces
inflammation, which can eventually damage the lungs. Mycobacterium attacks
mitochondrial membranes, causing functional damage to membrane-associated
respiration and oxidative phosphorylation (National Jewish Medical and Research
Center 1994).
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The amount of damage caused by TB may be quite extensive, yet the symptoms
may be minimal. The usual symptoms of TB are
e Fever
e Coughs
o Weight loss
e Loss of appetite
e Weakness
e Night sweats
e Dyspnoea
e Shortness of breath
e Chest pain, signs of chest disease etc. (South African Tuberculosis Association

1998).

1.2.4 Multidrug-resistant TB

TB therapy has been revolutionised and the present treatment regimes for TB are based
on multidrug therapy with usually 3 or 4 antituberculosis drugs. However, the problem
of multidrug-resistant tubercle bacilli is emerging for various drugs for example;
isoniazid, ethambutol, rifampin, streptomycin etc. (Girling 1989; Grange & Davey
1990). Risk factors for the spread of multidrug-resistant tuberculosis (MDR TB) include
poor compliance, convergence of immunosuppressed patients, delayed diagnosis or
treatment and poor or inadequate ventilation facilities. MDR TB is very difficult to treat
and requires a longer period of treatment. Sometimes, surgery is needed to remove areas
of destroyed lungs that are heavily infected by mycobacterium and inaccessible to drugs
(National Jewish Medical and Research Center 1994).

A recent WHO report states that, globally, 2% of all cases of tuberculosis are
multidrug resistant-by definition, resistance to rifampin plus isoniazid (plus/minus other
resistances). Such cases can be treated in the USA and other high resource regions
but at a great cost (> US$ 250,000 per case!) and using very long courses of rather
toxic drugs, thereby raising serious problems of compliance (WHO 1997). South Africa

10
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is witnessing an explosion in the number of cases of drug-resistant tuberculosis. In some
parts of South Africa, 1 in 10 cases of TB is resistant to treatment. A research group
funded by the British Pharmaceuticals Company Glaxo Wellcome, says that the number
of cases of MDR TB in the KwaZulu-Natal region has risen by 300 percent in just one
year. (New Scientist March 1997). An estimated 2000 South Africans contract
multidrug resistant TB each year and more than half of these patients die within a period
of two years(WHO/TB/98.258). It is essential to have new antituberculosis agents due
to the increasing resistance of mycobacterium to these classic antituberculosis drugs,

preferably those that can readily and simply be produced from some local source.

1.3 Other Bacterial infections

Man is host to a variety of pathogenic bacteria, protozoa and viruses. Persons who are
deficient in the production of circulating antibodies are highly susceptible to respiratory
infections by Gram-positive bacteria; persons who are deficient in T cell functions,
however, tend to succumb to infections by fungi and viruses, as well as to bacteria

which grow predominantly intracellularly (Stanier er al. 1958).

Toxins produced by pathogenic bacteria, could result in serious complications.
The pathogenicity of some of the Gram-positive bacteria has sparked an acute
awareness among people recently. Staphylococcus aureus, a Gram-positive bacterium is
associated with the ability of the organism to produce a number of different toxins. Of
these, the enterotoxin is responsible for a common type of food poisoning. On the other
hand, the exotoxin causes necrosis of the skin and lyses red blood cells during the
development of boils or other local abscesses. From these local inflammations, the
organisms frequently spread by way of the lymphatics and the blood. Hence,
Staphylococcal infections often develop into more serious diseases such as pneumonia,
meningitis, endocarditis, osteomyelitis and many others. Most Bacillus organisms are
usually straight rods with parallel sides and may be arranged in varying configuration.

Some outbreaks of food poisoning have been attributed to B. cereus and B. subtilis

11
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which occasionally cause human eye infections (Delaat 1979).

Similar to Gram-positive bacteria Gram-negative bacteria also cause impaired
function in the human body which may be acute, manifest at short notice or can be
relatively long in duration. Escherichia coli are short plump rods and they uniformly
stain Gram-negative. E. coli is the most frequent cause of urinary tract infections, which
may take the form of cystitis, pyelitis, pyelonephritis, appendicitis, peritonitis,
postoperative wound infection, infantile diarrhoea etc. They are also associated with the
secondary infection of the lungs (Delaat 1979). Pseudomonas aeruginosa typically
causes infections, not frequently fatal, in victims of severe burns and in cancer patients
who have been treated with immuno-suppressive drugs. Klebsiella pneumoniae are
short to fairly long bacilli, they all produce capsules and are nonmotile. K. pneumoniae
can cause severe enteritis in children, as well as pneumonia and upper respiratory tract
infections in man generally. Enterobacter species are frequently isolated from patients

suffering from urinary tract infections or septicemia (Stanier ef al. 1958).

The pathogenicity of some of the bacterial species is quite significant because of
their resistance to known antibiotics. The emergence of methicillin-resistant S. aureus,
vancomycin-resistant enterococci and multiresistant Gram-negative bacteria has become
a serious issue recently (Rao 1998). In a study done earlier it was found that 36 strains
of B. cereus were highly resistant to lincomycin, polymyxin B and penicillin G-
cephalosporin (Arribas et al. 1988). Fifty methicillin-resistant strains of S. aureus had
been isolated at a hospital in Osaka between 1986 and 1990 of which a few were also

resistant to streptomycin and kanamycin (Kondo et al. 1991).

1.4 Viral infections

Viruses damage their hosts either by destroying the cells in which they multiply or by
triggering hypersensitivity reactions. Serious viral infections are mumps, measles,

influenza and skin infections caused by various medically important viruses such as

12
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adenovirus, herpesvirus, papovavirus, paramyxovirus etc. Among these viruses,
herpes simplex virus (HSV) is one of the most widespread viruses in the human
population. HSV infections in man are seen either as primary or recurrent infections.
Acute gingivo-stomatitis, cervicitis and eczema are examples of primary infections,
whereas cold sores, kerato-conjuntivitis are most common among the recurrent
infections (Timbury 1986). Primary infections are caused by the herpes simplex virus
type II (HSV II). HSV I is associated with the recurrent infections such as, infections of
the facial area, such as cold sores. It produces skin infections but the major target organs

in humans are oral mucous membranes (Stanier et al. 1958).

1.5 Medicinal plants with antibacterial and antiviral activity

Over the past decade there has been a proliferation of literature on the antibacterial and
antiviral properties of plant extracts. There are several reports on in vitro inhibition of
mycobacterium by medicinal plants. Ten of 408 ethanolic extracts of plants such as
Actaea spicata, Angustura vera, Cinnamonium camphora, Piper cubeba (Cubeba
officinalis), Guaiacum officinale, Ipomea purga, Rhamnus cathartica etc. inhibited
growth of Mycobacterium tuberculosis H37Rv at dilutions of 1 in 160 to 1280 and a
high proportion of the other extracts inhibited growth at lower dilutions (Grange &
Davey 1990). It was found that M. tuberculosis was also sensitive towards the
Rwandese medicinal plants, Pentas longifolia, Tetradenia riparia and Bidens pilosa.
The active compound isolated from the leaves of T. riparia was tested against M.
tuberculosis and showed activity at 100 pg/ml (Van Puyvelde et al. 1994). Hydrocotyle
asiaticum inhibited growth of M. tuberculosis at a dilution of 1:20 (Grange & Davey
1990). The pharmacognostical studies on the Chinese traditional drug A-ji-ba-mo used
as a remedy for tuberculosis was derived from the roots of Dipsacus asperoides (Zhou
et al. 1994). From the root extracts of Salvia hypargeia, a new compound, hypargenin,
was isolated which showed significant activity against M. tuberculosis (Ulubelen et al.
1988).

13
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A number of plants have been cited in the literature as being used for medication
against various bacterial and viral infections or as containing biologically active
compounds. Research conducted by Noristan, Pretoria, suggests that from a total of
about 300 plants screened, at least 31% show marked analgesic, anti-inflammatory and
anti-infective properties. (Theunis et al. 1992). Out of 100 medicinal plants of Rwanda,
30% of the plants tested showed activity against B. subtilis and S. aureus (Boily & Van
Puyvelde 1986). A significant antibacterial activity was displayed by a novel diterpene
diol isolated from Jboza riparia (De Kimpe et al. 1982). The zones of inhibition
produced by water and methanolic extracts of Bridelia ferruginea ranged from 4 to 20
mm when tested against S. aureus, E. coli, Klebsiella sp., Streptococcus pyrogenes etc.
(Irobi et al. 1994). Organic extracts of Helichrysum crispum inhibited the growth of M.
smegmatis and P. aeruginosa (Salie et al. 1996). The active principle 3-O-
methylquercetin isolated from the flowers of H. odoratissimum displayed antimicrobial

activity (Van Puyvelde et al. 1989).

Acute and recurrent herpes simplex virus infections are world-wide in
distribution and several antiviral compounds have been introduced into therapeutic use
(Meyers et al. 1982; Palmieri et al. 1987). Their conflicting efficacy in recurrent
infection and in immunodeficient patients, as well as the problem of prohibitive costs in
developing countries, has necessitated the search for alternative drugs. The minimum
inhibition dose for herpes simplex virus was shown to be 0.1 mg/ml and 1.0 mg/ml for
the ethanol extract of Rheum officinale and of Annona muricata respectively (Wang et
al. 1996; Padma et al. 1998). In an ethnopharmacological screening of some of the
selected medicinal plants used in Argentina such as Polygonum punctatum, Lithraea
molleoides, Sebastiania brasiliensis etc. showed in vitro antiherpetic activity with the

50% effective dose (EDsg) ranging from 0.039 to 0.169 mg/ml (Kott et al. 1999).

Plants have been endowed with therapeutic virtues both in legend and in
scientific literature and are being used in treating various ailments such as coughs,
colds, other pathogenic bacterial and viral infections etc. The use of antimicrobials

from natural vegetation has a great impact in human health care of undeveloped
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countries. Herbal medicine has been used for centuries in rural areas by local healers
and has been improved in industrialised countries. A number of substances used in
modern medicine for the treatment of serious diseases have originated from research on
medicinal plants (Irobi et al. 1994). Indeed, over half the world’s 25 best selling
pharmaceuticals for 1991 owe their origin to one of a range of natural source materials

(Table 1.1) (Sneader 1985; Phillips & Drew 1992).

15



Chapter 1

Table 1.1 The World's 25 Best Selling Pharmaceuticals (Sneader 1985; Phillips &

Drew 1992)

Position 1991 Product

1 Ranitidine

2 aEnalapril

3 aCaptopril
4 aDiclofenac
S Atenolol

6 Nifedipine
7 Cimetidine
8 aMevinolin
9 aNaproxen
10 aCefaclor
11 Diltiazem
12 Fluoxetine
13 Cipro floxacin
14 Amlodipine
15 aAmoxycillin/ clavulanic acid
16 Acyclovir
17 aCeftriaxone
18 Omeprazole
19 Terfenadine
20 aSalbutamol
21 aCyclosporin
22 aPiroxicam
23 Famotidine
24 Alprazolam
25 aOestrogens

aNatural product derived

Therapeutic Class

Hz antagonist

ACE inhibitor
ACE inhibitor
NSAID
J3-antagonist

Ca’+ antagonist

Hz antagonist
HMGCOoA-R inhibitor
NSAID

J3-lactam antibiotic
Ca’+ antagonist
5HT reuptake inhibitor
Quinolone

Ca’+ antagonist
J3-lactam antibiotic
Anti- herpetic
J3-lactam antibiotic
W pump inhibitor
Anti-histamine
J32-agonist
Immunosuppressive
NSAID

Hz antagonist
Benzodiazepine

HRT

Sales $m

3,032
1,745
1,580
1,185
1,180
1,120
1,097
1,090
954

935

912
910
904
896
892
887
870
775
768
757
695
680
595
595
569
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Overall, the world TB situation is thought to be improving very little despite the
existence of effective therapy and a partially effective vaccine. The objective of the
research activities should be to curb the anticipated increase in TB in developing
countries where M. tuberculosis infection is highly prevalent. Exploration of new
directions, in academic research and in tuberculosis control policy is required. Ideally,
any new drug would be capable of acting in synergy with the existing drugs and
showing efficiency against the MDR TB. As part of the screening programme for the
detection of potentially useful antimycobacterial agents in South African medicinal
plants, plant extracts have been examined for their inhibitory activity against a reference
strain (H37Rv) and multidrug resistant strains of the human tubercle bacillus M.
tuberculosis in this project. Compounds isolated from the plant possessing the highest
antimycobacterial activity have also been investigated for their inhibitory action against

other bacterial species and herpes simplex virus.

1.6 Scope of the thesis

1.6.1 Antimycobacterial activity of plant extracts

The traditional use of some medicinal plants such as, Acacia nilotica, Cassine papillosa,
Chenopodium ambrosioides, Combretum molle, Croton sylvaticus, Cryptocarya
latifolia, Ekebergia capensis, Protasparagus africanus, Rapanea melanophloeos, etc.
by South Africans in curing TB related symptoms such as fever, cough, chest disease,
night sweats etc. has been reported (Watt & Breyer-Brandwijk 1962; Pujol 1990;
Hutchings 1996). However, no attention has previously been given to the laboratory
evaluation and detection of antituberculosis activity in South African medicinal plants.
Scientific basis for the utilisation of such plants in South African folk medicine is

required and therefore, the present study was undertaken.

The antimycobacterium activity of 20 local medicinal plants that have been used

in the treatment of TB symptoms was investigated in this study. Plant extracts were
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screened for activity against a drug-sensitive and a few drug-resistant strains of

M. tuberculosis.

1.6.2 Comparative study of the different methods for susceptibility

testing of M. tuberculosis

Standardisation of in vifro susceptibility testing is greatly needed to achieve uniformity
among the test methods used to evaluate tuberculosis therapeutics. At present, two
methods are being employed; a conventional and a rapid radiometric method for
isolation and susceptibility testing of mycobacterium from extrapulmonary specimens
and for drug susceptibility testing. The technique employed in the conventional method
for drugs/plant extracts susceptibility testing permits the most economical utilisation of
equipment. It is possible in a routine bacteriology laboratory to provide data which are
satisfactory within 5-6 weeks. The so-called critical concentrations of the
antituberculosis drugs using conventional methods were developed originally for testing
in Lowenstein-Jensen egg medium,; later, equivalents were found for 7H10 agar, 7H11

agar and 7H12 broth media (Siddiqi et al. 1981).

Recent studies have suggested that the BACTEC radiometric method is superior
to conventional methods in detection time and recovery rate of mycobacterium. In 1977,
Middlebrook et al. showed that a new liquid medium, 7H12, used with the semi-
automated BACTEC system for the detection of mycobacterial growth could have
clinical laboratory usefulness. The first evaluation of rapid radiometric drug
susceptibility testing of M. tuberculosis was reported by Snider et al. in 1981. BACTEC
is a rapid test and the results are generally reported in 4 to 5 days, while the
conventional results are reported in 3 to 4 weeks (Siddiqi et al. 1985). However, it has
been suggested that improved detection of mycobacterium is possible if radiometric and
conventional methods are used together (Takahashi & Foster 1983). Previous studies
have shown that the conventional method is comparable to the radiometric method for
testing susceptibility of M. ruberculosis strains to drugs (Laszlo et al. 1983; Fadda &
Roe 1984).
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In the present study, the conventional method (7H11 agar medium) was used for
susceptibility testing for the preliminary screening of 20 plant extracts against M.
tuberculosis. Results were later confirmed and compared by rapid radiometric method
by testing the plant extracts with good activity, against the sensitive and the multidrug-

resistant strains.

1.6.3 Cytotoxicity assay of plant extracts

Cytotoxicity evaluation of the plant extracts and their active principle is required for its
effective therapeutic use. After establishing the antimycobacterial activity of 14 plant

extracts against M. tuberculosis, the next step was to isolate the active

compound(s) from one of the most active and the least toxic plants. Cytotoxicity assay
of the plant samples were carried out on monkey kidney cells in collaboration with the
Virology department of the University of Pretoria with the intention to choose a plant

for the isolation of the active compound(s) with anti-TB activity and low toxicity.

1.6.4 Antibacterial activity of Euclea natalensis

Out of 14 plants the acetone extract of Euclea natalensis A.DC. was found to be one of
the most active extracts we investigated for activity against M. tuberculosis and

comparatively less toxic than the other plants.

Euclea natalensis is a tree of the Ebenaceae family with a somewhat spreading
crown (Figure 1.2). It occurs in a variety of habitats including coastal and inland forest
as well as bushveld. It is widely distributed in tropical and sub-tropical Africa and is
common on the east coast of South Africa (Van Wyk & Van Wyk 1997) (Figure 1.3). It
has been reported in literature that the roots of E. natalensis are used by indigenous
people of South Africa for various pathological bacterial infections. Powdered root
bark of this species is used as an ingredient in medicines to treat urinary tract infections,
venereal diseases, and dysmenorrhoea. Root bark infusions are applied in sores and

wounds (Pujol 1990). The custom of cleaning teeth and the gums witha chewed
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Figure 1.3 Distribution of Euclea natalensis in Southern Africa (Van Wyk & Van
Wyk 1997).
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root of E. natalensis, in the belief that it benefits oral health, is practised in South Africa
by married women of an African Zanzibar community (Stander & Van Wyk 1991).
According to one investigational report of the Herbal Medicine Trade in KwaZulu-
Natal, root bark of E. natalensis are used to prepare an Imbhiza (blood purifying
decoction taken for glandular swellings and sores) and are widely used for curing TB-
related symptoms, various chest diseases such as bronchitis, pleurisy, chronic asthma

etc. by the Zulus, a tribe of South Africa (personal communication; Bryant 1966).

It was therefore, decided to investigate the antibacterial activity of acetone and
water extracts of E. natalensis against some of the common bacterial species. Five
Gram-positive bacteria: Bacillus cereus, B. pumilus, B. subtilus, Micrococcus
kristinaea, Staphylococcus aureus and six Gram-negative bacteria: Enterobacter
aerogenes, E. cloacae, Escherichia coli, Klebsiella pneumoniae, Pseudomonas

aeruginosa and Serratia marcescens were tested for susceptibility in this study.

1.6.5 Isolation, purification and identification of the active

compound(s) from E. natalensis

Out of 14 plants tested for toxicity and activity it was found that E. natalensis possesses
high antimycobacterial activity and comparatively less toxicity than the other plants

investigated.

Our objective was to isolate the active compound(s) and evaluate the minimal
inhibitory concentration (MIC) of the isolated compound(s) for M. tuberculosis.
Through the activity-guided fractionation of the acetone extract of E. natalensis two
closely related bioactive compounds (diospyrin and 7-methyljuglone) were isolated and
identified. The MICs of the isolated compounds were determined for drug sensitive as
well as drug-resistant strains of M. tuberculosis. Synergistic inhibitory action of the
compounds was also investigated against H37Rv, a drug-sensitive and a drug-resistant

strain, resistant to two drugs isoniazid and rifampin of M. tuberculosis.
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The MICs of the two isolated compounds were determined for eleven bacterial
species and the synergistic effect of the compounds was also evaluated against the

bacterial species.

1.6.6 Antiviral activity of E. natalensis

It has been reported that extracts of the root of E. natalensis are believed to be used as a
natural remedy for various skin infections by South Africans. The charred and
powdered root is used as an application to the skin lesions in leprosy and internally for
ancylostomiasis by the local people in South Africa (Watt & Breyer-Brandwijk 1962;
Bryant 1966; Khan et al. 1978) It was therefore, decided to investigate the inhibitory
activity of acetone and water extracts of E. natalensis and an isolated compound,

diospyrin against HSV I in vitro.

1.7 Structure of the thesis

The preliminary screening of 20 South African medicinal plants against a sensitive
strain of M. tuberculosis by using the more economical conventional agar plate method
is described in chapter 2. The antimycobacterial activities of the acetone and water

extracts of the plants are reported.

Chapter 3 reports on the antimycobacterial results of 14 selected plant samples
by the BACTEC radiometric method. The effectiveness of agar plate method and
BACTEC radiometric method in susceptibility testing of M. tuberculosis in vitro is

compared and discussed in this chapter.

The cytotoxicity evaluation of 14 plant samples is dealt with in chapter 4. IDs

values of the acetone extracts against monkey kidney cells are reported.
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Chapter 5 describes the antibacterial activity of the crude acetone and water
extracts of the most active and least toxic plant, E. natalensis. MICs against 11 bacterial

species have been determined.

In chapter 6 the isolation and identification of the first active compound from E.
natalensis has been described. The MICs of the isolated compound for M. tuberculosis

and eleven pathogenic bacterial species have been analysed.

Chapter 7 deals with the antiherpes activity of the acetone and water extracts of
E. natalensis. Inhibitory activity of the isolated compound diospyrin has been

investigated as well.

In chapter 8 the isolation and identification of the second active compound from
E. natalensis is described. The MICs of the second isolated compound against
M. tuberculosis and eleven pathogenic bacterial species are also reported. Synergistic
inhibitory actions of the two active compounds isolated from E. natalensis, have been

evaluated against M. fuberculosis and the bacterial species.

In the general discussion and conclusion in chapter 9 an attempt is made to

synthesize a more coherent picture of the results of this study.
Finally chapter 10 summarises the motives of the entire project, the importance

of medicinal plant’s folkloric use and entails the recommendations from the findings of

this study.
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SUSCEPTIBILITY TESTING OF
MYCOBACTERIUM TUBERCULOSIS USING THE
AGAR PLATE METHOD

Abstract

Twenty South African medicinal plants used to treat pulmonary diseases were screened
for activity against Mycobacterium tuberculosis by the conventional agar plate method.
Acetone and water extracts of the plants were investigated for their inhibitory action
against H37Rv, a drug-sensitive strain of M. tuberculosis. Fourteen of the 20 acetone
extracts showed inhibitory activity at a concentration of 0.5 mg/ml. Six water extracts
showed activity at concentrations ranging from 0.5 to 5.0 mg/ml. The activity against
M. tuberculosis was the highest in water extracts of Euclea natalensis (0.5 mg/ml) and
Helichrysum melanacme (1.0 mg/ml). In this study we were able to establish evidence
of the inhibitory nature of plant extracts and determine the concentration required to
inhibit M. tuberculosis. Susceptibility testing of M. tuberculosis by the agar plate
method is reliable, economical, reproducible and are readily applicable to large scale

screening of plants for their inhibitory activity against M. fuberculosis.
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2.1 Introduction

Susceptibility testing of Mycobacterium tuberculosis by the agar plate method is one of
the most commonly used testing procedures to evaluate drugs/plant extracts for
antituberculosis activity. The agar plate method is a modified version of the proportion
method of Canetti and Co-workers (1963). The modification, including the preparation
and concentration of drugs, was described by Vestal (1975). The principle of the
proportion method is based on determining the proportion of resistant tubercle bacilli

present in the bacterial population (Canetti et al. 1963).

Every culture of tubercle bacilli contains some mutants resistant to antibacterial
drugs. The difference between a resistant strain and a susceptible strain is that the
proportion of resistant bacteria among the total number of bacterial strain is much
higher in a resistant strain than in a susceptible one (Canetti et al. 1963). When 1% or
more of microorganisms tested are resistant to the drug, the population is considered
resistant to that chemotherapeutic agent. The inoculum size of the mycobacteria in the
testing procedure is such that it is certain to show 1% of resistant microorganisms to the
drugs (Middlebrook & Cohn 1958). Resistance on the part of the microorganisms is
certainly significant when at least 1% of the total bacterial population develops at the
so-called critical concentrations, that is, the weakest concentration at which susceptible
bacilli are unable to grow in the presence of the drug. Any smaller proportion of
resistant microorganisms have no clinical significance. The critical concentration of
antituberculosis drugs was originally developed for testing in Lowenstein-Jensen egg
medium, later equivalents were found for 7H10 agar, 7HI1 agar and 7H12 broth media
(Lee & Heifets 1987).

The use of some medicinal plants such as, Acacia nilotica, Cassine papillosa,
Chenopodium ambrosioides, Combretum molle, Croton sylvaticus, Cryptocarya
latifolia, Ekebergia capensis, Euclea natalensis, Protasparagus africanus, Rapanea

melanophloeos, etc. by South Africans in treating TB related symptoms such as fever,
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cough, chest disease, night sweats etc. have been reported (Watt & Breyer-Brandwijk

1962; Pujol 1990; Hutchings 1996). A scientific basis for the utilisation of such plants
in folk medicine is required because one of the prerequisites for the success of primary
health care is the availability and use of suitable drugs. Plants that are used in traditional
medicine have always been a common source of medicaments, either in the form of
traditional preparations or as pure active principles. A combination of information
indicating that a specific plant has been used in a local health care system for centuries,
together with efficacy and inhibitory activity data, can help scientists to establish
whether it should or should not be considered acceptable for medicinal use (Akerele
1984). It was therefore decided to investigate the acetone and water extracts of 20
ethnobotanically selected South African medicinal plants, in vitro against M

tuberculosis by the conventional agar plate method.

2.1 Materials and methods

2.1.1 Plant material

All plants were collected from the south and central parts of South Africa (Lady Grey,
Aliwal North, Elliot, Barkley East, Durban, Umlazi). Different parts of the plants for
example, stem, root, bark, leaves etc. were collected as used by our indigenous people
to treat TB symptoms such as, fever, blood in the sputum, cough etc. (Figure 2.1). The
selection of plants was based on the actual experience of traditional healers as well as
information culled from published sources. The plants were identified at the HGWIJ
Schweickerdt herbarium of the University of Pretoria and also at the herbarium of the
National Botanical Institute, Pretoria. Herbarium voucher specimens are preserved in

the herbarium of the University of Pretoria (Table 2.1)

35



Acetone and water extracts of each plant sample were prepared. About 40 g of plant
material was homogenized and three times extracted with acetone. The extract was
flltered and concentrated to dryness at reduced pressure. The acetonic residue was later
dissolved in dimethyl sulphoxide (DMSQ) to obtain a concentration of 500 mg/ml

because of the toxicity of acetone towards bacteria.

Water extract was prepared by boiling about 20 g of non-homogenised plant
material in 500 ml of distilled water for 30 min under reflux. The extract was flltered
and concentrated to dryness at reduced pressure. The residue was later dissolved in

distilled water to a concentration of 500 mg/ml.
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