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Summary

The study assessed the effect of water and ethyl alcohol extracts from different parts of
the plants Carpobrotus acinaciformis and Schkuhria pinnata on the contraction of the
guinea pig trachea, superoxide production and ATP extraction from human neutrophils
and guinea pig whole blood, _antibiotic activity against some strains of £, coli and fungi to
determine their therapeutic and toxicological effects of When used by humans. The
studies with the guinea pigs fed on the water extracts of these plants and those not fed did
not show any significant differences in tracheal contraction with either methacholine or
histamine, p > 0.05, five degrees of freedom. However, there was a significant decrease
in the time of contraction in the tracheas treated with the extracts than those not treated.
Superoxide production was decreased in those guinea pigs fed on the plant extracts than
those not, p < 0.05, five degrees of freedom. There was also a significant difference in
superoxide production by human neutrophils. ATP extraction from the neutrophils was
significantly decreased. The water and ethyl alcohol extracts of C. acinaciformis
inhibited the growth of all E. coli strains for at least 24 hours; the water extracts of S.
pinnata inhibited for only 24 hours and growth resumed thereafter. Ethyl alcohol extracts
of S. pinnata inhibitec.l the growth for more than 72 hours. The water extracts of both
plants also prevented the growth of fungi in the laboratory settings for at least three
months while the ethyl alcohol extracts inhibited the growth for more than a year. The
minimum volume of ethyl alcohol required to prevent fungal growth was 10 per cent.
Chromatographic techniques showed at least one band or peak and at most five. Thus, the
pre-treatment of animals with the extracts of these plants increased the force of tracheal

contraction. Treatment of the neutrophils with the extracts reduced superoxide production
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and ATP extraction. The extracts inhibited the growth of some strains of E. coli and

fungi.

Key words
Therapeutic; Toxicological; C. acinaciformis; S. pinnata; Diseases; Scavengers; Reactive

oxygen species; Antioxidants.
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CHAPTER

I “Poisons in small doses are best medicines and useful medicines in too
large doses are poisons.” Laurence and Bennett.

1. An overview of the importance of plants and
plant extracts for food and medicine

1.1 The use of plants by humans in the past and the present

Before the dawn of civilization, humans relied on plants for both food and medicine.
After this, synthetic drugs were introduced and herbal medicine became but an adjunct.
Today, the use of traditional medicine to treat various diseases is on the increase and
Chinese herbal medicines dominate the over the counter medicinal products (Cheeptham
and Towers, 2002). According to Tabuti et al. (2002), 70 — 80 per cent of the world’s
population relies primarily on botanical preparations for medicine. He added that of the
252 drugs considered basic and essential by the World Heath Organization, 11 per cent

are exclusively of plant origin and a significant number are synthesized from plants.

In tropcal and sub-Saharan Africa, the use of plant products for therapy is very common.
Fossils date this practice to approximately 60 000 years ago. In South Africa, 60 per cent
of the population consults one of the estimated 200 000 traditional healers in preference
to or in addition to the western doctors, especially in the rural areas (Elgorashi et al.,
2003). This underestimated percentage may increase proportionately as the effects of
HIV/AIDS continue to rise and where a reliable remedy is not established. It is therefore

imperative that research on the use of these plants for medicinal purposes be carried out.






Researchers have put an important focus into this field to investigate the medicinal
properties of plants (Yuan et al, 2005). This is because plants have some pharmaceutical
potential, low toxicity, though not always, and economic viability. To investigate the
medicinal properties of these plants however, it is extremely important to have sufficient
information on their use by the natives and the traditional healers (Van der Watt and

Pretorius, 2001).

1.2 The undesirable side effects of synthetic drugs

According to Chan (2003), some synthetic drugs have undesirable side effects and some
are still abused by individuals. Rates (2001) suggests that some conventional drugs are
expensive and only affordable by the rich. He added that in recent years, multiple drug
resistance in human pathogenic microorganisms has developed due to the indiscriminate
use of antimicrobials in the treatment of infectious diseases. This forces scientists to
search for new antimicrobial agents from various sources, and plants are a good novel

source (Karaman et al., 2002).

1.3 The phytochemicals considered unconventional medicine

Components of plants with therapeutic properties are a spectrum of phytochemicals, for
example, alkaloids, glycosides, flavonoids, steroid etc (Ahmadiani et al., 2001). Many
researches point to the antioxidant property as the most important in therapy (Choi et al.,
2002; Tabuti et al., 2001; Yuan et al., 2005). Phytotherapy is however erroneously
considered an unconventional medicine. The mainstream medicine urges that

phytomedicines are not based on controlled studies because their efficacy and safety are
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not assessed. It is urged that the total acceptance of plant—defiveci drugs and phytotherapy
in the scientific medicines and the western health systems can only be accepted if these
products fulfil the same criteria of efficacy, safety and quality control as the synthetic
products. The main pharmacologically active compound is sajd to be an essential

requirement for the standardization and analysis of formulations (Rates, 2001),
1.4 The phytochemicals that are antioxidants

of biological functions, which overlap to form synergism and pharmacological potency.
Ahmadiani et al (2001) reported that extracts of 7 Joenum-graecum contain alkaloids,
glycosides, flavonoids and steroids. These extracts are reported to be anti-inflammatory,
and antipyretics. The report suggests the synergistic effect of these phytochemicals
demonstrated in the observed risk reduction in disease states. These compounds include:
% Alkaloids
< Carotenoids
% Terpenes:

¢ Monoterpenes

¢ Diterpenes

¢ Sesquiterpenes

¢ Cardiac glycosides
% Phenolic compounds:

¢ Quinonis

¢ Chromones
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Coumarins
Lignans

Phenyl propanoids
Flavonoids:

o Anthocyanins
e Bioflavonoids

e Proanthocyanidins

%+ Protease Inhibitors
% Sulfides & thiols

%+ Others:

Acids

Amides
Glucosinolates
Isothiocyanates
Phytoestrogens
Saponins

Phytosterols

1.5 Antioxidants and mechanisms in disease prevention and treatment
Plant products play a significant role in human disease treatment and prevention. The
mechanisms in disease alleviation and prevention are divided into a number of categories

(Bing and Hau, 2005; Grimble, 1998). However, it is important to note that plant extracts





are multi-target and display pharmacological potentiation in disease prevention. These
mechanisms include:

1.5.1 Generalized protective mechanisms

< Antioxidant protection

% Reduction in DNA damage

% Improved immune function

%+ Modulation of hormones

1.5.2 Condition-specific protection (Attardi, 2005)
1.5.2.1 Cancer
% Modulation of detoxification enzymes

% Inhibition of tumor progression

3
o

Blocking angiogenesis

\/
0.0

P53 gene activation

1.5.2.2 Cardiovasculz;r disease and stroke (Zago et al., 2004)
% Protection of LDL cholesterol

% Superoxide quenchers (scavengers)

% Nitric oxide synthetase inducers

¢ Alteration of cholesterol metabolism

< Homocysteine control

% Decrease platelet aggregation

&
L

Control of blood pressure
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1.5.2.3 Antioxidants and osteoporosis prevention in postmenopausal women

Osteoporosis is a concern in postmenopausal women due to significant loss of estrogen
that they experience. Low levels of estrogen contribute to bone loss. Similarly, diets rich
in sulfydryl amino acids are metabolized to yield sulfuric acid. Sulfuric acid dissolves the
bone matrix leading to bone fracture (Dijsselbloem et al., 2004). This can be averted with
a diet rich in calcium that buffers sulfuric acid. Fruits, vegetables and herbs are rich in
calcium, potassium and magnesium; these buffer sulfuric acid produced so that bone

dissolution is prevented.

1.5.2.4 Antioxidants, macular degeneration and cataracts

Mammals accumulate carotenoids such as lutein and zeaxanthin in macula as protease

— -

antioxidants (Alves-Rodrigues and Shao, 2004). Therefore, age-related macular
degeneration is substantially lowered in individuals who consume foods rich in these

carotenoids, notably spinach.

1.6 Poisoning of animals and humans by plants and their extracts
Poisonous plants continue to pose significant threats to human and animal health in the
world. Many grazing animals die annually as a result of consuming poisonous plants,

Poisoning of humans occurs by ingestion of poisonous plants often misidentified, by

et

occasional herbal preparation (Du Plooy et al., 2001) and by consuming the meat or milk
of animals that have consumed poisonous plants. When new diseases like AIDS, severe
acute respiratory syndrome and hemorrhagic fever appear and the orthodox medicine

cannot cure them or are not available or both, humans jump into the therapeutic jungle

e m—





with the hope of getting some remedy. In the process, they are poisoned. This is a
concern to the traditional healers who prescribe the plants, the medical practitioners and
governments who bear the burden of the suffering population. Poisoning is the result of
lack of adequate knowledge of phytotherapy, as phytomédicine is not incorporated into
the health curriculum in medical schools. In Africa, the knowledge of traditional
medicine relies exclusively on the past experience and observations handed down to

generations, verbally or in writing (Tabuti et al., 2002).

1.7 The poisonous effects during plant ingestion
Tokarnia et al. (2002) reported a number of poisonous effects during plant ingestion.
However thére is also a considerable individual variation in susceptibility to poisonous
plant products. These poisonous effects include:
1.7.1 Allergy
% Respiratory allergy (Ricci et al., 2005)
% Dermatitis allergy (Helm and Burks, 2000)
¢ Contact demaﬁﬁs

¢ Photosensitivity (phytophotodermatitis)

1.7.2 Non-allergenic dermatitis

This category involves plant materials that irritate the body without regard to prior
exposure. This includes painful prick, corrosive milky or acrid latex in the eyes or skin.
Milky fluid from papaws for example irritates the skin and if it enters the eye, it causes

severe pain.
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Plants known for their medicinal property may acquire toxic substances from the
environment and the conditions in which they are grown or collected. Drying, storing and
processing conditions also lead to acquisition of toxicity (Chan, 2003). This could be the
reason with herbal poisoning. In addition to the relatively large quantities taken, the
margin of safety in different plant products is not known. Some cases of poisoning by
plants involving animals have been documented. Similar cases of a herd poisoning in

South Africa were reported in the early 1960s (Tokarnia et al., 2002).

1.8 The poisonous compounds in plants and the organs affected

Poisonous compounds found in plants have been documented. Fluoroacetate for example

! 18 a toxic component of poisonous plants found in Australia, South Africa, South America
! and India (Eason, 2002). Some of these compounds include:

1.8.1 Compounds that affect the heart

% Monofluoroacetic acid

% Cardioactive steroids

< Cromonas

1.8.2 Compounds that affect the GI tract

 Trichothecenes

| % Triterpenoids sapogenins

+ Ricin






1.8.3 Compounds that affect the liver

% Saponins, 1.e. gitogenin and digitogenin

N7
R

Carboxyatractyloside (triterpenoid glycoside)

L/
°t

Pyrrolizidine alkaloids integerrimine

9,
oo

Senecionine

*,
L4

Retrorsine

< Ligularizine

1.8.4 Compounds that affect the kidneys
+« Tannins
< Oxalates

% Nitrates / nitrites

1.8.5 Compounds that affect the nerves
% Alkaloid swainsonin

+  Alkaloid ricinin

&
e

5-Methoxy-podophyllotoxin
% Penitrem

# Thiaminase

1.8.6 Compounds that affect the muscles
% N-methylmorpholine

% Oxymethylanthraquinones





1.8.7 Compounds that cause photosensitivity

% Fagopyrine

Furocaumarins

L)
"

o,
*o

Triterpenes

4.
*r

Steroidal saponins

1.8.8 Compounds that cause reproduction problems

< Isoflavones

1.8.9 Cyanogenic compounds
+» Cyanogenic glycoside linamirin

+» Cyanogenic glycoside amigdalin

The traditional healers in South Africa claim the use of the extracts of Carpobrotus
acinaciformis and Schkuhria pinnata to treat burn wounds, ear and throat infections and
stomach cramps or diarrhea respectively. Extracts of S. pinnata are reported to kill fleas
and repel insects (Pacciaroni et al, 1995). However, not much is known about their

therapzutic or toxic effects to man. It is these that we assess.
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2. Oxidation and the effects of antioxidants

2.1 The plant extracts as antioxidants

Researchers link the therapeutic properties of plant extracts to their antioxidants activity
on reactive oxygen species (ROS), (Thang et al.,, 2000; Tabuti, 2001; Willcox et al.,
2002). Oxidation is a natural component of the metabolic chain through which energy
nutrients are converted to adenosine triphosphate (ATP). ATP is the energy source in
biological systems and it is the immediate donor of free energy in metabolically active
cells. However, many physiological, environmental and pathological conditions cause
overproduction of ROS leading to increased oxidation (Willcox et al., 2002). In events
following bacterial or fungal infections, ROS are produced to kill the organisms.
Unfortunately, these suppress the immune response leading to opportunistic infections.
ROS also play a crucial role in normal ageing, cancer development, asthma development,
and neurodegenerative diseases development (Auddy et al., 2003). They contribute to
tissue damage following skin injury and impair wound healing (Mehlhorn and Cole,

2003). So a balance between formation and degradation of ROS has to be achieved.

ROS are degraded to non-reactive forms by enzymatic and non-enzymatic antioxidant
defence mechanisms. Cu, Zn-superoxide dismutase has free radicals as its substrates
(Den Hartoq et al., 2003). The antioxidant properties of plant extracts control the amounts
of ROS in the body, prevent tissue damage and stimulate wound healing (Thang et al.,
2000). Amtioxidants also control oxidative stress, lipid, protein, carbohydrate, and

nucleotide oxidation and the pathologies that follow (Willcox et al., 2002).

11






2.2 The human neutrophils and superoxide production

Human neutrophils play an essential role in host defence against infections. An important
part is the generation of superoxide and its reactive derivatives. These have potent
microbicidal effects against a variety of microorgamisms (Caldefie-Chezet et al., 2002).
Some drugs used against infections or malignancies induce the production of peroxide,
leading to the therapeutic effects (Gao and Horie, 2002). The oxidant production is due to
activation of the enzyme NADPH oxidase (Kobayashi et al., 1998). This causes increased

oxygen consumption, a phenomenon called the respiratory burst.

If the amounts of free radicals are not controlled however, neutrophils can deleteriously
affect the adjacent cells or the structural matrix of the tissue by an extensive release of
toxic oxygen metabolites. These destroy the cell membrane and elastase enzymes are
released and destroy the elastin tissue. This process is implicated in the pathogenesis of
many diseases including emphysema, glomerulonephritis, rheumatoid arthritis and tissue

damage (Wang et al., 1994).

In the cytoplasm are alpha-1-protease inhibitors (ot1PI) that deactivate elastase enzymes
released and protect the extracellular space from destruction. In events foliowing the
activation of neutrophils by pathogens, production of ROS especially HOCI is enhanced.
These inactivate olPI so that the released elastase remains active and proteolyses the

membrane (Daels-Rakotoarison, 2003).
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Some phytochemicals possess antioxidant, anti-inflammatory, antiviral, antiproliferative
and anticarcinogenic properties. This has resulted to interests in assessing the antioxidant
capacity of foods, botanicals and other nutritional antioxidants. Epidemiological evidence
indicates that dietary intake of plants of the Allium family decrease the risk of cancer in
humans (Munday et al., 2003). Recently, Lepidium meyenii has been introduced to
developed societies by the nutraceutical industries to improve energy and modulate the
response against oxidative stress (Sandoval et al., 2002). As plants produce significant
amount of antioxidants to prevent oxidative stress caused by photons and O,, they
represent a potential source of new compounds with antioxidant activity (Yuan et al.,

2005).

2.3 The economic importance of toxic plants

Toxic plants are economically important. The local communities across Africa use toxic
plants to poison fish in water ponds during the dry seasons. In addition, some are used as
arrow poisons (Habtemariam, 2003). The poison has a hemolytic effect and reduces the
hemoglobin levels b;r 75 per cent. This reduces the oxygen carrying capacity of
hemoglobin, leading to generalize tissue hypoxia (Kao et al., 2002). The poison is also

reported to raise intracellular calcium concentration (Jacobsen et al., 1990).

Some cassava species, Manihot esculenta, are very toxic to man. These contain
cynogenic glycosides, and when hydrolyzed produce cyamde. The cynogenic glycoside is
synthesized by the leaves and transported to the roots for storage (Vetter, 2000). The

leaves are nutritious, but the tubers are toxic and when ingested lead to vomiting, death or

13





both. Eight people died in Nigeria shortly after eating a meal of gari, a grated or fried
cassava product. (Vetter, 2000). These are realities encountered in communities and

science is here to understand the obvious and the enigma.

7.4 The medicinal value of C. acinaciformis and S. pinnata

The extracts of Carpobrotus edulis are reported to inhibit bacterial growth (Van der Watt
and P.retorius, 2001). The leaf juice is traditionally gargled to treat infections of the
mouth and throat. It is also taken orally for dysentery, digestive troubles and as a diuretic
and styptic. The juice is highly astringent and applied externally to treat eczema, wounds
and burns. It is also used against toothache, earache and oral and vaginal thrust. In this
study, the extracts of Carpobrotus acinaciformis [figure 1 — 1], a member of the same

family, Aizoaceae, are investigated.

C. acinaciformis is a succulent creeping plant. It is evergreen and becomes whitish
yellow during the winter. The plant is native to Western Cape and is used to prevent soil
erosion. This implies that it grows mostly during the summer. However, it is clear from
its growth in MEDUNSA campus to be a perennial plant. The traditional healers have
used the extracts of the leaves of this plant for as long as they have known it. They said
their grandparents had taught them when to use the plant and they could not say for

certain how long the plant had been used for this purpose.

The local community reports that the extracts from both the leaves and the stem are used

to prevent and treat ear and throat infections. They say the juice from the leaves is

14
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squeezed directly to the ear during earaches. During soar throat sensation, one can either
eat the dry or the green leaves. The leaves can also be dried and ground into powder and
dissolved into water and the extracts gargled and swallowed. During difficulty with
breathing, the plant material is eaten and one is relieved. The extracts of this plant are
also claimed to treat burn wounds. The question that remains is whether the causes of the

ear and throat infection could be related to or translated to our investigation.

The traditional healers and the local communities who use the plant have not reported any
side effects associated to this plant extracts. Regardless of the extensive use of these plant
extracts, they have not been sold freely in the open market. The information about its use
is passed on from one person to another, and in most cases, with strict warning not to

pass it to the next person.

Research has shown that bacteria or fungi cause infections of the ear, (Segal et al., 2005;

Hotomi et al., 2004). The infections of the throat in many parts of South Africa are linked

to fungi, especially in immuno-suppressed individuals, (Van der Watt and Pretorius,
2001). The causes of difficulty in breathing include bronchoconstriction and increased
j mucus secretion in asthmatic, (Filipov and Cekic, 2001). Whether the extracts of C.
acinaciformis are used to treat bacterial infection, fungal infection or asthma remains to
be elucidated. Extracts from the flowers of C. acinaciformis are reported to contain
betanin, isobetanin, betanidin, isobetanidin, lampranthin II and isolamprathin IT. A minor

} pigment was identified as 2-decarboxybetanidin, (Piattelli and Impellizzeri, 1970).
i ’
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Schkuhria pinnata, family Asteraceae, [figure 1 — 2] is an aerial plant and grows to about
one meter. It is a seasonal plant that grows during the summer. It grows very fast and
flowers quickly. The plant grows all over Pretoria, South Africa, on all soils. The plant is
a weed and reported to be foreign to South Africa. However, its native land has not been
identified. The Pedi community has used the extracts from the leaves of this plant for

many years. The period of use has always been referred to generations n the past.

The water extracts from the leaves of the plant are used to treat stomach cramps and
diarrhea, especially among children and the elderly. The leaves, whether dry or fresh, are
pounded in a mortar and soaked in water. The extracts are drunk. The therapeutic effect is
felt within five to ten minutes. The stomach cramps and diarrhea stop and the feeling of
relief felt immediately. There is no incident of side effect reported, except for nausea and
vomiting in the extreme. In fact the extracts of the plant are bitter that it is not easy to
ingest a bigger volume that would lead to side effects, if any. The plant or its extracts are
not sold in the open market as those who know its importance can collect it from the

surrounding bush.

The extracts of S. pinnata are reported to contain acetylenic compounds, hydrocarbons,
sterols and triterpenes, germacranolides, elemanolides, labdanes, and schkuripinnatolides.
The extracts are reported to be insect repellent or insecticide, particularly to kill fleas,
(Pacciaroni et al., 1995). Though the Pedi community uses the extracts to treat stomach
cramps and diarrhea, there is a paucity of evidence to indicate whether there are indeed

any therapeutic or toxicological properties linked to these extracts that we aim to assess.
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Although these plants have been used to treat this cross-section of diseases and
infections, the method of storage of the extracts for future use has not been identified.
The traditional healers have always complained of the extracts being infested with fungi
during storage. The plant parts have always been dried and kept for future use. Whether
this method of storage maintains the therapeutic potential is unknown as there is no

evidence to indicate whether storing would not lead to therapeutic decay.

3. The aims and objectives

3.1 The aims of the study

% To assess the therapeutic properties of Carpobrotus acinaciformis and Schkuhria
pinnata used in traditional medicine in South Africa.

< To assess the toxicological properties of Carpobrotus acinaciformis and Schkuhria

pinnata used in traditional medicine in South Africa.
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Figure 1 — 1: The picture of Carpobrotus ccinaciforiis used
in traditional medicine in South Africa. The traditional healers
use the extracts of both the lgaves and the stem to treat throat
The plant grows around MEDUNSA

and ecar inlcetions.
campus where the pteture was taken.






3.2 The objectives of the study
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To investigate the effect of the extracts of these plants on smooth muscle contraction
in isolated guinea pig tracheas before and after extracts are fed to the guinea pigs.

To investigate the effect of these plants extracts on superoxide production by guinea
pig whole blood and human neutrophils.

To investigate the effect of these plants extracts on ATP extraction from human
neuﬁ'ophi]s.

To investigate the effect of these plants extracts on the growth of selected
Mmicroorganisms.

To determine the number of bands or peaks in these plant extracts using TLC and

HPLC techniques.
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CHAPTER

II “We shall continue to do research and at the end of it we shall
come to know the place for the first time.” TS. Eliot.

2. The investigation of the effect of water
extracts of C. acinaciformis and S. pinnata on
the contraction of guinea pig tracheal muscle

2.1 The human parasympathetic system and asthma development

The human parasympathetic nervous system plays a dominant role in the control and
regulation of airway smooth muscle tone and mucus secretion. This has been
implicated in asthmatic patients (Patel et al., 1999). One of the participants in this
process is the excitatory noradrenergic-noncholinergic (e-NANC) system, which
comprises of sensory nerves, C-fibers (Joos, 2000). In human airways, the tachykinins
substance P (SP) and neurokinin A (NKA) are the predominant neuropeptides that are
released from sensory nerve endings by mechanical, thermal, chemical or
inﬂammatorj( stimuli. Upon release, these brounchoactive mediators produce features

of asthma including cough, bronchoconstriction, mucus secretion, and edema (Heaney

et al., 1998). In addition, they induce reurogenic inflammation by recruitment and

activation of inflammatory cells (Barnes, 1992).

Asthma is characterized by chronic airway inflammation associated with airway
hyperresponsiveness (AHR) and airway remodeling. Various inflammatory cells in
close communication with airway smooth muscle cells orchestrate the development of

AHR (Cohen et al., 2005). Asthma is self-limiting and reversible with time or in
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response to treatment. Asthmatic patients experience chest tightness, wheezing, and
shortness of breath. Airflow obstruction is due to constriction of the bronchial smooth
muscle, inflammation of the bronchial wall and increased mucus secretion. The

morbidity and mortality of asthma are increasing, making it a global health concern

) (Filipovic and Cekic, 2001).

j A variety of agents contribute to inflammation in asthmatics (Ravensberg et al.,
2005). However, immediate hypersensitivity to common allergens is mostly the cause.
It is estimated that 80 per cent of children and 50 per cent of adults with asthma are
allergic. The common allergens include the seasonal outdoors and the year-round
J indoor particles. These cause the release of histamine to trigger bronchospasm. Other

\ mediators like leukotriene D4 lead to bronchoconstriction (Carrano et al., 2005).

The treatment of asthma aims at reversing bronchoconstriction or eliminates the
causes, eliminate inflammation or decrease mucus secretion. Cromolyn sodium and
nedocromil sodium isolated from umbelliferous plant, Amni visnaga, inhibit the
release of histamine “from the mast cells. When inhaled, they inhibit exercise-induced

bronchospasm and decrease bronchial hyperreactivity (Daffonchio et al., 1992).

)

) C. acinaciformis is allegedly used to treat diseases of the throat. The term throat is
loosely used here to include both the trachea and esophagus. These claims by the
traditional healers suggest that these plant extracts probably prevent tracheal

] inflammation, reduce mucus secretion, or prevent bronchoconstriction or

| hypersensitivity. Whether the term diseases of the throat for which the plant extracts

are use include asthma or fungal infections remains to be identified. However, we
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target to understand if the extracts will prevent bronchoconstriction induced by

methacholine or allergic response caused by histamine.

¥

* Guinea pig trachea has been used in scientific research to study the causes of asthma
and the drugs that relieve it (Boskabady and Assari, 2000). Guinea pigs are easy to
handle and being mammals they provide a Better choice so that the findings obtained
may be extrapolated to humans. There is enough evidence to suggest that guinea pig’s

trachea respond to exogenous stimuli is like that of humans (Gater et al., 1996).

Therefore, the objective of this study is to determine whether the extracts of C.
acinaciformsis and S. pinnata will prevent guinea pig’s tracheal hyperresponsiveness
to methacholine or histamine. It is also to determine whether the extracts will cause
bronchodilation or prevent bronchoconstriction. The extract will be fed to the guinea

pigs prior to isolating the trachea to determine the possible prophylactic treatment.

The tracheal smooth muscle is supplied with sympathetic and parasympathetic
nervous systems (Patel et al., 1999). The B, adrenergic and M3 muscarinic receptors
are stimulated by a variety of compounds. 3, adrenergic receptor stimulalxtion leads to
bronchial muscle relaxation. M; muscarinic receptor activation leads to

bronchoconstriction or mucus secretion or both (Currie et al, 2004). This
phenomenon is investigated in the presence of methacholine, a bronchoconstrictor
(Cohen et al., 2005) and histamine, the mediator of immediate hypersensitivity

reaction and acute inflammatory response involved in allergic individuals (Akdis and

Blaser, 2003).
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2.2 The effect of methacholine on tracheal contraction

Postganglionic nerves of the parasympathetic nervous system release acetylcholine to

activate muscarinic receptors on smooth muscles (Coulson and Fryer, 2003). Drugs

that modify the actions of parasympathetic nerves either mimic or antagonize the
actions of acetylcholine. Parasympathomimetic drugs constrict the respiratory muscle

while parasympatholytic dilate it (Yosumura et al, 1997). These drugs act on

receptors that have been characterized.

RS

f Methacholine has a methyl group attached to the B-carbon in acetylcholine. It is a

muscarinic receptor agonist to cause bronchoconstriction (Coulson and Fryer, 2003).
) Naturally occurring belladonna alkaloids, atropine and scopolamine are muscarinic
receptor antagonists and cause bronchodilation (Yosumura et al., 1997). Muscarinic
agonists mediate cellular responses by interacting with heterotrimeric G protein to
affect ionic conductance and cytosolic concentration of second messengers. This
occurs through five subtypes of the muscarinic receptors, but M; and M; are the most
) important in muscarinic responses in the peripheral auﬁonomic tissues. Actions of My,
M;, and Ms receptoré lead to interaction with G protein of the G, family to stimulate
phosphoinositide hydrolysis and release of intracellular calcium (Mak and Barnes,

1990). These mechanisms are described in detail in many pharmacology textbooks.

2.3 The influence of histamine and hypersensitivity

Histamine is an endogenous compound synthesized, stored and released primarily by
mast cells. After release, it exerts profound effects on many tissues and organs and is
2 a cellular mediator of immediate hypersensitivity reaction and acute inflammatory

response (Akdis and Blaser, 2003). It is also the primary stimulant of gastric acid
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secretion (Dembinski et al., 2004). The receptors, H;, H,, and H; mediate the effects
‘ of histamine. However, H; is the most important receptor in hypersensitivity and
allergic reactions (Akdis and Blaser, 2003) and H; is in gastric acid secretion
(Dembinski et al., 2004). These actions of histamine preclude its use as a drug. Its
importance in pharmacology lies on its pathophysiologi'cal actions (Gelfand, 2002)
and in the therapeutic usefulness of drugs that prevent its release from the mast or
basophilic cells and in the study of drugs that block the reéeptors that mediate its

actions.

| The action of histamine however differs considerably among species, making it
difficult to extrapolate findings in experimental animals to humans. However, it is
generally accepted that the actions of histamine are mediated by the three receptors.
Of these, H; and H; are well-characterized and mediate well-defined responses in
humans and have been used as the basis for drug development (Dembinski et al.,
:’ 2004). Antihistamines like diphenhydramine antagonize bronchoconstriction. The
stimulus-response mechanism for the H; receptor mediated relaxation of vascular
smooth muscle involves the synthesis and release of nitric oxide, an endothelium-

derived relaxant factor synthesized from L-arginine (Pauletzki et al., 1993).

\

j 2.4 The plants selected for the study

The plants investigated were selected because the local community reported their
extensive use by the traditional healers to cure a cross-section of diseases and
infections. C. acinaciformis is reportedly used to treat burn wounds, ear infections and
) the diseases of the throat. The plant is grown around MEDUNSA campus to prevent

soil erosion. It was identified as Carpobrotus acinaciformis by the Department of
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Biology. A voucher specimen PTYCA2003 is deposited at the herbarium, Department

of Pharmacology and Therapeutics.

The Pedi community of South Africa uses extracts of S. pinnata to treat stomach
i cramps and diarrhea. The Department of Biology identified the plant as a non-
indigenous weed to South Africa. It grows wildly during the summer around
MEDUNSA campus. A voucher specimen PYYSP2003 is deposited at the herbarium,

Department of Pharmacology and Therapeutics.

The plants were dried in the sun and the leaves and stem of C. acinaciformis, the
| Jeaves, stem and roots of S. pinnata were ground separately into powder. Two grams

i of each part were used in the extractions.

2.5 The use of water in plant extraction

Water is used in the villages to extract plant materials for medicinal purposes. It
mostly extracts sugars, amino acids and glycosides, (Houghton, 2002). Human body
is about 60 per cent water in a 70 kg male and therefore makes water compatible with

the physiological systems.

) 2.6 The methodology of the study

2.6.1 Materials

Mortar and pestle, transducers connected to a recorder; organ baths; oxygen; and
oxygen/carbon dioxide mixture; Krebs-Henseleit solution: 6.6 g NaCl from BDH,
f AnalaR, 0.4 g KCI from Saarchem, Univaor, 0.3 g CaCl, from BDH, Analytics, 0.1 g

MgCl, from Holpro Analytics, 0.1 g NaH,PO; from BDH, AnalaR, 2.0 2 Glucose
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from PAL Chemicals LTD in 1L, pH adjusted to 7.2 — 7.4 with pH meter using
NaHCO; reagent. Phorbol myristate acetate, Luminometer; Heparinized tubes, RPMI
1640 medium solution, Percoll, NH4Cl & KHCOs buffer solution, Cytometer,

syringes & needles.

2.6.2 The preparation of the plant extracts

The leaves, stem and roots of the plants were dried in the sun and pounded in a mortar
into a powder and 2g were weighed out and dissolved in distilled water to make
10(5m1 solutions. The solution was boiled for 5 minutes and left to cool for 24 hours;
samples were put in tubes immediately after boiling, three hours and 24 hour later and
centrifuged at 2000 rpm for 15 minutes and the supernatant collected and stored at 4°
C. Similar extractions were made with 70 per cent ethyl alcohol; however, no boiling

was carried out.

2.6.3 The breeding of guinea pigs for the study

Male Dunkin Hartley guinea pigs, 24 in number and weighing between 400 — 700 g,
were specifically bred at the Animal Research Center of Potchefstroom University for
the study. After deiivery, they were housed in the Animal Production Unit of
MEDUNSA and fed on guinea pig pellets from EPOL. They were acclimatized to the
environment for two weeks. After this, six guinea pigs were fed 1 ml of the 24-hour
water extracts from the leaves of C. acinaciformis and another six with the 24-hour
extracts from the leaves of S. pinnata every Monday, Wednesday and Friday at 10:00
AM for two weeks. The other Guinea pigs were not fed on the extracts and used as
control. All the guinea pigs were given the same water with 1g/L ascorbic acid added.

The guinea pig pellets were made of the following nutrient composition:
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; Protein 160g/Kg
Moisture 120g/Kg

| Fat 25g/Kg

l Fiber 120g/Kg

) Calcium 18g/Kg

| Phosphorus 75g/Kg

2.6.4 The preparation of guinea pig trachea
& The guinea pigs were stunted by a blow to the head and the trachea surgically
removed and placed in cold Krebs-Henseleit solution. Each trachea was cut into two

equal pieces and each piece cut open opposite the trachealis muscle. The transverse

e e

cut was used as damage is minimized. The tracheas were suspended in 10 ml organ
5 baths, (figure 2 — 1) containing 10 ml Krebs-Henseliet solution. The Krebs solution

was maintained at 37° C and aerated with 95% O, and 5% CO,. The tracheal chains-
J were suspended under isotonic tension of 2g and allowed to equilibrate for 30

minutes. The Krebs-Henseleit solution was replaced after 15 minutes.

2.6.5 The determination of the possible prophylactic effect of the extracts
) The tracheas were first contracted with 1ml methacholine (10° M in organ bath) or
histamine (10° M in organ bath) to prime the tracheal smooth muscle and then
contractions with either methacholine or histamine were done and repeated (a first and

second contraction with washing in between and allowing the tracheal muscle to relax

) completely before the second contraction). Controls were done using trachea of the
¥ guinea pigs that were not fed on the extracts.
J
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2.6.6 The in vitro determination of the effect of the plant extracts on the trachea

The tracheas were surgically removed from six guinea pigs that were not fed on plant
extracts, mounted in organ baths (Section 2.7.4) and precontracted with methacholine
(10 M in organ bath). The tracheas were washed with Krebs-Henseleit to remove the
methacholine and allowed to relax completely. A control was also run at the same
time. 1 ml of the 24-hour leaf extracts from either C. acinaciformis or S. pinnata was
added into the organ baths and the tracheas incubated for 30 minutes. None was added

to the control. Methacholine was added and the maximum contraction for each was

measured.

} 2.7 The statistical analysis of the data

The sample sizes of this study are less than 30 (n = 6), and therefore, hypothesis test
was used. Hypothesis testing is an essential part of statistical inference for small
’ samples with unequal variances. Significance was taken as p < 0.05. The hypothesis

was rejected if p > 0.05, indicating a difference in maximum contraction.

2.8 The results afld discussion

The results of the effect of the plant extract on either methacholine or histamine
contréctions of tracheas are presented as histograms. The time it took to reach
7 maximurﬁ contraction was also determined and presented as histograms. The bars
expressed the mean £ SEM, n = 6. A hypothesis test for means of small samples with

) unequal variances was performed and significance was considered at p < 0.05.

A number of tracheal diseases have been reported. The most prevalent is asthma and a

number of causative agents have been implicated. Whatever the causes, the effects
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narrow down to inflammation, bronchoconstriction and increased mucus secretion.
This is a global health concern (Filipovic and Cekic 2001) and requires immediate

intervention. In this study, an increase in tone of the trachea was considered a

i contraction and a decrease a relaxation.

l Figure 2 - 2 shows a the results of the effect of 1ml water extracts of C. acinaciformis
fed to the guinea pigs and the tracheal response to methacholine or histamine
treatment. There is a general trend of increased force of contraction of the trachea in

the experiment, but not in the control. The extracts of C. acinaciformis abolished the

e e

adaptive response to methacholine that was observed in the control. There was also a
trend of increased tracheal force of contraction with histamine. C. acinaciformis
abolished this adaptive response to methacholine that was observed in the control. In
general the extracts increased the senmsitivity of trachea to methacholine and its
subsequent application reinforced the force of contraction in both the treated and the

) control groups. The extracts decreased the sensitivity and the response to histamine in

the control group.

The desensitization effect of continues histamine application in the control has been
) removed in the treated. Statistical analysis using the paired student /-zest between the
control and the treated groups was not significant in the methacholine and histamine

experiments, p > 0.05, five degrees of freedom.
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Figure 2 — 2: Comparison of the effect of methacholine (left) or histamine (right) on tracheal contraction. The guinea pigs were fed 1ml water
extracts of C. acinaciformis for two weeks The bars are mean = SEM, n = 6. The ¢ — fest between the treated and the control groups was
performed and significance was considered at p < 0.05. Control: the guinea pigs were not fed with the plant extracts. Treated: the guinea pigs
were fed on the plant extracts. Priming; the tracheas were exposed to the drug for the first time and maximum contraction measured. 1 and 2™
CNTNs: subsequent exposure of the tracheas to the drugs after washing and maximum contractions measured.

37





The effect of extracts of S. pinnata
on tracheal contraction

0.025 1 P=0.427
P=0.378

@ Control

0.02 - B Treated

P=0403

0.015 +

Contraction force [N]
Contraction force [N].

The effect of extracts of S. pinnata
on tracheal contraction

P=0.123

- P =0.092

S
&
AN.»/&//

J\ﬂ/

Figure 2 — 3: Comparison of the effect of methacholine (left) or histamine (right) on the tracheal contraction of guinea pigs fed 1ml water

extracts of S. pinnata and those not fed three times a week for two weeks.

The bars are mean £ SEM, n = 6. The ¢ — test between the treated and

the control groups was performed and significance was considered at p < 0.05. Control: guinea pigs were not fed on the plant extracts. Treated:
guinea pigs were fed on the plant extracts. Priming: tracheas were exposed to drugs for the first time. 1* and 2™ CNTNs: subsequent exposure

of tracheas to the drugs and contractions measure thereafter.
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Figure 2 — 4: The effect of the leaf water extracts of C. acinaciformis (CAL) and S. pinnata (SPL) on methacholine precontracted guinea pig
tracheas. The guinea pigs were not fed on the extracts. Priming: the tracheas were surgically removed, mounted on the organ bath and
contracted with 1ml methacholine [10®° M] and maximum contractions recorded. CNTN: after washing, 1ml plant extracts were added onto the
tracheas in the organ bath and maximum contractions measured. The bars are the mean = SEM, n = 6. The ¢ — test between the treated and the
control groups was performed and significance was considered at, p < 0.05 (*).
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Figure 2 — 3 shows the effect of water extracts of S. pinnata on tracheal contraction
when treated with methacholine or histamine. S. pinnata has no effect on the force of
contraction of the trachea with methacholine. This also has no effect on the adaptive
response to methacholine that was observed in the control. S. pinnata also has no
effect on the force of contraction of the trachea when treated with histamine. This has
however abolished the adaptive response to methacholine observed in the control.
There is an increased histamine sensitivity on tracheal response in the treated than in
the control. Statistical analysis however did not show any significant differences

between the treated and the control, p > 0.05.

In figure 2 — 4 the extracts were added directly to the primed tracheas and the
contraction force measured. There was a decreased force of contraction of the tracheal
muscle after direct application of the extracts of C. acinaciformis (CAL). There was
no effect on the force of contraction of the tracheal muscle after direct application of
the extracts of S. pinnata. Statistical analysis of the primed and the contracted

(CNTN) using the hypothesis test for small samples was significant, p <0.05.

Figure 2 — 5 shows the maximum time (seconds) taken by the tracheal muscle to reach
maxiraum contraction force. The plant extracts reduced the time of contraction of the
pretreated groups. However, there was no change in time of contraction of the control
groups after direct application of the extracts to the tracheal muscle. The maximum
contraction decreased with each consecutive addition of both bronchoconstrictors to
the tracheas but histamine showed a relatively less decrease. Thus, the plant extracts
increased the sensitivity and reactivity of the guinea pig tracheas to stimulation.

Whether this is therapeutically a positive effect remains to be confirmed. More studies
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need to be done to determine whether the sensitivity also relate to therapeutic drugs,
which could mean lower doses. Statistical analysis using the hypothesis for small
samples showed significant differences in the maximum time reached for maximum

contraction between the control and the treated groups, p < 0.05.

The studies where the extracts were directly added to the tracheas showed an effect of
CAL on methacholine contraction; however, the studies where the extracts were fed
to the guinea pigs did not confirm this. The effects of these are certainly different
since the guinea pigs must have hydrolyzed the extracts ingested, which was not the

case where it was directly added to the tracheas.

With regard to the existence of airway inflammation in tracheobronchial tree of
asthmatic, extracts of these plants might decrease mucus secretion, reduce the
duration of inflammation and hyper-secretion or decrease the tracheal contraction
force. This could be some of the mechanisms that contribute to their therapeutic

property. More research needs to be done to determine the active ingredients in these

plant extracts.

2.9 The conclusion

In this study the effects of the extracts of C. acinaciformis and S. pinnata on
contractility of guinea pig trachea were investigated in the presence of methacholine
as bronchoconstrictor (Cohen et al., 2005 ) and histamine as the mediator of immediate
hypersensitivity reaction and acute inflammatory response involved in allergic
individuals (Akdis and Blaser, 2003). The plant extracts given to guinea pigs in vivo

increased the sensitivity and reactivity of the tracheal muscle to stimulation by either
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of the drugs. The extracts also decreased the maximum time for maximum contraction
force achieved but the maximum contraction force was not increased. There was a
general increase in the force of contraction on application of CAL in both the in vivo
and the in vitro studies. The two however did not show the same magnitude of
contraction. This difference could be due to hydrolysis of the ingested extracts in the

in vivo whereas it was not the case in the in vitro studies. There may be other reasons

" that caused these differences.

The hypothesis test showed no significant differences between the treated and the

control in the trachea of the guinea pigs fed on the extracts, p > 0.05. However, there
was a significant difference in the in vifro studies. The maximum time taken to reach
maximum contraction force was significantly decreased, pf 0.05. The study confirms
some possible therapeutic effect of the extracts of C. acinaciformis in the treatment of

tracheal diseases. Whether these tracheal diseases would include asthma is a subject

e e et e

of more research. The study therefore adds to the broader scientific knowledge and

shows the importance of these plants in the life of the South African communities,.
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CHAPTER

III “Knowledge is of two kinds; we know the subject ourselves or
we can find information upon it.” Samuel Johnson.

3. The investigation of the effect of the extracts
of C. acinaciformis and S. pinnata on superoxide
production by human neutrophils and guinea
| pig whole blood

3.1 The importance of human neutrophils in host defence

The human neutrophils play an important role in host defense against infections. The
important part of this is phagocytosis and generation of superoxide and its reactive
derivatives (Kobayashi et al, 1998). These processes involve increased oxygen
consumption, a phenomenon called the respiratory burst. Respiratory burst consists of
oxidation-reduction reactions catalyzed by enzymes. This liberates reactive oxygen
species (ROS) like superoxide and hypochlorous acid (Daels-Rakotorison et al.,
] 2003). ROS are important in microbial killing but a'so cause the development of
many other diseases including rheumatoid arthritis, atherosclerosis, skin ageing,
nephritis, perfusion injury, asthma, diabetes mellitus and cancer. Scavengers of these
species prevent the development of these diseases (Gyamfi et al., 1999). Therefore,

.} the search for natural antioxidants and other preparations of plant origin to achieve

this objective is in progress.

Oxidation is a natural component of the metabolic chain through which energy
nutrients are converted to adenosine triphosphate (ATP). However, physiological and

environmental factors cause overproduction of ROS so that oxidation is not
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ameliorated by endogenous antioxidants. Intake of substances with antioxidant
capacity is important to control oxidative stress, lipid, protein, carbohydrates, and

nucleotide peroxidation and the pathologies that ensue (Willcox et al., 2003).

In this study, the antioxidant properties of the extracts of C. acinaciformis and S.
pinnata on superoxide production by guinea pig whole blood and human neutrophils
are investigated. Currently, research has focused on methods to measure oxidative
stress and to identify specific nutrients that provide antioxidant protection in vivo
(Thang et al. 2001). In vitro assays provide insight into the general chemical nature of
antioxidant protection, but do not provide answers that translate to the biological
environment where oxidative damage occurs (Willcox et al., 2003). The measurement
of oxidative end products provides a meaningful estimate of oxidative stress. This

also provides a meaningful assessment of the effects of the antioxidants used.

3.2 The plants selected for the study

Chapter II, Section 2.4, Page 30.

3.3 The methodology of the study

3.3.1 Materials

Chapter II, section 2.6.1, Page 31.

3.3.2 The preparation of the plant extracts

Chapter II, Section 2.6.2, Page 32.
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3.4 The approval of the study by Animal and Ethics Committee

The Animal and Ethics Committee of the University was informed of the study and
they gave approval. The certificate of clearance, project number, MP 15/2004, was
received. All the human volunteers were given a volunteer leaflet to read, and a
consent form to sign. They were informed of the purpose of the study. They were
allowed to withdraw at any time. The blood drawn was used for this purpose on the

same day and was not stored.

3.5 The breeding of guinea pigs for the study

Chapter II, Section 2.6.3, Page 32.

' 3.6 Superoxide determination in guinea pig whole blood

The 100pl of the whole blood solution [10°cells/ul] were suspended in 300ul Hank’s

solution in the test tubes. 300pul PMA and 200ul luminol reagent were added. The

o i S S

tubes were loaded into the luminometer and the amounts of superoxide produced were
) determined in mV. No plant extracts were added as the guinea pigs were already fed

on the extracts for two weeks.

3.7 Isolation of human neutrophils

' 30ml of human peripheral blood was drawn from the cubital vein into heparinized
; tubes and divided into 15 ml each. 15 ml of RPMI 1640 medium solution were added
j to each and gently mixed. This was carefully layered onto 15 ml Percoll solution.
After centrifugation at room temperature at 2000 rpm for 30 minutes, the supernatant
' was aspirated and the red cells in the pellet lyzed with 155mM NH,Cl and 10mM

KHCO; buffer solution, pH 7.4. The tubes were placed in ice water at 4° C for 5
[
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minutes. This was repeated where necessary for 1 minute. After decanting, RPMI
1640 medium solution was added and the neutrophils suspended to make 10 ml cell

solution. The cell count was carried out by an ADVIA™ 120 Hematology System in

the Department of Hematology.

3.8 Superoxide determination in human neutrophils

The 100l cell solution, [10°cells/pl] were suspended in 300ul Hank’s solution in test

tubes. 100pl of plant extracts were added and incubated at 37° C for 30 minutes.

300pul PMA and 200ul luminol reagent were added. The tubes were loaded into the

Luminometer and the amount of superoxide produced determined in mV.

3.9 The results and discussion

The results of the study are shown as histograms and each is explained below it and in

the text. The results were expressed as mean + SEM, n = 6. Hypothesis test was used

P et ——-

for the analysis because the samples were less than 30. A one-way parametric and
} non-parametric analysis of variance (ANOVA) for paired samples was also carried

out. The p < 0.05, n= 6, was considered significant.

The antioxidant properties of the extracts of C. acinaciformis and S. pinnata used in
_’ traditional medicine in South Africa were investigated in vivo and in vitro. Stressful

conditions in animals or humans increase oxidative processes. The study showed

superoxide production was significantly decreased in guinea pigs that were fed with

plant extracts and neutrophils that were incubated with the plant extracts than in those

O 3

that were not. This was the general trend with either water or ethyl alcohol extracts.
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While there was a significant decrease in superoxide production by water extracts

compared to the control, this was not so with ethyl alcohol extracts.

Figure 3 — 1 shows the effect of the extracts of C. acinaciformis and S. pinnata on
superoxide production by guinea pig whole blood. There was no change in superoxide
production by extracts of C. acinaciformis. However, extracts of S. pinnata reduced
superoxide production by the guinea pig whole blood. Statistical analysis using a one-
tailed student r-fesr between the control and the treated guinea pigs with SPL was
signiﬁcént, p = 0.030, t = 2.425, five degrees of freedom. However, extracts of C.
acinaciformis did not show any significant differences although decrease in

superoxide production was observed.

In this study, it might be assumed that the extracts of S. pinnata had inhibited the

" neutrophils from producing superoxide, which is important in host’s defense against

infections, and therefore toxic. It could equally be said that the extracts had killed the
neutrophils and therefore did not show any antioxidant property. It can therefore be
said the extracts possess antioxidant properties. It is however recommended that cell

viability assay be carried out in the future to confirm this fact.

The studies with human neutrophils showed a clearer picture with extracts from both
plants. Water extracts from the leaves, and stem of C. aciraciformis and leaves, stem
and roots of S. pinnata significantly decreased superoxide production (figures 3 — 2, 3
—4,3—-6,3 -8, and 3 — 10). This was not observed in the 70% ethyl alcohol extracts,

(figures 3-3,3-5,3-7,3-%and3-11).
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Further investigation with decreasing ethyl alcohol concentration (v/v) showed that
the high concentration of ethyl alcohol masked the effect of the plant extracts, (figure
3 — 12). Ethyl alcohol had a dose response effect on superoxide production, with 30
per cent being the highest concentration of ethanol that could be used without
influencing the experimental results. The same figure also shows that the leaf extracts

of both plants have a significant effect on superoxide production. There is ethyl

alcohol and plant extracts potentiation on the decrease of superoxide production.

! _
The time of extraction play an important role in decrease of superoxide production.

This is prominent with water extracts from the stem or the roots of either of the plants,

e et —— e e

(figures 32,3 ~4,3-6,3 - 8and 3 — 11). The structural differences in the plant
parts play a big role in the extraction process. The lignified parts need more time to

extract the components. Boiling of the extracts also facilitates the extraction.

j Though ethyl alcohol alone decreased superoxide production, its extracts significantly
decreased superoxide production even more, suggesting that the components of the
plant extracts do suppress superoxide production. In this study the sample sizes were
less than 30 (n = 6). Therefore, hypothesis test using the paired t-fest was carried out

(figure 3 — 1). This test assumes that the differences between the means are sampled

S

from Gaussian distribution. This assumption is tested using the methods of
Kolmororov and Smirnov. The 2-tailed 7 — rest p < 0.05 were considered significant,

with five degrees of freedom.

—r
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Figure 3 — 1: The effect of the water extracts from the leaves of C. acinaciformis (CAL) and S. pinnata (SPL) on superoxide production by
guinea pigs whole blood. The guinea pigs were fed 1 ml of the extracts three times a week for two weeks. The bars are mean + SEM, n=6.
The ¢ — test was performed between the control and the treated groups and significance was considered at, p < 0.05 (*). There was no
significant difference between the control and CAL p = 0.0597, t = 1.877, five degrees of freedom.
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The effect of stem extracts of C. acinaciformis
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| Figure 3 - 8: The graph of superoxide (mV)
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- Figure 3 — 9: The graph of superoxide (mV) produced by human
. neutrophils when 1ml of the cell solution was incubated with 1m] '
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. minutes. The bars are mean + SEM. Statistical analysis using '
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The effect of root extracts of S. pinnata
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" Figure 3 — 12: The graph of superoxide (mV) produced by human neutrophils when 1ml of
. the cell solution was incubated with 1ml of ethyl alcohol solution of different percentages
(v/v) for 30 minutes. The bars are mean + SEM. Statistical analysis between ethanol and
ethanol extracts using ANOVA was considered significant at p < 0.05 (*). At 50 and 70%
- ethyl alcohol concentration, p < 0.001.
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Analysis of variants (ANOVA) was also carried out (figures 3 -2 to 3 — 12). This
assumed that the data were sampled from populations with identical standard
deviations (SDs). This assumption was tested using the methods of Bertlett. This test

suggested that the differences between SDs were either significant or not significant,

3.10 The conclusion

The antioxidant properties of the extracts of C. acinaciformis and S. pinnata have
been investigated. It has been shown that the extracts of these plants decreased
superoxide production by guinea pigs whole blood and isolated human neutrophils.
This is the first scientific investigation of the effects of these plant extracts on
superoxide production to be carried out. The antioxidant activities shown in this study
leads me to speculate that this property could be one of the many mechanisms, which
contributes to the therapeutic properties of these plants as claimed by the traditional

healers in South Africa.

The observations suggest that the protective action of these plant extracts against
diseases may be the result of their direct action as antioxidants. The results also
suggest that the extracts are favorable for the treatment of diseases caused by ROS.
The study confirms another potential benefit of the extracts of C. acinaciformis and S.
pinnata in the activity of cells organelles involved in superoxide generation. It also
provides a rationale for the wide use of the plant preparations in South Africa.
Characterization of the active components of C. acinaciformis and S. pinnata with
superoxide scavenging potential is very important. The study opens new opportunities
to investigate the antioxidants in these plants. More studies are needed using different

extract concentrations and combinations of various stress levels and conditions.
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CHAPTER

IV Selective toxicity is the objective in pharmacological ireatment.
This however may not be highly significant.

4. The investigation of the effect of the extracts
of C. acinaciformis and S. pinnata on ATP
extraction from human neutrophils

4.1 Adenosine triphosphate in the center of biological systems

Adenosine triphosphate (ATP) is in the center of all biological systems. It is the
principal donor of free energy in metabolically active cells. In healthy cells, the
amount of ATP is relatively constant (Dexter et al., 2003). Its bioassay is widely used
to assess cell proliferation, cytotoxicity and quantification of cell number. It is also
used to determine the integrity of living cells as it is linked to catabolic and anabolic
processes. Cell injury, poisoning, oxygen or substrate depletion results in a rapid
decrease in cytoplasmic ATP (Crouch et al., 1993). Measurement of ATP is therefore
fundamental in the study of toxic effect of plant extracts. The assay is based on the

measurement of lighf produced from the firefly luciferase and luciferin reaction (Oba

et al., 2004).

Drug discovery and toxicological assessment require reliable .cellular toxicity tests.
Such tests have to be objective, quantitative, and reproducible and be automated. A
number of assays fulfil these criteria well, for example colony-forming unit assay
using ATP in cytotoxicity assay of new anticancer drugs, (Popiolkiewicz et al., 2005).
However, detection of ATP by luciferin-luciferase reaction was developed and

replaced the other toxicity assays (Cree and Andreotti, 1997). In this study, the effect
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of the extracts of C. acinaciformis and S. pinnata on ATP extraction from human
neutrophils is investigated using this method. This method is favored because of its
sensitivity. It detects low amounts of ATP in the cell solution and the amounts

correspond to the number of cells from which the ATP is extracted.

In this technique, MgATP* converts luciferin into a form that can be catalytically
oxidized by luciferase into a high-energy vyield chemiluminescent reaction. Under
optimum conditions and at low ATP concentrations, light intensity is linearly related
J to ATP concentration (Crouch et al., 1993). Cellular ATP is measured by direct lysis

" of the cells and the ATP released is then free to react with luciferin-luciferase and

light is emitted according to the chemical reaction (Equation I). In this equation, the
light is measured. Interference with any part of the cell’s metabolism, which affects
| the production of any component of the reaction, is observed as a reduction in light
i emission (Niwa and Ohmiya, 2004). Toxins that affect the specific enzyme in this

f form of catalyzed reactions are detected.

ATP + D-luciferin + O, _luciferase  AMP + PP; + oxyluciferin + CO, + Light )

|
|

) 4.2 The use of chemiluminescence technique

i The chemiluminescence is a technique used to detect the amount of light emitted from
chemical reactions that”take place in a system. When an excited product of the
| chemical reaction relaxes to its ground state, energy in form of light is emitted. When
the light is emitted from living organisms as a result of their enzymatic activities, it is
l called bioluminescence (Takahashi et al., 2000). Toxic substances affect organisms or

tissues by inhibiting the enzymatic systems involved in these metabolic processes.
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Toxic effects are measured in bioassays where a living organism or a tissue is
subjected to the toxin in question (Peinado et al., 2002). In this study, neutrophils are
incubated with the plant extracts. Toxins that affect the specific enzyme catalyzed
reactions are detected. This allows for the calculation of the amounts of ATP in

moles. Equation II is used in the calculation of this as outlined by the manufacturers.

107" % Ty
ATP (moles) = (I
Ismp +std — Ismp
Where
| - = sample ATP
‘ = sample ATP + standard ATP

g I(smp + std)

4.3 Plants selected for the study

Chapter I1, Section 2.4, Page 30.

|
' 4.4 The methodology of the study
I 4.4.1 Materials

. Chapter II, Section 2.6.1, Page 31.

4.4.2 The preparation of the plant extracts

) Chapter II, Section 2.6.2, Page 32

4.4.3 The isolation of human neutrophils

Chapter III, Section 3.7, Page 49
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4.4.4 The determination of ATP in the chemical reagents
A chemical determination of the effect of these plants extracts on the enzyme, firefly

luciferase in the reagents was carried out in the absence of neutrophils, (Section

4.4.5).

4.4.5 The determination of ATP in intact neutrophils

The 600ul Tris-EDTA buffer solution was pipetted into test tubes. Then 100l
neutrophils cell solution [10°cell/ul] in Tris-EDTA was pipetted into test tubes. 100 ul
of the extracts from each part of both plants were added and incubated at room
temperature for 30 minutes. 200ul ATP reagent was added and the luminescence

recorded in mV. After fifteen minutes 20ul ATP standard was added and the

luminescence recorded.

4.4.6 The determination of ATP in lyzed neutrophils

The neutrophils were lyzed with somalyze to release the available ATP in the cells.

The amounts of ATP were determined in the same way, (Section 4.4.5).

4.5 Statistical analysis of the data

The sample sizes of this study are less than 30 (n=6). The hypothesis test was carried
out. Hypothesis testing is an essential part of statistical inference for small samples
with unequal variances. Significance was taken as p < 0.05. The hypothesis was

rejected if p > 0.05, indicating a difference in maximum ATP extraction.
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4.6 The results and discussion

The results of ATP extraction are presented as bar graphs of mean + SEM, n=6. A
hypothesis test using a paired one-way parametric and nonparametric ANOVA was
carried out and significance was considered at p < 0.05. Turkey-Kramer Multiple
Comparison Test and Dunn’s Multiple Comparison Test based on a number of

assumptions were employed.

When ATP is hydrolyzed, energy is released and this is required to maintain the
physicochemical functions of the cells or the organisms. The chemical runs in the

{ study showed that water extracts had limited effects on the ATP kit used. Most ethyl

alcohol extracts gave lower or negative values than water extracts. The values less
than 0.3 pmoles could be due to the methods used and not the effect of the extracts on
the cells (figure 4 — 1). In figure 4 — 2, the 70 per cent ethanol extracts showed very

little difference from the water extracts. This is probably because the cells are lyzed.

There was a general inhibition of ATP hydrolysis.

Tn the lyzed cells, ATP was decreased to negative values in the control indicating cell
death. Increasing values were observed at 3 hours leaf extracts and 24 hours stem

extracts. The plant extracts could have possibly protected the cells from being lyzed

(figure 4 — 2). The negative values are due to the negative difference obtained as in

Equation II. The negative differences are because the amounts of ATP in both the

G i -

sample and the standard as measured were substantially reduced. This suggests that

the extracts had interfered with the cells” metabolism in Equation I, page 63.
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In figure 4 — 3, the water extracts of S. pinnata decreased ATP production in intact
cells. There was no significance from the control however, p > 0.05, n = 6, (t test).
This is also different from those in the lyzed cells. This could demonstrate some
possible toxic effects on the neutrophils. In figure 4 — 6, the ethanol extracts showed
increased toxicity: leaves, stem and roots at 0 hours, 3 hours and at 24 hours including

in the control. This should not be assumed to be due to extracts toxicity, but both the

extracts and the 70 per cent ethanol.

A number of possibilities could have resulted in the effect of the extracts in both the
intact and the lyzed cells. The plant exfracts may have caused death to the intact cells
due to toxicity so that the cells would not synthesize ATP. Alternatively, the plant
extracts deactivated the enzymes necessary to hydrolyze ATP to release energy as in
Equation 1. Tt is a well-established fact that certain compounds including lipoic acid
inhibit luciferase-luciferin reactions (Niwa and Ohmiya, 2004). This seems to stand
out prominently. The enzyme Juciferase was probably deactivated in a non-
competitive manner so that addition of more ATP to continue the reaction did not
have any effect. It is therefore viewed that the plant extracts of C. acinaciformis and
S. pinnata deactivate luciferase enzyme or killed the cells. In either case, the extracts

would be considered toxic and if taken in bigger quantities could probably be harmful

to humans.

There was a total inhibition of ATP hydrolysis in the lyzed cells. The inhibition was
greater than in the intact cells. This confirms that the cells were indeed dead and
proves that the extracts did not kill all the cells in the intact cell experiment. C.

acinaciformis extracts from the leaves and the stem with both the water and the ethyl
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ethanol generally inhibited ATP hydrolysis. The extracts may have penetrated the
membranes of the intact cells to inhibited glycolysis in the cytoplasm. It could have
equally penetrated the mitochondria to prevent oxidative phosphorylation. The
extracts could have inhibited the luciferase-luciferin reaction (Niwa and Ohmiya). In a
review by Obatomi and Bach (1998), it was reported that diterpenoid glycoside

atractyloside inhibited both glycolysis and oxidative phosphorylation.
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The effect of the extracts of C. acinaciformis on ATP
extraction from intact human neutrophils

@ Leaves (water)
W Stem (water)
O Leaves (EtOH)
[0 Stem (EtOH)

-

, f\Tf
rk

Extraction at different times (hours).

Figure 4 — 1: The effect of the extracts (water or ethyl alcohol) of C. acinaciformis
on ATP extraction from intact human neutrophils. The cells were incubated with

100ul of the extracts for 30 minutes. The amounts of ATP were measured in moles by
bioluminescence. The amounts of ATP in the chemical reagents were deducted. The

bars are mean = SEM. The paired ¢ — fest was significant at p < 0.05 (*).
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The effect of the extracts of C. acinaciformis
on ATP extraction from lyzed human neutrophils

£ Leaves (water)
B Stem (water)

- Extracts at different times (hours). O Leaf (EtOH)
O Stem (EtOH)

Figure 4 — 2: The effect of the extracts of C. acinaciformis (water or ethyl alcohol)
on ATP extraction from lyzed human neutrophils. The cells were incubated with

100u1 of the extracts for 30 minutes. The amounts of ATP were measured in moles by
bioluminescence. The amounts of ATP in the chemical reagents were deducted. The

bars are mean £ SEM. A paired ¢ — test was significant at p < 0.05, (*).
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The effect of the water extracts of S. pinnata on ATP
extraction from intact human neutrophils

3 Leaves
W Stem

g Extracts at different times (hours). [ORoots

Figure 4 — 3: The effect of the water extracts of S. pinnata on ATP extraction from

intact human neutrophils. The cells were incubated with 100l of the extracts for 30
minutes. The amounts of ATP were measured in bioluminescence. The amounts of ATP
in the chemical reagents were deducted. The bars are mean + SEM. A paired ¢ — fest

was significant at p < 0.05 (*). The extracts were made at 0, 3 and 24 hours.
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[ATP] x10

The effect of the water extracts of S. pinnata on [ Leaves

3 ATP extraction from lyzed human neutrophils Bl Stem
g * ORoots

5 - Extracts at different times (hours).

Figure 4 — 4: The effect of the water extracts of S. pinnata on ATP extraction in lyzed
human neutrophils. The cells were incubated with 100p1 of the extracts for 30 minutes.
The amounts of ATP were measured in moles by bioluminescence. The amounts of ATP
in the chemical reagents were deducted. The bars are mean £ SEM. A paired ¢ — fest was
significant at p <0.05 (*).

———— e —

T2





T —

The effect of the ethyl alcohol extracts of S. pinnata on @Leaves

51 ATP extraction from intact human neutrophils M Stem
[JRoots

[ATP] x107 moles

5 Extracts at different times (hours).

Figure 4 — 5: The effect of the 70% ethyl alcohol extracts of S. pinnata on ATP
extraction from intact human neutrophils. The cells were incubated with 100p1 of
the extracts for 30 minutes. The amounts of ATP were measured in moles by
bioluminescence. The amounts of ATP in the chemical reagents were deducted.
The bars are mean + SEM. A paired ¢ — fest was not significant at p > 0.05.

—
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The effect of the ethyl alcohol extracts of S. pinnata on Eleaves

ATP extraction from lyzed human neutrophils M Stem
O Roots

Extracts at different times (hours).

Figure 4 — 6: The effect of the 70% ethyl alcohol extracts of S. pinnata on ATP

extraction from lyzed human neutrophils. The cells were incubated with 100ul of
the extracts for 30 minutes. The amounts of ATP were measured in moles by
bioluminescence. The amounts of ATP in the chemical reagents were deducted.

The bars are mean + SEM. A paired  — fest was not significant at p > 0.05.
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4.7 The conclusion

In this study, ATP-based assay was used to measure toxic and therapeutic effects of
the extracts of C acinaciformis and S. pinnata using human neutrophils. It was
observed that the extracts of these plants decreased the amounts of ATP extracted
from the neutrophils. These were shown by the low luminescence. It is probable that

the extracts are toxic to the cells or inhibited the luciferase-luciferin reaction.
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| CHAPTER

V Selective toxicity is the objective in microbial treatment; it has
[ to fix not only the microorganisms but also the patient.

5. The investigation of the effect of the extracts
of C. acinaciformis and S. pinnata on the growth
of selected microorganisms

‘ 5.1 The plant extracts in the treatment of diseases

‘ The plant extracts are commonly used to treat infections and other diseases in many
villages in South Africa (Stafford et al., 2004). However, fungi grow on these extracts
' during storage. Storage in the fridge is not sufficient as fungi continue to grow in this
| environment. Ethyl alcohol extracts however are not frequently infested with fungi

because ethyl alcohol is a disinfectant.

E. coli bacteria are emerging as a major cause of food borne illness in many parts of
the world. This is associated with eating undercooked or contaminated foods (Baylis
et al., 2004). Person-to-person contact in families and childcare centers also cause the
transmission of the infections (Black et al., 1982). Infection also occurs after drinking
[ raw miik (Allerberger et al., 2003) and after swimming in or drinking sewage-

) contaminated water (Ashbolt, 2004).

Normally, E. coli bacteria are part of the non-pathogenic facultative flora of the

&

J

I human digestive tract, but some strains acquire virulence and cause diseases. These
{‘ cause severe bloody diarrhea and abdominal cramps. In some persons, particularly
l. children under five years and the elderly, the infections cause hemolytic uremic
)
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syndrome (Cleary, 2004). About seven serogroups that differ in their virulent genes,
pathogenesis, clinical presentation, and epidiomology have been categorized
(Leelaporn et al., 2003). These are:

% Enterotoxigenic-£. coli

% Enteropathogenic-E. coli

% Enteroinvasive-E. coli

% Enteroaggregative-£. coli

% Enteroadherent-E. coli

i % Enterohemorrhagic- E. coli

| % Shigatoxin-producing £. coli

The Department of Microbiology, Umversity of Limpopo, has isolated a number of E.
coli strains that cause diarrhea in and around the Ga-Rankuwa area and presented in
Ga-Rankuwa Hospital. These strains are known to be resistant to the known
antimicrobial drugs. Therefore, the objective of this study is to investigate the effect
of these plant extracts used to treat stomach cramps and diarrhea by the traditional
healers on the growth of these F. coli strains on nutrient agar. The study also

determines the minimum volume of ethyl alcohol required to prevent fungal growth in

i T

the laboratory setting.

5.2 The plants selected for the study

f Chapter II, Section 2.4 Page 30.
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5.3 The methodology of the study
i 5.3.1 Materials
Nutrient agar, streaks plates, streak wire, humidified incubator all provided by the

! department of microbiology.

5.3.2 The preparation of the plant extracts

| Chapter I, section 2.6.2, Page 32.

‘ 3.3.3 The Escherichia Coli strains used in the study

Ten infectious E. coli strains numbered I, 2, 4, 5, 6, 10, 20, 28, 31, and K11
) according (o the laboratory labeling of the Department of Microbiology were used in

the study. The methods used in the Department of Microbiology were followed in this
i study. Each strain was streaked on nutrient agar on streak plates. On these plates, 5ul
of the plant éxtracts were inoculated on specific sports to determine whether or not
they inhibited the growth of the strains. A control of each strain with distilled water
and 70 per cent ethyl alcohol (v/v) was included. The streak plates were incubated in a
| humidified incubator at 37° C for 72 hours. Every 24 Hburs, the growth patterns were

observed and recorded. After 72 hours, pictures were taken.

|
l) 5.3.4 The fungal growth assessment

| The 24-hour extracts from the leaves of both plants were made with 70, 50, 30, 10, 05,
! and 01 per cent (v/v) ethyl alcohol. These were allowed to stand in the fridge at 4° C
F and checked every morning until fungal growth was observed with the naked eye. A

L control with 100 per cent distilled water extract was added to determine the time in

which fungal growth occurred.

T ————

79





e e

T e ——

5.4 The results and discussion
The results of the study are presented as tables and photographs. The first part shows

the results of E. coli and the second of fungi.

5.4.1 The Escherichia coli strains

The control groups (figure 5 — 1) of all the strains showed a general optimal growth of
the E. coli. However 70 per cent ethyl alcohol showed some exceptions in other stains
(Table 5 -»lI). It could not however be determined whether the plant components or

the ethyl alcohol in which they were dissolved inhibited the growth of the strains.

Water and ethyl alcohol extracts of C. acinaciformis from both the leaves and the
stem at different times of extraction inhibited the growth of all the E. coli strains for at
least 24 hours. Water extracts of S. pinnata from the leaves and stem at different times
of extraction also showed appreciable growth inhibition of the E. coli strains within
24 hours. The extracts from the roots however did not inhibit the growth of E. coli.
Ethanol extracts showed maximum growth inhibition of all the E. coli strains and this

was maintained for the 72 hours. The photographs were taken after 72 hours of

incubation.

5.4.2 The Fungi

The results from the assessment of fungal growth in the laboratory setting to the
naked eye are presented as a table (Table 5 — 6). Pictures were also taken after fungal
growth was observed in the extracts of C. acinaciformis and S. pinnata (figures 5 -7,

and 5 — 8). The 100 per cent distilled water was considered a control (CNTL).
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The study showed the inhibition of the growth of most E. coli strains by water and

ethyl alcohol extracts of both plants. However, the growth inhibition was not

maintained for 72 hours with water extracts.

Table 5 — 1 shows the growth pattern of the E. coli strains in the control groups.

Figure 5 — 1 shows the effect of 100 per cent distilled water and 70 per cent ethyl
alcohol in the control groups. It was observed that 70 per cent ethyl alcohol inhibited
the growth of séme E. coli strains for at least 24 hours. The method used is imperfect
in that the extracts were not quantified. Therefore, the effects of the solvent could not
be eliminated. The disinfectant effect of ethanol interfered with the results, and the

antibacterial effects of the ethanol extracts could partly be ascribed to the solvent and

not the extract. However the water extracts shows that the plant extracts have some

inhibitory effects on the growth of some of the E. coli strains.

Tables 5 - 2 and 5 — 3 show the effect of the extracts of C. acinaciformis with 100 per
cent distilled water or 70 per cent ethyl alcohol within 24 and 48 hours of incubation
respectively. It was observed that these extracts prevented the growth of E. coli for
about 48 hours. After 72 hours, there were conspicuous growth patterns (figures 5 - 2;

) 5-3),

Extracts of S. pinnata with distilled water and 70 per cent ethyl alcohol prevented the

growth of E. coli. Water extracts from the leaves and stem inhibited the growth for at

i

least 24 hours (tables 5 — 4, 5 — 5). The growth however resumed, especially for stem
% extracts (figures 5 — 4; 5 - 5). Water extracts of the roots did not inhibit £. coli growth

f (figure 5 — 6). However, ethanol extracts of the roots inhibited the growth for more
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than 72 hours (figures 5 — 4; 5 — 5; 5 — 6). This suggests that the effect was rather of

i e —————

ethanol than the plant material (Greenberg et al., 1994).

The study means that the growth inhibition of the E. coli strains could be the reason
lf for the use of the extracts by the traditional healers. The growth inhibition probably
prevented toxin production by the bacteria. The toxins always bind to Ca’" ions and
retain them in the gastric lumen (Demarest et al., 2005). This extrusion of Ca** ions
into the lumen is followed by water. This leads to increased gastric motility, resulting

5 ~ in stomach cramps and diarrhea (Liu et al., 2005).

f The plant extracts with different ethyl alcohol concentrations (v/v) inhibited the
growth of fungi in the laboratory setting for at least three months and at most one year
(Table 5 — 6). The minimum volume of ethyl alcohol required to prevent fungal
growth was 10 per cent (figures 5 — 7, 5 — 8). This could be the necessary volume for

shelving of plant extracts to prevent fungal growth.

The standard technique used in most antimicrobial testing is the disc diffusion
method. In this method the disc is impregnated with the extracts and allowed to dry
} and piaced on the agar plates streaked with the test organism. With this method

solvent effects are eliminated since the organic solvent used for extraction is allowed
] to evaporate from the discs before they are placed on the agar surface. It is hoped that

| this technique will be used in future.
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Table 5 - H The growth pattern of £. coli strains of the controlled groups with 100% distilled water and 70% ethyl alcohol (v/v) on nutrient agar
on streak plates. The growth pattern was observed at 24, 48 and 72 hours. The recordings were made and reported. Growth (+); Inhibition (-).

The strains were provided by the Department of Microbiology.

Strains

KII

2

10

20

28

Growth pattern

+/+

+/-

v

+/+

+/+

++

+/+

+/-

Table 5 — 2: The growth pattern of E. coli strains in 24 hours with 100% distilled water and 70% ethyl alcohol leaf (CAL) or stem (CAS)
extracts of C. acinaciformis on nutrient agar plates. The extracts were made at 0, 3 and 24 hours. Growth (+); Inhibition (-). The strains were

provided by the Department of Microbiology.

&3

Strains KII 1 2 10 4 5 6 20 28 31
CALO -/- -/- -/~ -/~ -/- -/- -/- -/- -/- -/-
CAL3 /- -/- -/- -/~ -/- -/~ -/- -/- /- -/-
CAL 24 -/- -/~ -/- -/- -f- -/- -/- /- -/~ -/-
CAS 0 -/- -/- -/- -/- -/~ -/- -/~ -/~ -/- /-
CAS3 -/- -/- -/~ -/~ -/- -/- -/~ -/~ -/- -/~
CAS 24 -/- /- -/- -/~ -/« -/- -/~ -/~ -/~ -/-






Table 5 — 3: The growth pattern of . coli strains in 48 hours with 100% distilled water and 70% ethyl alcohol leaf (CAL) or stem (CAS)
extracts of C. acinaciformis on nutrient agar plates. The extracts were made at 0, 3, and 24 hours. Growth (+); Inhibition (-). The strains were

provided by the Department of Microbiology.

Strains KII 1 2 10 4 5 6 20 28 31
CAL 0 -/- -/~ -/~ -/- -/- -/- -/- -/~ -/= -/-
CAL 3 -/- -/- -/- -/- -/- -/~ -/- -/~ -/~ -/-
CAL 24 -/- -/~ -/- -/- -/- -/- -/- -/~ -/~ -/-
CAS O -/~ -/- -/- /- -/~ -/- -/- -/~ -/- -/-
CAS3 -/- -/~ -/- -/~ -/~ -/~ -/~ -/~ -/~ -/-
CAS 24 -/~ -/- -/- -/~ -/~ -/- -/~ -/- -/~ -/~

Table 5 — 4: The growth pattern of E. coli strains in 24 hours with 100% distilled water and 70% ethyl alcohol leaf (SPL), stem (SPS) or (SPR)
extracts of S. pinnata on nutrient agar plates. Growth (+); Inhibition (-). The strains were provided by the Department of Microbiology.

Strains KII I 2 10 4 5 6 20 28 31
SPL 0 -/- -/~ -/~ -/~ -/~ /- -/~ /- -/ /-
SPL 3 /- /- -/~ -/- -/- -/- -/~ -/~ -/ /-
SPL 24 -/~ -/~ -/- -/~ /- -/~ -/- -/~ -/- -/-
SPS 0 -/~ -/~ -/~ -/- /- -/~ -/- -/~ ~/- -/~
SPS 3 -/ -/~ -/- /- -/~ ~/- -/~ -/- -/~ ~/-
SPS 24 /- -/ -/~ -/~ -/- /- -/~ -/- -/~ /-
SPR 0 +/- +/- +/- +/- +/- +/- +/- +/- +/- +/-
SPR 3 +/- +/- +/- +/- +/- +/- +- +/- +/- +/-
SPR 24 +- +/- +/- +/- +/- +/- +/- +/- +/- +/-
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Table S — S: The growth pattern of E. coli strains in 48 hours with 100% distilled water and 70% ethyl alcohol leaf (SPL), stem (SPS) and

(SPR) extracts of S. pinnata on nutrient agar plates. Growth (+); Inhibition (-). The strains were provided by the Department of Microbiology.

85

Strains K1 1 2 10 4 5 6 20 28 31
SPL 0 +/- +/- +/- +/- +/- +/- +/- +/- +/- +/-
SPL 3 +/- +/- +/- +/- +/- +/- +/- +/- +/- +/-
SPL 24 +/- +/- +/- +/- +/- +/- +/- +/- +/- +/-
SPS 0 +/- +/- +/- +/- +/- +/- +/- +/- +/- +/-
SPS 3 +/- +/- +/- +/- +/- +/- +/- +/- +/- +/-
SPS 24 +/- +/- +/- +/- +/- +/- +/- +/- +/- +/-
SPR O +/- +/- +/- +/- +/- +/- +/- +/- +/- +/-
SPR 3 +/- +/- +/- +/- +/- +/- +/- +/- +/- +/-
SPR 24 +/- +/- +/- +/- +/- +/- +/- +/- +/- +/-





70% Ethyl alcohol

Figure 5 — 1: The control experiment with 100% distilled
water and 70% ethyl alcohol. 5ul of each were inoculated
onto the nutrient agar on which E. coli strains were streaked.
This was incubated at 37° C. The growth patterns were
observed at 24, 48 and 72 hours when the pictures were
taken.

AR S o o

70% Ethyl alcohol

Figure S — 2: The effect of the leaf extracts of C. acinaciformis
with 100% distilled water and 70% ethyl alcohol. 5l of the
extracts were inoculated on the nutrient agar on which the £.
coli strains were streaked. This was incubated at 37° C. The
growth patterns were observed at 24, 48 and 72 hours when the
picture was taken. The extracts were made at 0, 3 and 24 hours.

—

S ————
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70% Ethyl alcohol

100% Distilled water

70% Ethyl alcohol

Figure 5 — 3: The effect of the stem extracts of C.
acinaciformis with 100% distilled water and 70% ethyl
alcohol. 5ul of the extracts were inoculated onto the nutrient
agars where the F. coli strains were streaked. This was
incubated at 37° C. The growth patterns were observed at 24,
48 and 72 hours when the picture was taken.

Figure 5 — 4: The effect of the leaf extracts of S. pinnata with
100% distilled water and 70% ethyl alcohol. 5pul of the extracts
were inoculated onto the nutrient agars where the E. coli strains
were streaked. These were incubated at 37° C. The growth
patterns were observed at 24, 48 and 72 hours when the picture
was taken.
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70% Lthyl alcohol

Figure 5 — 5: The effect of the stem extracts of S. pinnata
with 100% distilled water and 70% ethyl alcohol. 5ul of the
extracts were inoculated onto the nutrient agars where the £,
coli strains were streaked. This was incubated at 37° C. The
growth patterns were observed at 24, 48 and 72 hours when
the picture was taken.

100% Distilled water

70% Ethyl alcohol

Figure 5 ~ 6: The effect of the root extracts of S. pinnata with
100% distilled water and 70% ethyl alcohol. 5l of the extracts
were inoculated onto the nutrient agars where the E. coli strains
were streaked. This was incubated at 37° C. The growth
patterns were observed at 24, 48 and 72 hours when the picture
was taken.

—— - — B e —

38





Table 5 — 6: The effect of the leaf extracts of C. acinaciformis and S. pinnata with decreasing ethyl alcohol concentration (v/v). The extracts
were put in the laboratory at 4° C. This was checked every day until fungal growth was observed. The results were recorded in the table.

Extraction solvent Carpobrotus acinaciformis (leaf extracts) Schkuhria pinnata (leaf extracts)
100% Distilled water | Fungal growth in two months (CNTL) Fungal growth in one month (CNTL)
70% Ethyl alcohol No fungal growth in a year No fungal growth in a year

50% Ethyl alcohol No fungal growth in a year No fungal growth in a year

30% Ethyl alcohol No fungal growth in a year No fungal growth in a year

10% Ethyl alcohol No fungal growth in a year No fungal growth in a year

05% Ethyl alcohol Fungal growth in three months Fungal growth in two months

01% Ethyl alcohol Fungal growth in two months Fungal growth in one month
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1% 5% 0%

70% 50% 30% 10%

Figure 5 — 7: The effect of leaf extracts of C. acinaciformis
on fungal growth in the laboratory setting. The extracts were
made with the percentages of ethyl alcohol indicated above
each. Fungal growth was observed in distilled water (0%),
1% and 5% ethyl alcohol extracts. No fungal growth was
observed in higher alcohol contents. The picture was taken
after one year of incubation.

0% 1% 5%

70% 50% 30% 10%

Figure 5 — 8: The effect of leaf extracts of S. pinnata on fungal
growth in the laboratory setting. The extracts were made with
the percentages of ethyl alcohol indicated above each. Fungal
growth was observed in distilled water (0%), 1%, 5% and 10%
ethyl alcohol extracts. No fungal growth was observed in
higher alcohol contents. The picture was taken after one year of
incubation.
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| 5.5 The conclusion
1 This study showed a general inhibition of the growth of . coli by the extracts of both
i:;lants on nutrient agar. The extracts also inhibited fungal growth in a laboratory
; setting. However, this could not be determined with precision whether it was the plant
component, the media in which they were dissolved or both that inhibited the growth
of these microorganisms. Whether this activity can be extrapolated to the use of these
plant extracts in the treatment of stomach cramps and diarrhea as claimed by the
| traditional healers is a subject of more research. This probably confirms the use of
*. these plant extracts by the traditional healers in South Africa. The methods used by
the traditional healers and replicated in this study are however imperfect, and a more
perfect method such as the disc diffusion method will be considered in the future

studies. Therefore, it can be concluded that the plant extracts had either an effect or no

effect on the growth of different strains of E. coli due to the imperfect methods used.
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CHAPTER

VI “Information can tell us everything, it has all the answers; but
they are answers fo questions we have not asked, and which
doubtless don’t even arise,” Jean Baudrillard.

6. The determination of the number of peaks
and bands in the extracts of C. acinaciformis and
S. pinnata by chromatography

6.1 The importance of chromatography in pharmaceutical industry

Chromatography is utilized extensively in pharmaceutical industries as a separation
tool for qualitative and quantitative analysis (Guttman et al., 2004). Although thin
layer chromatography (TLC) is not as popular as high-pressure liquid chromatography
(HPLC) or gas chromatography (GC), it contributes to the merits of chromatographic
techniques (Hodisan et al., 1998). Today, government agencies require drugs to be
tested before approval and to ﬁomtor their stability during storage. These processes

are carried out using TLC or HPLC methods.

Similarly, drug quality control requires selective analytical methods to identify and
check the active substance necessary for pharmacological use (Hoke II et al., 2001).
All these methods are included in different pharmacopoeias, but for plant extracts,
there is a lack of information. Most plant extracts are analyzed by the fingerprint
method (Zschocke et al., 2000). The photograph of the bands can be attached to the

analysis certificate.
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In toxicology, measurement of drugs of abuse during overdose is important. The
misuse of drugs whether intentionally or by mistake resulting in patients confined to
| hospital emergency rooms requires a systematic approach to identify and confirm the
drugs used (Sabbioni et al., 2004). Similarly, in forensic science, illicit drug detection
i1s useful especially in drug traffic control and in sports and in employment screening
(Kronstrand et al., 2004). The rapid and accurate methods of identification of the raw
unprocessed material or the final product are one facet that contributes to the
information database. Accuracy of results is as important and TLC plays a useful role

(Houghton, 2002).

Despite the extensive use of the extracts of C. acinaciformis and S. pinnata, for
medicinal purposes by the people of South Africa, neither the active components nor
the mode of action of the extracts has been determined. This calls for the analysis of
the major constituents. The availability of a robust method for the analysis of these
extracts is needed. In general, TLC and HPLC with UV detection are used (Fuzzati,

2004).

In this study, both the TLC and HPLC are employed to determine the bands and peaks
respecively in the extracts of these plants. Because there are many components that
coexist in the plant extracts, the TLC technique is suitable for these analyses.
However, an appropriate gradient is required to provide separation over a wide
polarity range. This separates an unknown number of unidentified components and

differentiates the unknown polar components as bands (Gocan et al., 1996).
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HPLC is a unique and sensitive technique to separate components in plant extracts. It
is the mainstay in many applications in pharmaceutical companies. It detects and.
separates the plant components quite easily at specific wavelength (Houghton, 2002).
This technique 1s employed here to determine the number of peaks in the extracts.
Therefore, the objective of this study is to determine the number of bands or peaks

using TLC and HPLC methods respectively in these plant extracts.

6.2 The plants selected for the study

Chapter II, Section 2.4, Page 30.

6.3 The methodology of the study

6.3.1 Materials

70% ethyl alcohol, TLC plates, HPLC system, Acetonitrile, Ninhydrin.

6.3.2 The preparation of the plant extracts

Chapter II, Section 2.6.2, Pages 32.

6.3.3 The chromatographic procedure carried out

The piant extracts were sported on TLC silica gel plates using a capillary tube, just 1
cm from the bottom. The plates were carefully placed in a tank that contained 10 ml
of different eluent proportions of ethyl acetate, methanol, chloroform and water. The
tank was already saturated with the vapor of the eluent mixture. The tank was covered
and the eluent was allowed to move until 1 cm below the top edge of the plate. The

plates were removed and allowed to dry. The plates were placed under UV light and
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the bands visualized at 254 nm. These were digitally photographed and stored in the

computer for reporting.

The extracts were filtered and 25 pl were automatically injected into the HPLC
system equipped with column oven and UV detector. The flow rate was adjusted to
1.0 ml/min at 25° C with 60 per cent ACN as the mobile phase. The chromatograms
were automatically generated, separating the components into different peaks at 228

nm wavelength.

6.4. The results and discussion

The results of the study are presented as pictures or chromatograms. In the first part,
the TLC plates were viewed under UV-light and the photographs taken. The results of
the HPLC are shown as chromatograms at 228 nm wavelength. Different proportions
of acetonitrile: water (v/v) was used as the mobile phase; however 60 per cent

acetonitrile showed better separation of the peaks.

Figure 6 — 1 shows the TLC plates under UV-light. (A): is 100 per cent distilled water
leaf extracts of both plants. The extracts did not show distinct bands. (B): is 70 per
cent éthyl alcohol leaf extracts of C. acinaciformis. A huge band of the extracts can
i clearly be seen. (C): shows the 70 per cent ethyl alcohol leaf extracts of S. pinnata. In
this, five bands are visible and their Ry values were calculated as the ratio of the
distance moved by the band to that moved by the solvent front (Table 6 — 1). This

concept of Reis always used in TLC analysis of the components separated out. This

.

gives meaning to the unknown component in the extracts when compared with some
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standard. The values can also be compared to those reported in many

chromatographic tables.
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Figure 6 — 1: TLC fingerprints of the extracts from the leaves (L) of C. acinaciformis (C) and S. pinnata (S) with 100% distilled water (W) and
70% ethyl alcohol (E). The plates were observed under UV light and digitally photographed. No staining was carried out, as this with Ninhydrin
reagent did not show any bands. A: 100% water extracts of CAL and SPL; B: 70% ethyl alcohol extracts of CAL; C: 70% ethyl alcohol extracts
of SPL with clear bands. CAL: C. acinaciformis leaf extracts, SPL: S. pinnata leaf extracts.
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Table 6 — 1: The table of the R, values of the 70 per cent ethyl alcohol leaf extracts of S. pinnata (figure 6 — I C). The values are calculated as
the ratio of the distance travelled by the band or component to the distance travelled by the solvent front from a reference point. The mobile
phase was ethyl acetate: ethanol: water in the ration of 9: 4: 1.

100

Bands 1 2 3 4 5

R¢values 0.23 0.69 0.79 0.86 0.97
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The 100% water extracts from the leaves of C. The 70% ethyl alcohol leaf extracts of C. acinaciformis

acinaciformis, at 228 nm, 60% ACN mobile phase. at 228 nm, 60% ACN mobile phase.
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Figure 6 — 2: The chromatograms of the leaf extracts of C. acinaciformis. The left is for 100% distilled water extracts and the right is for 70%
ethyl alcohol extracts. The components in the water extract show a giant peak while in the ethyl alcohol extracts the components are separated

out into peaks. 251l of the extracts were injected into the HPLC chamber with 60% ACN as the mobile phase at 25° C. The retention times are
nearly the same.






The 100 % water extracts from the stemof  C. adnadiformis The 70% ethyl alcohol stem extracts Of C. acinaciformis
& 228 nm, 60% ACN mobile phase 1800000 - at 228 nm, 60% ACN mobile phase
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Figure 6 — 3: The chromatograms of the stem extracts of C. acinaciformis with 100% distilled water (left) and 70% ethyl alcohol (right). The
chromatograms show the same peaks, but different amounts as indicated by the area under the curve. 25ul of the extracts were injected into the

HPLC chamber. The time was set for 40 minutes, 60% ACN as the mobile phase at 25° C. The retention times in the two chromatograms are
nearly the same.






The 100% water extracts from the leaves of S, pinnata
at 228 nm, 60% ACN mobile phase

The 70% ethyl alcohel leaf extracts of S. pinnata
at 228 nm, 60% ACN mobile phase
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Figure 6 — 4: The chromatograms of the leaf extracts of S. pinnata with 100% distilled water (left) and 70% ethyl alcohol ?.ﬁ__@_ The
chromatograms show a number of peaks in both the water and the ethyl alcohol extracts. 25ul of the extracts were injected into the HPLC

chamber. The time was set for 40 minutes at 25° C. 60% ACN was used as the mobile phase. The alcohol extracts show better resolved peaks
compared to the water extracts. The retention times are nearly the same, 10 minutes.






The 100% water extracts from the stem of S. pinnata

: The 70% ethyl alcohol stem extracts of S. pinnata
at 228 nm, 60% ACN mobile phase

at 228nm, 60% ACN moblie phase
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Figure 6 — 5: The chromatograms of the stem extracts with 100% distilled water (left) and 70% ethy! alcohol (right). The chromatogtams show

a number of peaks but not equally separated out. Ethyl alcohol extracts are more separated out than water extracts. 25ul of the extracts were

injected into the HPLC chamber at 25° C. The time was set for 40 minutes; 60% ACN was used as the mobile phase. The retention times are
nearly the same.






The 100% water extracts fromthe roots of S. pinnata at The 70% ethyl alcohol root extracts of of S.

228 nm, 60% ACN mobile phase pinnata at 228 nm, 60% CAN mobile phase
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Figure 6 — 6: The chromatograms of the root extracts with 100% distilled water (left) and 70% ethyl alcohol (right). The chromatograms show
at least one peak. 25ul of the extracts were injected into the HPLC chamber at 25° C. The time was set at 40 minutes with 60% ACN as the
mobile phase. The chromatograms show the dame shapes and the retention times are nearly the same.






The chromatogram of 70% ethyl alcohol used in the The chromatograms of 100% distilled water used in

extraction at 228nm, 60% ACN mobile phase. the extraction at 228nm, 60% ACN mobile phase
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Figure 6 — 7: The chromatograms of the extract solvents. Right: 100% distilled water; Left: 70% ethyl alcohol with 60% acetonitrile as the
mobile phase. 25ul of water and ethyl alcohol were injected into the HPLC chamber. The time was set 1o 40 minutes at 25° C with 60% ACN as

the mobile phase. Water and ethanol are both polar solvents. The peaks are nearly the same except that water shows bigger peaks. The retention
times are nearly the same.






Figure 6 — 2 shoWs the chromatogram of the 100 per cent distilled water (left) and 70
per cent ethyl alcohol (right) leaf extracts of C. acinaciformis. The figures show that
the water extracts have one giant peak while the ethyl alcohol extracts have at least
five peaks. There is some similarity in the retention times in the two chromatograms.

It is observed that the peaks were eluted in about 10 minutes.

Figure 6 — 3 shows the chromatograms of the stem extracts of C. acinaciformis. Both
the water (left) and the ethyl alcohol extracts (right) gave one peak. The retention

times are also the same and comparable to that in figure 6 — 2.

Figure 6 _ 4 shows the chromatograms of the leaf extracts of S. pinnata. The water
extracts have fewer peaks than the ethyl alcohol extracts. However, the retention
times are not different during elution. Figure 6 — 5 shows the chromatograms of the
stem of S. pinnata. The chromatograms did not differ considerably from those of the

leaf extracts. The root extracts of S. pinnata however gave one peak (figure 6 — 6).

The chromatograms indicated a retention time of about 10 minutes. This was uniform
in all the plant extracts indicating that the components extracted have the same

polarity (figures 6 —2t0 6 — 5).

Separation of the extracts of C. acinaciformis and S. pinnata using TLC and HPLC
methods has been carried out. Though standard elution solvents have been suggested
for TLC analysis, the most appropriate in this study was a combination of ethyl

acetate: methanol: chloroform: water in varying proportions, but the ratio of 9: 4: 2: 1
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produced the best results. Ry values (Table 6 — 1) can in future be used as a reference

to characterize each extract.

The HPLC is a very sensitive instrument and separates out each component based on
its pélarity. The retention time indicates the level of polarity with the most polar
compound eluted last and the least polar first. The mobile phase plays a great role in
the separation ‘of the plant components. While it is not the intention of this study to
clucidate the structures of the compounds eluted, it is to determine the number of
bands or peaks that form the components in the extracts at a given wavelength, and

using this method of extraction with the specific solvent combination.

Using the existing methods it was impossible to isolate the different compounds
adequately to determine the number of components accurately in each of the extracts.
However, fingerprinting is the option of choice to detect the difference in components
in the plant extracts. In this study, a number of components in the extracts of C.
acinaciformis and S. pinnata were shown as bands or peaks. It is worth mentioning
that the methods of extraction and the extraction solvents play an important role in the
separation process. A more accurate method will have to be developed specifically for

these extracts to achieve a more adequate separation of the bands with retention times.

Extracts of C. acinaciformis with distilled water or ethyl alcohol did not show discrete
bands. Spraying the plates with Ninhydrin did not show any color change of the
bands. Ninhydrin reacts with amino acids or proteins to produce pink or yellow
colors. The negative results in spraying with Ninhydrin in this study probably showed

that the extracts did not contain components of protein or amino acids in origin.
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The extraction solvents (figure 6-7) showed different chromatograms when compared

to the extracts. This suggests that there were substances extracted from the plant

materials.

Water extracts of C. acinaciformis showed one band or peak. However, ethyl alcohol
extracts of the leaves showed five major peaks. The extracts of S. pinnata with water
or ethyl alcohol from the leaves or stem showed the same bands or peaks. The roots

. have lesser bands or peaks than the leaves or stem.

6.5. The conclusion

It has been shown that these plant extracts used in traditional medicine in South
Africa contain components depicted as bands or peaks when water or 70 per cent
ethyl alcohol is used in extractions. These peaks will be given special attention in a
future study of the same plant extracts. The possible compounds in each band or peak
will be identified. It is probable that different solvents used in extraction could show
different bands or peaks. In this study it was shown that compounds were extracted
from the plant materials and that water and ethyl alcohol extract different compounds.
A difference was also noted between the different components of the same plant with

a difference noted between leaves and root extracts of S. pinnata.
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CHAPTER

VII It is not called science if research is not done and it is not
called research either if it does not contribute to science.

7. General conclusions

7.1 The guinea pig trachehl studies

The plant extracts fed to guinea pigs increase the reactivity of the tracheal muscle to
stimulation by decreasing the time to reach maximum contraction but did not increase
maximum contraction force. CAL significantly decreased the tracheal contraction in
vitro. This difference could be due to dosage differences in the two methods used. In
one, the extracts were ingested, while in the other, the extracts were added directly to

the tracheal muscle.

7.2 The determination of superoxide production

The superoxide production by guinea pig whole blood was significantly decreased
with extracts of CAL. In the isolated human neutrophils, the extracts of both plants
significantly decreased superoxide production, but that was highly decreased with leaf
extracts of S. pinnata. The high concentrations of ethanol masked the effect of the

plant extracts.

7 3 The Adenosine Triphosphate extraction from human neutrophils

The water extracts of C. acinaciformis did not show toxicity. However, when cells
were lyzed and no ATP production was expected due to cell death, increased values
were observed. The cells could have been protected by the extracts against total lyses,

which is possibly, the reason for increased ATP seen. The protective effect could be
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part of the inhibition effect that the extracts have on superoxide production of human

neutrophils. Extract from the leaves of S. pinnata showed possible toxicity.

7.4 The microbial growth assessment

The study showed the inhibition of the growth of most E. coli strains with water and
ethanol extracts of both plants for at least 24 hours, though this is not conclusive. This
suggests that the extracts of these plants are toxic to the E. coli strains. The extracts

are also probably toxic to fungi and inhibited their growth in the laboratory setting.

7.5 The chromatographic assessment

The chromatographic techniques showed the extracts of both plants from the leaves
with distilled water and ethyl alcohol contained at least one peak and at most five.
These appear as bands in TLC and peaks in HPLC. Spraying of TLC plates with
ninhydrin did not produce any color change of the bands, suggesting that the bands

contained no protein components.

Therefore the claims that the extracts of these plants are used to treat diseases of the
throat, stomach cramps and diarrhea by traditional healers in South Africa require
more research. The study concludes that the extracts of these plants have some
pharmaceutical potential. This however does not confirm their use by traditional

healers but open a new opportunity for research with a different approach.
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