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ABSTRACT

There is growing interest in the use of traditional medicine in the treatment of
various ailments that afflict humans and animals. Indeed, plants still present a
large source of novel compounds that might serve as leads for the development
of new and effective drugs. In this study, the leaves of Dicerocaryum species
were extracted exhaustively with methanol (crude extract) and further sub-
fractionated using n-hexane (D1 fraction), dichloromethane (D2 fraction), n-
butanol (D3 fraction) and H,O (D4 fraction). The resultant fractions were then
evaluated for possible anticancer, anti-oxidative and anti-inflammatory activities.
Jurkat-T cells, a lymphocyte-derived cell line, were used for the determination of
anti-proliferative activity. These cells were treated with various concentrations of
the crude, D1, D2, D3 and D4 fractions and their potential anti-proliferative and
cytotoxic properties were evaluated by microscopic enumeration of viable cells
and the MTT assay. The D2 fraction significantly inhibited the proliferation and
viability of Jurkat-T cells in a concentration- and time-dependent fashion, as
compared to the crude, D1, D3 and D4 fractions. These observations suggest
that D2 fraction contains potential anticancer compounds. The anti-proliferative
and the cytotoxic nature of the D2 fraction were shown to be due to apoptosis as
determined by Hoechst staining method. The anti-oxidant activity of the various
fractions was evaluated by their ability to reduce KsFe(CN)s, FeCl; and their
scavenging activity against DPPH. The results of the quantitative DPPH assay
suggested that the D2 fraction possesses impressive anti-oxidant activity as
compared to other fractions. In addition, the D2 fraction demonstrated significant
reducing power when assayed using KzFe(CN)g and FeCl; tests. The effects of
the D2 fraction on the inflammatory and immune responses were investigated
using PMA-activated neutrophil and PHA-activated Iymphocyte. The
inflammatory and immune response tests used included: neutrophils and
lymphocytes viability assays, oxygen consumption by PMA-activated neutrophils
(including NADPH oxidase activity assay), CR3 expression by PMA-activated
neutrophils and analysis of CD25 expression by PHA-activated lymphocytes. It
was demonstrated that the D2 fraction significantly inhibited oxygen consumption





by PMA-activated neutrophils, and also inhibited NADPH oxidase activity. These
observations suggest that D2 fraction exerts its anti-inflammatory effects by
inhibiting NADPH oxidase activity. Interestingly, there was no meaningful
alterations in the expression of CR3 (CD11b) by the PMA-activated neutrophils,
indicating that D2 fraction is unlikely to affect B,-integrin-mediated adhesion of
neutrophils to vascular endothelium, an event that occurs during inflammatory
response. The D2 fraction also inhibited the proliferative responses of
lymphocytes to PHA in a dose-dependent manner as measured by decreased
[*H]-thymidine incorporation into the DNA of these cells. The observed inhibitory
effect on mitogen-activated lymphocytes could not be attributed to the cytotoxic
effects of the D2 fraction, since the viability of the cells was unaffected at the D2
concentrations used. In addition, the expression of CD25 was evaluated under
the treatment conditions and it was found to be inhibited in a concentration-
dependent fashion, which correlated well with the inhibition of lymphocyte
proliferation. The results strongly established the promising anti-proliferative,
anti-oxidative and anti-inflammatory potential of the D2 fraction of Dicerocaryum

species.
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CHAPTER 1
1. INTRODUCTION

Natural products have a long history of providing important medical
agents. Many herbs and plants have been used by various indigenous
people around the world for their primary health care needs. Today,
traditional medicine has maintained its popularity not only in all regions of
the developing world, but also in industrialised countries. The historical
and sustained use of certain plants as therapeutic resources is taken as
proof of their efficacy, and as an indication that many of these plants can
serve as an excellent source of bioactive compounds with useful

therapeutic properties (Rates, 2001).

In response to various biotic and abiotic stresses, plants produce a high
diversity of secondary metabolites used for defense and survival.
Currently identified secondary plant metabolites exceed 100 000
substances, belonging to a variety of chemical classes, including
terpenoids, phenolics and alkaloids (Rates, 2001). These secondary
metabolites are sought after because they are purported to possess
numerous biological activities that promote positive health effects, such as
antibacterial, anticancer, antifungal, antioxidant and antiviral activities. The
secondary metabolites can also be used in the food, agricultural and

pharmaceutical industries.

The present study was undertaken to investigate the antioxidative, anti-
inflammatory and antineoplastic potential of Dicerocaryum species, which
grow widely in the sandy soils of the veld in Southern Africa. The
sprawling stems grow vigorously in summer and less so for the rest of the
year. The plant covers an area of up to 10 m? and the stems bear
distinctive fruit with two spines on the upper side. The leaves are

traditionally used not only as food, but also for treating measles, as a





cleaning aid for hair, and to facilitate births in domestic animals and
humans (Madudi et al., 1992).

1.1. The beneficial role of medicinal plants

Despite impressive progress in the synthetic chemistry and biotechnology
fields, plants are still a necessary source of medicinal preparations, both
preventive and curative. Hundreds of plant species are recognized to have
medicinal value, and many of these are commonly used to treat, and
prevent specific disorders and diseases (Srivastava et al., 1996). A
medicinal plant is part of a plant, or its precursors, that can be used to
relieve, prevent, or cure a disease; or to change the physiological and
pathological state of a person. Medicinal plants are generally used in two
different ways; firstly, as a complex mixture made of a single plant extract
containing a broad range of constituents (infusions, essential oils, or
extracts), or secondly as a multi-component mixture comprised of several
closely related biologically active compounds (Rates, 2001). Medicinal
plants contain mixtures of various chemical compounds that may act
individually, additively or in synergy to improve health. A single plant may
contain sour substances that stimulate digestion, anti-inflammatory
compounds that reduce swelling and pain, phenolic compounds that can
act as antioxidants, antibacterial and antifungal tannins that act as natural
antibiotics, diuretic substances that increase the elimination of waste
products, and toxins and alkaloids that boost mood and promote a sense
of health and well-being (Gurib-Fakim, 2006).

Recent surveys suggest that one in three Americans use dietary
supplements daily, and that this rate of usage is much higher in cancer
patients. Many of these supplements are herbal in nature. Among the
many reasons cited by the public as to why they use herbal medicines, is
the belief that botanicals will provide some measure of benefit over and

above the conventional allopathic medical approaches. Herbal products





are taken specifically in the hope of preventing disease or reducing the
effects of risk for certain diseases. Examples include the consumption of
green tea and other flavonoid-rich botanicals to take advantage of the

natural antioxidants in them.

Many botanicals and some common dietary supplements are good
sources of antioxidants and anti-inflammatory compounds. Plant species
and herbs are recognized as sources of natural antioxidants that can
protect one from oxidative stress and thus play an important role in the
chemoprevention of diseases, the etiology and pathophysiology of which
results from excessive exposure to reactive oxygen species (ROS)
(Atawodi, 2005). In the area of cancer prevention, herbs may act through
several mechanisms to provide protection. Garlic and several organosulfur
compounds derived from garlic, show strong chemopreventive activity
towards experimentally induced cancers of the skin, liver, lung and
stomach (Wargovich et al., 2001).

1.2. Medicinal plants in South Africa

South Africa has an estimated 17 million indigenous medicine consumers
that use approximately 3000 plant species in their health care needs. Most
South Africans cannot afford pharmacological drugs or herbal medicines
that are often used as adjuncts to western medicines, to provide safe,
well-tolerated remedies. South Africa is one of the richest centers of plant
diversity in the world. From this large biodiversity of medicinal plants with
broad therapeutic applications, a large number of species, containing
hundreds of diverse chemical components, have the potential to be
screened for lead active compounds that can be used for pharmacological
treatments (Van Wyk et al., 1997). The use of traditional medicine by the
majority of South Africans not only highlights the need for affordable

treatments for several serious diseases, such as AIDS, cancer, diabetes





and cardiovascular diseases, but also underscores the potential of these

remedies as a source for discovery of new drugs.

1.3. Biology of cancer

Cancer is a universal problem and is a leading cause of death worldwide.
It is a disease characterized by uncontrolled cell growth. Cancer begins
when a single cell begins to proliferate abnormally. The stages of
carcinogenesis include initiation, promotion and progression. The first
stage involves a reaction between the cancer-producing substances
(carcinogen) and the DNA of the tissue cells; there may be a genetic
susceptibility. The second stage occurs very slowly over a period ranging
from several months to years. During this stage, a change in diet and
lifestyle can have a beneficial effect. The last stage involves progression
and spread of the cancer, at which point diet may have less impact
(Reddy et al., 2003).

Cancer can occur at any age, but it is more common as people grow
older. Not all cancers, however, are confined to advancing age, as the
most tragic cancers are found in children. Although there are over one
hundred different kinds of cancer, only a few occur frequently. The most
frequent is skin cancer, followed by cancers of the lung, colon, breast, and
prostate. Agents that cause cancer (chemicals and radiation) are called

carcinogens.

Since prevention is one of the most important cancer-fighting tools, it is
important that cancer be detected as early as possible before it spreads
(Beecher, 1994). Cancer symptoms include a lump or thickening in the
breast or testicles; a change in a wart or mole; a skin sore or a persistent
sore throat that doesn't heal; a change in bowel or bladder habits; a
persistent cough or coughing blood; constant indigestion or trouble

swallowing; unusual bleeding or vaginal discharge; and chronic fatigue.





These symptoms will depend on the type and size of the cancer, its
location, and how much it affects the surrounding organs or structures
(Cooper, 1993).

Diagnosis encompasses screening, testing, and a physical examination.
Cancer chemotherapeutic agents are directed against cancerous or fully
promoted cells and seek to selectively kill the cell based on some aspect
of its aberrant biochemical equilibrium. As such, all current cancer
treatments are based on compounds that are toxic. In cancer
chemoprevention, the aim is to reduce the number of initiated cells, inhibit
the promotion of initiated cells, or even reverse the promotion itself
(Beecher, 1994). Cancer is treated by surgery, radiation and
chemotherapy, but the success of these treatments varies considerably
according to the type of cancer and how early it is detected. Since cancer
cells closely resemble normal cells, the fundamental problem in cancer
treatment is selective interference with the growth of cancer cells, while

sparing normal cells and tissues (Cooper, 1993).

One example of cancer is leukaemia which arises in the blood-forming
cells of the bone marrow and can result in the abnormal growth and
differentiation of any of the different kinds of cells within either the myeloid
or lymphoid lineages (Williams and Tobias, 1991). The incidence and
frequency of the different types of leukaemia vary according to age, sex
and race. Acute lymphoblastic leukaemia (ALL) is a disease of childhood,
acute myelogenous leukaemia (AML) is seen at all ages, chronic
myelogenous leukaemia (CML) is generally a disease of middle age, and
chronic lymphocytic leukaemia (CLL) is a disease of old age. Myeloma is
seen with increasing frequency in the years after age of 40, the median
age of onset being 65-70 years (Williams and Tobias, 1991). The causes
of leukaemia are still not known, but exposure to radiation after atomic

bombs in Japan gave conclusive evidence for the increased prevalence of





cases of leukaemia (usually AML) that peaked 5-10 years after exposure.
A number of industrial chemicals such as benzene and arsenic, certain
pharmacological agents such as chloramphenicol and phenylbutazone, as
well as genetic conditions such as Down’s syndrome also carry a risk of

leukaemia (http://www.medicinenet.com/leukaemia/article.htm).

The diagnosis of leukaemia is established by morphological, histochemical
and immunological studies of cytological preparations of cells from
peripheral blood and bone marrow. Fever, weakness and fatique, frequent
infections, loss of appetite, easy bleeding and bruising, bone or joint pain
and sweating are some of the common symptoms of leukaemia. Most
leukaemia patients are treated with chemotherapy, while others receive
radiation therapy and bone marrow transplantation (Williams and Tobias,
1991).

The types of vegetables or fruits that most often appear to be protective
against cancer are raw vegetables, followed by allium vegetables, carrots,
green vegetables, cruciferous vegetables and tomatoes. Cruciferous
vegetables such as broccoli, cauliflower and cabbage are unique in their
high content of dithiolthiones and isothiocyanates; these are organosulfur
compounds that have been shown to increase the efficiency of enzymes
involved in the detoxification of carcinogens and other unknown
compounds (Steinmetz and Potter, 1996). The allium vegetable family
includes onions, garlic and scallions that have been shown to induce
enzymatic detoxification systems. Soybeans are relatively unique in their
content of isoflavones; they areweak phytoestrogens that compete with
more potent estrogens. By binding to estrogen receptors, isoflavones may

inhibit estrogen promoted breast cancer.

Citrus fruit also contains coumarins and D-limonene which have been

shown to increase the activity of glutathione transferase, a detoxification





enzyme. Green leafy vegetables contain lutein, which is a xanthophyll
carotenoid pigment with antioxidant properties that may protect against
cancer via its ability to neutralize damaging free radicals. Orange
vegetables, such as carrots, sweet potatoes and pumpkin are relatively
rich sources of beta-carotene, as are some fruits, including papaya and
mango. Beta-carotene, like other carotenoids, possesses antioxidant
properties that may protect against free radical damage. Beta-carotene
can also be metabolized to vitamin A, which plays a role in the
differentiation of normal epithelial cells. Because lack of differentiation of
normal epithelial cells may predispose to epithelial malignancy, adequate
intake of vitamin A may help avoid the development of cancer (Steinmetz
and Potter, 1996).

1.4. Cancer in South Africa

One in six South African men and one in seven South African women will
develop cancer during their lives (http://www.health24.com/man/
medical/748-766, 14214.asp). Age, race, gender and socio-economic
status play an important part in determining the prevalence of particular
cancers. The cancers which affect South African women in order of
prevalence are breast, cervical, colo-rectal, lung and oesophageal cancer;
the cancers which commonly affect South African men are prostate, lung,
oesophageal, bladder and colo-rectal cancer, while the cancers most
prevalent amongst South African children follow a worldwide trend, being
leukaemia, brain, lymphomas, Wilm’s tumour and neuroblastoma cancers.
The changing profiles in the incidence of certain cancers in South Africa
have been attributed to urbanization, with increased consumption of meat,
refined carbohydrates, alcohol and smoking, as compared to the rural
African diet of samp, beans and vegetables, which were the perfect
combination of protein and carbohydrates with enough fibre and plant

nutrients. However, increase in oesophageal cancer has been of concern





amongst people living in rural areas. The cause of this cancer is

suspected to be aflatoxins, found in maize or mineral deficiency in the soil.

Another carcinogen is dioxin, which enters the food chain. When animals
eat contaminated plants, or when human beings consume contaminated
meat, dairy products and fish, they ingest a highly concentrated dose of

dioxin, which has been linked to several cancers (Reddy et al., 2003).

More worrying is the fact that women have become smokers in recent
decades, so the incidence of lung cancer has risen amongst them. While
breast cancer appears to be oestrogen-related, it has been reported that a
certain percentage of women who develop breast cancer, consume high
amounts of alcohol. It has been reported that women who ate healthy
diets were 30% less likely to die from cancers than those who did not
(O’keefe et al., 1999).

1.5. Apoptosis and cancer

Extensive research in the past few years has revealed that cell death,
whether at the single cell level, tissue level, or organism level, is as
important to life as survival. In effect, cell death is a process of
replacement, renewal, replenishment, regeneration and revitalization of
tissue (Zimmermann et al., 2001). Cell death keeps the cellular balance in
check by removing unwanted cells, ensuring normal development and
protecting against tumour formation and viral infection. Yet increasingly,
cell death is being implicated in a number of disorders, including cancers,
autoimmune diseases and neurodegenerative diseases (Johnston, 2002;
Nakagawa et al., 2000).

Apoptosis, also referred to as programmed cell death, is a process in
which a cell actively terminates itself by the destruction of vital cellular

components or DNA through various molecular signaling pathways. The





main characteristics of apoptosis are: organized fragmentation of DNA
before the actual cell death, collection of the DNA material within
“apoptotic bodies,” and cell shrinkage due to condensation of cytoplasm
(Wyllie, 1987). In apoptosis, cells condense and fragment into membrane-
bound apoptotic bodies, which are then ingested by phagocytes of the
immune system. Initially, cell death may increase in parallel to cell
proliferation, thereby leading to no net increase in cellular number. Should
cell death mechanisms be restricted, tumours will grow and invade local

structures.

In patients with malignant tumours, the objective of therapeutic strategies
is to equilibrate the imbalance between proliferation and degeneration.
Depending on the type and dosage of chemotherapeutic drugs, the
modality of radiotherapy and the sensitivity of the tissue, cellular damage
mostly results in arrest of the cell cycle and induction of active apoptotic
cell death response to inefficient repair of DNA.

1.6. Free Radicals and biological oxidation

Free radicals are the main focus of antioxidant and oxidative stress
research. They are reactive species (oxidants), generated intracellularly
and extracellularly, that can have adverse effects on normal physiological
function. A free radical is defined as an atom or molecule having at least
one unpaired electron. Free radicals generally abstract electrons from
other molecules, thereby inducing a chain reaction of electron abstraction
and radical formation. The most common radical in biological systems is
molecular oxygen, which has a unique molecular structure in that two of its
valence electrons are unpaired electrons of parallel spins in two
degenerate 2prr antibonding orbital. Two different forms of oxygen exist:
firstly, the triplet ground state where oxygen behaves as a stable biradical;
as a consequence of the Pauli’s exclusion principle, the reaction of the

ground-state oxygen with organic molecules is spin-forbidden, and the





oxidative degradation of biomolecules will not occur without activation of
oxygen. Secondly, the singlet oxygen state, a highly active state that is
formed when the two parallel spinning electrons are turned into antiparallel

spinning electrons by input of energy (Martinez-Cayuela, 1995).

Apoptosis
Healthy cell .
Injury to
cell
Genetic errors
T —
result from injury
Cell

attempts All errors
Some errors
remain

to repair repaired
Cell unable to

errors
repair errors

G

Additional
injury to cell

e Cell programs
2 itself to die via
apoptosis

Figure 1.1.: The Schematic representation of the process of apoptosis.

(http://ghr.nlm.nih.gov/ghr/picture/apoptosis_process).

Several different types of oxygen radical exist. Free radicals can be
generated in the form of ROS, such as superoxide anion (O2"), hydrogen
peroxide (H.0,), hydroxyl radical (OH) (Lee et al., 2004). The source of
free radicals can be both exogenous and endogenous. Examples of
exogenous sources of free radicals are: environmental insults such as
sunlight, smoking and radiation; while disease (infection), malnutrition, and
intake of chemicals and toxins such as alcohol, heavy metals, nitrous
oxide, pesticides, pollutants and certain medications promote formation of

endogenous free radicals (Martinez-Cayuela, 1995).
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Considerable evidence has accumulated to implicate cellular damage
arising from these ROS in the pathogenesis of degenerative diseases and
cancer. In living systems, free radicals are generated as part of the body’s
normal metabolic process, and the free radical chain reactions are usually
produced by the mitochondrial respiratory chain, liver mixed function
oxidases, activated leucocytes and xenobiotics. Free radicals can also
cause lipid peroxidation in foods, which leads to their deterioration. In
addition, ROS have been implicated in more than 100 diseases, including
malaria, heart diseases, and cancer, etc. The excessive production of
ROS can cause tissue injury; however, tissue injury itself can cause ROS

generation.
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Figure 1.2.: Formation of free radicals

(www.lef.org/magazine/mag98/april98_cover.html).

Nevertheless, all aerobic organisms, including human beings have

antioxidant defenses that protect against oxidative damage, as well as

11





excision and repair enzymes to remove and repair damaged molecules
(Halliwell and Gutteridge, 1999). However, these endogenous anti-
oxidative defence mechanisms can be inefficient and hence dietary intake
of antioxidant compounds is important. In carcinogenesis, ROS are
responsible for initiating the multistage carcinogenic process, starting with
DNA damage; accumulation of abnormal genetic events in one or more
cell lines leads progressively to dysplastic cellular appearance,
dysregulation of cell growth, and finally carcinoma (Atawodi, 2005).

1.7. Mechanisms of antioxidant free radical scavenging

Antioxidants are substances that retard or prevent deterioration, damage
or destruction by oxidation. Antioxidants may act by decreasing oxygen
concentration, intercepting singlet oxygen, or preventing first chain
initiation by scavenging initial radicals (Saha et al., 2004). Plants such as
fruits, vegetables and medicinal herbs contain a wide variety of free
radical scavenging molecules, such as phenolic compounds, vitamins,
terpenoids and some other endogenous metabolites, which are rich in
antioxidant activity. Epidemiological studies have shown that many of
these antioxidant compounds possess anti-inflammatory, antitumour,
antibacterial, or antiviral activities to a greater or lesser extent (Reddy et
al., 2003). The intake of natural antioxidants has been associated with
reduced risks of cancer, diabetes and other dgenerative diseases
associated with ageing. However, this remains controversial (Cai et al.,
2004).

The non-nutritive plant compounds (phytochemicals such as polyphenols
and flavonoids) exert important effects on the initiation, promotion,
progression and remission of cancer in the cell, tissue culture and
humans. The role of phytochemicals in cancer prevention and treatment is
receiving increasing attention as the focus of modern nutrition shifts away

from avoiding deficiencies to prolonging healthy life. Polyphenolics

12





commonly found in fruits, vegetables and grains combat oxidative stress in
the body and maintain the balance between oxidants and antioxidants to

improve human health (Hsu et al., 2005).

1.8. Therole of antioxidants in health and diseases

The applications of natural antioxidants are widespread in various
industries including the food and health sectors, as well as the cosmetic,
beverage, and baking industries. In recent years, there has been an
increased interest in the application of antioxidants in the health care
sector, as information is constantly gathered linking the development of

human diseases to oxidative stress. (Demming-Adams and Adams, 2002).

In biological systems, an important balance must be maintained between
formation of ROS and their removal. When there is excessive production
of free radicals, oxidative stress occurs which can lead to oxidative
damage to biomolecules, with resultant harmful changes in their structure
and function (Davies, 1999). Aging is also thought to occur as a result of a
constant exposure of organs to ROS, resulting in cumulative oxidative
damage, together with a gradually decreasing repair capacity and
increasing degenerative changes in the organs (Barnham et al., 2004,
Rikans et al., 1997). There is appreciable epidemiological evidence that
demonstrates a protective role of a high intake of natural antioxidants on

various diseases.

Oxidative damage to DNA is caused by various mechanisms and is
involved in the aetiology of several cancers, such as: stomach cancer
(Helicobacter pylori infection), lung cancer (smoking, asbestos) and
leukaemia (benzene) (Aruoma, 1996). Carcinogenesis is a process that
results in cells growing abnormally, in which the normal regulatory
mechanisms of cell division are dysfunctional (Aruoma, 1996). ROS play

an important role in carcinogenesis by inducing extensive DNA damage.
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Natural antioxidants are potential chemo-preventative agents since they
may decrease oxidative stress-induced carcinogenesis by direct

scavenging of ROS (Moure et al., 2001).

1.9. Anti-inflammatory studies

Chronic inflammation is associated with an increased incidence of
malignancy. Activated phagocytes (neutrophils) have been identified as
potential carcinogens because they oxidatively damage DNA and promote
malignant transformation in bystander cells in tissue culture. The oxidant
primarily responsible for neutrophil-induced DNA damage in neighbouring
cells is permeant H,O,, which interacts with intracellular transition metals
to generate 'OH in close proximity to DNA, this leads to oxidative damage
to guanine, adenine, thymine and cytosine, and also causes DNA strand
breaks (Johnston, 1992). Many herbal remedies and some common
dietary supplements are good sources of antioxidants and anti-
inflammatory compounds. Neutrophils represent an ideal in vitro model to
evaluate the antioxidant and anti-inflammatory properties of medicinal

plants.

1.10. Inflammation

Inflammation is usually a localized, protective response to trauma or
microbial invasion that destroys the injured tissue. It is characterized in the
acute form by the classic signs of pain, heat, redness, swelling and loss of
function (Gallin and Snyderman, 1999). The response is brought about by
a movement of phagocytes, neutrophils in particular, to an infected area.
Once activated, neutrophils destroy invading microorganisms by a variety
of microbicidal mechanisms, including phagocytosis, degranulation and
the production of toxic oxygen metabolites (reactive oxygen species)
(Gallin and Snyderman, 1999).
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In acute inflammation however, tissue injury is usually avoided because:
(a) protective inflammatory responses are self-limiting (b) phagocytes
internalize microorganisms and (c) biological antioxidant mechanisms
neutralize wayward oxidants (Anderson, 1990). Unfortunately, during
chronic or hyperacute inflammation, excessive amounts of leucocyte
products, including oxidants and proteases instead of being released into
phagosomes, are released into the extracellular surrounding where they

can cause tissue injury (Anderson, 1990; Simmon et al., 1981).

Prolongation of the inflammatory process may lead to inflammatory-
mediated tissue damage resulting in diseases, or exacerbation of
diseases, such as diabetes, atherosclerosis, Alzheimer's disease,
reperfusion injury and cancer, as well as post-infectious syndromes such
as in infectious meningitis and rheumatic fever; as well as rheumatic
diseases such as systemic lupus erythematosus (SLE) and rheumatoid
arthritis (Gallin and Snyderman, 1999).

1.11. Neutrophils

Neutrophils originate from the bone marrow through a series of mitotic
divisions that begin with the myeloblasts, which transform first to
promyelocytes then to myelocytes (Anderson, 1995; Yan and Novak,
1999). This process requires approximately seven days to be completed
and is followed by an additional seven days of post-mitotic maturation.
Neutrophils are white blood cells which contain abundant neutrally staining
granules, tiny sacs of enzymes that help kill and digest microorganisms, a
multilobed nucleus, few mitochondria, and cytosolic glycogen from which
they derive all of their energy. These cells are terminally differentiated and
do not divide or differentiate significantly once they enter the circulation

tissues.
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Neutrophils have been referred to as the first line of defense, indicating
that they are the first defensive cell type to be recruited to the site of
inflammation; however, other inflammatory cells are also present.
Neutrophils have a large arsenal of antimicrobial proteins stored in two
main types of granules. The first of these are the primary or azurophilic
granules hwich appear during development in the bone marrow, and are
lysosomes containing acid hydrolases, myeloperoxidase and lysozyme.
These granules can also contain high concentrations of the antimicrobial
proteins, defensins, seprocidins, cathelicidins and bacterial permeability
inducing protein (Roitt et al., 1998). The second group appears later
(secondary or specific granules) and contain lactoferrin in addition to
lysozyme (Raj and Dentino, 2002). Secondary granules are also notable
for their high content of membrane-associated adhesion molecules,
receptors for chemoattractants, cytokines and adhesion molecules, and
cytochrome b558 (an integral component of the phagocyte superoxide-

generating system: NADPH oxidase).

Neutrophil phagocytosis and the armoury of toxic substances cooperate
effectively to eradicate infectious pathogens. However, the very functional
characteristics of neutrophils that make them anti-pathogen effectors also
carry the potential for extensive host damage to host tissues when acute
inflammatory responses are excessive or do not resolve themselves
appropriately, which explains the tissue destructive activities associated
with many inflammatory reactions (Cheng and Kunkel, 2003; Dahigren
and Karlsson, 1999).

1.12. Neutrophil activation

Neutrophil activation is characterized by intermittent contact to the
capillary wall, to determine whether the endothelium is expressing surface
molecules that will promote a more firm contact. The adherence of

neutrophils to the vascular endothelium is a multi-step process initiated by
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rolling. The process of tethering and rolling of neutrophils along the
vascular endothelium is mediated by a family of adhesion molecules
known as the selectins. If chemoattractants are present on the vascular
endothelium, this results in firm binding due to activation of B,-integrins on
the neutrophils and is followed by the exit of these cells from the
circulation by a process known as trans-endothelial migration. Neutrophils
seek targets by sensing chemical gradients through chemotaxis, followed
by the engulfment of microorganisms by phagocytosis. Neutrophils are
activated by numerous stimuli: some of the most important neutrophil
chemoattractants include the complement component C5a, leukotriene B4
(LTBs4),  N-formyl-L-methionyl-L-leucyl-L-phenylalanine  (fMLP) and
interleukin-8 (IL-8). Each of these is likely to be released at the sites of
infection and inflammation (Peakman and Vergani, 1997).

1.13. The neutrophil NADPH Oxidase

Activation of neutrophils via the receptor-mediated interactions with
chemoattractants and opsonized microorganisms results in highly effective
generation of ROS by a process known as the respiratory burst
(phagocytosis by neutrophils), as a consequence of the assembly of the
multicomponent flavoprotein NADPH oxidase (Conner and Grisham,
1996). NADPH oxidase comprises resident membrane components and
translocatable cytosolic components: p40~H°* (PHOX for phagocyte
oxidase), p477"% p67""X p22"H9% and gp91~HO* (Babior, 1999).

QPHoX p47PHOX

In the resting cell, three of these five components p4 and

p67PHOX
p2
and specific granules, where they occur as a heterodimeric

exist in the cytosol as a complex. The other two components:

2PHOX 1PHOX

and gp9 are located in the membranes of secretory vesicles

flavohemoprotein known as cytochrome bssg. Separating these two groups

of components by distributing them between distinct subcellular

compartments guarantees that the oxidase is inactive in the resting cell.
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When the resting cell is exposed to any of a very wide variety of stimuli,
the cytosolic component p47°"°* becomes heavily phosphorylated and
the entire cytosolic complex migrates to the membrane, where it
associates with cytochrome bssg to assemble the active oxidase (Babior
1999; Kobayashi et al., 1998).

The assembled oxidase is now able to transfer electrons from the
substrate to oxygen by means of its electron-carrying prosthetic groups

and generate superoxide (O™):

NADPH + 20, NADPH NADP* + H" +2 Oy,.

>

Oxidase
When phagocytosis takes place, the plasma membrane is internalized as
the wall of the phagocytic vesicle (phagosome), with what was once the
outer membrane surface now facing the interior of the vesicle. From this
location, NADPH oxidase pours O,." into the vesicle, and the rapid
conversion of this O,." into its successor products bathes the internalized

target in a lethal mixture of corrosive oxidants (Babior, 1999).

1.14. ROS: Production and antimicrobial activity

Superoxide (0,.), a weak and unstable antimicrobial oxidant, is the
precursor of a series of potent microbicidal oxidants. Hydrogen peroxide
(H20,) is formed by spontaneous or enzymatic dismutation by superoxide
dismutase (SOD):

0o + 0, + 2H+_S-O-D_> H207 + Oy
The antimicrobial potential of H,O, is potentiated by the granule enzyme

myeloperoxidase (MPQO), which utilizes this oxidant to oxidize chloride to

the extremely potent oxidizing agent hypochlorous acid (HOCI):
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H.O,+ CI _MPO , H,O + HOCI

It has also been proposed that neutrophils transform H,O, by the iron-
catalyzed Haber-Weiss reaction to hydroxyl radicals (‘OH), the most

potent oxidant known in biological systems:

H,0,+ 0,  _Fe”/Fe* OH+OH +0;

‘OH is an extremely potent oxidant as such can react with a multitude of
oxidizable proximal targets. However, production of ‘OH by neutrophils via
this pathway has only been demonstrated in vitro in the presence of added
iron, and appears to be of little or no biological relevance given that under
physiological conditions, iron in and around neutrophils is tightly
complexed to binding proteins (Hampton et al., 1998; Ramos et al.,
1992). An alternative, transition metal-independent pathway of "‘OH
generation has, however, been described in neutrophils and involves the
interaction of O, and HOCI (Ramos et al., 1992):

HOCI+ Oy ——» OH+CI' + O3
Neutrophils also use singlet oxygen *0,, as a weapon (Stief, 2003). These
cells transform up to 20% of oxygen consumed by NADPH oxidase to
singlet oxygen by a MPO-dependent pathway involving interaction of
H,0O, and HOCI (Steinbeck et al., 1992):

H,0,+OCI — 3'0,+ CI'+ H,0
These various neutrophil-derived reactive oxidants are powerful
antimicrobial agents. However, if released extracellularly, they pose the

potential threat of oxygen toxicity to bystander host cells and tissues

during inflammatory reactions (Anderson, 1995).
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Figure 1.3. Activation of NADPH oxidase. Assembly of the enzyme and
phagosome formation are concomitant processes. Translocation of the
cytosolic oxidase components is initiated by serine phosphorylation in
p47°"* and controlled by small Rho-like GTPases (Racl, Rac2, RaplA).
This translocation leads to a conformational change in gp91P"* that
permits NADPH binding, thus activating the NADPH oxidase enzyme.
(Roos et al., 2003).

1.15. Reactive oxygen species and carcinogenesis

Chronic inflammation is associated with an increased frequency of
epithelial malignancies. Phagocytes as major sources of reactive oxidants
have been identified as potential carcinogens since they cause mutations,
breakage of DNA strands and malignant transformation of cells in
bystander tissues (Jackson et al., 1989). As mentioned earlier, hydrogen
peroxide diffuses into surrounding cells and interacts with intracellular
metals to generate hydroxyl ions in close proximity to DNA. This takes

place in the presence of iron with inevitable oxidative damage to adenine,
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thymine, cytosine and guanine leading to breakage of DNA strands. In the
case of inappropriate repair the result is gene modification, cellular

transformation and cancer (Anderson, 1995).

1.16. Chronic granulomatous disease (CGD)

This abnormality is an immunodeficiency that results from a defect in
neutrophil killing. Two thirds of cases are X-linked and the remainder has
an autosomal recessive inheritance. The functional defect is failure to
activate the respiratory burst with complete absence of production of
superoxide, hydrogen peroxide, oxidized halogens and hydroxyl radicals.
The consequence is failure of bacterial killing, which is common to all
types of chronic granulomatous disease. The estimated incidence is
1:250.000 and all ethnic groups are affected. By the age of 2 years,
children with CGD will have begun to experience infections; these typically
affect the deep tissues. Neutrophil numbers are either normal or increased
in response to current infection. Aggressive treatment of infections, with
surgical drainage of deep abscesses enhances survival (Peakman and
Vergani, 1997).

1.17. Lymphocytes subpopulation

Lymphocytes comprise about 20% of the peripheral white blood cells and
are derived from lymphoid progenitor cells in the bone marrow. They have
a large, almost spherical nucleus surrounded by a small, indistinct halo of
cytoplasm. Their most important characteristic is their ability to specifically
recognize foreign molecules (Eales, 2003). The availability of monoclonal
antibodies made it possible to classify lymphocytes according to their
surface antigens (CD) into T-cells, B-cells and NK-cells (Schwenk et al.,
2007). T lymphocytes play a central role in the immune response by virtue
of their ability to recognize antigens with a high degree of specificity, to act
as effector cells, and to regulate the nature and intensity of the immune
system (Eales, 2003).
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Figure 1.4. Possible oxidant generating reactions with stimulated
neutrophils. NOS, nitric oxide synthase; MPO, myeloperoxidase (Hampton
et al., 1998).

T-cells can be subdivided into functional subgroups according to different
surface molecules, intracellular markers, or secretion of defined molecules
such as cytokines. The most important subgroups are defined by the
surface markers CD4 and CD8. CD4 interacts with major
histocompatibility complex-1l (MHC-1I) and CD8 with MHC-I. CD4" cells
are termed T-helper cells while CD8" cells are termed cytotoxic cells.
There are also regulatory cells among CD4" cells which have a
suppressor activity on the immune response. Functionally important
subgroups of T-helper cells are the Th1l-2 and -3 cells, which originate
from interleukin 2 (IL-2) secreting ThO cells.

Thl-cells produce interferon-gamma (INF-y), IL-2 and tumour necrosis
factor beta (TNF-B) and are responsible for potentiating the activities of

cytotoxic T-cells and macrophages in defense against intracellular
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pathogens. Th2-cells secrete IL-4, -5, -10 and -13 and thereby activate B-
cells as well as eosinophils; which means that they are responsible for the
defense against soluble antigens and extracellular pathogens (Schwenk et
al.,, 2007). B-lymphocytes differentiate within the bone marrow before
being released into circulation. The primary role of these cells is the

recognition of antigens through antibodies (Peakman and Vergani, 1997).

Stimulation of lymphocytes leads to upregulation of various cell surface
markers at various stages of cellular activation, such as CD69 and CD25.
The CD25 antigen, considered to be a hallmark of cellular activation, is
present constitutively on a subset of regulatory, peripheral blood
lymphocytes while in the case of Th cells CD25 density increases in vitro,
upon activation by stimulation of the CD3 complex or by exposure to
phorbol esters (Reddy et al., 2004). Activated lymphocytes also produce
several proteins involved in regulating lymphocyte function. The spectrum
of secreted cytokines reflects the activation and differentiation status of
the cell (Reddy et al., 2004).

1.18. Rationale and aim of the study

Plants have phytochemicals with various bioactivities, including
antioxidant, anti-inflammatory and anticancer activities. For example,
several studies have reported that extracts from natural products, such as
fruits, vegetables and medicinal herbs have positive effects against
cancer. Therefore, many plants have been examined to identify new and
effective antioxidant and anticancer compounds, as well as to elucidate
the mechanisms of cancer prevention and apoptosis (Lee et al., 2003).
Since cancer in South Africa is the second leading cause of death, the
search for new biologically effective anticancer compounds is of great
importance. The ideal cancer chemopreventive agent should combine

anti-oxidative, anti-inflammatory and anti-proliferative properties.
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Extracts from Dicerocaryum species were previously screened in our
laboratory, for their antioxidant and anticancer properties, using several
methods. It was found that the plant fractions, especially the
dichloromethane/ethanol (D2) fraction inhibited growth of the Jurkat-T-cell
line in a dose-dependent manner. These fractions were also found to
possess antioxidant activities. Thus, the primary aim of this study was to
determine the anti-oxidative, anti-inflammatory and anti-neoplastic

potential of Dicerocaryum species.

Thus, the specific objectives of this study were to:
(1) Quantify and evaluate the antioxidant activity (associated with
anticancer properties) of Dicerocaryum species.
(i) Determine the anti-proliferative effects of Dicerocaryum species on
Jurkat-T cells.
(iii) Determine the apoptotic effect of the Dicerocaryum species on
Jurkat-T cells
(iv) Evaluate the anti-inflammatory properties of Dicerocaryum species
This was achieved by determining:

e oxidant production by phorbol-12-myristate-13-acetate
(PMA)-activated  neutrophils  (using lucigenin-
dependent chemiluminescence), in the presence and
absence of different concentrations of D2 fraction.

e oxygen consumption by PMA-activated neutrophils in the
presence and absence of different concentrations of D2
fraction.

e cell viability of the neutrophils in the absence and presence
of different concentrations of D2 fraction.

e CRS3 (B2-integrin) expression using PMA-
activatedneutrophils in the absence and presence of

different concentrations of D2 fraction.
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lymphocyte viability in the presence and absence of
different concentrations of D2 fraction.

CD25 expression using mitogen-activated lymphocytes in
the absence and presence of different concentrations of D2
fraction.

the effects of different concentrations of D2 fraction on

mitogen-activated lymphocyte proliferation.
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CHAPTER 2

MATERIALS AND METHODS
2.1. Materials

The following equipment was used in this project:

Blchi Rotary evaporator R-205 (Buchi Labortechnik AG,
Switzerland)

CO; incubator (NAPCO model, Instrulab cc, Johannesburg,
RSA)

Centrifuges (Model GS-6R, GS-15R, Beckman instruments Inc,
Fullerton, CA)

Light and Fluorescent microscope (Zeiss, Germany)

Liquid scintillation counter (Model TRI-CARB-2100TR, Packard
Instruments. Inc, USA)

Altra Flow cytometer (Beckman Coulter Inc, Fullerton, CA)

LKB Wallac 1251 chemiluminometer (Turku, Finland)

Three channel oxygen electrode (Model DW1, Hansatech Ltd.,
King’s Lynn, Norfolk, UK).

Chemicals of high grade, media and kits were purchased from the

following companies:

Jurkat-T cell cultures (ATCC, Rockville, USA)

RPMI-1640 media, foetal bovine serum (FBS) (Highveld
Biologicals (Pty) Ltd, Lyndhurst, RSA)

Penicillin, streptomycin and neomycin (PSN) mixture (Gibco,
Auckland, New Zealand)

Sodium chloride, Ethanol, Methanol, (Saarchem (Pty) Ltd,
Midrand, RSA)

26





2.2. Methods

2.2.1. Extraction and fractionation

The leaves of Dicerocaryum species were collected from plants growing
on the grounds of the University of Limpopo (Turfloop campus) and dried
for three days in an oven at 40°C. Dried leaves of Dicerocaryum species
were ground into powder using a pestle and mortar. The powder was
weighed and then extracted with absolute methanol by shaking for 72 h at
room temperature. After the debris had settled, the green supernatant was
filtered with a Whatman no.1 filter paper and concentrated to dryness
using a Buchi Rotavapor R-200/205 (Buchi, Switzerland). The crude
residue was weighed and resuspended in ethanol/water (30:10, v/v). The
extract was further fractionated into four fractions: n-hexane (D1 fraction),
dichloromethane (D2 fraction), n-butanol (D3 fraction) and water (D4
fraction). The fractions were concentrated by using a Blchi Rotavapor R-
200/205 and the resultant residues dissolved to appropriate
concentrations using dimethylsulphoxide (DMSO) as solvent. The
dissolved fractions were flushed with nitrogen gas and stored at -20°C for

future use.

2.2.2. Cell cultures and cell proliferation

Jurkat-T cells obtained from the American Type Culture Collection (ATCC)
were cultured and maintained in RPMI-1640 medium supplemented with
10% foetal bovine serum (FBS) in a 37°C incubator with 5%C02/95% air
atmosphere. For experimentation, cells were seeded at an appropriate cell
density and then treated with various concentrations (0-600 pg/ml) of the
crude D1, D2, D3 and D4 fractions; appropriate solvent controls (DMSO)
were included at concentration less than 0.1%. Aliquots were sampled at
different time intervals (24, 48 and 72 h) to determine the cytotoxic
potential of the various fractions using the MTT assay described below. In
addition to the MTT assay, microscopic enumeration of surviving cells, as

well as microscopic assessment of cell viability by trypan blue (0.1%)
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exclusion, were also used to determine the cytotoxic potential of the

extracts.

2.2.3. MTT assay

3-[4, 5-dimethylthiazol-2-yl]-2, 5-diphenyltetrazolium bromide (MTT) assay
is a standard colorimetric assay for measuring cellular proliferation or cell
growth. Jurkat-T cells were seeded in 96-well micro-tissue culture plates
at 1 x 10° cells/ml and exposed to various concentrations of the crude, D1,
D2, D3 and D4 fractions for 24, 48 and 72 h. Cell proliferation was
determined according to the magnitude of MTT dye reduction. In brief,
after the cells were incubated with the fractions, MTT solution (2.5 mg/ml)
was added to each well (50 pl/well). The plates were incubated for 4 h at
37°C, centrifuged at a speed of 1200 rpm for 10 min and then the
supernatants removed. The pellets were then dissolved by the addition of
100 pl of DMSO and 25 pl of glycine buffer (0.1 M Glycine, 0.1M NacCl, pH
10.5) to each well. The amount of purple formazan formed, which
represents the number of viable cells, was determined by measuring the
absorbance at 570 nm using a microtiter plate reader. The absorbance of
untreated cells was considered as 100%. The percentage survival was
calculated as follows:

% Cell Survival = Experimental absorbance values - Blank value X 100

Control (untreated cells) values - Blank value
Where;
Blank = medium + DMSO
Control = Cells, DMSO and medium

Experimental = Cells, fractions, medium and DMSO
2.2.4. Morphological evaluation of apoptosis

The pro-apoptotic potential of the D2 fraction on Jurkat-T cells was

analyzed by DNA staining. Control and D2-treated cells were washed with
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PBS and then stained with Hoechst 33258 dye at 20 pg/ml for 15 min. The
morphology of the stained nuclear DNA was observed and documented

using fluorescence microscopy.

2.2.5. TLC profiles

The constituents of the extracts were analyzed by thin Ilayer
chromatography (TLC). Drops of each stock solution from crude, D1, D2,
D3 and D4 fractions were loaded individually onto the baseline of the TLC
plate, and were then resolved with either chloroform:ethyl acetate:formic
acid, CEF (10:8:2, v/vlv), or butanol:acetic acid:water, BAW (4:1:5, v/vIv),
or ethyl acetate:methanol:water, EMW (10:1.35:1, v/v/v) depending upon
the nature of the fraction components. For detection, vanillin-sulphuric
acid (0.1 g vanillin (Sigma): 28 ml methanol: 1 ml sulphuric acid) was
sprayed onto the chromatograms and heated at 110°C for colour

development.

2.2.6. TLC-DPPH antioxidant screening

This method is generally used for the screening of potential antioxidant
activity in plant extracts. It involves the chromatographic separation of the
fractions, after which the chromatogram is sprayed with a coloured radical
solution, 2,2-diphenyl-1-picrylhydrazyl (DPPH), and the presence of
antioxidant compounds is indicated by the disappearance of the radical’s
colour. TLC was run to separate fractions as above. The TLC plate was
stained with DPPH solution as described below to visualize bands that

possess antioxidant activity.

2.2.7. DPPH radical scavenging activity assay

The DPPH radical scavenging activities of the crude, D1, D2, D3 and D4
fractions were determined according to the method described by Katsube
et al (2004). The assay involves the measurement of the disappearance

of the coloured free radical, DPPH, by spectrophotometric determination.
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A serial dilution from the 250 pg/ml stock was done using dH,O after
which 10 pl of the prepared concentrations were pipetted into the wells of
a 96-well plate. An equivalent volume of ascorbic acid (vit C) at a
concentration of 250 pg/ml was used as a positive control. One hundred
and eighty five microliters (185 ul) of DPPH solution, dissolved in a 50%
ethanol, was added to each well and the plate gently shaken for 5 min at
room temperature. The change in absorbance at 550 nm was measured
using a microtiter plate reader (Beckman Coulter, DTX 880 multimode
detector, Fullerton, CA). The percentage of scavenging activity was

measured as:

% Inhibition= [absorbance of blank sample — tested sample] x 100

[absorbance of blank sample]
Where;
Blank = DMSO and DPPH.

2.2.8. Reducing potential

The reducing potentials of the crude, D1, D2, D3 and D4 fractions were
measured using a spectrophotometric method. Various concentrations of
the fractions (0-250 pg/ml) were prepared in 100 pl of dH,O; 100 pl of 250
pg/ml vit C was used as a positive control. Two hundred and fifty
microliters (250 pl) of phosphate buffer (0.2 M, pH 6.6) and potassium
ferricyanide [K3Fe(CN)s] were added to each sample. The test samples
were incubated at 50°C for 20 min. Two hundred and fifty microliters (250
pl) of 10% TCA were added to each tube and centrifuged at 3000 rpm for
10 min. Furthermore, 250 pl of the upper layer was collected and
transferred into clean Eppendorf tubes, and then diluted with an equal
volume of dH,O. An additional 50 pl of 0.1% FeCl; was added to each
tube, mixed and 200 pl of this mixture transferred into the wells of a
microtiter plate. The absorbance was measured at 700 nm using a

microtiter plate reader.
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2.2.9. Neutrophil isolation

These cells were isolated from heparinized venous blood (5 units of
preservative-free heparin per ml of blood) from healthy adult volunteers.
Neutrophils were separated from mononuclear leukocytes by centri-
fugation on Histopaque-1077 (Sigma Diagnostics) cushions at 1800 rpm
for 25 min at room temperature. The resultant pellet was suspended in
phosphate-buffered saline (PBS, 0.15 M, pH 8.4) and sedimented with 3%
gelatin to remove most of the erythrocytes. Following centrifugation (280 x
g at 10°C for 10 min), residual erythrocytes were removed by selective
lysis with 0.83% ammonium chloride at 4°C for 10 min. The neutrophils,
which were routinely of high purity (>90%) and viability (>95%),
determined by light microscopy and fluorescence microscopy (exclusion of
ethidium bromide) respectively, were resuspended to 1 x 10’/ml in PBS

and held on ice until used.

2.2.10. Neutrophil viability

Isolated neutrophils (1x10’ cells/ml) were exposed to the D2 fraction (O,
100, 200, 400, 600 and 800 pg/ml) for 0, 15 and 30 min at 37°C before
addition of propidium iodide (Pl). The percentage cells, whose cell
membrane integrity was compromised (Pl positive), were determined by
using an Epics® Altra™ Flow Cytometer (Beckman Coulter Inc, Fullerton,
CA) fitted with a water-cooled Enterprise laser. PI intercalates into the
DNA, and cannot enter the cell if the cell membrane is intact; therefore all
Pl positive cells have a disrupted cell membrane, indicating that these

cells are not viable.

2.2.11. Oxygen consumption

Oxygen consumption by phorbol 12-myristate 13-acetate (PMA)-activated
neutrophils was measured using a three-channel oxygen electrode (Model
DW1, Hansatech Ltd., King’s Lynn, Norfolk, UK). The neutrophils (2x10°
cells/ml) were pre-incubated for 10 min in Hanks balanced salt solution
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(HBSS) in the presence and absence of the D2 fraction (50 and 100
pg/ml), followed by transfer to the sample chambers of the oxygen
electrode and addition of PMA (5 ng/ml). PO, of the cell-suspending

medium was then monitored over a 10 min time course.

2.2.12. NADPH oxidase activity in isolated neutrophil membranes

Neutrophils (1x10”cells/ml) were preincubated for 10 min at 37°C in the
absence and presence of the D2 fraction (100 pug/ml) in a final volume of
10 ml HBSS. PMA (5 ng/ml) was added and the tubes incubated for 10
min at 37°C. Following incubation, the cells were washed with ice-cold
PBS (pH 7.4) and centrifuged for 5 min at 1200 rpm. The cells were then
pelleted by centrifugation at 4°C and the pellets resuspended in 0.34 M
sucrose supplemented with 0.5 mM phenylmethylsulfonyl fluoride, PMSF
(Calbio-chem Corp., La Jolla, CA, USA) and disrupted by sonication.
Cellular debris was removed by centrifugation and the membrane fractions
in the supernatants were harvested after centrifugation at 70,000 x g for
30 min. The membrane pellets were dispersed in 1 ml sucrose and
assayed for NADPH oxidase activity using lucigenin-enhanced
chemiluminescence (LECL). Reaction mixtures (1 ml) contained lucigenin
(bis-N-methyl acridinium nitrate, 0.2 mM), membrane fractions (200 pl)
and reduced nicotinamide adenine dinucleotide phosphate (2 mM), which
was added last to initiate superoxide production. LECL responses were
recorded using a LKB Wallac 1251 chemiluminometer (Turku, Finland).
LECL readings were integrated for 11 sec intervals and recorded as

millivolts x sec™ (mV/sec).

2.2.13. CR3 expression using neutrophils

The levels of spontaneous and PMA (5 ng/ml)-activated expression of
CR3 (complement receptor 3, CD11b/CD18) on neutrophils were
measured after 15 min of treatment of the cells with the DMSO control or
with D2 at final concentrations of 100, 200, 400, 600 and 800 ug/ml). The
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cells (2 x 10°ml in HBSS) were treated with 5 ul of anti-CD11b-R-
phycoerythrin monoclonal antibody, or with an isotypic control antibody for
10 min. Analysis of CR3 expression was performed using an Epics Altra

flow cytometer (Beckman-Coulter).

2.2.14. Lymphocyte isolation

Purified human mononuclear leucocytes (MNL) were prepared from
heparinized (5 units of preservative-free heparin/ml) venous blood of
healthy adult volunteers by separation from neutrophils and red blood cells
by centrifugation on Histopaque®-1077 cushions at 1800 rpm for 25 min at
room temperature. The MNL layer was removed and washed with PBS
containing  ethylene  glycol-bis  (beta-amino-ethyl-ether)-N,N,N"N’-
tetraacetic acid (EGTA, 1 mM) to prevent cell aggregation. Cells were
centrifuged for 10 min at 1200 rpm and the remaining red blood cells
removed by lysis with 0.83% NH4CI for 10 min on ice. After centrifugation
at 1200 rpm for 10 min, the pellet was washed with PBS. The MNLs, with
a viability of >90%, were resuspended to 1x10’ cells/ml in RPMI-1640

tissue culture medium and placed on ice until use.

2.2.15. Lymphocyte viability

This method was used to measure the viability of lymphocytes in the
presence and absence of the D2 fraction. Cells were resuspended at
1x10’cells/ml in RPMI-1640 tissue culture medium. Lymphocyte (1x10°
cells/ml) suspensions were supplemented with 10% foetal calf serum
(FCS) in 15 ml tissue culture tubes in the absence (DMSO control) and
presence of the D2 fraction (25, 50 and 100 pg/ml). The tubes were then
incubated for 48 h at 37°C in a 5% CO, humidified incubator. The
percentage cells, whose cell membrane integrity was compromised (PI
positive), were determined by using a Beckman Coulter Altra Flow
cytometer fitted with a water-cooled Enterprise laser.
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2.2.16. Lymphocyte proliferation assay

This method measures the ability of lymphocytes to undergo polyclonal
proliferation when stimulated by a mitogen. Cells were resuspended at
1x10’cells/ml in RPMI-1640 tissue culture medium. Lymphocytes (1x10°
cells) in RPMI 1640 supplemented with 10% FCS (20 pl/well) were added
to the wells of 96 well flat-bottomed microtiter tissue culture plates in the
presence and absence (DMSO controls) of the D2 fraction (25, 50 and
100 pg/ml) followed by the addition of the mitogen, phytohemagglutinin
(PHA, 5 pug/ml final). The plate was agitated gently on a microplate agitator
for 5 sec and then incubated for 48 h at 37°C in a 5% CO, humidified
incubator. Lymphocyte proliferation was assessed radiometrically
according to the uptake of tritiated (*H)-thymidine (specific activity 0.2
pCi/well, Du Pont NEN, Research products, Boston, MA, USA) for 18 h,
into the newly synthesized DNA of the dividing cells. Cells were then
harvested on glass fibre filters using the PHD multi-well cell harvester
(Cambridge Technology, USA). The disks were dried using methanol,
placed in class vials followed by the addition of 4 ml scintillation fluid
(Packard Bioscience, USA). The amount of radioactivity incorporated into
DNA was measured using a liquid scintillation counter (Model TRI-CARB-
2100TR, Packard Instruments. Inc, USA) and expressed as counts per

minute (cpm).

2.2.17. Analysis of CD25 expression

The effects of the D2 fraction on PHA-mediated activation of T-
lymphocytes were also assessed according to the expression of the
surface activation marker CD25 (IL-2R), which is an alternative method to
evaluate T-cell proliferation. Lymphocytes (1x10° cells/ml) were
resuspended in RPMI-1640 supplemented with 10% FCS in the presence
and absence (DMSO control) of the D2 fraction (25, 50 and 100 pg/ml)
followed by addition of the mitogen, phytohemagglutinin (PHA, 5 pg/ml
final), and incubated for 48 h at 37°C in a 5% CO; humidified incubator.
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CD25 was detected flow cytometrically using an anti-CD25 FITC-
conjugate. Briefly, the cells were incubated for 15 min at room
temperature in the dark with anti-CD25 FITC monoclonal antibodies (mAb)
(Beckman Coulter Inc., Fullerton, CA), or anti-lgG FITC conjugate for
detection of nonspecific background staining. The Beckman Coulter Altra

Flow cytometer was used to detect up-regulation of expression of CD25.

2.3. Statistical analysis

The results of each series of experiments are expressed as the mean
values * standard error of the mean (SEM). Levels of the statistical
significance were calculated using the paired student t-test when
comparing two groups, or by analysis of variance (ANOVA) with
subsequent Tukey-Kramer multiple comparisons test for multiple groups.

P values of < 0.05 were considered significant.
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CHAPTER 3

RESULTS

3.1. Effects of the Dicerocaryum species extract on the

proliferation of Jurkat-T cells
Cytotoxicity screening models provide important preliminary data to help
select plant extracts with potential anti-neoplastic properties. The
presence of cytotoxic compounds in Dicerocaryum species was evaluated
by counting viable cells using a haemocytometer and phase contrast
microscopy, while viability was determined using a trypan blue exclusion
method. Jurkat-T cells were treated with different concentrations (0-600
pg/ml) of fractions from Dicerocaryum species for 24 h intervals. As shown
in Figure 3.1A, treatment of the cells with the crude extract resulted in a
decrease in the proliferation of Jurkat-T cells, which was dose- and time-
dependent. The decrease was evident at 200 ug/ml after 72 hr. The
effects of the D1, D2, D3 and D4 fractions are shown in Figures 3.2A-
3.5A, respectively. Of these various fractions, D2 possessed the most

potent cytotoxic/anti-proliferative effects, at a concentration of 50 ug/ml.

To confirm this inhibitory effect of the fractions on Jurkat-T cells, a viability
assay was done using the trypan blue dye exclusion method. Cells which
did not take up the stain were considered viable and those that showed
staining were considered dead. The D2 fraction strongly inhibited the
viability of Jurkat-T cells in a dose- and time-dependent manner (Figure
3.3B) as compared to the other fractions (Figures 3.1B, 3.2B, 3.4B and
3.5B). It was clear from the results that the viability of Jurkat-T cells after
treatment with the D2 fraction decreased from 50% to 30% after 48 h. The
results suggest that D2 fraction exhibited cytotoxic effects on Jurkat-T
cells. The cell counts were taken at 24 h intervals. The above
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observations were corroborated by a more sensitive MTT assay which
showed a concentration-dependent decrease in percentage cell viability
(measured as % inhibition), with the D2 fraction exerting the most potent
effect (Figure 3.6).

Because the D2 fraction was the most potent with respect to anti-
proliferative activity, it was further investigated using the Hoechst stain
method for pro-apoptotic properties. Using fluorescence microscopy, the
cells treated with various concentrations (0-200 pg/ml) of the D2 fraction
showed changes in morphologic characteristics compatible with apoptosis.
Their nuclei stained bright blue with Hoechst 33258 as compared to the
untreated cells which displayed a less bright blue colour. When cells
undergo apoptosis, the nucleus stains bright blue as the chromatin is
condensed, while nuclei of living cells stain a weak and homogenous blue
colour due to the even spread and monogranulated chromatin of non-
apoptotic cells. Condensed chromatin was also observed in D2-treated
cells, and some of them also showed apoptotic bodies which is a

characteristic of cells undergoing apoptotic death (Figure 3.7).
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Figure 3.1. The effects of different concentrations of the crude fraction on
the proliferation (A) and viability (B) of Jurkat-T cells. Jurkat-T cells were
treated with or without crude fraction for three days. DMSO was used as a
control. The results represent the mean of two independent experiments,

each done in duplicate.
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Figure 3.2. The effects of different concentrations of D1 fraction on the
proliferation (A) and viability (B) of Jurkat-T cells. Jurkat-T cells were
treated with or without various concentrations of D1 fraction for three days.
DMSO was used as control. The results represent the mean of two

independent experiments, each done in duplicate.
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Figure 3.3. The effects of different concentrations of D2 fraction on the
proliferation (A) and viability (B) of Jurkat-T cells. Jurkat-T cells were
incubated with or without D2 fraction for three days. DMSO was used as a
control. The results represent the mean of two independent experiments,

each done in duplicate.
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proliferation (A) and viability (B) of Jurkat-T cells. Jurkat-T cells were
incubated with or without various concentrations of D3 fraction for three
days. DMSO was used as a control. The results represent the mean of

two independent experiments, each done in duplicate.
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Figure 3.5. The effects of different concentrations of D4 fraction on the
proliferation (A) and viability (B) of Jurkat-T cells. Jurkat-T cells were
treated with various concentrations of D4 fraction for three days. DMSO
was used as a control. The results represent the mean of two independent

experiments, each done in duplicate.
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Figure 3.6. The effects of various fractions of Dicerocaryum species on

the proliferation of Jurkat-T cells. Jurkat-T cells were treated with various
concentrations of crude, D1, D2, D3 and D4 fractions for three days.

DMSO was used as a control. The results represent the mean of two

independent experiments, each done in duplicate. (A) 24h, (B) 48h and

(C) 72h.

43

200

250





Figure 3.7. Hoechst 33258 fluorescent staining (100X) demonstrating
apoptotic morphology in Jurkat-T cells treated with various concentrations
of the D2 fraction for 24 h. Morphological changes characteristics of cell
apoptosis included condensation of chromatin and nuclear fragmentation.
A = Control, B = 50 pg/ml (yellow arrow indicates condensation of the
chromatin), C = 100 pg/ml (red arrow shows apoptotic bodies), D = 200
pg/ml (pink arrow shows advanced apoptosis). Experimental cells were
treated for 24 h.
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3.2. Thin Layer Chromatography-DPPH detection of free

radical scavenging activity.
TLC was used for the qualitative detection of constituent compounds in
Dicerocaryum species. As shown in Figure 3.7, the D2 fraction showed
more components with strong intensities using the TLC plate system than
were observed using the CEF (10:8:2, viviv), EMW (10:1.35:1, v/v/v) and
BAW (4:1:5, viviv) solvent systems (Figure 3.8A) followed by the crude,
then the D3 fraction. The antioxidant activity of plant extracts cannot be
evaluated by only one method because of the complex nature of
phytochemicals so it is important to use several assays to evaluate the
antioxidant activity of plant extracts. The TLC-DPPH method of qualitative
antioxidant detection revealed that the D2 (R = 0.78 from BAW), crude (R¢
= 0.78) and D3 fractions possessed antioxidant activity which was
manifested by a bright yellow colour. The D3 fraction (R = 0.81) in
particular had the strongest scavenging activity (Figure 3.8B). These
observations demonstrate the presence of antioxidant compounds in
Dicerocaryum species. Because this is a qualitative method, however, a
guantitative assay was also used to evaluate the ability of the fractions to

scavenge DPPH.
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Crude D1 D2 D3 D4 Crude D1 D2 D3 D4

Figure 3.8. Chromatograms of the various Dicerocaryum plant fractions
sprayed with vanillin (A) to show compounds extracted with methanol
(crude), n-hexane (D1), dichloromethane (D2), butanol (D3) and water
(D4); and 0.2% DPPH solution (B) to indicate antioxidant activity. Note the
high antioxidant activity displayed by the D3 fraction, and the somewhat
moderate amounts in the crude and D2 fractions. Both D1 and D4

fractions exhibited no detectable antioxidant activity.
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3.3. DPPH free radical scavenging activity

The antioxidative potential of the D2 fraction was also evaluated
guantitatively using the DPPH free radical scavenging activity assay. As
shown in figure 3.8, the D2 fraction possessed a high DPPH-scavenging
activity from 62.5 pg/ml (63.8%) to 250 pg/ml (69.5%) as compared to the
other fractions; the order of potency in descending order was
D2>crude>Vitamin C>D3>D4 (Figure 3.8). Vitamin C was used as a
positive control (100x diluted) and DMSO as a negative control which
showed no scavenging activity. The reducing power of the fractions was
also evaluated.

3.4. Reducing ability

The reducing potential of the different fractions was determined by their
ability to reduce ferric ions. The presence of antioxidants with reducing
potential causes the reduction of the Fe*'-ferricyanide complex to the
ferrous form. Therefore, Fe** can be monitored by measuring the
formation of Perl’s Prussian blue at 700 nm (Oztirk et al., 2006). Figure
3.9 shows the reducing power of Dicerocaryum fractions and vitamin C
(positive control) using the potassium ferricyanide reduction method. The
reducing power of the fractions increased with increasing concentrations.
The D2 fraction showed a higher reducing power than the other fractions
in a dose-dependent fashion. However the reducing power was less than

that of vitamin C which was diluted 100x.
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Figure 3.9. DPPH radical scavenging capacity of methanol (crude, yellow
line), n-hexane (D1, orange line), dichloromethane (D2, green line),

butanol (D3, blue line) and water (D4, red line) fractions.
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Figure 3.10. Reducing power of methanol (crude, blue line), n-hexane
(D1, pink line), dichloromethane (D2, black line), butanol (D3, red line) and
water (D4, purple line) fractions, Vitamin C (positive control, 100x diluted,

brown line) and DMSO (negative control, orange line).
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3.5. Neutrophil viability

Since the D2 fraction displayed the most potent antiproliferative and
antioxidative activities, it was further investigated for its antiinflammatory
activities, using neutrophils and lymphocytes. Neutrophils, treated with the
D2 fraction for 15 min showed a significant decrease in viability at a
concentration of 400 pg/ml with 91% viable cells, while after 30 min, a
significant decrease was seen at 600 pg/ml with 89% viable cells (Figure
3.10).

3.6. Oxygen consumption

Oxygen consumption by PMA (5 ng/ml)-activated neutrophils is shown in
Figure 3.11. Addition of the D2 fraction caused a significant (*) decrease in
the magnitude of oxygen consumption by the cells as compared to the

PMA-control, which was essentially equivalent at 50 and 100 pug/mi D2.

3.7. NADPH oxidase activity

The activity of NADPH oxidase in isolated neutrophil membranes prepared
from unstimulated cells and from cells which had been treated with the D2
fraction is shown in Figure 3.12. The D2 fraction at 100 pug/ml significantly
decreased the level of NADPH oxidase activity in isolated membranes

prepared from PMA-activated neutrophils.

3.8. CRS3 expression

The results indicate that the D2 fraction increased CR3 expression on
unstimulated neutrophils, but did not significantly affect CR3 expression
on cells activated with PMA (Figure 3.13).
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Figure 3.11. Viability of neutrophils after exposure to various
concentrations of the D2 fraction (0, 100, 200, 400, 600, and 800 pg/ml)
for 0, 15 and 30 min at 37°C before addition of propidium iodide (Pl). The
results represent five different experiments expressed as mean values +
SEM. *Statistically significant (P<0.05).
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Figure 3.12. Oxygen consumption by PMA-activated neutrophils in the
presence and absence of the D2 fraction. PMA was used at a
concentration of 5 ng/ml and the fraction at 50 and 100 pg/ml.

*Statistically significant (P<0.05).
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Figure 3.13. The effect of the D2 fraction on the activity of membrane
NADPH oxidase was measured using lucigenin-enhanced
chemiluminescence (LECL). Neutrophils were activated using 5 ng/ml
PMA in the presence and absence of 100 pg/ml D2 fraction.

*Statistically significant (P<0.05).
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Figure 3.14. Expression of complement receptor-3 (CR3) on unstimulated
and PMA (5 ng/ml)-activated neutrophils in the presence and absence of
the D2 fraction. The results are representative of six different experiments

expressed as mean values + SEM. *Statistically significant (P<0.05).
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3.9. Lymphocyte viability

The results are shown in Figure 3.14. Treatment of lymphocytes with the
D2 fraction at concentrations of 25, 50 and 100 pg/ml for 48 hours did not
result in detectable uptake of propidium iodide measured flow
cytometrically. These results demonstrate lack of cytotoxic effects of D2 at
concentrations of up to 100 ug/ml on lymphocytes. The final concentration
of the DMSO used in the controls and experimental cultures was less than
0.1%.

3.10. Lymphocyte proliferation

The ability of lymphocytes to undergo proliferation when stimulated by the
mitogen PHA (5 pg/ml) in the presence and absence of the D2 fraction
was investigated. Proliferation was assessed radiometrically according to
the magnitude of uptake of tritiated thymidine into the newly synthesized
DNA of the dividing cells. As shown in Figure 3.15, the D2 fraction exerted
significant dose-related inhibitory effects on the proliferative response of

PHA-activated lymphocytes.

3.11. CD25 expression

The effects of the D2 fraction on the functional responses of PHA-
activated lymphocytes were also assessed according to the expression of
the surface activation marker CD25 (IL-2R), which is an alternative
method to evaluate T-cell proliferation. CD25 is a 55kDa a-subunit of the
IL-2 receptor complex, expression of which is necessary for generation of
high affinity of IL-2 receptors (Mckay et al., 1996). CD25 are expressed on
activated lymphocytes. As shown in Figure 3.16, CD25 was barely
detectable on resting lymphocytes and unaffected by D2. The level of

expression of CD25 increased significantly 48 hours after activation of the

55





cells with PHA and was significantly decreased by treatment of the cells

with 100 pg/ml D2 fraction.
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Figure 3.15. Viability of lymphocytes in the presence and absence of the
D2 fraction. The results are representative of five independent

experiments presented as the mean values + SEM.
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Figure 3.16. The effects of the D2 fraction (25, 50 and 100 ug/ml) on
PHA-activated lymphocyte proliferation. The results of four different
experiments are presented as the mean values + SEM. *Statistically

significant (P<0.05).
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Figure 3.17. CD25 expression on unstimulated and mitogen-activated
lymphocytes. Lymphocytes were incubated in the presence and absence
of the D2 fraction for 48 hours at 37°C (25, 50 and 100 pg/ml).
*Statistically significant (P<0.05).
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CHAPTER 4

DISCUSSION

It is well-recognised that most indigenous plants have many
phytochemicals with various bioactivities including anti-oxidative, anti-
inflammatory and anticancer activities. Many studies have reported that
extracts from natural products, such as fruits, vegetables and medicinal
herbs have protective effects against cancer (Lee et al., 2004). Hence,
many plants have been examined as a strategy to identify new and
effective compounds to prevent or cure cancer. The leaves of
Dicerocaryum species have been traditionally used not only as food, but
also as a shampoo, as well as for treating measles and to facilitate births
(Madudi et al., 1992). In this study, the leaves of Dicerocaryum species
were fractionated with various solvents and the extracts evaluated for

anticancer, anti-oxidative and anti-inflammatory activities.

Cytotoxicity screening provides important preliminary data to help select
plant extracts with potential anti-neoplastic properties for future
investigation (Itharat et al., 2004). In order to evaluate the anti-proliferative
activity of Dicerocaryum species, cancerous cells were treated with
various concentrations of crude, D1, D2, D3 and D4 fractions. The D2
fraction significantly inhibited the proliferation of Jurkat-T cells in a
concentration- and time-dependent fashion, as compared to the crude,
D1, D3 and D4 fractions. This observation was confirmed by the viability
assay using the trypan blue dye exclusion method, the results of which
showed that the D2 fraction not only inhibited the proliferation of the
experimental cell cultures, but also decreased the percentage of viable
cells in a concentration- and time-dependent manner. The above
observations were further corroborated by a more sensitive MTT assay,
which showed that D2 fraction displays more potent antiproliferative
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activity that the other fractions. Thus, the D2 fraction displayed strong
antiproliferative effects on Jurkat-T cells, suggesting that this fraction

contains potential anticancer compounds.

To investigate whether the antiproliferative and cytotoxic effects of D2 on
Jurkat-T cells were a result of apoptosis, the morphology of the cell line in
the presence and absence of D2 fraction for 24 h was studied, using the
Hoechst stain. Morphological changes, indicative of the advent of
apoptosis, were observed by fluorescence microscopy which showed
apoptotic bodies and condensation of the chromatin. These hallmark
features of apoptosis suggested that the D2 fraction caused apoptosis of
Jurkat-T cells. Thus, the results suggest that the D2 fraction induces
apoptotic cell death. Interestingly, the D2 fraction at concentrations of up
to 100 pg/ml was not cytotoxic for normal, unstimulated, human
lymphocytes, suggestive of a selective, cytotoxic effect on neoplastic cells.

However, this requires further investigation and confirmation.

Due to the lack of knowledge about the chemical composition of plant
extracts, TLC served as qualitative, screening method to characterize the
constituents of plants. It also enables comparison of the chemical
composition of different fractions using different solvents. TLC separation
of the fractions showed that the D2 fraction has more compounds when

sprayed with vanillin (Figure 3.7A) as compared to the other fractions.

Subsequent investigations were focussed on the anti-oxidative potential of
the D2 fraction. Free radicals and reactive oxygen species (ROS)
generated endogenously and exogenously are associated with the
pathogenesis of various diseases such as atherosclerosis, diabetes,
cancer, arthritis and the aging process (Halliwell and Gutteridge, 1999).
Many natural products are available as chemoprotective agents against

common cancers worldwide, and many of these are powerful antioxidants

61





(Trouillas et al., 2003). These natural products, many of which are
phenolic compounds, are found in vegetables, fruits, plant extracts and
herbs. Although the mechanism of their protective effect is unclear, the
fact that the consumption of fruits and vegetables lowers the incidence of
carcinogenesis is broadly supported (Reddy et al., 2003). Antioxidative
properties are generally considered to confer beneficial, chemopreventive

properties on a molecule.

The antioxidant activities of the various fractions were measured using
TLC-DPPH, and a DPPH spectrophotometric assay based on the
scavenging of the stable DPPH free radical, while the Fe®*'-Fe?" reductive
method was used to determine the reducing potential of the fractions.
Different antioxidant assays are used to facilitate the screening and
identification of the antioxidative activity of plant fractions in comparison
with that of known, stable antioxidants. Because antioxidants can act by
different mechanisms, and more than one mechanism can be involved, it
is possible for an antioxidant to protect in one system, but fail in another.
Therefore, antioxidant activity must be evaluated using different test
methods (Arouma, 2003).

The free radical scavenging activities of the plant fractions were evaluated
according to their ability to scavenge synthetic DPPH. This assay provides
useful information on the reactivity of the compounds with stable free
radicals. Vitamin C was used as comparator because it is known to be the
most abundant and effective water-soluble antioxidant in the body. The
TLC-DPPH antioxidant method was used to screen fractions in order to
indicate which of these had potential antioxidant activity which merited
further investigation. After the plates were sprayed with the DPPH
solution, few spots with strong intensity yellow colour appeared. The D3
fraction showed a strong yellow colour followed by D2> crude> D1> D4

fractions. The intensity of the yellow colour depends on the quantity and
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nature of the compound present at that area. The TLC-DPPH method was
also used to quantify the antioxidant activity of the crude, D1, D2, D3 and

D4 fractions.

The quantitative DPPH spectrophotometric method is a rapid and low cost
method commonly used in antioxidant studies. An antioxidant molecule
present in plant extracts can quench the DPPH free radicals by providing
a hydrogen atom or by donating an electron (Bondet et al., 1997). The
results of the quantitative DPPH assay suggest that the D2 fraction of
Dicerocaryum species possesses impressive antioxidant scavenging
activity in comparison to, D1, D3, D4 and vitamin C. Comparison of these
results showed a contradictory relationship between the activities
measured by the TLC-DPPH screening method and the quantitative
DPPH spectrophotometric assay. The D3 fraction showed strong
scavenging activity in the TLC-DPPH assay compared to the other
fractions, while in the quantitative DPPH assay, the D2 fraction was the
one which displayed the strongest antioxidative activity, possibly because

of the synergistic behaviour of compounds present in the D2 fraction.

The aforementioned methods focused on the radical scavenging activity of
antioxidants extracted from the fractions. However, the antioxidant
activities of natural antioxidants may also result from their reducing power,
in that the compounds may act by donating electrons to free radicals and
convert them to more stable products. The reducing power of a compound
may serve as a significant indicator of its potential antioxidant activity
(Rajeshwar et al., 2005). The D2 fraction showed significant reducing
power when assayed using the potassium ferricyanide test (Figure 3.9).
This fraction also demonstrated the ability to convert FeCl from the ferric
to the ferrous state, a feature indicative of hydrogen-donating potential
(Rajeshwar et al., 2005). In this study, the D2 fraction was found to have

various radical scavenging activities that could be due to the presence of a
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number of phenolic compounds. However, considering that the fraction is
not a pure compound, the active compound is likely to be a strong
antioxidant. Further work needs to be undertaken to confirm the
antioxidant properties of this fraction by using other antioxidant
assessment methods, as well as to characterize and identify the active

agent or agents.

Inflammation is a complex process and ROS play an important role in the
pathogenesis of inflammatory diseases (Conner and Grisham, 1996).
Neutrophils and macrophages are known to play vital roles in acute and
chronic inflammation, respectively. During inflammation, a marked
recruitment and activation of inflammatory cells including neutrophils is
noted. Activation of these phagocytes leads to generation and release of
reactive oxygen species (ROS) such as superoxide anion radical,
hydrogen peroxide and hypochlorous acid (Weiss and Lobuglio, 1982).
These ROS can influence the carcinogenic process by oxidatively
damaging DNA and promoting malignant transformation in bystander cells
(Jackson et al., 1989).

Since the D2 fraction was the one which showed meaningful activity on
the proliferation of cancer cells and had strong antioxidant activity, its
effects on inflammatory and immune responses, using neutrophils and
lymphocytes, were also investigated. The D2 fraction is not a pure fraction
and is green in colour due to residual chlorophyll; hence there were colour
interferences with most of the methods currently used to evaluate the
prooxidative activities of neutrophils, especially chemiluminescence
assays. Because of this, assays were used which were unaffected by the
colour of D2.

Upon activation, neutrophils take up large quantities of oxygen in order to

produce superoxide. This reaction is critically dependent on the
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membrane NADPH oxidase of the cell. In this study, the D2 fraction (50
and 100 pg/ml) significantly inhibited oxygen consumption by neutrophils
activated with PMA. This was confirmed by the inhibition of NADPH
oxidase activity by the D2 fraction; these effects were observed using
isolated membranes prepared from PMA-activated neutrophils. In these
experiments, neutrophils were pre-treated with the D2 fraction, activated
with PMA, sonicated and the membranes obtained by ultracentrifugation.
A chemiluminescence assay showed that the D2 fraction inhibited
superoxide production by the isolated membranes, suggesting that this
fraction exert its anti-inflammatory effects by inhibiting NADPH oxidase
activity. These effects were not due to cytotoxicity of the fraction, but
rather to direct inhibitory effects on NADPH oxidase. Importantly, the
ability of the D2 fraction to inhibit NADPH oxidase activation and oxygen
consumption by neutrophils represents an additional mechanism of anti-
oxidative activity which is unrelated to oxidant-scavenging mechanisms.
Interference with the activity of NADPH oxidase suppresses the
generation of the full spectrum of phagocyte-derived ROS (superoxide,
hydrogen peroxide, hydroxyl radical, singlet oxygen, hypochlorous acid,
peroxynitrite). Because of the involvement of phagocyte-derived ROS in
inflammation-mediated tissue damage and carcinogenesis, the inhibitory

effects of D2 on NADPH oxidase may be of particular significance.

Neutrophil attachment to vascular endothelium is dependent upon the
recognition by surface adhesion molecules such as the B.—integrins
(CD11/CD18 glycoprotein complex) and L-selectin of counter-receptors on
endothelial cells (Macey et al., 1994). Activation of neutrophils by
inflammatory stimuli increases the expression of CD11b, also known as
CR3. However, no meaningful alterations in the expression of CR3 by
PMA-activated neutrophils were observed, indicating that D2 is unlikely to
affect p2-integrin-mediated adhesion of neutrophils to vascular

endothelium.
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The D2 fraction caused inhibition of the proliferative responses of
lymphocytes to the mitogen, PHA, in a dose-dependent manner as
measured by decreased [*H]-thymidine incorporation into the DNA of
these cells. Importantly, the inhibitory effects of D2 on mitogen-activated
lymphocyte proliferation observed in this study could not be attributed to
cytotoxic effects, because the viability of the cells was examined and was
unaffected at the concentrations of D2 used in these studies.

Activated, proliferating lymphocytes express a number of molecules,
namely, CD25, CD69 and CD71, which are usually expressed minimally,
or are even absent on resting cells (Caruso et al., 1997). The response of
lymphocytes to mitogenic stimulation was also monitored by flow
cytometric detection of the expression of CD25 (also known as the IL-2
receptor on the cell surface). It was found that the expression of CD25
was inhibited in a dose-dependent manner by D2, which correlated well

with the inhibition of lymphocyte proliferation.

The mechanisms that underpin the inhibitory effects of D2 on NADPH
oxidase activation in stimulated neutrophils, as well as the mitogen-
activated proliferative responses of T-lymphocytes have not been
established. Future investigations will focus not only on unravelling these
mechanisms, but also on molecular characterization of the active
components of D2. Irrespective of the underlying mechanisms of action
and precise identification of the active entities present in D2, the results of
the current study have established the promising anti-proliferative, anti-
oxidative and anti-inflammatory potential of the D2 fraction of
Dicerocaryum species. With respect to chemoprevention of cancer, as
well as other disorders, particularly chronic inflammatory diseases, this
represents a particularly attractive and promising combination of biological

activities.
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APPENDIX A

Preparation of reagents:

1. 0.83% Ammonium Chloride (NH4ClI)
16.6 g NH4Cl (Merck, Germany)
2.0 g NaHCO3; (Merck, Germany)
148 mg EDTA (Sigma, USA)
2 L dH,0

2. Histopaque

Commercial Histopaque®-1077 solution (Sigma)

3. Hank’s balanced salt solution (HBSS)
Commercial solution used at pH 7.4, supplied by Highveld
Biological (Kelvin, RSA). The HBSS contained MgSO,, CacCls,
Hepes (20 mM) and NaHCOg3, no phenol red.

4. Phosphate-buffered salt solution (PBS)
0.923 g FTA (hemagglutination) (BBL, Beckton Dickinson,
Cockeysville, USA)
100 ml dH,0O, pH 7.4

5. Heparin (500 units/ml)
90 mg preservative-free Heparin (Sigma)
30 ml dH-0, filter sterilize

6. Counting fluid
0.1 ml of 0.1% (100 mg/100 ml) Gentian violet
2 ml glacial acetic acid
100 ml dH,0
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7. 3% Gelatin
3 g gelatin
100 ml PBS
Dissolve by heating and stirring often and cool down to 37°C before use.
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