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Blunt et al. 2006 have recently shown that sponges closely followed by micro-
organisms, coelenterates and tunicates (ascidians) are the primary source of
bioactive metabolites in the marine environment. Interestingly, anti-cancer activity
dominates the bioactivity reported for the secondary metabolites isolated from all four
of these phyla and there are currently 21 sponge and tunicate metabolites in pre-

clinical or clinical trials as potential anti-cancer treatments (Figure 1.7.) (46).
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Figure 1.7. Bioactive marine compounds.

The activity of marine compounds identified in 2003 from various phyla. Activity includes
antimicrobial (AM), antioxidant (AO), in vivo (IV) — including assays against brine shrimp and
sea urchin eggs, anticancer (AC) including a range of assays including cytotoxicity, antimitotic,
kinase and DNA binding assays, and other activity (Other) including antiviral, antifouling,

feeding deterrant and ion channel assays. (Figure from Blunt et al. (47))

However, despite the promising results obtained in preliminary screens, very few
marine compounds have reached the market, or even clinical trials, due to several
problems. Chief among these is the issue of supply. The source organism may be
extremely sparse, and yield of the active compound is often low (46;48). An obvious
solution to this problem is mariculture, but many marine organisms grow slowly, and

thus this approach would not be feasible for production of the large quantities of
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compound that would be needed for clinical trials and later commercialisation.
Recent identification of symbiotic organisms as the source of several bioactive
compounds offers the option of fermentation to produce active compounds. Many
marine organisms are filter feeders, and thus concentrate large numbers of bacteria.
Recent studies have shown a huge genetic diversity present in the sea — especially
the deep sea — this presents a potential source of new microorganisms that may in
turn have huge numbers of unique compounds (49). However, identification of the
source microorganisms, and optimization of culture conditions to produce the

compound of interest present their own challenges.

Despite these challenges, more compounds of marine origin are entering clinical
trials, with a total of 44 marine compounds in clinical trials in 2004 (38). At present
Ziconotide, a conotoxin identified from cone snail venom, is the only licenced marine
compound (for the treatment of chronic pain), but many other compounds are in
trials, with 13 new compounds entering trials in the last 6 years (2000 — 2005), all for
cancer treatment (50), and 21 sponge and tunicate metabolites currently in pre-

clinical or clinical trials as potential anti-cancer treatments (46).

Didemnin B was the first marine-sourced compound fo enter clinical trials. It is a
cyclic depsipeptide isolated from the tunicate Trididemnum solidum, and acts by
inhibiting protein synthesis and introducing a cell cycle block in G1 phase. However,
severe neuromuscular toxicity was observed, and trials were discontinued. More
recently a related depsipeptide (aplidine) has been evaluated, and shows activity
against a range of tumour types, and does not display as severe side effects (51).

One of the most promising drug candidates from a marine organism is ET-743. This
is a member of a class of compounds called ecteinascidins, all isolated from the
tunicate Ecteinascidia turbinate. ET-743 has activity against most tumour cell lines in
the nanomolar and sub-nanomolar ranges. Activity is related to its ability to
selectively alkylate guanine residues in the minor groove, and also interact with DNA-
binding proteins, and this compound has been tested against a range of tumours (52-
54).

Another highly promising group of marine compounds are the dolostatins. These are
peptidic compounds which have cytotoxic activity. The most active of the group —
dolosatin 10 has entered clinical trials, but has failed to show significant activity,

despite high in vitro activity. Currently research is focusing on identifying analogues
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that may have higher activity in vivo, and two of these — soblidotin and synthadotin -

are also in clinical trials (50).

Regardless of the source of their material, researchers developing novel

chemotherapeutic agents to treat cancer have a particular interest in understanding
the mechanism of action of their active agents. This understanding can facilitate the
design of more effective agents, and the knowledge of a molecular target can assist

the clinical trial process.
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1.5.  General principles of chemotherapy

Over the years anti-cancer agents have been classed into several major categories,
based on their mechanism of action. These include tubulin interactive antimitotics,
DNA damaging agents, antimetabolites, alkylating agents, topoisomerase inhibitors
and DNA binders. 5-fluorouracil, discussed above, is a member of the antimetabolite
class of anti-cancer agents. Discussed briefly below are the mechanisms of action of

a few of these classes, with examples of these agents.
1.5.1. Tubulin and actin inhibitors

Tubulin and actin are the main cytoskeletal proteins in the cell, and both play
important roles in cellular structure, motility and division. Tubulin plays a particularly
important role in mitosis, forming the mitotic spindle along which the condensed

chromosomes migrate to opposite sides of the cell prior to cell division (55).

Both tubulin and actin are constantly remodeled. Both molecules form polymeric
chains, that are continually restructured by the addition or removal of more tubulin or
actin subunits. Molecules that inhibit either the polymerization, or the
depolymerisation of tubulin generally cause cell cycle arrest in G2, at the

metaphase/anaphase transition (40).

The vinca alkaloids were one of the first classes of compounds found to interact with
tubulin. Taxo! was also discovered to inhibit tubulin dynamics, but stabilizes tubulin in
the polymerized form rather than the depolymerised form. Other tubulin-interacting

agents include colchicine, nocodazole, cryptophycins, estramustine. A more recently

discovered compound is the marine natural product discodermolide (56).

While the majority of antitumor molecules targeting the cytoskeleton interact with
tubulin, actin also presents an attractive therapeutic target. Actin binding molecules
include the cytochalasins, which were the first group of actin inhibiting compounds
described. Many actin-inhibiting agents are being isolated from the marine
environment, including the latrunculins {macrolides) (40), jasplakinolide (a
cyclodepsipeptide) (57), and swinholide (a dilactone macrolide) (58).
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1.5.2. DNA damaging agents

DNA damage is an event that on first examination would not seem to be selective
against cancer cells. However, damage to DNA can have far more serious effects on
cancer cells than on normal cells due to changes in cellular processes such as DNA

repair, increased cycling, and increased transcription.

Many chemotherapeutic agents have been shown to interact with DNA, and there are
many kinds of interactions that can cause cellular effects. Some agents simply bind
to DNA, blocking the access of various proteins to DNA, thus preventing DNA
transcription, unwinding by topoisomerases, and repair. Other agents directly modify
DNA, causing mutations and damage. Types of alterations include alkylation, and
crosslinking (59).

The earliest DNA targeting molecules were also the earliest anti-cancer agents - in
World War 2, an accident that involved exposure to nitrogen mustard gas in oil-based
solution led to a large number of soldiers exposed to this mixture developing
lymphotoxic symptoms. This was later established to be due to the DNA alkylating
activity of the nitrogen mustard gas, with the feature of targeting tissues with high
proliferative indexes. This suggested a possible method of targeting rapidly dividing

tumours, and was used to successfully treat lymphomas (59).

Other DNA interacting agents include cisplatin (discussed in detail above),

doxorubicin, mitomycin C and ET743.

Some of the more recent agents targeting DNA are far more specific in their activity,
and are a direct consequence of our increased understanding of DNA structure and
function. The structure of DNA is far more complex than a simple double-stranded

helix, and the secondary structures formed by DNA serve as highly selective targets

for designed DNA interactive agents (60).
1.5.3. Reactive oxygen species production

Reactive oxygen species (ROS) are produced by a range of chemicals, exposure {o
radiation (UV etfc.), as well as during normal cellular metabolism. ROS are a form of
free radicals, and includes hydrogen peroxide, superoxide radical, hydroxyl radicals,

and singlet oxygen, among others. There are also reactive nitrogen species and
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reactive sulphur species. All free radicals include one or more unpaired electrons
(81), and thus can react with biological molecules such as DNA, proteins and lipids.
They can cause extensive damage to a cell, and cellular antioxidants such as
superoxide dismutase (SOD) and catalase as well as the glutathione and thioredoxin

systems exist specificaily to deal with this stress.

ROS production has been shown to be a factor in the activity of a variety of
chemotherapeutic agents, including doxorubicin (62;63), fenretinide (64) and
paclitaxel (65). ROS generation by chemotherapeutic agents is a good strategy since
many tumours are already under increased oxidative stress, with many tumours
having been shown to have both lower levels of antioxidant enzymes and increased
leveis of reactive oxygen species (66). Thus a slight increase in ROS, that will be
tolerated by normal cells (with the exception of some tissues that are also under

oxidative stress), will have far greater effects on cancer cells and may lead to cell

death (67).

ROS production by chemotherapeutic agents can also be the cause of side effects -
for example, the cardiotoxicity associated with doxorubicin has been linked to ROS

damage to the cardiac endothelium, a location which has low levels of antioxidant

enzymes (68).
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1.6. Cell death

The ultimate aim of any chemotherapy is to preferentially kill cancer cells. However,
the consequences of cell death of a large number of cells in the body may be
detrimental, especially if cell death is via the necrotic pathway. Necrotic cell death
leads to inflammation and tissue injury, and thus the more desirable type of cell death

for chemotherapeutic agents to cause is apoptosis.

1.6.1. Apoptosis

Apoptosis is also known as programmed cell death, reflecting the orderly chain of
events that occurs leading to cell death. Apoptotis differs markedly to necrosis, where
dying cells “explode”, releasing cell contents into the surrounding environment.
Apoptotic cell death neatly breaks down the constituents of the cell, and packages
them into discreet apoptotic bodies, which are then phagocytosed (69,;70).

The process of apoptosis is carried out by a group of caspases (cysteine proteases),
and is tightly controlled. Several pathways can be activated leading to apoptosis, but
the two most well characterized are the death receptor mediated pathway and the

mitochondrial pathway (Figure 1.8.).

The death receptor mediated pathway is activated when a ligand for the death
receptor binds. This then causes cleavage of caspase 8, which can then cleave (and
activate) the effector caspase 3. An example of a death receptor ligand is TNFa

(tumour necrosis factor a) which binds to the TNF receptor (TNFR) {(71).

A key event in the mitochondrial pathway is the permeabilisation of the mitochondrial
membrane, triggered by an alteration in the levels of the pro and antiapoptotic BCL2
molecules. This releases a number of proapoptotic factors into the cytoplasm
including cytochrome ¢, which binds and alters the conformation of APAF1 (apoptotic
protease activating factor 1). APAF1 binds and cleaves procaspase 9, and activated

caspase 9 then activates caspase 3 (70).

Both the death receptor pathway and the mitochondrial pathway ultimately result in
the activation of caspase 3, which plays an important role in the disassembly of the
cell (71).
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Figure 1.8. Apoptosis pathways.

Apoptosis can occur following signalling from either the death receptors or the mitochondria.
The mitochondrial pathway involves release from the mitochondria of cytochrome c, following a
complex interplay of pro- and —anti-apoptotic stimuli. Cytochrome c then binds APAF1, which
leads to the cleavage of procaspase-9 to caspase-9, which in turn activates caspase-3.

The death-receptor pathway involves binding of a death receptor ligand to the death receptor,
which leads to activation of caspase-8. This in turn leads to activation of caspase-3.
Caspase-3 is an effector caspase which mediates many of the cellular events observed in

apoptosis. (Figure from Bremer et al. (71))
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1.6.2. Necrosis

Necrosis is a form of cell death where cells swell, and eventually lyse. Necrosis can
be caused by a variety of stimuli including hypoxia, infection with microorganisms
and immune responses. Necrosis plays an important role in preventing reproduction

of pathogens, and recruiting an immune response (72).

Evidence suggests that necrosis will also occur under conditions that would normally
result in apoptosis if the cell has insufficient energy (ATP). Thus necrosis presents an

alternative pathway to allow cell death.

1.6.3. Autophagy

Autophagy was originally described as a method of cell survival under starvation
conditions, and is literally a process of cell autocannibalism, where autophagic
vacuoles form in the cell to digest cellular components, releasing essential nutrients
for cellular processes (70;73). As a starvation response, autophagy is only seen
when cells are stressed, and thus there is great debate as to whether this is a
survival pathway or a death pathway in mammalian cells. Theoretically, if nutrients
are returned to cells undergoing autophagy, they should recover, but if starvation
conditions continue, autophagy will eventually lead to death. Some evidence
suggests that autophagy is another alternative to apoptosis under low energy
conditions {74).
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1.7. Project plan

There is obviously a need for new chemotherapeutic agents to treat oesophageal
cancer. In this project we attempted to identify novel compounds that might serve

as new drug leads for the treatment of this disease.

The objectives of this study were as follows :

1. Establish a screening program, similar in approach to the NCI 60-cell line
screen, using oesophageal cancer cell lines to identify compounds that may

be of use as chemotherapeutic agents for oesophageal cancer.

2. Screen marine extracts, and supply cytotoxicity data to assist with activity-

directed fractionation of active compounds.

3. ldentify novel compounds active against oesophageal cancer, and assess

their mechanism of action.
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CHAPTER 2

SCREENING OF MARINE SAMPLES FROM
SOUTHERN AFRICAN WATERS

2.1, introduction

As outlined in Chapter 1, the marine environment holds great promise as a source of
novel natural products (secondary metabolites). In the southern African context the
approximately 3000 km long coastline, stretching from Namibia in the west to
southern Mozambique in the east, is inhabited by a rich diversity of natural product
producing marine organisms (including invertebrates, algae, and marine
microorganisms). This rich biodiversity stems from the three different biogeographical
zones which characterize this stretch of coastline — the cool temperate west coast,
the warm temperate southeast coast, and the subtropical east coast. (75). Each of
these bio-geographical zones sustains distinct populations of marine flora and fauna
and of the over 10 000 species of marine organisms recorded off the southern
African coast, a large proportion (ca 12 %) are reported to be endemic to the region
(75;76). Associated with high levels of marine invertebrate endemism are
concomitant high levels of novel secondary metabolite chemical structural diversity
which in turn suggests a high possibility of novel bicactivity (including biomedical
potential) (77). The marine life of southern Africa and its associated natural product
diversity therefore represents an as yet relatively untapped source of bicactive

biomolecules.

This potential was recognized over three decades ago in a South African government
report, entitled ‘Drugs from the Sea’, which stated, “very little attention has yet been
paid in South Africa to the recovery of drugs from the sea. This field offers exciting
and rewarding challenges to South African scientists. Once research brings down the
unit cost, the sea may offer a vast potential for the production of drugs for South
Africa.” (78). Prior to this report, research into marine chemistry in South Africa had
been limited to marine phospholipids, long chain fatty acids and alcohols, and marine

algal polysaccharides (79-81).

in the 34 years since this report only limited South African research has been carried
out to discover marine pharmaceuticals from South African organisms. However,

since the early 1990's, the groups working on South African marine chemistry — Yoel
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Kashman (in collaboration with Mike Schieyer at Durban’s Oceanographic Research
Institute) and Mike Davies-Coleman (working with John Faulkner of Scripps Institute
of Oceanography, and Pat Colin of the Coral Reef Research Foundation) have driven
exploration of South Africa’s marine chemistry and biodiversity (82). The work
presented in this chapter explores the feasibility of screening South African marine

organisms to identify compounds of potential use against oesophageal cancer.
2.1.1. Marine compounds

As part of our program to identify novel compounds with potential activity against
oesophageal cancer, we established a collaboration with the Chemistry Department
at Rhodes University. This gave us access to a wide variety of marine extracts and
compounds, as well as the expertise of the chemists working to identify novel
compounds from marine organisms. Samples obtained from Rhodes include crude
extracts from marine organisms, fractions from various purification and separation
procedures, and pure compounds. At all stages, fractionation, purification and

chemical characterization were carried out by the chemists at Rhodes University.
2.1.2. Overall strategy

The flow chart in Figure 2.1. provides an overview of the overall screening strategy
followed. Marine organisms were collected from a number of locations (Figure 2.4.
and Figure 2.5.). In most cases collection was carried out by SCUBA, except at
Marion Island where samples were collected by dredging. A portion of each organism
was set aside for identification by marine biologists (Dr. Toufiek Samaai, CSIR,
Durban, and Dr. Shirley Parker-Nance, Nelson Mandela Metropolitan University, Port
Elizabeth), while a second portion was retained as a voucher specimen. A large
portion of each sample was stored at -20°C for later use, while a small amount was
extracted into methanol and then freeze-dried to yield a crude extract. These extracts
were screened for activity against the cesophageal cancer cell line WHCO1 as
outlined in Materials and Methods, and active extracts identified in this way
underwent an iterative bioassay guided fractionation process until pure compounds
were obtained. At this stage the relative activity of the pure compounds was
assessed by 1C;, determination using the MTT assay. A group of related compounds
were identified for further characterization and are discussed in Chapter 3. This
chapter is based on the screening of marine extracts, bioassay-guided fractionation

and ICs, determination of pure compounds identified during this collaboration. To
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make the information more accessible to the reader, the results in this section have
been presented in the context of the identity of the source organisms (identified by
marine biologists) and the chemical fractionation and structural identification of the

natural compounds (carried out by chemists at Rhodes University).

Voucher specimen

1. Sample collection ‘
———p  Portion stored at -20°C

\ Portion used for identification

and further analysis of

organism
4
2. Extraction
1 Structure determination
3. Screening  guumme——— 4. Fractionation

Pure compound

l

5. IC4, determination ==p g Activity Assays
(Chapter 3 and 4)

Figure 2.1. Overall Strategy for screening, bio-assay guided fractionation and activity
determination.

All samples were processed in this manner. The sample was divided into 4 parts. The
majority of each sample was stored at -20°C for later use if necessary. A voucher specimen
and a portion for identification were retained by the marine biologists, while a final portion
was extracted into methanol, to give a crude extract for screening. Extracts identified as
active in our screening assay were fractionated, and each resulting fraction was tested for
activity in the same screening assay, giving rise to an iterative bioassay guided fractionation
process that eventually yielded pure compounds. The relative activity of these pure
compounds was determined as an IC,, value derived from a dose response curve using MTT
as an end point. A group of related compounds was identified for further study to determine

their mode of action, and are discussed in detail in Chapters 3 and 4.
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2.1.3. Screening

To measure the activity of extracts and compounds in this study, we determined the
toxicity of these samples against an oesophageal cancer cell line derived from a
South African patient (83). This was carried out using an assay similar in format to
that of the NCI 60 cell line screen (84). Initial screening was performed using the
WHCO1 oesophageal cancer cell line. This cell line was derived from a biopsy of an
oesophageal squamous cell carcinoma from a South African patient (83), and has
been shown to display characteristics typical of an oesophageal cancer (83;85-87),

making it a useful first line screen.

The 60 cell line screen conducted by the NCI was established in 1990, and performs
high-throughput screening against a panel of 60 cancer cell lines using a
sulforhodamine B assay to assess the survival of cells after exposure to 5
concentrations of each test reagent (84). Researchers can submit compounds for
testing by an online application, which is then assessed, and if sufficient evidence is
supplied that the compound is novel, and may provide good results, the compound is

tested.

Due to the logistical considerations of using the NCI 60 cell line screen, it was thus
convenient to set up a similar assay in our laboratory. This allowed us to modify the
approach for our particular circumstances, to allow screening not only of compounds,
but also of extracts, allowing activity-directed fractionation. (The NCI assay generally
only accepts pure compounds of known structure for their screen.) The rapid
turnaround of a local screen enables faster biocassay-guided fractionation, and costs
(and logistical considerations) are reduced as samples do not need to be processed

internationally.

The NCI test each compound/extract at five concentrations, and assay for remaining
cells using a sulforhodamine B assay which is a protein stain. The initial assay in our
study quantitates the celis surviving after treatment with 3 concentrations of each
sample by staining with crystal violet (also a protein stain) (88).

The NCI initially test compounds against a small range of cell lines, and then proceed
to test compounds displaying activity against a panel of 60 cell lines. Our assay
differs in the number and type of cell lines used. While the NCl is concerned with

identifying active compounds for a wide range of cancers, and thus assays against



31

an initial panel of 3 cancer cell lines, and then the full panel of 60 cancer cell lines,
we are interested in the predominant forms of cancer in South Africa. Currently our
assay uses an oesophageal carcinoma cell line from a South African patient, which
can easily be expanded to include a cervical cancer cell line. Since oesophageal
cancer and cervical cancer are the main causes of cancer-related death among black
South African males and females respectively, our program will hopefully provide a

drug lead for these cancers.

An advantage of using a limited number of cell lines in our screening system is the
volume of material required. NCI guidelines for screening are for 10-15mg of pure
compound, (though in the case of limited supply they will accept 5mg). However, we
have routinely tested samples with masses of 1mg or less. The smaill volumes
required by our assay allows the chemists working on the project to retain a larger
volume for further purification during activity-directed fractionation, which in turn

increases the chances of identifying the active compound.

The extracts from a wide variety of marine organisms were tested. These include
sponges, ascidians, microorganisms and soft corals. The locations for the collection
of these organisms varied from Marion Island, Algoa Bay, Tsitsikamma, Cape Town,

Aliwal Shoal and Mozambique (Figure 2.4. and Figure 2.9.).

2.1.4. Activity-directed fractionation

Crude extracts found to be active in our screening program were selected for activity-
directed fractionation. These extracts are subjected to a variety of separation
technigues which were all performed in the Chemistry Department at Rhodes
University, and the resulting fractions then retested for activity in our assay. This
process allows us to identify the active compound(s) in an extract through an iterative

process between the collaborating laboratories at UCT and Rhodes University.

2.1.5. 1C5, determination

Once a pure active compound has been isolated, it is possible to more accurately
quantitate the activity using the MTT assay to perform a dose response curve, and
measure 1Csp values. It is then possible to compare the activity of different
compounds against the same cell line, or the same compound against different cell

fines.
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An extremely desirable characteristic of a chemotherapeutic agent is differential
activity, with high activity against cancer cells, and low activity against normal cells.
The control cell line used during this study (to determine if any of the compounds
tested displayed reduced activity against normal cells compared to tumour cells) was
an epithelial cell line derived from a non-malignant breast tumour (MCF12A; ATCC#
CRL10783) (89). This is not the most appropriate control since it is neither
oesophageal nor completely normal. However, as mentioned in Chapter 1, it is very
difficult to maintain normal oesophageal epithelial cells in culture, and very few model
systems are available. Consequently the resuits obtained from testing compounds

against the MCF12A cell line may provide an initial indication of specificity.

If a group of compounds is structurally related, comparing the activity of those
compounds against one cell line may allow us to form a hypothesis regarding
structure-activity relationships. We have made some conclusions of this nature with
the group of quinone/hydroquinone structures discussed in Chapter 3, as well as
several groups of compounds discussed below. These observations may help in the

rational design of more effective chemotherapeutic agents.

The activities of the marine natural products were compared to cisplatin, a commonly
used chemotherapeutic agent for oesophageal cancer, that displayed an |Cy, of 13
uUM against WHCO1 cells (90).
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2.2. Results and Discussion

2.2.1. Preliminary Screening

A total of 479 samples were screened. Of these 175 were crude extracts, 278 were

fractions from activity-directed fractionation steps, and 26 were pure compounds.

Samples were tested against WHCO1 cells at 3 different concentrations and the
number of cells remaining after 48 hours of treatment was assessed using the crystal
violet assay (88). All samples were resuspended at 30mg/mi (using mass/volume
rather than molarity since most samples were extracts rather than pure compounds),
then tested at final concentrations of 50, 10 and 1 pg/ml with control {untreated wells)
receiving equal quantities of solvent (DMSO). Plates were processed using crystal
violet staining, which is a protein stain — the number of cells remaining after treatment
stain blue, and when the stain is solubilised in acetic acid, the absorbance gives a

reading proportional to the number of remaining cells.

This method is not particularly accurate, and there are several shortcomings. False
positives may occur, where a compound causes cells to detach, but does not cause
cell death. Since the protocol involves discarding culture medium, floating cells are
discarded and an artificially low reading is obtained. In this case samples which do
not cause cell death will test positive. False negatives may alsc occur, where a
compound or extract precipitates and contributes to the absorbance reading, thus
giving an artificially elevated reading, masking the true cytotoxicity of the sample.
Both false negatives and positives are controlled for by observing celis prior to

processing, and correlating the readings with the observations.

Samples were scored according to the proportion of cells remaining at each
concentration of treatment, compared to untreated. The scoring system ranked
samples on a scale from 0 (no activity) to 3 (high activity), as illustrated in Figure. 2.2.

and described in Materials and Methods.

Of the 175 extracts tested, 54% (85/175) were inactive, 38% (67/175) had low to
medium activity, and 7.4% (13/175) had high activity. Five of the active extracts were

selected for activity-directed fractionation.
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Figure 2.2. Example of screening data against the human oesophageal cancer cell line
WHCO1.

Sample A, with no activity would be scored 0, Sample B, which decreased the number of cells
to below 10% of untreated at only the highest concentration tested, would be scored 1. Sample
C reduced cell number to below 10% at the highest and medium concentrations, but not the
lowest concentration, and would be scored 2, while sample D, which reduced cell number to

below 10% of untreated at all concentrations would be scored 3.
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Figure 2.3. Activity scores for all extracts screened against WHCO1.
Slightly over half of all extracts tested had no activity (Score = 0), one quarter had low activity

(Score = 1), 14% had moderate activity (score = 2), and 7.5% had high activity (score = 3).
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2.21.1. L.ocations

The southern African coast spans three distinct biogeographical zones (Figure. 2.4.).
The three regions are firstly the cool temperate West Coast north west of Cape Point
(A), which is cooled by the Benguela current. Upwellings of nutrient rich water along
this coast result in high biomass, though less biodiversity amongst natural product
producing marine invertebrates like sponges. Between Cape Point (A) and East
London (D) is a warm temperate zone, in which the water temperature, although
generally warmer than the West Coast, is cooler than the East Coast. The Agulhas
Bank forms a wide continental shelf here, and the shallow, temperate waters hold
great biodiversity in terms of marine invertebrates. North of East London (D) is the
warm, sub-tropical coastal area, and north of Durban (E) coral reefs (relatively
common in warm tropical seas) are found. Both regions (D and E) support many non-

endemic circumtropical marine invertebrate species.

The collections of marine invertebrates discussed in this thesis were made in the
diverse, temperate zone (Tsitsikamma (B) and Algoa Bay (C)), the tropical zone
(Aliwal Shoal (F) and Mozambique (G)) and Marion Island, a sub Antarctic island in
southern African waters, over a ten year period (1994-2004) (Figure 2.5).
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Figure 2.4. Biogeographical zones of the Southern African coastline, and collection sites.
Thirteen samples were collected at Tsitsikamma (B), and 64 from Algoa Bay (C), both of which lie
in the warm temperate zone (from Cape Point (A) to East London (D)). Thirty-nine samples were
collected on the Aliwal Shoal (F), and 21 samples from Mozambique (G). (Image reproduced with

permission from Davies-Coleman et al (82))
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2.21.1.1. Tsitsikamma

The Tsitsikamma Marine Reserve and National Park is situated on the southern
coast of South Africa in the diverse, temperate zone. As a protected area the marine
life is relatively undisturbed. The collection took place in April 1995 and yielded a
total of 13 extracts — 8 from sponges, 3 from ascidians and 2 from soft corals. The
activity from these extracts was limited, with only 2 samples showing any activity at
all, and that activity was the lowest category. The two samples with activity were
isolated from a soft coral and a sponge. The low sample size from this location
makes any statistical analysis of limited value, and it is difficult to draw any
conclusion from these data. However, further collections at this location would be
useful since the status of this area as a national park means that there are likely to

be a number of species present that would not be found in other areas.

Number of extracts
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Figure 2.5. Number of organisms (A), and activity of extracts (B) collected from
Tsitsikamma National Park.
A total of 13 samples were collected at Tsitsikamma National Park. Of these, 8 were sponges, 3

ascidians, and 2 soft corals. The majority of these samples were inactive (11/13), and the

remaining 2 samples had low activity (Score = 1).
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2.21.1.2. Algoa Bay

Algoa Bay is also located on the temperate south coast, and holds the harbour of
Port Elizabeth. The collection at this location was carried out in July, 2004, and was a
collection targeted to gather ascidian samples. Sixty-four extracts from this collection,
all ascidian in origin, were tested. Of these samples the majority (79.7%) were
completely inactive, while 11 (17.2%) had low activity, and only 2 (3.1%) had

moderate activity in our assay.
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Figure 2.6. Number of organisms (A), and activity of extracts (B) collected from Algoa Bay.

A total of 64 samples were collected at Algoa Bay. Since this was a directed collection, all

samples were ascidians. The majority of these samples were inactive (52/64), 11 samples had

low activity (score = 1), and the remaining 2 samples had moderate activity (score = 2).
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2.21.1.3. Aliwal Shoal

The collection at the Aliwal Shoal was carried out in July 1994 and yielded 39
extracts with the majority (32) from sponges, 6 from soft coral and 1 ascidian extract.
The samples from this collection were the only samples other than those from Marion
Island to give high activity, with 3/39 having high activity. All the extracts with high
activity were derived from sponges. The ascidian extract was moderately active, and
5 of the 6 soft coral extracts had some activity, though this was restricted to 3 with

low activity and 2 with moderate activity.
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Figure 2.7. Number of organisms (A), and activity of extracts (B) collected from the Aliwal
Shoal.

A total of 39 samples were collected from the Aliwal Shoal. This comprised of 32 sponge
samples, 2 ascidian samples, and 6 soft coral samples. Approximately equal numbers of
samples had no (score = 0) and low (score = 1) activity (13 and 15 samples respectively), while 8
samples had moderate activity (score = 2), and 3 samples had high activity (score = 3). All the

highly active samples were derived from sponges.
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2.2.1.1.4. Mozambique

Two collections were carried out in the Ponto do Ouro region of southern
Mozambique in July, 1994 and October, 1995. Twenty-one extracts from this
collection were tested with 15 sponge samples, 4 soft coral extracts and 2 ascidian
extracts. None of the samples had high activity. Both ascidian samples were
moderately active, while 2 of the soft coral samples were inactive and the other 2
showed only low activity. About a third of the sponge extracts had no activity, another
third had low activity, and the final third had moderate activity.
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Figure 2.8. Number of organisms (A), and activity of extracts (B) collected from
Mozambique.

A total of 21 samples were collected from Mozambique. This comprised of 15 sponge samples, 2
ascidian samples, and 4 soft coral samples. Approximately equal numbers of samples had no
(score = 0), low (score = 1) and medium (score = 2) activity (7, 8 and 6 samples respectively),

and there were no samples with high activity (score = 3).
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2.2.1.1.5. Marion island

Marion Island is a sub Antarctic island located about 1800 km south east of Port
Elizabeth in the southern Ocean, and is the largest of the Prince Edward Islands
group. The SA Agulhas — the Antarctic supply ship — travels to the island to deliver
supplies, as well as transporting scientists to and from the island at biannual
intervals, and carries out various scientific experiments during the time it is based in

the region around Marion Island.

Two collections at Marion Island were carried out during April 2004 and April 2005. In
contrast to collections at the other locations, where samples were collected by
SCUBA, samples were collected by dredge from the SA Agulhas. Thirty-eight
extracts from this collection were tested — 37 of which were sponge samples, while 1
was an ascidian. The samples from Marion Island had the highest hit rate of any of
the locations tested, with more than 25% of the samples (10/37) having activity levels
of 3, almost 50% (19/37) of the extracts with activity of 2 or higher, and only 35%
(13/37) with no activity. Owing to the way in which these samples were collected (by
dredge, and without a marine taxonomist) it is suspected that many of the samples
are actually duplicates of the same organism. This would have the effect of lowering
the sample size, and at the same time would explain the high number of active
extracts (most from the same organism) (91). Even so, the high percentage of activity
observed in these samples means it would be imperative to perform another
collection at this location and obtain a larger number of samples, with accurate
identification and in quantities sufficient for activity-directed isolation and identification

of the active compounds.
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Figure 2.9. Collection areas around Marion Island.
Samples in this collection were collected by dredge off the SAS Agulhas. Dredge locations
and directions are indicated by the arrows numbered 1-13. (Image reproduced with

permission from Davies-Coleman et al (91))
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Figure 2.10. Number of organisms (A), and activity of extracts (B) collected from Marion
Island.

A total of 38 samples were collected from Marion Island. Unlike the other collections, these
samples were collected by dredge, rather than SCUBA. The collection comprised of 37 sponges
and 1 ascidian sample. 13 samples were inactive (score = 0), 5 samples had low activity (score
= 1) and 9 samples had medium activity (score = 2). This collection had the highest percentage
of highly active samples, with 26% (10/38) of the samples showing high activity. The single

ascidian specimen in this collection had no activity.
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2.2.1.2. Organisms

2.21.21. Sponges

Sponges are members of the Phylum Porifera in which three classes are recognized
viz. Class Demospongia, Class Calcarea and Class Hexactinellida. Over 15000
sponge species are known, the majority of which are marine (48;89). Sponges are
sessile, and rely on filter feeding for nutrition. Although sponges are the simplest
multicellular organisms, they lack any true organs, and each cell can give rise to an

entire organism.

Sponges were the predominant organism from which extracts were obtained, with a
total of 92 samples. Sponges yielded the most active extracts, with 13 extracts (14%)
with high activity, 18 (20%) with moderate activity and 25 (26%) with low activity. This
suggests that sponges represent an important source of bioactive metabolites,
supporting observations made elsewhere (47). Faulkner has suggested that because
marine natural product chemists generally require a taxonomic identification of the
source organisms before they can publish their results in the chemistry literature their
investigations are often biased towards groups of marine invertebrates which are

taxonomically well-studied e.g. sponges (92).
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Figure 2.11. Activity of sponge extracts.

A total of 92 extracts from sponges were tested. This group of extracts displayed the highest
activity, with 14% (13/92) with a score of 3. 40% (36/92) of the samples had no activity (score =
0), 27% (25/92) had low activity (score = 1) and 20% (18/92) had moderate activity (score = 2).



44

2.2.1.2.2. Ascidians

Ascidians belong to the Phylum Chordata, Subphylum Tunicata, Class Ascidacea
and are commonly referred to as tunicates. Tunicates are filter feeders, siphoning
water through one opening and out another. Although they may exist as single

organisms, many species are colonial and over 2500 species of ascidians are known.

Ascidians were the second most common source organism for our studies, with 71
ascidian extracts tested for activity. Extracts derived from ascidians had the lowest
levels of activity with only 5 (7%) with moderate activity and 11 (14%) with low
activity. None of the extracts isolated from ascidians displayed high activity. Since
ascidians were the third most common source of bioactive compounds (47), we were
surprised by the low activity observed in these samples. However, since the majority
of these samples were collected at one location, this may reflect a site-specific lack
of activity. It is also possible that bioactive compounds exist in these samples, but at

such low concentrations that their activity was not detectable in our assay.
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Figure 2.12. Activity of ascidian extracts.
A total of 71 extracts from ascidians were tested. No extracts had high activity (score = 3). More
than % of the samples had no activity (55/71), 15% (11/71) had low activity (score = 1) and only
7% (5/71) had moderate activity (score = 2).










































































































































































































































































































































































