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Abstract. During 1999 marine antitumor pharmacology 
research involved researchers in Austria, Australia, England, 
France, Germany, Greece, Holland, Italy, Japan, Spain, Taiwan 
and the United States. Thirty six papers were published in peer- 
reviewed journals describing the antitumor and cytotoxic 
properties o f  30 marine natural products belonging to four 
structural types, namely pofyketides, terpenes, nitrogen- 
containing compounds and polysaccharides. The organisms 
yielding these bioactive marine compounds comprised a diverse 
group o f  marine animals, algae, fungi and bacteria. A  variety o f 
antitumor pharmacological studies were conducted with 17 
marine natural products with established mechanisms o f action 
in a number o f  experimental and clinical models. Didemnin B, a 
tunicate-derived depsipeptide with potent antitumor effects, 
completed a Phase I I  anticancer clinical trial which resulted 
indeterminate in respect to activity against human melanoma 
due to anaphylactoid reactions. In vitro cytotoxicity data with 
murine and human cell tines were reported for 14 novel marine 
chemicals with as yet undetermined mechanisms o f action. This 
1999 literature overview thus highlights the fact that the 
multinational effort aimed at the discovery o f  novel marine 
antitumor agents remained at the same level o f research activity 
as during 1998.

The purpose of this article is to discuss the research literature 
published during 1999 in the field of marine antitumor 
pharmacology using a similar format as the one used in our 
previous report that reviewed marine antitumor pharma­
cology research during 1998 (1). Consistent with our 1998 
review, only those articles reporting on the antitumor
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pharmacology or cytotoxicity data of marine compounds with 
established chemical structures (Figure 1 and 2) were 
included in the present review and are presented in 
alphabetical order in Table I or in Table II. Research papers 
reporting on preclinical and/or clinical antitumor 
pharmacological research of marine chemicals with 
determined mechanisms of action have been presented in 
Table I. On the other hand, reports on the cytotoxicity of 
marine chemicals with undetermined mechanisms of action 
are grouped in Table II. Publications on the antitumor or 
cytotoxic activity of marine extracts or structurally 
uncharacterized marine compounds have been excluded from 
the present review, although several promising studies were 
reported during 1999 (eg. (2); (3)).

2. 1999 Antitumor pharmacology of marine natural 
products with determined mechanisms of action

Table I summarizes the main conclusions of the 21 papers 
that reported research that involved the 17 marine 
compounds shown in Figure 1. The marine chemicals 
Discorhabdin P, Hemiasterlin, Isohomohalichondrin B, 
Makaluvamines and Secobatzellines A  and B, were isolated 
from Porifera (sponges); Aplidine, Didemnin B, Dolastin 10, 
Ecteinascidin and Phthalascidin from Chordata (tunicates); 
Eleutherobin and Sarcodictyins A  and B from Cnidaria (soft 
corals), 3 Phyla included in the Kingdom Animalia. 
Dehydrothyrsiferol and Cryptophycin 1 were isolated from 
blue-green algae (Kingdom Monera). Ulvan was isolated 
from an alga from the Phylum Chlorophyta (Kingdom 
Plantae), while Thiocoraline was derived from marine fungi 
(Kingdom Fungi). Following the chemical classification 
proposed by Schmitz et al. (4), the marine natural products 
shown in Figure 1 and Table I represent the following 
structural classes: polyketides (Isohomohalichondrin B), 
terpenes (Dihydrothyrsiferol, Eleutherobin and Sarcodictyins 
A  and B), nitrogen-containing compounds (Aplidine, or 
Dehydrodidemnin B, Bistramide K, Cryptophycin 1, 
Didemnin B, Discorhabdin P, Dolastin 10, Ecteinascidin 743,
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Figure 1. continued

Hemiasterlin, Makaluvamines, Secobatzellines A  and B and 
Thiocoraline) and one polysaccharide (Ulvan).

New information became available during 1999 on the 
pharmacology of 7 of the 17 compounds listed in Table I, also 
part of our 1998 anticancer review (1) namely Aplidine and 
Didemnin B, Dolastin 10, Dihydrothyrsiferol, Ecteinascidin 
743, Eleutherobin and Sarcodictyins A  and B.

Four studies reported on preclinical and clinical research 
with Aplidine (Dehydrodidemnin) and Didemnin B (5);(6);
(7); (8 ). In a preclinical study, Geldof et al. determined that 
the depsipeptides D idem nin B and Aplidine as well as the

macrolide Isohomohalichondrin B were more effective in the 
inhibition of prostate cancer cell, proliferation in vitro than 
vincristine, vinorelbine or taxol. However, at the concentra­
tions tested, these marine agents were observed to have a long 
lasting neurotoxic effect (5). In view of these observations, 
Geldof et al. urge "... some caution in the clinical use o f these 
agents because o f  potential neurotoxic side-effects" (5).

In an in vitro study with pharmaceutically formulated 
Aplidine, Nuijen et al. (6) determined that the administration 
of Aplidine by infusion using a polyvinyl chloride-free 
administration set, would not result in either hemolysis or
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precipitation of Aplidine upon parenteral administration.
This preclinical information is viewed as important because 
Aplidine is currently in phase I clinical trial in Europe and 
Canada (6).

Höchster et al., reported on the results of a phase II clinical 
study with Didemnin B, which was conducted on 19 patients 
with measurable metastatic or advanced malignant melanoma 
using the Response and Toxicity Criteria of the Eastern

2493

Cooperative Oncology Group (8 ). Höchster et al. concluded 
that the results were " indeterminate with respect to the activity 
o f Didemnin B in melanoma1' (8). Although signs of 
antitumoral activity were observed, a number of patients 
could not be fully evaluated for activity due to  the occurrence 
of anaphylactoid reactions upon ".„the first and second drug 
administration...", which the authors concluded "... does not 
preclude a clinically important level o f  activity for Didemnin B"
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Table I. Antitumor pharmacology o f  marine natural products with determined mechanisms o f  action.

Compound Organism Chemistry Experimental or 
clinical model1

Conclusion Country2 R eference

Aplidine or 

Dehydrodidemnin B
Tunicate Depsipeptide H U  prostatic and 

M U  tumor cell line

Potent cytotoxicity and 

neurotoxicity observed

NETH (5)

Aplidine or 

Dehydrodidemnin B
Tunicate Depsipeptide Preclinical in vitro

pharmaceutical

screening

l.v. infusion concentrations 

determined; no in vivo 

hemolysis or precipitation 

expected

SPA,

NETH
(6)

Bistramide K Tunicate Am ide H U  lung cancer 

cell line

Observed Induction o f  2 

genes, one ribosomal

FR A (17)

Cryptophycin 1 Bacteria Depsipeptide M U leukemia cell 

line

Observed low D N A , R N A  and 

protein synthesis
U SA (18)

Didemnin B Tunicate Depsipeptide H U  prostatic and 

M U  tumor cell line

Observed potent cytotoxicity 

and neurotoxicity

N E IH (5)

Didemnin B Tunicate Depsipeptide Phase 11

melanoma study

Activity against H U  melanoma 

unclear due to anaphylactoid 

reactions

U SA (8)

Didemnin B Tunicate Depsipeptide H U  cancer cell 
line

Observed inhibition of 

mitochondrial activity

FR A (7)

Dihydrothyrsiferol Alga Triterpene H U  breast tumor 

cell lines

N o modulation o f  P- 
glycoprotein drug transport

A TR IA

SPA

(14)

Discorhabdin P Sponge Discorhabdins H U  and M U  cell 

lines

Observed calcineurin and 

caspase inhibition

U SA (19)

Dolastin 10 Tunicate Peptide M ice, rats and 

dogs

Determ ined maximum 

tolerated doses. Myelotoxicity 

m ost severe dose-limiting 

effect.

U SA (9)

Ecteinascidin-743 Tunicate Isoquinoline M U leukemia 

nuclear extracts

Observed binding to D N A  and 

DNA-binding proteins

ITA,SPA,

U SA

(10)

Ecteinascidin-743 Tunicate Isoquinoline H U  melanoma, 

non-small-cell 

lung and ovarian 

tumor xenografts

Observed effectivity against 

chemo-sensitive tumors.

G ER, UK, 

NETH, 

SPA, U SA

(11)

Ecteinascidin-743 

and Phthalascidin

Tunicate

and

synthetic

Isoquinoline H U  and M U  cell 

lines

Observed potent induction of  

D N A-protein cross-linking

U SA (12)

Ecteinascidin-743 Tunicate Isoquinoline Electrophoretic 

mobility shift 

assay

Determ ined D N A  bending 

toward major groove

U SA (13)

continued
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Table I. (continued).

Compound Organism Chemistry Experimental or 
clinical model1

Conclusion
2

Country Reference

Eleutherobin Coral Diterpene H U  tumor cell lines 

and tubulin

D eterm ined tubulin 

interactions and cytotoxicity

U SA (15)

Eleutherobin Coral Diterpene Conformational 

analysis and 

molecular 

modeling

Common pharmacophore for 

microtubule stabilizing 

cytotoxic agents proposed

U SA (16)

Hemiasterlin Sponge Peptide Bovine brain 

tubulin

Compared binding with 
Dolastin 10 and Cryptophycin 1

U SA (21)

Isohomohalichondrin

B

Sponge M acrolide H U  prostatic and 

M U tumor cell line

Observed potent cytotoxicity 

and neurotoxicity.

NETH (5)

Makaluvamines Sponge Quinoline H U  carcinoma 

xenograft

Induced D N A  cleavage via 

topoisomerase II

U SA (22)

Secobatzellines A , B Sponge Quinoline H U  and M U  tumor 

cell lines

Observed calcineurin and 

caspase inhibition

U SA (20)

Sarcodictyins A ,B Coral Diterpenes H U  tumor cell lines 

and tubulin

Determ ined tubulin 

interactions and cytotoxicity.

U SA (15)

Thiocoraline Fungus D epsipeptide H U  colon cell lines Determ ined DNA-polymerase 

a  inhibition
IT A ,SPA  
U SA

(24)

Thiocoraline Fungus D epsipeptide High-performance

liquid

chromatography

Developed a bioanalytical 

plasma assay for Phase I 

studies

NETH,

SPA

(23)

Ulvan Alga Polysaccharide H U  colon cell line Observed cytotoxicity and 

cytostaticity

FR A (25)

(1) HU: human; M U; murine; (2) Country: ATRIA: Austria; FRA: France, GER: Germany, ITA: Italy, NETH: Netherlands, 
SPA:Spain.

(8). Although an explanation for these anaphylactoid 
reactions was unavailable at the time the paper was published, 
these clinical investigators suggested that Didemin B 
"...should be investigated in this patient population using modem  
approaches to anaphylactoid reactions...".

An interesting study by Rocchi et al. using quantitative 
microfluorometry and numerical analysis extended the 
molecular pharmacology of Didemnin B by determining that 
this marine compound can induce mitochondrial disfunction 
by inducing a decrease in the mitochondrial energetic state in 
a human lymphoblastoid cell line by a "...direct or mediated...” 
effect on these subcellular organelles (7 ).

In contrast to the two preclinical and one clinical study with 
the linear peptide Dolastin 10 that were reviewed in 1998 (1), 
only one study was published during 1999 by Mirsalis et al.

(9). This preclinical study which evaluated the toxicity of 
Dolastin 10 in mice, rats and beagle dogs determined that 
toxicity to the bone marrow as evidenced by transient and 
reversible myelotoxicity was dose limiting in all three species 
with mice being the least sensitive....". Furthermore, the authors 
concluded that "... the preclinical toxicology study correctly 
predicted a safe starting dose, the dose-limiting toxicity, and the 
maximum tolerated dose in humans...", as well as, "... correlated 
with the degree o f  leukopenia that was observed in the phase I  
clinical trial" (9). More importantly, the in vitro and in vivo 
results appear to  predict human sensitivity to Dolastin 10, 
which is comparable to that of dogs but not mice.

Research with the isoquinoline alkaloid Ecteinascidin-743, 
an antitumor agent originating from the Caribbean tunicate 
Ecteinascidia turbinata continued to be very active during
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Table II. 1999Antitumor pharmacology o f  marine natural products with undetermined mechanism o f  action.

Compound Organism Chemistry Experimental or clinical 
tumor model1

Growth inhibition 
or cytotoxicity

Country2 Reference

Agrochelin Bacteria Alkaloid M U and H U  cell lines IC5o< 1 p M . SPA (33)

Aaptamine and 

isoaaptamine

Sponge Quinoline M U and H U  cell lines lC50= 0 .0 4 ->  50 pM TAIW (34)

Calothrixins A  and B Bacteria Indol H U  cell line 1C50=  0.04-350 pM AUS (35)

Chromazonarol Sponge Sesquiterpene M U and H U  cell line IC50=  0.1-16 pM SPA (36)

Clavirins Coral Prostanoids H U  cell line 1 pg/mL JAPN (37)

Dankasterone Fungus Sterol M U  leukemia cell line IC5 0 “  2.2 pg/mL. JAPN (38)

Dolastin 15 analogs Synthetic Peptide NCI 60 H U  panel IC50=  0.05- >  100 pM TAIW. (39)

Fucosterols Alga Sterol M U  and H U  cell lines IC5o=  0.4- >  50 pM TAIW. (40)

Hemiasterlin C Sponge Peptide H U  cell line and tubulin 

polymerization

ICS0=  0.0001-0.5 

pg/mL.

U SA (41)

Ircinia spinosula 

hydroquinones
Sponge Terpenes H U  cell line 1C50=  9.1-17.4 pg/mL F R A

GRE,

(42)

Penostatins A-E Fungus Polyketide H U  and M U cell lines ICso= 0.2-2.5 pg/mL JAPN (43)

Puupehedione Sponge Sesquiterpene M U  and H U  cell line IC50=  1-2 pM SPA (44)

Sphinxolide E,F,G  

and Reidispongiolide
Sponge M acrolides NCI 60 H U  panel IC50=  0.0007-0.3pM ITA, FR A (45)

(1) HU:human, MU:murine; (2) AUS: Australia, FRA: France, GRE: G reece, ITAL: Italy, JAPN: Japan, RUS: Russia, SPA: Spain, TAIW: Taiwan.

1999. The three reports included in our previous review (1) 
were followed during 1999 by four new reports (10); (11); 
(12); (13).

Bonfanti et al. (10) studied the ability of Ecteinascidin-743 
to inhibit the binding of different transcription factors to their 
consensus sequences using a gel shift assay. Ecteinascidin 743 
modified the interaction between some DNA binding 
proteins and DNA in concentrations ranging between 50-300 
[iM (10).

Zewail-Foote and Hurley provided a novel insight into the 
molecular basis of the antitumor activity of Ecteinascidin- 
743, by determining that this antitumor agent can bend DNA 
toward the major groove, a feature which appears to be 
unique among DNA-interactive agents that occupy the minor 
groove (13). Furthermore, they suggested that these 
observations "...may provide a starting point to rationalize the 
improved clinical efficacy o f  this group o f  drugs...".

In an effort to further explore the antitumor profile of 
Ecteinascidin-743 in human tumor xenografts, Hendriks et al. 
determined that even though Ecteinascidin-743 was inactive 
in chemo-resistant tumor xenografts, it resulted very active 
towards chemo-sensitive xenografts of melanoma, non-small- 
cell lung and ovarian cancers (11). They thus recommended 
the inclusion of these types of tumors in phase II clinical trials 
of Ecteinascidin-743.

Finally, Martinez et al., reported on a study with a series of 
totally synthetic molecules structurally related to 
Ecteinascidin-743 which were designed using molecular 
modeling (12). Their studies characterized Phthalascidin, a 
novel compound that was more readily synthesized and more 
stable than Ecteinascidin, having very similar in vitro potency 
(IC50—0.1-1 nM) and mode of action across a variety of cell 
types (12). Similar to Ecteinascidin-743, Phthalascidin 
induced DNA-protein cross-linking and topoisomerase
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interaction. The characterization of Phthalascidin appears to these two genes in the growth arrest induced by treatment with
be a significant contribution in view of the fact that supplies Bistramide K...".
of Ecteinascidin-743 are inadequate for large-scale studies. Foster et al. showed that the depsipeptide Cryptophycin 1,

Antitumor research with Dihydrothyrsiferol, Eleutherobin a natural product previously shown to bind to tubulin and
and Sarcodyctins reviewed in 1998 (1) was continued during disrupt microtubule assembly, had no effect on DNA and
1999. The algal terpenoid Dihydrothyrsiferol was shown by RNA synthesis and a minimal effect on protein synthesis (18).
Pec et al. (14) not to modulate P-glycoprotein, a 170 kDa The investigators hypothesized that Cryptophycin 1 might
transport protein that confers drug resistance in human inhibit a " ...specific critical protein essential to cell survival".
epidermoid cancer cell lines, thus suggesting a potential for This intriguing possibility remains to be explored in future
the treatment of P-glycoprotein expressing cancer cells. studies.

Hamel et al. (15) in a mechanistic study with Eleutherobin Gunasekera et al. as part of an ongoing search for new
and Sarcodyctins A  and B, two coral-derived diterpene protein phosphatase inhibitors from marine organisms
antimitotic agents which have been successfully synthesized, isolated the sulphur-containing Discorhabdin P (19) and the
demonstrated that Eleutherobin was more active than the quinolines Secobatzellines A  and B (20), marine compounds
Sarcodyctins in tubulin assembly reactions, data which that were shown to inhibit calcineurin, an enzyme known to
correlated well with their antiproliferative activity on be involved in signal transduction and that plays a critical role
prostate, melanoma, breast and ovarian human cancer cell in the regulation of the immune function (20). Furthermore 
lines. In this study, perhaps the most extensive analysis of the these investigators demonstrated that these three compounds 
antiproliferative effects of Sarcodyctins and Eleutherobin inhibited peptidase activity of CPP32, a caspase cysteine
published so far, the authors concluded by suggesting that protease that plays a significant role in apoptosis and
"...jfurther synthetic efforts with the Sarcodyctin class would yield interleukin-8  secretion in rheumatoid arthritis. The authors
compounds with activities greater than that o f  Paclitaxel in cells proposed that "...inhibitors o f caspase enzymatic activities may
and perhaps with tubulin...". serve to prevent the pathological damage induced by caspase -

Ojima et al. (16) identified the three-dimensional mediated apoptotic events...".
pharmacophore common to Eleutherobin as well as Bai et al. investigated the "... similarities and differences..."
Discodermolide, Taxol (Paclitaxel) and Epothilones A  and B. between the effects of the sponge-derived antimitotic
The insights provided by the discovery of the common peptides Hemiasterlin, Dolastin 10 and Cryptophycin 1 on
pharmacophore enabled these investigators to develop a tubulin (21). In this very detailed investigation the researchers
"...hybrid construct with demonstrated cytotoxic and tubulin- observed that Hemiasterlin appeared similar to other
binding activity...", which "... succeeds in explaining the antimitotic peptides in inhibiting vinblastine binding to
substantial structure-activity relationships o f  these agents...", tubulin noncompetitively, inhibiting nucleotide exchange on
Furthermore the authors predicted that further tubulin, and inducing the formation of tubulin aggregates
improvements on their design would "... facilitate with "... a primarily ring-like substructure". However the
developments o f  the next generation o f  tubulin-directed authors emphasized that "... in these aggregation reactions the
anticancer agents...". three peptides (namely Hemiasterlin, Dolastin 10 and

Table I lists 10 additional marine natural products, with Cryptophycin 1) show the greatest differences in their
determined mechanisms of actions, for which however no interactions with tubulin..." (2 1 ).
reports were published to our knowledge during 1998 (1): Matsumoto et al. further characterized the mechanism of
Bistramide K, Cryptophycin 1, Discorhabdin P, Hemiasterlin, action of the quinolines Makaluvamines, observing that "...
Isohomohalichondrin B, Makaluvamines, Secobatzellines A  the makaluvamines induce dose-dependent DNA cleavage via
and B, Thiocoraline and Ulvan. topoisomerase II..." in vitro (22) strongly suggesting that this

In the only study in the current 1999 review that activity might contribute to the cytotoxicity of some of these
investigated the effect of an anticancer marine natural compounds. However, it was also clear from these studies
product at the genomic level, Siavoshian et al. (17) succeeded that the Makaluvamines are not as topoisomerase II active as
in identifying two genes which were differentially expressed the standard compounds etoposide and mitoxantrone.
after induction of in vitro differentiation in a non-small-cell Sparidans et al. developed a sensitive bioanalytical assay for
lung cancer cell line by the amide Bistramide K. This the depsipeptide Thiocoraline, based on reversed-phase
observation is particularly noteworthy because non-small-cell liquid chromatography and fluorescence detection (23). This
lung cancers are generally refractory to chemotherapy. The novel method should allow the quantitation of Thiocoraline
two genes were cloned and partially sequenced by the in plasma samples in the 1-100  ng/ml range, a requirement for
investigators. While one of the genes showed strong the start of phase I clinical trials.
homology to ribosomal protein L35 A, the identity of the Erbâ et al. reported on extensive studies on the mechanism
other gene was unknown because the cDNA sequence of action of Thiocoraline (24). These researchers observed
exhibited no homology to any known sequence in the that Thiocoraline caused perturbations in the cell cycle, in
databases. The authors concluded by suggesting "...a role o f  particular G1 phase arrest in human colon cancer cell lines.
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The marine compound did not inhibit DNA-topoisomerase II 
enzymes in vitro nor did it induce DNA breakage. 
Interestingly, Thiocoraline inhibited "... DNA elongation by 
DNA polymerase ...", most probably "... by inhibiting DNA 
polymerase a  activity...".

The biological properties of Ulvan, a sulfated 
polysaccharide isolated from Ulva lactuca was studied by 
Kaeffer et al. (25). The isolated Ulvans ( MW < 5,000), which 
"... display(ed) chemical similarities with the mammalian 
glycosaminoglycans..." inhibited the proliferation and 
differentiation program of the human carcinoma cells as well 
as expression of transforming growth factor-a expression.

3. 1999 Antitumor pharmacology of marine natural 
products with undetermined mechanisms of action

Table II, lists 14 marine natural products with potential 
antitumor activity that demonstrated activity in cytotoxicity 
assays. The marine natural products Aaptamine, Isoaapta- 
mine, Chromazonarol, Hemiasterlin C, Ircinia spinosula 
hydroquinones, Puupehedione, Sphinxolide E-G and 
Reidispongiolide C were isolated from Porifera (sponges) 
while the Clavirins from Cnidaria (soft corals), all of which 
are included in Kingdom Animalia. Fucosterols were isolated 
from an alga from the Phylum Phaeophyta (Kingdom 
Plantae) while Penostatins A-E and Dankasterone were 
derived from marine fungi (Kingdom Fungi). Agrochelin and 
Calothrixins A  and B were obtained from bacteria (Kingdom 
Monera). Following the chemical classification proposed by 
Schmitz et al. (4) these 15 marine natural products can be 
assigned to three chemical classes: polyketides (Clavirins, 
Penostatins A-E and Sphinxolide E-G and Reidispongiolide), 
terpenes (Chromazonarol, Dankasterone, Fucosterol, Ircinia 
spinosula hydroquinones and Puupehedione) and nitrogen- 
containing compounds (Agrochelin, Aaptamine and 
Isoaaptamine, Calothrixins A and B and Hemiasterlin C). In 
contrast to the compounds listed in Table I, no detailed 
mechanism of action studies were completed during 1999 with 
these marine compounds, with the exception of cytotoxicity 
tests against panels of human or murine tumor cell lines, 
which in some cases were very extensive. It remains to be 
determined if the reported cytotoxicity was the result of a 
toxic and/or a pharmacologic effect of these novel marine 
compounds.

4. Reviews on m arine antitum or pharmacology

During 1999 a number of excellent reviews covering selected 
aspects of marine antitumor pharmacology were published: 
the patent literature (26), the discovery and development of 
marine antitumor agents (27); the antineoplastic dolastins 
(28); the National Cancer Institute’s natural product drug 
discovery program (29); pyrroloquinoline and pyridoacridine 
alkaloids from marine sources (30); the rational synthesis of

biyostatin analogues (31) and metabolites from tropical 
marine algae (32)

Kerr et al. reviewed the patent literature in the field of 
marine natural products covering the period 1996 to April 
1999 (26). These researchers observed that the majority of 
the patents focused on antitumor agents, although some 
covered antiviral and antiinflammatory activities. The 
Phylum Porifera was the source of the majority of metabolites 
described in these patents.

Munro et al. provided an interesting and comprehensive 
perspective of the progress in marine anticancer research 
over the past 50 years (27). From the development or supply 
phase of marine anticancer compounds, these investigators 
carefully reviewed the aquaculture of the rare, deep water 
sponge Lissodendoryx n. sp. 1., which yields the macrolides 
Halichondrin B and Isohomohalichondrin B. The authors 
proposed their research as an example of how to successfully 
overcome "...perhaps the most significant hindrance to their 
development as drugs...", namely "...their limited supply... ". The 
investigators also extensively discussed the research effort 
that was required to develop sponge aquaculture in order to 
succeed in making these marine organisms a viable as well as 
a reliable option for biomass production in New Zealand, for 
the subsequent production of Halichondrin B and 
Isohomohalichondin B in gram quantities for clinical trials.

Recent developments as well as the published 
pharmacological literature on Dolastins 10 and 15, 
compounds isolated from the sea hare Dolabella auricularia, 
were extensively reviewed by Poncet (28). In particular, 
because the "... efficient synthesis o f  natural compounds 
is...necessary for the supply o f  large quantities for in vivo 
bioassays and clinical trials...", the literature on the synthesis 
of Dolastin 10 as well as other Dolastin metabolites was 
carefully reviewed. Although many aspects of the 
pharmacology and toxicology of the Dolastins remain to be 
elucidated, Poncet concluded that these marine agents "... 
have already contributed, as biological probes, to improving our 
knowledge o f several aspects o f  cell growth regulation...".

Cragg and Neuman completed a comprehensive review of 
the discovery and development of antineoplastic agents from 
natural sources, which included those of marine origin (29), 
as part of a detailed description of the National Cancer 
Institute’s Natural Product Drug Discovery Program. 
Although Halichondrin B and Dolastin 10 were included 
with 23 other agents in preclinical and Phase I Development 
under the auspices of the National Cancer Institute, they 
noted that up to 1999 "... no compound from a marine source 
has advanced to commercial use as a chemotherapeutic agent..."

Heterocyclic pyrroloquinoline and pyridoacridine alkaloids 
from marine sources were reviewed by Ding et al. (30). The 
biological and pharmacological activities of these alkaloids 
which include "... in vitro and in vivo cytotoxicities against 
several tumor cell lines, topoisomerases I  and I I  inhibition, DNA 
intercalation, stimulation o f  Ca2+ release from the sarcoplasmic 
reticulum, antifungal activities and antimicrobial activities..."
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was well presented and extensively discussed. The authors 
concluded that in view of the fact that there are a number of 
synthetic methodologies to prepare some of these 
compounds, there would appear to be a "... continuing 
interest in the isolation, structure proof, synthesis and 
modification o f these marine alkaloids that may provide novel 
potential medicinal agents".

The low abundance of Bugula neritina, the source of the 
Bryostatins has led to several efforts to obtain them from 
non-natural sources. A comprehensive review on the rational 
design of Bryostatin analogues was accomplished by Wender 
et al. (31).

Siddhanta and Shanmugam reviewed the pharmacology of 
a variety of marine compounds isolated from marine algae 
belonging to the Class Chlorophyceae, Phylum Chlorophyta 
which "... show interesting biological activities...", suggesting to 
the authors that " this algal family could be ...the source o f  
biomedically important natural products". (32).

5. Conclusion

Although during 1999 no new marine natural product was 
approved for patient treatment by the U.S. Food and Drug 
Administration, the present 1999 antitumor and cytotoxic 
overview provides abundant evidence that 50 years after the 
discovery by Bergman and his co- workers of Spongo- 
thymidine and Spongouridine, there continued to be a 
sustained and persistent multinational effort aimed at the 
discovery of novel and clinical useful antitumor agents 
derived from marine organisms.
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