NEWS AND VIEWS

NATURAL PRODUCTS

Sponges to wipe away pain

J. Mann

IT is claimed that only 10 per cent of
rainforest plants have been screened for
drug activity, yet these have yielded
numerous anticancer, antiviral and anti-
inflammatory agents. How much greater
must be the potential of marine organ-
isms, which are far more diverse. The
first comprehensive review of marine
natural products did not appear until
1973!, and since then there has been a
veritable flood of papers reporting the
identification of novel natural products,
many with both weird structures and
intriguing biological activity. Elucidation
of the mechanisms of action of these
compounds is very preliminary, but a
paper by Faulkner and co-workers® on
the sponge metabolites manoalide, luf-
fariellolide and scalaradial, provides a
good example of the exciting results that
are beginning to emerge.

Manoalide (compound 1, Fig. 1) and
luffariellolide (2) are produced by
sponges of the Luffariella family, and
scalaradial (3) by the sponge Cacospon-
gia mollior. All are potent anti-
inflammatory agents®, apparently work-
ing through inhibition of phospholipase
A, activity4. This ubiquitous enzyme
catalyses the hydrolysis of the ester in
the sn-2 position of phospholipids, and is
implicated in the intracellular release of
arachidonic acid with subsequent forma-
tion of prostaglandins and leukotrienes
via the arachidonic-acid cascade’.

The prostaglandins are well-known
mediators of pain and inflammation, and
the leukotrienes are implicated in var-
ious immune reactions and in anaphy-
laxis. Although many experimental
drugs are now available that interfere
with the arachidonic-acid cascade, few
control activation of phospholipase A,.
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FIG. 1 The metabolites examined by Faulkner
and colleagues — 1, manoalide, 2, luffariel-
lolide, and 3, scalaradial — and 4, warbur-
ganal, an insect antifeedant®.
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So the work with the marine natural
products is clearly of considerable in-
terest.

All three structures possess either la-
tent aldehyde groups, CH=0, (the lac-
tols, C-OH, of 1 and 2) or actual alde-
hyde groups as in 3, and Faulkner ef al.
demonstrate that these react with one or
more lysine residues of phospholipase
A, to form Schiff-base (imine) linkages.
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other model reactions tried by Cimino et
al.”. Given the similarity in structure
between scalaradial and other biological-
ly interesting natural products, such as
the insect antifeedant warburganal® (4),
further chemical and biological experi-
ments are awaited with interest.

For the present, two obvious questions
may be posed: can this knowledge be put
to any use, and why do sponges produce
anti-inflammatory compounds? It is un-
likely that these sponge metabolites will
ever find their way into the clinic, but
this new understanding of their modes of
action may stimulate the design and
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FIG. 2 Phospholipase A, inactivation mechanisms. Scheme 1, the model compound reacts
with the lysine-analogue n-butylamine (n-BuNH, = CH3;-CH,-CH,-CH,-NH,) to form a Schiff
base. Scheme 2, scalaradial reacts with phospholipase A, (Enz-NH,) in the presence of

nucleophiles (Nucl) to form the pyrrole 5.

Initially they worked with simple ana-
logues of the natural products and
reacted these with simple aliphatic
amines (Fig. 2, scheme 1). The studies
showed that Schiff-base formation is the
preferred pathway. But would the en-
zyme studies reveal the same mode?

In the event, incubation of all three
compounds with bee-venom phospholi-
pase A; led to inhibition of the enzyme,
but this inhibition could be reversed
or prevented if the enzyme was treated
with hydroxylamine (H,NOH) at the
appropriate time. This is reminiscent of
work carried out with rthodopsin®. In the
retina, retinal is covalently bound to the
protein opsin via a Schiff base formed
through reaction of a lysine residue and
the aldehyde of retinal. In the presence
of hydroxylamine (and following expo-
sure to light), an exchange reaction
occurs with the formation of retinal ox-
ime (retinal-NOH) and regeneration of
the free lysine residue of the opsin.

Faulkner et al. also investigated the
progress of inhibition of the enzyme, and
reveal that inhibition of phospholipase
A; by scalaradial could be reversed by
hydroxylamine in the early stages only,
and suggest an irreversible inhibition via
formation of the pyrrole (5) (Fig. 2,
scheme 2). This is in agreement with
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synthesis of simpler structural analogues
with elevated anti-inflammatory activity.
Faulkner et al. also suggest that the
reversibility of the binding to phospholi-
pase A, may provide a novel means for
the purification of the enzyme, through
the use of affinity chromatography in-
volving these natural products.

Finally, what of their utility to the
sponges? They may simply be distasteful
to predators, but it is interesting to
speculate that they may bind to specific
enzymes in the predator, and interfere
with lipid metabolism or with some other
vital part of intracellular metabolism. 0O
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