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ABSTRACT

Sponge and tunicate samples collected from
Bolinao, Pangasinan are in various stages of extrac-
tion by solvent partitioning and purification by chro-
matography. Biological screening for antimicrobial
activity, antimutagenicity, cytotoxicity and neuroac-
tivity is performed on the crude extracts and semi-
pure fractions. Diagnostic thin-layer chromatography
and H-NMR spectrascopy are used to determine the
profile and nature of compounds present in these

samples. Preliminary results indicate that

sponges and 4 tunicates are active against certain
gram-positive bacteria, gram-negative bacteria and
fungi. Crude and Kupchan (hexane, choloroform,
methanol and aqueous) extracts showed zones of in-
hibition ranging from 7 - 15 mm against B. subtilis
(G+), M. luteus (G + ), S. aureus (G +), S. pyrogenes
(G+), 8. viridans (G + ), P. vulgaris (G-), P. aerogi-
nosa (G-), E. aerogenes (G-, E. coli (G-}, K. pneumo-
niae (G-), C. albicans (f), C. utilis (f/ and §. cerevisiae
(fl. A dose-dependent response was demostrated in
several cases. Antimutagenicity testing using the
Rec assay system, with repair-proficient (Rec +) and
repair-deficient (Rec-} strains of B. subtilis and with
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quinoline as positive coniia!, stiowed 10 crude sponge
and tunicate extracts with potential antimutagenicity
activity. The cytoloxicity assay performed using the
fertilized eqgs of the stariich Protoreaster nodosus
indicates that some extiacts have cytolytic activity, while
others may coritain UNA or protein synthesis inhibi-
tors. The intracranial injection of extracts into mice
elicited specific neuroactivities ranging from stimulation
to depression. Praliminary H-NMR of some bioactive
extracts showed intaresting and novel chemical
features. More matenal is currently being purified for
complete structural elucidaten of the bicactive com-
pounds in these extracis.

INTRODIICTION

The search for drugs frorm the ssa in the last 10 years has
vielded an enormous number of novel bicactive, secondary
metabolites. Compounds from marine inivertebrates such as
bryozoans, sponges, echinodetinz, coelenterates and wini-
cates, accounted for over 58% of all compounds studied up
to 1985 (7). Compounds isolaied {rom these animals can be
classified into: non-nitrogenaus metzholites such as terpenes,
sterols and steroids, polvketides and rmacrolides, carotenoids:
and nitrogenous metabolites such as small aromatic amines,
amino acids -- aromatic and nonarornatic; peptides -- linear
and cyclic, conservative and derivatized; nucleosides, isoni-
triles and alkaloids.

Sponges, the most primitive marine invertebrates, are
prolific producers of terpenaid and nitrogenous metabolites.
Various bhiological activities have been observed in many spe-
cies: alarge percentage is antibacterial; while others have an-
tifungal, antiviral, cytotoxic, antiturnor, icthyotexic and
insecticidal properties. It is argued that sponges have devel-
oped these novel secondary metabolites for defense and sur-
vival. Tunicates, on the other hand, bulong to the
phyliogenetically higher division of chordates. Among marine
invertebrates, they have the highest percentage of isolated ni-
trogenous compounds and one of the lowest numbers of com-
pounds studied so far. Being in the same phylum as higher
animals such as fish, amphibians, reptiles, birds and mam-
mals, they may contain compounds with greater specificity
and affinity for receptors in these animals,
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Tremendous interest has heen generated in the field of
marine natural products since the isolation of the novel arabi-
nonucleosides, spongouridine and spoangathymidine, from the
sponge Tethya crypta {1). These compounds served as mod-
sls for the development of the potent antiviral and antitumor
drugs, Ara A and Ara C. Other compounds from the sea have
since shown great potential as new marketable therapeutic
and diagnostic drugs. Among these are the discodermins, an-
timicrobial peptides from the sponge Discodermiie kiiensis
(11); the didemnins, antiviral and anticancer cyclic peptides
from the Carribean tunicate 7Trididemnum sp. {1B); and ma-
noalide, an anti-inflammatory, analgesic sesterterpene from
the sponge Luffariella variabilfis (16). Okadaic acid, a poly-
ether macrolide isolated from the sponge MNalichondria ckarlai
{6}, showed in vitre anti-cancer activity in its early evaluation.
More recent studies, however, show a tumar-promsoting activ-
ity based on its phosphatase- inhibitery property, which is
now being used to unmask protein kinase £ activity in cancer-
related tests (3).

Taxonomic identification and antimicrobral screening of
some marine sponges from three areas in the Philippines have
been reported (14); but further purification and structure eltu-
cidation of bicactive compounds, as well as other types ¢f bio-
logical screening, have not been undertaken. Studies orn
Philippine tunicates, moreover, are completely lacking. In this
study, we report preliminary findings of the biclogical screen-
ing of several Philippine marine sponges and tunicates. A bio-
assay- directed strategy may lead to novel compounds with
biomedical potential. Purification and structure slucidation of
some compounds are currently underway; and further evalu-
ation of activities using more specific and powerful assays has
been started in collaboration with Dr. Chris M. lreland, Depart-
ment of Medicinal Chernistry, University ot Lhah.

METHODS

Sponges and tunicates were collected by scuba diving
from Bolinao, Pangasinan from 1988-90 at depths ranging
from 5-60 feet. These were kept in ice and frozen. Sponges
were identified to the genus leve! by Jane Fromont at Sir
George Fisher Centre, James Cook University, North Queens-
land, Australia (Table 1, Fig. 1); while tunicate samples arg
still awaiting identification.
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Work-up and methodology used for sponges and tuni-
cates were identical (Fig. Z). Leads towards the elucidation
of the structure and function of bioactive compounds were
pursued synchronously in the couise of purification of ex-
tracts. Frozen samples were ivophilized, ground, extracted in
methanol twice gvernight and filtered. The crude methanol
gxtract was subjected to a Kupchan partitioning scheme using
solvents of increasing polarity (18}, This resulted in four Kup-
chan extracts, namely: hexane, chloroform, methanol and
water. The Kupchan extracts were rotaevaporated to dry-
ness; residues were weighed and reconstituted with appropri-
ate solvent to the desired concentration,

Diagnostic thin layer chromatography was performed on
crude and Kupchan exiracts. All extracts were routinely spot-
ted on siica gel-80 sheets. Crude and chloroform extracts
were develcped in chlorotform/methanol (91}, while hexane
extracts were developed in hexanefethyl acetate (1:1). The
more poiar methanol and agueous extracts were also spotted
on C-18 {reverse phasel plates and developed with various
proportions of methanol/water or acetonitriie/water {9:1). De-
tection was done under UV 266 nm and 254 nm and with
three color reagents. namely: chlorine-toluidine, ninhydrin and
vanillin {12},

Kupchan extracts (K) with interesting tic profiles and results
from bioassays were subjected to one or a combination of various
chromatographic flow methods: vacuum liquid chromatography
(VLC), column chromatography {CCJ, flash column chromatogra-
phy {(FC} (18} and high performance liquid chromatography (HP).
The choice of solid suppeort materia! such as silica gel-80,
Sephadex LH-20, or C-18 (reverse phase} silica gel, as well as the
type of solvent system and gradient used depended on the nature
of the sample. Fractions from these steps were concentrated
and again subjected to tic hioassays. Samples were coded based
on their purification history. For example, S1KhCC30 is column
chrom fraction 30 of the Kupchan hexane extract of the crude ex-
tract of sponge S1.

The proton-NMR spectra of selected extracts and fractions
were provided by Dr. Chris M. ireiand, Department of Medicinal
Chemistry, Univesity of Utah, Salt Lake City, USA.

Samples were scresned for biological activity using the fol-
lowing assays: the disk diffusion method for antimicrobial activ-
ity, the differential rec assay systemn with Bacifius subtilis for
antimutagenicity, the starfish fertilized 2gg assay far cytotoxicity
and the intracranial mouse bioassay for neurcactivity,
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Disk Diffusion Method for Antimicrobial Activity. The an-
timicrobial assay was parformed on five gram-positive bacte-
ria, five gram-negative bacteria and three fungi. Crude and
Kupchan extracts, as well as VLC fractions, were tested using
the standard disk diffusion-streak method (5,13). The most
positive results from this test were confirmed using the disk
diffusion- top agar method. Three different concentrations of
the sample were used to demonstrate a dose effect.

Rec Assay System with Bacilfus subtilis for Antimu-
tagenicity. Extracts were tested for their mutagenic and an-
timutagenic effects using wild, H17(Rec +) and mutant,
M45(Rec -}, strains of B. subtilis {9). The method was
adapted for antimutagenicity testing by cemparing the effects
of a standard mutagen, quinoline, with that of a mixture of
quinoline and extract. Straight streaks of the microorganism
were compared with the standard wiggle streak. The assay
was further developed inte a seed or lawn method whereby all
samples could be tested on equal or comparable concentra-
tions of the microorganism and each sample compared for
equal concentrations of the (Rec +) and (Rec -) strains.

Starfish Embryo Assay for Cytotoxicity. Starfish eggs and
sperm were obtained from dissection of the starfish Pro-
toreaster nodosus from Bolinao. Eggs were released from their
follicles upon addition of 1-methyl-adenine and fertilized (4).
Upon formation of the fertilization membrane, these were
added to the samples in minicell wells. Cell division for the first
eight hours was monitored using an inverted microscope. The
method was then modified by using microwells, each contain-
ing only 5-12 fertilized eggs and a smalier amount of the sam-
ple. Percentage scoring of effects observed was made on a
fewer number of cells.

Intracranial Mouse Bioassay for Neuroactivity. Extracts
were dried and residues reconstituted in appropriate solvents:
NSS for the polar fractions and DMSO or cyclodextrin (Mole-
cusolv) for the nonpolar fractions. Samples were injected in-
tracranially or intracerebrally to 2-4 week-old Swiss Webster
mice (2). The Hippocratic Method of multidimensiaonal obser-
vation and scoring of effects on the CNS and of subjective and
general observations was adopted {17). A modified table of
neuroactivity testing was devised.
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RESULTS AND DISCUSSION

Antimicrobial activity, Preliminary results showed at least
15 sponges and 4 twnicates with antimicrobial activity (Tables
2 and 3. Crude and Kupchan extracts were active against 8.
sbiiis (+), M luieus (40, 5. aureus (+1, 5. pyrogenes (+ ),
&, wiridans (+ }, P vulgaris (), P aeraginesa (-], F. aerogenes
i}, E. ool [-), K. pneumoniae (-, O gthicans (11, C. utilis (f) and
8. cerevigige (Tl The zones of inhibition are not indicated in
Table 2 because the crude extracts were of unknown concen-
wation and thus relative values are not significant, Since this
is a prediminary screening, all extracts which showed a thin
growith or clear line around the disk were also reported,

The antimicrebial activities in the crude extracts were
shown 1o be distributed among the different Kupchan extracts
{Table 3}. Zones of inhibition ranged form 7-15 mm, generally
smalter than those for the standard antibiotic disks. The activi-
ties of the most active Kupchan extracts were confirmed and
demonsirated in dose-response experiments using the top
agar method {Fig. 3). Further acreening has been performed on
semipure  column chrometography Tractions STKeVLC,
S1eVIC - CC, S1kmOC, 3GV C-CC, T1KeCC, but the results
are not included hera.

The search for antimicrobial agents has 1aken a definite
direction in deveioped countries. While anti-viral drugs are
high on priority, grarn-negative infections are stiil among the
most comrnen, serous and pathiogenice. Their guickly chang-
ing patterns of rasistance and susceptibiiity need to be
adressad with the constant search for novel drugs. While
gram-positive infactions have practicatly been eradicated in
afflugnt societies, they cannot be disregarded ity areas of poor
health and environmental condibions like the Philippines. They
ara many and difficult to treat, and resistant strains have
eimerged recentiy, like the heteroresistance of Staphylococct.
Yeast, un the other hand, are the most common fungal infec-
tions, baing sggravated by the extensive use of broad-spec-
trum antibiotics, Immunosuppressive corticostercids and anti-
tunor agents,

Antimutagenicity. The Rec assay system has heen suc-
cesstul in detecting and evaluating a number of environmental
mutagens, when usad with other microbial test systems. The
use of bacteria as tha repair test for mutagens provides a sim-
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pla, inexpensive, prelimingry assay for inutagenicity, 8aciius
subtifis (G +Y is useful because it has a cell membrane that is
more permedable to chemicals than some gram-negative bacte-
ria,

Extracts were tested for thelr mutagenic as well as an-
timutagenic effects (Fig. 41). This was done differentially on
mutant, recombinationless, reparr-defizient M45{Rec-) versus
wild, recombination repair-proficient H17{Rec -+ } strains. The
rec character or genes are activated upon exposurs of the cell
to DNA-damaging agents. These, in turn, induce the expres-
sion of the SOS genes rasponsible tor a network of cellular re-
pair responses. Mutant, recombinavioniess bacterfa then are
usually more sensitive 1o inhibition than the wild type. Ex-
tracts showing increased lethahty {larger zone of inhibiticn) on
{Rec-) in comparison with (Rec +} cells may have caused cel-
lutar DNA damage {9,19}.

Because of difficulty encountered with the standard wig-
gle streak, a straight sireak was used in the second batch of
samples to make the density of microerganisms uniformn and
to facilitate the measurement of the zone of inhibition. No
zone of inhibition was observed in the presence of any ex-
tracts alone; thus none were mutagenic. A large zone of inhi-
bition was obzerved for the mutagen quirnicline slone (Fig. 4.
A reduction in the zone of inhibition was observed for several
extracts when applied with quinoline. This indicates a weak-
ening or reversal in the inhibition or mutagenic effect of quino-
line on the micreorganisims, Thus, the extracts are considered
antimutagenic. [t is noted that thie {Rec+) strain showed a
smalier zone of inhibition than the {Re¢-) strain for each case,
consistent with the fact that the {Rec ) strain 15 capable of
cellular recombination repair,

The rec assay method was fuither modified irto a seed or
lawn method. Concentrations of the two strains of microor-
ganisms in the top agar were rnade approximately uniform for
all samples. This was achieved by making a serial dilution of
the inoculated top agar to the appropriate concentration that
would produce a thin lawn. Concentrations were compared by
reading the absorbance at 54C om. This method was used ta
screen samples from a fater batch which showed interesting
H-NMR spectra. Among these, sample $28 (unidentified) by
itself was shown to cause inhibition; mutagenic activity was
later traced to SZBKc¢FC fractions which caused inhibition
alone and increased the inhibition of quinoline.
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Cytotoxicity. The starfish embryo assay measures the cy-
totoxic effects of samples on starfish fertilized eggs undergo-
ing mitosis or embryogenesis. Resuits showed some crude
and Kupchan extracts with dramatic effects on early mitotic
cell division, such as: retardation or absence of cell division,
lysis of fertilization or egg cell membranes and formation of
polynucieated cells and abnormal cells {Tables 4 and 5, Fig.
5). Cytolytic agents are clearly present in some samples; while
others may contain DNA synthesis, RNA synthesis and protein
synthesis inhibitors or cytokinetic inhibitors.

Table 5B is the result of a modification on the method of
Fusetani. Microceli wells and microvolumes of fertilized egg
suspension and semples were used to monitor effects more
guantitatively. The whole microwell containing only 5-12 fer-
tilized eggs was within full view of the microscope field at a
time; thus cells were more accurately observed. Samples of
S28KcFC, S1KhFC, T1KcCC26HP and T17KcFC have re-
cently been tested using this micremethod.

The starfish egg assay is meant to be paired with another
assay, the starfish oocyte maturation assay, which involves a
rmeiotic process. The value of the paired assays lies in the abil-
ity to distinguish amaong different mechanisms of cytotoxicity.
DNA synthesis inhibitors biock the mitotic division of embryos
at the one-cell stage but do not affect meiotic maturational di-
visions of oocytes. Protein synthesis inhtbitors, on the other
hand, arrest both oocyte maturation and embryo cleavage;
while RNA synthesis inhibitors allow embryo development up
to the 64-128 cell or morula stage. Microtubule and microfila-
ment assembly inhibitors, as well as ¢ytolytic agents, can like-
wise be distinguished.

However, the oocyte maturation assay has not been per-
formed due to the absence of or difficulty in identifying imma-
ture eggs at the germinal vesicie stage. At this point, the
differential effects of an extract on meiosis and mitosis have
not been demonstrated; thus it cannot be confirmed which
samples specifically contain DNA, RNA or protein synthesis
inhibitors.

Neuroactivity. The intracranial mouse bioassay was used
to screen for neuroactive compounds. Almost all sponge and
tunicate samples showed interesting neuroactivities ranging
from CNS depression to stimulation. Several samples caused
death with varying time. Table 6 presents the range of activi-
ties observed for some chloroform extracts and their column
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chromatography fractions, the former being the most neuro-
active among the Kupchan extracts. The bioassay was used
for primary screening to provide a prefile of the toxicity and
pharmacological activity of extracts. An intracranial or in-
tracerebral (i.c.) iniection iniroduces the sample directly into
the central nervous system, in contrast to the intraperitoneal
{i.p.) route, which aftects peripheral neuromuscular systems.
The i.c. route detects a wider range of effects because its tar-
get is central. It is sensitive to those compounds which have
difficulty crossing the blood-brain barrier and are weak or in-
effective when applied intraperitoneally or intravenously.
Symptoms observed show that peripheral neuromuscular sys-
tems in other organs and tissues are aiso affected,

Nature and profile of some bicactive components. Be-
cause of the great number of bioactive fractions and compo-
nents found, priorities were established based on guantity of
sample, strength of hioactivity and the nature of compounds.
Tic profiles provided information on polarity from Rf values
and the presence of functional groups from color reagent re-
actions.

Earlier, the nonpolar hexane fractions, some of which
were also bioactive, were given low priority. Interest was con-
fined to more polar, nitrogen-containing compounds, which
are less well-studied and more likely to be novel. The chiorine-
toluidine color reagent specific for amines, imines, amides, im-
ides and ammonium salts was used to detect nitrogenous
compounds; while aromatic and conjugated groups were de-
tected by UV at 254 nm and 366 nm. Polar compenents frem
the Kc and Km extracts had an Rf range of 0.3-0.4 on silica
gel-60 tlc developed in chloroform/methanol (9:1).

Initially, three neuroactive compounds, two from sponge
S1 {Stylopus sp.} and one from tunicate T1 (unidentified},
were purified. However, the H-NMR and mass spectra showed
that they were not novel but known, low molecular weight,
aromatic amines. Biogenic amines are known to be present in
marine animals; some of them are net only polar but also
charged like homarine, the compound isclated from T1, which
is helieved to function in marine animals as an anti-sait stress
factor. Among the biogenic amines are the catecholamines
such as the neurotransmitter epinephrine. It is, thus, not sur-
prising that the small aromatic amines from sponges and tuni-
cates, which may have structures similar to epinephrine, are
neuroactive.
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More recently. interest has been focused specifically on
novel peptides. These peptides are of intermediate polarity
and show an Rf of about 0.6-0.8 on silica gel-60 tlc developed
in chioroform/methanol (9:1). To confirm the presence of pep-
tidal and aromatic functions, crude extracts with interesting
tle profiles are now further screened using H-NMR spectros-
copy. These groups show up in highly characteristic patterns
and regions in the H-NMR spectrum.

The tunicate T17, tentatively identified as Lissoclinum
bistratum, has yielded at least two new cyclic peptides that
are different but closely related to the family of known Lisso-
clinum peptides, the bistramides (8). Tentative structures
have been assigned but are awaiting confirmation pending
completion of other NMR experiments. The H-NMR spectrum
of ane semi-pure fraction shows the peptidal patterns in the
7.5-9.0 ppm region {Fig. 6}. Bioassays are currently being per-
formed on T17 fractions and recently T17 fractions have been
shown to be active against human colon cancer cells in vitro.

Ancther sample, sponge SZ28 {unidentified), showed a
promising tlc profile in the crude extract; this was confirmed
to contain interesting peptidal groups by H-NMR (Fig. 7). In
addition, S28KcFC10-14 is neuroactive and mutagenic. Puri-
fication and structure elucidation of this sample are currently
underway.

CONCLUSION

The search for novel bioactive compounds from sponges
and tunicates, in its initial phase, consists of two main meth-
odologies: purification and bioassays. This project was initi-
ated with the objective of searching for various biological
activities in these marine animals that could be studied for bio-
medical and pharmacological application. However, a bioas-
say- guided search generally leads one to known compounds.
And so recently, more emphasis has been given to the chem-
istry by screening extracts with tlc and H-NMR. The project
should eventually lead te the structural elucidation of novel,
bioactive compounds, whose molecular targets can then be
pursued.
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Table 1. Taxonomy of sponge samples
A piece of fresh sample showing surface, internal and basal tissue,
as well as unusual features, was preserved in 70% ethanol. Field
data such as depth, substrate type and locality and a picture were

provided.

Class Demospongiae (unless otherwise stipulated)

SAMPLE

S1
52
S3
54
S5

S6

S7 lsame S9)
s8

59 lsame S§7)
S10

S11
s12
s13
514
§15

516

S17

sS18

S19

§20

s

$22

s23

S24

$25

526

s27

SA (same 51}
SB

SC (same S55)

SD
SE
SF
5G

ORDER

Halichondrida
Axinellida
Hadromerida
Axinellida
Axinellida

Nepheliospongida
Poecilosclerida
Astrophorida
Poecilosclerida
Dictyoceratida

Dictycceratida
Nepheliospongida
Axinellida
Haplosclerida
Hadromerida

Class Calcarea

FAMILY

Hymeniacidonidae
Axinellidae
Subaritidae
Axinellidae
Axinellidae

Petrosiidae

My xillidae
Pachastrellidae
My xillidae
Thoractidae

GENUS

Stylopus

Suberites
Axinetla

Petrosia
Lissodendory x

Pachastrella
Lissodendoryx

805

Dysideidae, mainly a matrix full of cyanobacteria

Petrosidae
Respaillidae
Niphatidae
Spirostrellidae

Xestospongia
Echinodictyum

Spirastrella

Class Demospongiae, mainly siphonous green algae

Axinellida Agelasidae
Dictyoceratida, thin mainly sandgrains
Dictyoceratida Spongiidae
Petrosida Petrosiidae
Axinellida Axinellidae
Petrosida Perrosiidae
Petrosida Petrosiidae
Petrosida Petrosiidae
Class Calcarea

Haplosclerida Niphatidae
Halichondrida Hymeniacidonidae
Axinellida Axinellidae
Axinellida Axinellidae
Petrocsida Petrosidac
Poeciloselerida My xillidae
Haplosclerida Niphatidae
Hadromerida Suberitiidoe

Agelas

Xestospongia
Xestospongia

Strongylophara
Xestospongia

Stylopus

Xestospongia
Lissodendoryx

Suberites
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Table 2. Antimiicrobial screening of crude extracts

METHOD. MEDIA, & CONDITIONS Disk diffusion method - streak
method, tryptic scy agar (TSA) slants and stock plates. Mueller-
Hinton Agar (MHA) test plates standard inoculaticn and incubation
(37 overnight} conditions. CONTROLS - stangard antibiotic disks:
Penicillin G, 10 49 Amikacin, 10 ug ; Polymixin B, 300 1 g Erythro-
mycin, 30 wi Chloramphenicaol, 30;.5 : Tetracycline, 10 w4, extract
solvent-methancl. SAMPLES - 10 @ of unknown concentration of
crude methanol extract per disk. 6 mm disks. two trials per sample.
MICROGRGANISMS: from the National Scierce Research Institute

(NSRI) and Institute of Public Health {IPH). U.F.

GRAM POSTIVE BACTERIA:
BS - Bacillus sublilis

ML - Micrococcus jufeus

SA - Staphylococcus aureus
SP - Streptococceus pryrogenes
SV - Streptococcous viridans
FUNGI:

CA - Candida alhicans

SC - Saccharomyces ceravisiae

EXTRACT SUSCEPTIBLE MOs
g1 G+ B, NL, 5P, 5y
G- PA, EA, EC, KP
F :CA, Cu, sC
5d G v :BS, ML, 5P, SV
5S4 G ML
Fiol 8¢
sS4 G+ BB, ML, S& 3R, 5V
G : EAKP
F: CA CU, 8C
55 G+ B3, ML, 54
G- EC
F:CU
S6 G+ ¢ NL
57 G + ML, SA
[ - e eV
58 F.CU
510 G+1d5, ML, 5A

G-: 8V

GRAMNEGATIVE BACTERIA:
PV - Proteus vulgaris

PA - Pseudomonas aeroginosa
EA - Entercbacter aerogenes
EC - Escherichia coli

KP - Klehsiella pneumoniae

CU - Candida ulilis

EXTRACT SUSCEPTIBLE M0Os

£12 G+ EE, ML SA P SV
C: PV EA
F AU, SO

5§13 G- ML SA, SP. SV
F:CA CU, 8C

S14 G+ SP SV
F.oCi

515 G i3V
G PV
F.CA

517 Go+ oML

S19 GBS

T G+ :BS, ML, S5A

T3 G NL

T4 G+ o BS, ML

15 G =1 E5
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Table 3. Antimicrobial screening of Kupchan extracts
METHOD, MEDIA, CONDITIONS, MICROORGANISMS (LE-
GEND), ANTIBIOTIC STANDARDS (POSITIVE CONTROLS).
DISK SIZE AS IN TABLE 2. NEGATIVE CONTROLS: solvents-
hexane, chloroform, methanol, water. SAMPLES: 80 414 residue
or 40 u/ of Kupchan extract per disk: two replicates per sample.
LEGEND:

(+) - clear line around disk + + - zone of thin growth around disk
exceeds 1 mm
+ - thin growth around disk = - no zone of inhibition

ZONE OF INHIBITION, mm
Extract BS (G+) MLIG+) SA (G+) EA (G-] ECI(G-) KP(G-) CA{r) CUIr)
S1-Kh (+) + + +
S1-Kc + +
S1-Km 8.5 11.25 7.75 75 + +
S1-Ka 8.75 + +
S2-Kh + + + + +
52-Ke + (+t
S2-Km +o (+) 8.0 7.5 (+) +
S2.Ka [+} (+)
S3-Kh + {+) + +
53-Ke + ] [+)
S3.Km + 8.0 7.5 + [+)
S3-Ka
54-Kh [+)
S4-Ke
S4-Km +
S4-Ka +
S56-Kh [+)
56-Kc
S6-Km 8.5
S6-Ka
S7-Kh +*
S7-Kc +
S7-Km (+)
57-Ka
S12-Kh (+)
S12-Ke 9.0 10.5
512-Km
512-Ka
513-Kh
S13-Kc
S13-Km + (+)
513-Ka
S14-Kh
§14-Kc
514-Km + + +
$14-Ka
$15-Kh o »
S15-Kc
S15-Km + e +
515-Ka

+ +

7.5 (+)

8.25 7.5 (+) (+)
{(+]

+ + +

Ry TO4 4+
Zuw

"

8.0 1.5 + [+)

+F +++ 4+ *+
+

+

" +

+ %+
+ o+
+

+

hexane {+) + =0 {+) (+) (+)
chloroform

methanol + (+)

water [+)
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Table 4. Cytotoxicity screening of crude extracts. Effects on
mitotic division of starfish fertilized eggs

METHODS as described in Fusetani, N. 1987. Egg folficies from siit
female starfish Protoreaster nodosus were washed with natural sea
water (NSW) 4X and eggs were released upon addition of 20-100 u/
001M 1-methyl-adenine. Active sperms from shit male starfish were
added to mature eggs. Upon formation of the fertilization mem-
brane,500 u { of the fertilized egg suspension was immediately added
to each sample in a minicell well. SAMPLE used was about 0.1«
residue of crude methanol extract (variable volumes) made up to 500
n{ with NSW. Final total test volume was 1.0 uf. CONTROLS:
Aphidicotin, cycloheximide, vinblastine, flourouracil, hydroxyurea,
NSW, methanol. Observation was made using a Reichert microstar
inverted microscope (magnification 60 X 10) for the first, second,
fourth and eighth hours.

CRUDE EXTRACT CYTOTOXIC EFFECTS

SPONGES

S1,S817, 520 cell division retarded

S2, 56, S8 no cell divisian, polynucleated cells

S3 cell division retarded and irreqgular

S5,57, 516,518 cell division iegular

89, 510 cell division irregular, egyg and fertili-
zation membrane lysed

S12, 813 no cell division, polynucleated cells,

irreqular cell shapes, fertilization
membrane lysed

S14 eqgg and fertilization membrane lysed
519 no celf division, eqg membrane tysed
TUNICATES
T1 T3, T4 celt division irregular
T2, Td celf division irregular, polynucleated
cells
'TH no cell division, eyy membrane lysed

T6 no cell division, polynucleated cells
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Table 5, Cytotoxic effects of Kupchan extracts

METHODS and POSITIVE CONTROLS as in Table 4. A, NEGA-
TIVE CONTROLS. NSW hexane methanol, water, SAMPLE.
3 mg residue from Kupchan extract in final test volume of
1.0 ml. B. The method was scaled down to the micro level. 25 £
of Tertilized egg suspension (containing 5-12 cells} was added to
sample in a microcell well. Extracts were dried of Kupchan sol-
vent KA and Km residues were redissolved in normal saline
(NSS). Ke residues were redissolved in cyclodextrin (Molecusalv).
SAMPLE: 259 residue in 25 «f NSS or Molecusolv. Final test
volume was 50 ml. NEGATIVE CONTROLS NSS, Molecusolv,
NSW. The number of fertilized eggs at zero hour and the number
or % of cells showing specific cytotoxic symptoms at each obser-
vation time were recorded.

LEGEND:

CD - cell division normal CDA - cleavage furrows present but cd aborted
CDN - no cell division (ed)  FML - fertilization membrane lysed

CDR - cd retarded EML - egg membrane lysed

CDI - cd irregular & unequal PNC - polynucleated cells
CS1 - cell shapes irreqular

EXTRACT EFFECT EXTRACT EFFECT EXTRACT EFFECT

A.SPONGES
S1Kh CSI,PNC S1Km  CDN,PNC S1Ka cD
52Kh CDN, PNC  S2Km  EML SZKa CDN,PNC
S3Kh CDR, CDI S3Kkm  CD S3Ka CD
S4Kh CDR, CDI S4Km  CDA,EML S4Ka EML
SEKh Cchi SBKm CDA,EML SGKa CcDl
hexane CDi methano! CD water D
NSW CD

B. TUNICATES

T1Kc CDN T1Km CDN TiKa CDR.CDI
T2Ke CDR T2Km CDR,CD} T2Ka CDI
T3Ke CDN T3Km CD T3Ka CDlI
TaKe CDR,CDA,CSlI T4Km CDN,CSH TdkKa CDN,CSI
ThK¢ CDR.,CSI TEKm CDR,CDI TEKa CDR,CDI
T6K: CDN TEKm CDR TEKa CDR,CDI
T7Kc CDR T7Km CDR,CDI T7Ka CDR
Molecusolv CDR NSS CD NSS CD

NSW CD
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Table 6. Neuroactivity screening of Kupchan chloroform ex-
tracts and fractions from column chromatography

METHOD: Intracranial injection into 3-4 week old Swiss Webster
mice. SAMPLES: Kc extracts and KcCC fractions. (silica-gel 60
column), 1 wf of unknown concentration of sample per gram
body weight mouse extracts & fractions were dried of solvent
and resuspended in DMSO. CONTROLS: caffeine-stimulant, phe-
nobarbital-depressant, DMSQO-stimulated for first 30 min., normal
after. Observation and scoring done for first two hours at 30
minute intervals.
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Lissodendorye sp. (87)

s

Stylopus sp. (81)

Suberites sp. (8G) Axinellidae sp_ (84)

Unidentified (828)

Lissoclinum sp. (T17)

Figure1. Some sponges and tunicates eollected
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STRUCTURE PURIFICATION FUNCTION
SAMPLE
COLLECTION
A
LYOPHILIZATION
h
EXTRACTION
KUPCHAN PARTITIONING
GENERAL
TLC | CONCENTRATION BIOASSAYS:
ROTA EVAPORATION Antimicrobial
Antimutagenicity
Cytotoxicity
Neuroactivity
N COLUMN
CHROMATOGRAPHY
SPECIFIC
y ASSAYS:
H-NMR Cell Cultures
SPECTROSCOPY |9 H.P.L.C. ¢ | Enzyme Assays
L
2D AND C-13 NMR L -« KINETICS
SPECTROSCOPY | PURE COMPOUND e |  BINDING
MASS __1 l
SPECTROSCOPY
1 MOLECULAR
ORGANIC TARGETS
SYNTHESIS e
Figure 2. General workup and methodology for bioassay-guided

natural products research
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Figure 3. Antimicrobial dose effects of selected Kupehan extracts

METHOD: Disk diffusion-top agar method: MEDIA: TSA-
base agar, Bactoagar-NaCl (6 g each per liter) top agar;
MICROORGANISN: A lvophd is inixed with top agar, 5w f
of which is poured onto base agar. SAMPLES: 10 ¢ £ 30
uf of 60 e Jaf Kupchan extract or 0.6, 1.2, 1.8 «
doses; 5 replicates per dose. CONTROLS as in Tables oz
& 3.
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Figure 3. Continued
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Figure 4.

Sample

Wiggle Streak

M Rec +
B Rac -

Zono of Inhibition{mm}

Straight Stresk

W Rec +
Rec -

a+M

Zone of Inhibition{mm)-

Antimutagenicity screening of crude extracts

METHODS as described in Kada, T. et al. 1980. Differential
Rec assay system with Bacillus subtilis, rapid streak method
without metabolic activation. MICROORGANISMS; H17
Rec + and M45 Rec- strains of B. subtilis from Dr. C.L.
Sylianco, Institute of Chemistry, U.P. Inoculum applied in a
wiggle or straight streak. SAMPLES and CONTROLS: 504 f
of unknown concentration of crude extract: 50 4/ of mu-
tagen quinoline: 50 ¢/ of crude extract plus 50  fof quino-
line; 50 u.f of solvent methanol plus 50 ml of quinoline, 5
replicates per sample. LEGEND Q-quinoline, M-methanol,
Rec + - wild, repair-proficient strain, Rec= - mutant, repair
deficient strain.
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- Apbidiealin B. Aphidicohn C. Aphidicelin D. Aphidicolin
1 hr, 4 hirs. G lus 8 hrs.

H. 812 L 52Kh J. S2ZKm

Figura 5, Tytotoxic effects (photographs) of standard and some
cride and Kupchan extracts
A-D. Aphidicolin, 3 s4 DNA synthesis [DNA polymerase)
inhibitor, blocks mitotic cell division at the one-cell stage;
E. 83 - CDN, CDR; F. 87 - GDI; g> 89 - CDI, EML, FML;
H. 812 - CDN, PNC, TSI, FML; I. S2Kh - CBN, CDA, PNC;
g, 82Km - EML (LEGEND as in Table 5}
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Figure €. H-NME of samipure fraction of Lssecfiees sp (717 andd
tentative structures of new ovolic peptides
A. SAMPE: fraction TT7HcFCE T -100; paptide ramon: 7. 5.9
ppm; B.temtative structures of peptides {deducse o
DEPT, COSY, HWMOC, HMBC by Mark P. Fosier, Dopart-
ment of Madicinal Chemistry, University of Ulah).
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