VOL. 4, NO. 3, pp. 175-181, November, 2014

Potential Anti-cancer and Anti-bacterial Activities of Philippine Echinoderm Extracts
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ABSTRACT

In high—throughput search for bioactive compounds under resource-limited settings from Philippine echino-

derms, the aqueous, methanol, chloroform and hexane extracts of seven Philippine echinoderms namely

Holothuria nobilis (sea cucumber), Bohadscia marmorata (sea cucumber), Stichopus chloronatus (sea cucumber),

Holothuria axiologa (sea cucumber), Linckia laevigata (starfish), Oreaster nodusus (starfish) and Ophiocoma

ochoenleinii (brittle star) were screened for antitumor and antibacterial activity. Antitumor activity was deter-

mined using brine shrimp lethality assay while antibacterial assay was performed using turbidimetric method.

Both assays utilized 96-well microtiter plates to facilitate speed and ease in screening. The chloroform extract of

H. nobilis gave a positive result on antitumor activity while almost all sample extracts showed antibacterial activity

against E. coli.
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INTRODUCTION

Phylum Echinodermata which included sea lilies,
feather stars, brittle stars, sea stars, sand dollars, sea
urchins, sea biscuits and sea cucumbers, is one of the
most distinct phyla of the animal kingdom. Most of the
approximately 6,500 echinoderms are marine species
with none of them living in freshwater [1]. Organisms
that belong to this phylum were already proven to con-
tain antibacterial, antifungal, antiviral, antitumor, anti-
coagulant, cytotoxic, hemolytic, antithrombotic and
even anti-HIV agents (for comprehensive review and
monographs see [2-6]).

The Philippines being an archipelago is surrounded
by seas, which serve as habitat for wide diversity of ma-
rine invertebrates including echinoderms. Collection of
these organisms for biochemical or biomedical research
to further enrich the knowledge concerning local ma-
rine lives is very conducive. A lot of marine organisms
remained unstudied and by exploiting them as source
of drugs or chemotherapeutic agents is of great value.

This study will give pharmacological knowledge
about Philippine  echinoderms

seven namely

Holothuria nobilis (sea cucumber), Bohadscia mar-
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morata (sea cucumber), Stichopus chloronatus (sea cu-
cumber), Holothuria axiologa (sea cucumber), Linckia
laevigata (starfish), Oreaster nodusus (starfish) and
Opbiocoma ochoenleinii (brittle star). Different solvent
extracts from these organisms will be screened and
possibly be used as potential sources of antitumor and
antibacterial agents.

MATERIALS AND METHODS
Materials

Echinoderms were gathered in Dimasalang, Mas-
bate, from the shallow up to deeper parts of the sea.
Each sample was washed with water to remove dirt and
sand. Samples were individually packed in polypropy-
lene bags and curated in the National Museum

(Manila, Philippines).

Extraction

Frozen samples were homogenized using a waring
blender upon addition of ample amount of water. The
homogenate was centrifuged and the collected super-
natant was lyophilized. The collected extracts were
stored at -20°C.

Air dried samples were cut into small pieces and
soaked in 95% methanol (1g : 4mL) for one week. The
crude extract was centrifuged and the centrifugate was
concentrated under reduced pressure at 40°C using ro-
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tary evaporator (Buchi R-124).

The concentrated methanolic extract was
placed in a separatory funnel and added with the same
amount of hexane. The mixture was shaken thor-
oughly to extract the non»poiar components from the
crude methanolic extract. Layers were allowed to sepa-
rate and the hexane layer was collected. The hexane
layer was then subjected to rotary evaporation (Buchi
R-124) under reduced pressure at 40°C. The residue
was collected in vials and kept at -20°C.

The crude methanolic extract was then subjected to
extraction with chloroform to separate slightly polar
components. The Procedure was similar to that of hex-
ane partition except that 10% distilled water was added
to facilitate the separation of two partially immiscible
layers.

The remaining methanolic extract in the separatory
funnel was subjected to rotary evaporation, and the re-
maining solid was collected and kept at -20°C.

Antitumor Screening

Antitumor screening was done with the use of the
brine shrimp (Artemia salina) lethality assay. Forty-
eight hour old A. salina nauplii were used as test or-
ganisms. Brine shrimp eggs were hatched in an impro-
vised two-compartment hatcher filled with artificial sea
water (35g formulated salt/1L dH20O). Free swimming
nauplii were gathered and plated in a 96 well mi-
crotiter plates (Dynatech Immulon).

A stock solution of 10,000 ppm was prepared for
each extract with the use of artificial sea water. Water
insoluble extracts (hexane and chloroform) were first
dissolved in 500 pL dimethylsulfoxide (DMSO)
(Merck) and then diluted to 1 mL with artificial sea
water.

Different concentrations (20—2,000 ppm) each ex-
tract were prepared from their stock solution. Artificial
sea water was used as negative control. Positive stan-
dards were also prepared with different concentrations.
These are potassium dichromate, taxol (paclitaxel)
(Bristol-Myer Squibb), Cytosine p-o-Arabinofuranoside
(Ara-C) (Sigma Chemical Co.) and Etoposide (Sigma
Chemical Co.).

One hundred microliter (100 uL) of each working
solutions for each extract was transferred in an individ-
ual well that contained 100 pL artificial sea water with
nauplii of a 96-well microtiter plate.

The numbers of dead nauplii were counted for each
well after 6 hours and 24 hours to determine the acute
and chronic concentration, respectively. Remaining live

nauplii were killed by adding a few drop of formalde-

hyde and the total nauplii per well were counted.

Data were analyzed using Reed Muench method
[7]. Lethal concentration (LC50) and the 95% confi-
dence interval was determined using linear regression.

Antimicrobial Assay

The antimicrobial assay was done with the use of
turbidimetric method and using E. coli as test organ-
ism. Aseptic condition was maintained all through out
the assay.
- Test Organism Preparation

An inoculum of E. coli was applied in a prepared
agar plate by streak piate method and incubated invert-
edly for 24 hours at 37°C. After incubation, one colony
from the agar plate (E. coli culture) was transferred to
one of the prepared Lauria-Bertanni (LB) (Gibco BRL)
broth and was placed in an incubator at 37°C for 24
hours. After incubation, 1 mL of E. coli culture (in
broth) was diluted to 10 mL with sterile LB brothe (1
E. coli culture: 9 broth).

Preparation of working solution

Stock solution of 50,000 ppm was prepared for each
extract using distilled water as solvent. Insoluble ex-
tracts were first dissolved in 40 uL. DMSO (Merck) be-
fore making to a final volume of 1,000 pL with distilled
water. Solutions were filter sterilized and working solu-
tions of 2,000 ppm, 1,000 ppm, 200 pPpm, 100 ppm and
20 ppm were prepared from the sterile stock solution.

Standard antibiotic solution were prepared by
diluting Penicillin-Streptomycin [prepared with 5,000
units/mL penicillin G sodium and 5,000 pg/mL strep-
tomycin sulfate in 85% saline (Gibco BRL)] into
0.1/50, 0.150, 1/50, 10/50, 20/50 and 30/50 (v/v)

Fifty microliter (50 pL) of the working solutions
were transferred to individual wll of a sterile 96 well-
micro titer piate (Corning). Negative control was com-
posed of 50 uL distilled water and 50 pL sterile LB
broth. Fifty microliter (50 pL) of prepared E. coli (1:9
dilution) was transferred to each well using a multip-
ipettor. A positive blank composed of 50 pL distilled
water and 50 pL of (1:9) diluted E. coli culture was
also included in the bioassay. In addition, serial dilu-
tions of 10-1, 10-2, 10-3 and 10-4 of E. coli were also
included.

Bioassay

The microplates were then placed in plate shaker
(Flow Laboratory, Titertek) and were shaken for 5
minutes. Optical densitites (absorbance) were deter-
mined at 650 nm waveiength using a microplate reader
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(Molecular Devices). Microplates were then placed in
an incubator at 37°C. The microplates were re-shaken
and optical densities were measured after 4, 8 and 24
hours of incubation.

Microbial Count

Four test tubes containing 9 mL sterile LB broth
and five sterile nutrient agar plates were obtained. The
tubes were labeled 10-1, 10-2,10-3 and 10-4 while the
plates were labeled 10-1 to 10-5. One milliliter of pre-
pared 1:9 E coli dilution was transferred to 10-1 labeled
agar plate. The tube was then shaken Vigorously and 1
and 0.1 mL of it were transferred to 10-2 labeled test
tube and agar plate, respectively, and the tube was also
shaken vigorously. The procedures were repeated to
obtain a serial dilution of 10-1 to 10-4 and 10-1 to 10-5
of agar plate.

Fifty microliter (50 UL) of each serial dilution was
placed in each well of a 96 well microtiter plate and
sterile distilled water was added to make a 100 pL solu-
tion. A tenth of milliliter (0.1uL) of serial dilutions in
agar plates were spread with the aid of a giass rod
spreader. Plates were placed in an incubator invertedly
for 24 hours. The colonies formed after 24 hours were
counted using a semi-automated colony counter (Stu-
art).

Data Analysis

The minimum inhibitory concentration (MIC) and
minimum bactericidal concentration (MBC) of various
extracts after 4, 8 and 24 hours of exposure were deter-
mined using linear regression. Absorbance reading was
correlated to CFU (colony forming unit) to determine
the bacterial count.

RESULTS AND DISCUSSION

Brine shrimp lethality assay was used to determine
the antitumor activity of the different solvent extracts
of echinoderms. This assay has been established as
rapid and simple method for screening starfish extracts
for antitumor activity [8, 9]. Table 1 showed the LC50
values of the different extracts after 6 (acute) and 24
(chronic) hours of exposure.

The chloroform extract of Holothuria nobilis had
an LC50 of less than 10 ppm, the lowest concentration
used for all the extracts. It may be considered to
contain antitumor agents since the standard set by the
National Cancer Institute of the US for a bioactive
compound to be an effective antitumor agent is equal
or less than 30 ppm. The extract appears also more

potent and more toxic (acute) compare to the

commercial anticancer drugs Taxol, Etoposide and Ara-
C used in the experiment.

Extracts, which have close value to the set standard,
include the chloroform and hexane extracts of H. axi-
oioga which has a chronic LC50 value of 37.48 pPpm
and 63.42 ppm, respectiveiy and the chloroform extract
of S. chloronatus with chronic LC50 value of 52.16
ppm. These extracts also have higher acute toxicities in
comparison to the standard anticancer drugs. In addi-
tion, only two positive controls have LC50 below the
30 ppm standard, potassium dichromate with an LC50
of 20.29 ppm and Taxol with an LC50 of11.05 ppm.
All anticancer drugs even have acute LC50 values
greater than 1000 ppm.

Previous researches on cytotoxic properties of
echinoderm extracts were mostly focused on their gly-
cosides, particularly the saponin and saponin-like com-
ponents. From the results, only sea cucumber samples
showed antitumor activity. Cytotoxic activities were re-
ported on active components like the alcohol extracts
from H. impatiens [10, 11], the glycosides such as the
desulfated derivatives of calcigerosides from Pentamera
ca]cigera [12-15], liouvillosides from Staurocucumis Ii-
ouvellei [16-18], hemoiedemosides from Hemoiedema
spectabilis [19] and anti-tumor lectins from brown sea
cucumbers [20]. Other components in sea cucumbers
which showed high cytotoxic activities include echino-
sides, holothurins, holotoxin and cucumarioside [21].

It is surprising that starfishes failed to show antitu-
mor activities in brine shrimps as studies have reported
cytotoxic activities in starfishes such as Narcissia ca-
nariensis [22], Certonardoa semiregularis [9, 23], Cul-
cita novaeguineae [24] and Acanthester planci [25]. In
the study on A. planci, it can be noted that as solvent
extracts which showed cytotixicty seemed to have lost
activity upon sequential extraction [25]. Antitumor ac-
tivity that depends on metabolic activation may also
lead to false-negatives [26].

All echinoderms showed antibacterial activity
against E. coli (tables 2A, 2B, 2C). Extracts from the
four sea cucumber species showed different activity.
The methanol extracts from sea cucumbers showed
negative results with the exception of that of H. axi-
ologa. Hexane and methanol extracts of H. nobilis
were active at 4 hours of exposure but their effective-
ness declined with time. The same thing can be
observed on the aqueous extract whose activity started
only after 8 hours of exposure.

Anti-microbial activity of chloroform extract from
B. marmorata increased relatively with time from 4 to
8 hours but declined after 24 hours. The activity of the
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aqueous and hexane extracts, which is most active at 4
hours, also declined with time. The chloroform extracts
of Sticbopus chloronatus was the most effective bacteri-
cidal while the hexane extract was the most effective
bacteriostat. Inhibition was observed with time in the
three extracts other than the methanol extract. Lastiy,
in H. axiologa, the hexane extracts did not exhibit ac-
tivity while its methanol extract showed activity after 8
hours of exposure but ceased after 24 hours that could
made it a potential bacteriostat. The most active is
chloroform extract showing activity at 4 hours of expo-
sure and also a possible bacteriostat while aqueous ex-
tract after showing activity at 8 hours lessened rela-
tiveiy with time.

The activities of the different extracts showed the
different nature of substances present in the sea cu-
cumbers. H. nobilis, Bohadschia marmorata and Sti-
chopus chloronatus have antibacterial activities in all
extracts with the exception of methanol. This is in
comparison with H. aXio]oga which had the hexane
extract as the inactive fraction.

hand showed bacteriostatic activity. In addition, the
chloroform extract have its stronger activity at 4 hours
while the hexane extract showed activity oniy at 8
hours of exposure.

Lastly, for the brittlestar Opbiocoma ochoenleinii,
the methanol extract was inactive against E. coli while
hexane extract showed becteriostatic activity at 4 hours
of exposure but ceased at 8 hours. Chloroform was the
most potent however its activity decreased relatively
with time until 8 hours of exposure and ceased at 24
hours.

Studies done about the anti-microbial properties of
echinoderm extracts were mainly focus on their glyco»
sides component, particularly the saponin (triterpene
glycosides) and saponin-like components that are
present on the polar fraction of echinoderm samples
[27-31]. Some exhibit anti-microbial activities against
fungi, yeast and viruses, however, but not against gram
(+) and gram (-) bacteria [32]. While others display
anti-bacterioside activity in aqueous-extracts but in
ethanolic and lipid extracts [33].

Table 1. LC,, of echinoderms extracts against brine shrimp

Sample Extracts LC(6hours) LC(?4 hours)
Holothuriz nobifis agueous >1000
methanol 351.03 105.61
chloroform 53.6 <10
hexane >1000 125.42
Bohadscia marmorats agueous >1000
methanol >1000 >1000
chloroform >1000 136.37
hexane >1000 350.06
Stichopus chloronatus agueous
methanol 141.25
chloroforms 177.14 52.16
hexane >1000 >1000
Holothuriz axiologs agueous F1000 30298
methanol 305.34 96.74
chloroform 8438 37.48
hexane Goz.58 G342
Linciia fzevigata agueous
methanol >1000 >1000
chloroform
hexane >1000 z15.84
Creaster nodusus agueous
methanol >1000
chloroform 1000 Z57.04
hexane >1000 13804
Opliiocoma ochoenleind  agueous 1000 >1000
methanol >1000 >1000
chloroform 1000 107.15
hexane

For the starfishes, three extract were screened for
antibacterial activity. Chloroform, methanol and hex-
ane extracts of Linckia laevigata showed after 8 hours
of exposure but irnmediately ceased at 24 hours. The
chloroform extract of Oreaster nodusus on the other

On the other hand, that of starfishes and brittle
stars, were inactive against gram negative bacteria E.
coli and some show activities against gram-positive
bacteria S. aureus, including the polyhydroxylated
steroid glycosides, polyhydroxylated sterol and disul-
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fated sterol [34].

Results showed that the methanolic extracts of sea
cucumber samples were inactive against E. coli except
that of H. aXio]oga. These agree with the observation
of [32].

observed that the results of hexane and methanol
extracts of L. laevigata were very closely similar (both
were inactive at 4 and 24 hours exposure and have very
close MIC and MBC values at 8 hours exposure). Fur-

thermore, the methanolic extracts of both samples were

Table 2. Minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) of echinoderms extracts

against E. coli after: A. 4 hours of exposure, B. 8 hours of exposure, C. 24 hours of exposure

Sample Extracts MIC (ug/ml) MBC (pg/mL) Sample Extracts MIC (ug/ml) MBC (pg/ml)
#. mobils aqueous 1431 4 H. nobilis aqueous 179 2723
methanol 40 <1 methanol 116 112
chloroform 21 2556 chloroform 369 3711
hexane 76 793 hexane 340 978
B. marmorata aqueous 699 2558774 B. marmorata aqueous 808 26103
methanol 055 <1 methanol 3 <1
chloroform 46 1631 chloroforn 130 2480
hexane 403 4335
hexane 140480 3524
5 chloronatus  aqueous 24 5
S. chloronatus  aqueous 213 106006 methanol n ‘1
methanol 1 <1 chloroform 12 2
chloroform 117 286 hexane 21 1
hexane 2 10872147 H. axiologe aqueous 8072 3547755
H. axiolaga aqueow P o methanol 816 92076
othanal 31 . chloroform 250 2615
hexane 29 &
chloroform 194 40306 P Yy e — - 3
hexane 16 <t chloroform 46 1305
O. ochoenleinii hexane 28.10 18226 hexane 20 <1
Penicillin/Streptomycin <1 049 Penicillin/Streptomycin <1 1005
A B
Sample Extracts MIC (ug/mL) MBC (pg/mL)
H. nobilis aquecus 1182 5966
methanaol <0.01 <0.01
chloroform Boo4 36714
hexane 3041 9304.94
B. marmorsta aquecus 116691 2088073
methanol 0.22 0.02
chloroform 2597 562552
hexane 1319 4314
5. chloronatus aqueous 6263 173004
methanol <0.01 <0.01
chloroform 2748 8726
hexzane 2 0.17
A z:{xofogz agqueous 11755 102272
methanol 0.5 0.04
chloroform 6952 26529
hexane <0.01 <0.01
O. ochoenlemnii  methanol 1.6 0.27
chloroform 0.4 <0.01
hexane 1.1 0.08
Penicillin/Streptomycin 248 262

Observations on saponin and saponin-like compo-
nents of sea stars indicate that they are inactive against
E. coli [34]. These are contrary to the results of two sea
star samples (L. ]aew'gata and O. nodusus), since both
indicated of showing anti-microbial activity. We also

found to be insoluble in distilled water. Chances are
the polar and non-polar extracts of the L. Jaevigata that
were tested are identical and errors during extraction of
both sea star samples could have been occurred.
Methanolic extracts of O. ochoelenii was also inac-
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tive against E. coli similar to a previous study [34]. On
the other hand, anti-bacterial activities among the hex-
ane and chloroform extracts of all the echinoderm sam-
ples were observed with the exception of H. aXio]oga.
These results indicate presence of different groups of
biologically active substances among echinoderm sam-
ples that exhibit anti-microbial properties, which possi-
bly, are not yet fully studied, and could be modified
into a new anti-microbial drug, if given further atten-
tion. Aqueous extracts were also found to express anti-
microbial activity against E. coli.

An antibiotic is considered bacteriostatic if it yields
low MIC but high MBC values. Accordingly, the
following extract probably may contain short-term bac-
teriostatic substances: chloroform extract of H. nobilis,
Hexane and aqueous extracts of S. chloronatus, and
hexane extracts of B. marmorata and O. ochoeleinii.
Aqueous extracts of B. marmorata have longer-acting
inhibitory property in 4, 8 and 24 hours of exposure. A
delay in inhibition was observed for both from extracts
H. axio]oga.

A bacteriostatic agent, given in sufficient doses to
increase the concentration, may exhibit bactericidal ac-
tivity. Similarly, extremely low doses of a bactericidal
drugs may merely exhibit bacteriostatic activity.

From our screen, we found that the chloroform ex-
tract of S. chloronatus contains the most potent bacte-
ricide haVing MBC value of 282.90 ppm (3.33x more
potent than Penicillin-Streptomycin) while its hexane
extract is most bacteriostatic having an MIC and MBC
values of 2.29 ppm and 10,872, 146 ppm respectively.

CONCLUSIONS

Different solvent extracts of seven Philippine
echinoderms were screened for antitumor and antibac-
terial agents. The chloroform extract of H. nobilis con-
tain a Potential anti-tumor agent that is more potent
and more toxic (acute) than Taxol, Etoposide and Ara-
C. Hexane and chloroform extracts of H. axiologa and
chloroform extracts of S. chloronatus also exhibit weak
antitumor activities against brine shrimp and are more
toxic (acute) than the standard anticancer drugs.

All samples contain substances that exhibit antibac-
terial activity against E. coli. Some only exhibit a bacte-
riostatic activity against E. coli but there are others that
exhibit bacteriocidal effect.
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