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ABSTRACT

The manuscript updates the chemical constituents isolated from various
family of sea cucumbers biomass. A large number ofpure compounds of
different classes have been covered. The manuscript described sources,
bioactivities and chemical and physical constants of the different classes
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of compounds.

INTRODUCTION

Thephylum Echinodermata, which comprisesabout
6,000 living speciesdigtributedin

sea cucumbersare afascinating group of marine
invertebrates. They live chiefly among the coralsbut
are also found among rocks and in muddy and sandy
flats. They aredistributed from theshoreto thegreatest
depths. Their length rangesfrom afew millimetersto
morethan 2.0 meter and they occur inal color combi-
nationswhite, black, red, blue, green, yellow, violet
etc.M

Seacucumbersaredistributed over South Pacific
region, Peru, Chile, Caribbean East Pacific (California,
Mexico, Bgja, Canada) West Atlantic, New Zealand,
West Australia, Red sea, South East Asiaand Indian
Ocean. Thespeciesof highest commercid vaueintropi-
cal waters of the western pacific and Indian Oceans
are Holothuria fuscogilva, Holothuria nobilis,
Holothuria scabra, and Actinopyga mauritiana, spe-
cies of medium valueinclude Actinopyga echinites,
Actinopyga miliaris and Thelenota ananas. Species
of low value include Holothuria atra, Holothuria
edulis, Bohadschia argus, Bohadschia vitiensis,
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Sichopus chloronotus and Stichopus variegates.
They are found in the Indian Ocean, Andaman &
Nicobar Idands, inthe Gulf of Mannar, Palk Bay and
L akshadweep.

Thebody of seacucumber iselongated, |eathery
and muscular. Spinesare contained withintheskin. Sea
cucumber isdioecious, but hard to differentiate between
maefromandfemaeform.. Cuvieriantubules (defen-
siveglandswhich extend from anus) contained alarge
amount of saponins, which arepesticidal.

TRADITIONAL USESOF SEA CUCUMBER

Seacucumberswererecorded asahedthy lifestyle
tonicinthetraditional medicinein many ancient writ-
ings. According to the Chinesetraditional medicines,
the seacucumbers nourish theblood and vital essence,
strengthen thekidney “qi” (treat disorders of the kid-
ney and the reproductive organs) and moisten mu-
cosal dryness(especidly of theintestines). Other com-
mon usesincludingincludesfor trestment of weakness,
impotency, debility of aged, constipation duetointesti-
na drynessand frequent urination. Traditionally sea
cucumbers are eaten by Chinese peoplemorefor their
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tonicvaduethanfor their seafood taste. Hencethe popu-
lar Chinesenamefor seacucumbersis‘Hoisom”, which
mimicsasthe ginseng of the sed?3. Holothuriansand
itsproducts could cure certain ailments, hypertension
and asthma, also heal internal woundsand in cancer!.
Sea cucumbers aso serve as a rich source of the
polysaccharidechondraitin sulfaie® whichiswel known
for itsability to reduce arthritis pain by acting likea
glucosamine sulfate. Sulfated polysaccharidesasoin-
hibit viruses, chondroitin sulfate have been potentid for
HIV therapy!™. Chinese studiesrevealed that the sea
cucumbers contai ned saponin glycosides® which have
astructuresmilar to theactive constituents of ginseng,
ganodermaand other famoustonic Chineseherbs. Stud-
ieshavealso further indicated that anticancer proper-
tiesare extracted from these seacucumbers saponins
and thepolysaccharides. Vitaminssuch asB1, B2, B6,
A, D and E areisolated in many species (Thelonota
ananas). Sometracee ements, present within thebody
of these animalsare Mn, Fe, Zn, Co, Cu and S&>9.
Certain extracts of the seacucumbers had also been
described to containVitamin E and antioxidants. There-
fore sea cucumbers could provide agood source of
externd antioxidant' for human consumption. Thetoxins
of seacucumbershaveantiviral, antitumoral, antican-
cerousand antifertility properties® thuscan beexploited
for production technology could be usedin the phar-
maceutica industries®.

Russian, Japanese, and Chinese studiesseem to
support that theseinvertebrates contai ned saponing®
with anti-inflammatory and anti cancer properties”.

In addition, theoil of the seacucumbers contains
two anti-inflammatory fractiong®. Onefraction hasfatty
acidscharacteristic of thosefound infish; they canbe
used asasubgtitutefor fishail inreducinginflammetion.
Themain compoundsof interestinthefishoil are EPA
(elcosgpentaenoicacid dso found in seacucumbersand
DHA (docosahexaenoic acid) whichisuniquetofish:

CHEMICAL CONSTITUENTSOF THE SEA
CUCUMBERS

A largevariety of the chemical compoundsinclud-
ing saponins, sterol's, sapogenins, ceramides, ganglio-
sides and fatty acids have beenisolated and reported
by variousresearch workers.

—=> [ul| Paper
Saponins

Among the echinoderms, seacucumbersand star-
fishesinvariably contained saponins, which aregener-
aly responsiblefor their toxic nature®. Sgponins, wa:
ter-soluble compounds with complex structures. Sa-
ponins have beenisolated from alarge number of ter-
restrial plants, but are uncommoninanimal constitu-
ents. Intheanimal kingdomthey area most ubiquitous
in seacucumbers and starfishes, whilefound rarely in
others. Chemically, saponinsfrom seacucumbersare
triterpenoid glycosi deswhereasthose from starfishes
aresteroidal glycosides. Inthe past few yearsalarge
number of metaboliteswith cytotoxic, antifungal and
antineopl astic activities have been isolated from sea
cucumbers.

Glycosidefractionsfrom 34 seacucumber species
wereisolated by the precipitation with chol esterol and
subjected to comparativeexamination. From glycoside
fraction, hydrolysisproductswereinvestigated. A rela-
tion was establi shed between the systematic position of
animal and its glycoside content. The families
Hol othuriidae, Stichopodidae and Cucumariidae have
different setsof glycosides™.

In 1942, Yamanouchi firstisolated ahemolyticand
piscicidal oligoglycosidefrom the seacucumber and
named it asholothurin™, Afterwards, Matsuno and Iba
and Hashimato found that hol othurin wasd so produced
by another kind of seacucumber H. lubricaandit com-
prised two triterpene-oligoglycosides designated as
holothurin-A and holothurin-B. On the other hand,
Nigreli reportedin 1952 theisolation of piscicidd and
antitumor principlenamed holothurinfrom theseacu-
cumber Actinopyga agassiz!*?. The chemical struc-
tureof holothurin-A was characterizedby Chanley!*3,

Itisknownthat the cuverian glands of seacucum-
bersare particularly rich in saponins. These aretypi-
cally composed of carbohydrate and triterpenoid moi-
eties, whileasterosaponinsare steroidal glycosides'.
Sea cucumbers are known to contain a variety of
triterpene glycosides of lanosterol typewith acharac-
teristicy-lactone skeleton named hol ostane and asugar
chain contai ning up to Six monosaccharideunits. Inad-
dition, sulfate groups may be present at certain posi-
tionsof the aglycon™,

Saponins, which exhibit awide spectrum of bio-
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logical activitied*® are glycosidesand are character-
ized by anumber of common properties such asfroth
formation, haemol ytic activity, toxicity effectstofishes
and formed complex with cholesterol 718, Per sevari-
ousreviewsdedingwiththedistribution, isolationtech-
niquesand characterization of triterpenoid saponinshave
been published®*2%, Similarly, basic charactersof ste-
roida sgponinswerethe subject of two comprehensive
reviews?-?,

ISOLATIONAND CHARACTERIZATION

Although theintegration of silicagel column chro-
matography, semi preperative HPL C and repested pre-
parative TLC may yield expected separation of sapo-
nininmost cases. Dry column chromatography in con-
junction with other chromatography techniques, such
asHPL C and flash chromatography, have been used
for separation. Thetechniqueof rotationlocular counter
current chromatography (RLCC) dongwithreversed
phase chromatography and droplet counter current
chromatography (DCCC) have been employed for the
separation of saponing?. Theisolation of some sa-
ponins necessitates sometimespretreatment of materia
before subj ecting them to the usud extraction and iso-
lation procedures?4,

The Lieberman-Burchard test has been employed
in most instancesto detect saponins. It hasaso been
used in differentiating thetriterpenoidal and steroidal
saponins, sincethe former give pink or purple color
where asthelatter exhibit blue-green colors. Thionyl
chloride, phosphomolybdic acid, silico-tungstic acid,
Molisch test, Rhodizonate test (sulfate group) and
haemolysisof blood have generally been used for de-
tection. Haemolytic activity wasshown by Ginseng rodix
sgponin.

The characterization of asaponin isnot an easy
task and conventiona methodsincludeacid hydrolyss
followed by characterization of the aglyconesand sugar
moieties. Earlier methodsfor structure determination of
saponinsarequitetediousand agreet deal of chemical
derivatization or degradationwork. Somereactionslike
solvolyssand methylationfollowed by methanolyssare
useful for characterization. These studiesno doubt pro-
videdefinite proof for thestructure but a the sametime,
require thesufficient amount of compounds, whichin
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most casesisnot available. In addition, themgor dis-
advantage of thismethod isthe cyclization of furostanol
to spirostanol aglyconeand canyield several alterna-
tivestructuresto that of the origina compound. A deci-
sion between variousdternative structures cannot be
achieved by FD-M 3?2528 and FAB-MS?#%9, In this
respect *C-NM R spectroscopy offersaconvienient
and non destructive method for studying the structure
of asaponin as the sugar carbon resonances occurs
largely in adefinite region and they are quite distinct
from the resonances of the sapogenin nucleus?. The
newer techniques of massspectroscopy particularly FD-
MSand FAB-M Sare of immense helpin determining
of molecular weights of the saponinsand the sequence
of their sugar units.

The saponinsare composed of aglycon and sugar
moieties, which arerecovered after acid hydrolysisand
areinvestigated separatdly. Themethod of photochemi-
cal degradation hasbeen devel oped by Kitagawaet a
for sdectivedeavageof thegluconosidelinkage™ Smith
degradation issometimesemployed for the determina
tion of the sugar sequencein saponing®y- Sapogenins
areformed asaresult of acidic or enzymatic hydrolysis
of sgponinsor they occur assuchin nature. Enzymatic
hydrolysi s has been frequently employed for specific
cleavageof glycosdiclinkagesinthestructureducida
tion of saponinsby using different enzymes, obtained
from plantsand animal s (such ashesperidinase or snall
enzyme) for the structure elucidation of holothurin-
A&B.

All of themodern structurd methodsfor theglyco-
sides, NMR spectroscopy yields the most complete
pi cture of saponin structure and behavior in solution
with or without prior structural knowledge. ANMR
spectrum (*H and **C) isamodest experimental effort
andwill giveimmediaeinformation onthepurity of the
sampleand somegeneral information onitsstructure.
Thedtructurd information obtained from different NMR
methodsare summarized bel ow.

Inoligoglycos des, theglycosylation causesadown
field shift of 4.2- 8.5 ppm of the a-carbon, the hydroxyl
of whichhasbeendirectly involvedintheglycosylation
whilene ghboring -carbon atoms show an upfield shift
of 0.5-2.0 ppm. Thesea- and B-shifts are independent
of the nature of the monosaccharide and provideacon-
ductive method for the establishment of interglycosidic
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linkages. Anomeric configurationisdetermined by the
one bond **C-*H coupling constant for the anomeric
carbon which strictly depends upon the orientation of
theanomeric hydrogen.

Thenumber of anomeric 9 gna sdeterminesthenum-
ber of monosaccarides, whilebest fit matching with ap-
propriate sugarslead tother identification.

Furanosesugarsarereadily distinguished fromtheir
pyranose isomers asthese differ significantly in the
chemica shiftsfor C-1, C-2 and C-4 (downfield) and
C-5 (upfield) inthefuranose form. The sequence of
sugarsin asaponin can be predicted on the basis of
chemica shiftsaswdl asby determination of relaxation
time(T,) measurements. Site of the sugar linkagewith
the aglycon can be obtained by a comparison of the
chemicd shiftsof the sapogeninwith those of the sapo-
nin as glycosylation of a hydroxyl aglycon causesa
changeinthechemica shift dueto theoxy- group modi-
fication. Thisleadsto the down field shift of a-carbon
atom and up field shift of the adjacent carbon atomg®.

An extensive compilations, with an excellent dis-
cussion pertainingto the *C chemicd shiftsfor various
categories of natural products has been presented by
Wehrli and Nishida®3. A systematic compilation of the
BC-NMR chemica shiftsfor around 400 steroidal de-
rivatives hasbeen published by Hunt and Stotherg*ibut
whichincludesonly eight steroidal sapogenins. Tsuda
and Schropfer®! discussed the *C-NMR shielding
behaviour for theolefinic carbonin avariety of steroi-
dd sapogenins.

In general *C NMR spectraare recorded under
proton-noi se (broad band) decouplinginorder toavoid
theseveresignal overlap duetolargeonebond **C-*H
coupling constants (ca-120-250 Hz). For singlefre-
guency off resonance decoupled (SFORD) spectra®®
the decoupler frequency is positioned outsidethe *H
couplingsarereducedto giveriseto small resdua cou-
plings (J) from which the number of attached hydro-
genscan bedetermined (singlet for quaternary carbon,
doublet for methine, triplet for methyleneand quartet
for methyl groups). However, the reduced coupling
pattern still exhibitsso much overlapthat only afew of
the carbon signalscan be confidently assigned.

DEPT (DistortionlessEnhancement by Polarization
Transfer) (Doddrell et a. 1982) has been devel oped
for discriminating carbon types, particularly CH from
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CH, and methyl in the cases wheretheir signalsare
overlapped in the ordinary SFORD spectrum. Infor-
mation for sgna assignment can be obtained by com-
paring thechemicd shiftsof theorigind compoundswith
those of itsderivatives. Acetylation has been success-
fully used at | east for the assignment of the hydroxyl
bearing carbon and adjacent carbon atomsasit shifts
the a carbon downfield (2.3 ppm) with a concurrent
upfield shifts(2.0-5.0 ppm) of the  carbon atoms while
other signalsremain amost unaffected. The f-upfield
shiftsarereasonably attributed to ay-effect of the car-
bonyl carbon, sincethefreerotation of theacetategroup
produces conformation wherethe carbonyl carbonis
ingauche position with respect to the § carbon atoms.
Acetylation of homodlylicdcoholicfunctionresultsina
down field shift (2.2-2.5 ppm), and an up field shift
(3.8-4.2 ppm) of the § carbon.

Permethylationfollowed by hydrolysisexperiments
to determine the sugar sequence and the site of
interglycosidic linkage hasbeen widely employed for
the structure establishment of saponins having
triterpenoids, steroidsor steroidal akaoidsasthesa-
pogenin moiety™. Hydrolysisand other cleavagemeth-
ods amenabl e to oligosaccharide analysis have been
recently reviewed®. Thiswholeprocessagainissome-
what tediousand a so consumesoligosaccharide, which
isoften very difficult to separate and purify and may be
better employedin biologica eva uation experiments.

The 1D *H-NMR spectrum of aglycoside showed
only somerecognizablesignas, such asanomeric pro-
tonsat 4.3- 5.9 ppm, methyl doubletsof 6- deoxy sugar
resduesat 1.1- 1.3 ppmand variousother protonswith
distinctive chemica shifts. Thevast mgority of proton
resonances gppear invery small spectra regionwhich of
3.0-4.2 ppm, with subsequent problems. Thesederive
fromthebulk of non-anomeric methineand methylene
protonswhichhavevery smilar chemicd shiftsin differ-
ent monosaccharideres dues. Resonancesat lowest field
(4.8-5.3) ppmwhicharedoubletswith®J , intherange
1-4 Hz are those of a-anomeric protons, whereas 3-
anomeric protons appear as doubl ets between 4.4-4.8
ppmwith 3], intherange6-8 Hzin monosaccharides
with gluco and galacto stereochemistry,.

In pyranosides, the six membered ringsgeneraly
formachair of fixed conformation providing aclassifi-
cation of proton as axial or equatorial. If theH-2is
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axia, asitisfor gluco and ga acto tereochemistry, then
asmall coupling constant (°J,,) of ca2-4 Hz is ob-
served asaresult of the gauche conformation of H-1
and H-2. Thetransdiaxid relationship of H-1and H-2
in B-anomers of sugars with a gluco and galacto con-
figuration leadsto larger (7-9 Hz) coupling congtants.
Various 1D method such as spin decoupling; NOE
(Nuclear Overhauser Effect), INDOR (Internuclear
Doubleresonance) and partialy rel axed spectroscopy
have been used to unravel hidden resonancesin the
unresolved envelope. Oneindividual resonance have
been ass gned to specific sugar residues, then NOE and
rel axationsexperimentsinvol ving theseresonancescan
help to determinelinkage and sequence.

Although it might appear that the complete assign-
ment of the*C-NM R spectrum of acarbohydrateresi-
dueiseasier than that of a'H-NMR spectrumwithits
array of overlapping multiplets. Theanomeric carbon
sgndsresonateinadigtinctiveregion 90-112 ppm. This
istruefor O-glycosides only and anomeric resonance
in the case of C- glycosides, being monooxy substi-
tuted appear in the chemical shift range 70-80 ppm.
TheC-1 of reducing end residue usua ly appearsinthe
region 90-98 ppm and C-1 of O-linked carbohydrates
(non reducing monosaccharides gppear a 98-112 ppm,;
hencethedegree of oligomerization can be predicted.
Therest of the methine methyl ene resonances absorb
between 51 and 86 ppm.

Themultiplicity of carbonsignasisavauablead
to spectra assgnment. DEPT (distortionlessenhance-
ment by polarization transfer) and INEPT (insenditive
nuclei enhanced by polarization transfert®! pul se se-
quencesinvolvetransfer of polarizationform*H to *C
and areuseful for distinguishing between methine, me-
thylene and methyl carbons, each of whichisdirectly
coupled toadifferent number of protons. Suchinfor-
mationisparticularly val uablefor establishingthe struc-
ture of appended groups, which orrespond to the agly-
conin glycosides. The substitution at asugar ring by
another sugar unitinduceschemical shift changesintH
and ®CNMR spectra, referred to asglycosyl ation shifts.
It dso hel psindetermining the presenceof sulfategroup.

2D NMRismore useful in determining the struc-
tureof sgponins. One-dimensiond NMR methodsyield
limited information for the determination of the com-
plete structure and stereochemistry of glycosidesin-
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cluding complex saponins. For theinterpretation of H
NM R spectraof saponinswhich arenot identical to
those closdly related to known compounds, complete
assignment of themethineand methyleneresonancesin
the poorly resolved groups of signalsintheregion of
3.2- 4.0 ppm addsgreetly to the structura information.

Composed mainly of linear chainsof coupled spin
carbohydratesare especially suited to spin correlation
methods such asdecouplingor COSY and related tech-
niquesfor identification of all the protonspresentina
given sugar residue. These COSY spectracontained
informations on spin coupling networkswithinthe con-
stituent residues of the monosaccharide through the
observation of cross peaks. COSY are of many types
such as PS-COSY®, DQF-COSY[M I TQF-
COSY™ I RELAY COSY, and TOCSY.

NOESY which dependson proton proximity, can
thusbeava uable assgnment aid andinthe assessment
of itsmolecular conformation (i.e. 3D structure). NOEs
areprimarily used for determination of the sequence of
sugar resduesand a soin determining their linkage po-
sitions. INHETCOR spectrum, each crosspeak arises
from connectivity between a®*C nucleusanditsdirectly
bonded proton having the coordinates (6C, 6H).
HETCOR areof many types suchasHMQC-COSY,
HMQC-RELAY etc. Long-range heteronuclear chemi-
ca shift correlations such as COLOC and HMBC!#2
arevery sengtivetechniquesfor establishing glycosidic
linkagesand other information.

Excdlent comprehensvereviewsonthetriterpenoid
saponins by Rastogi and his co-workers*) covered
theliterature upto 1978. An excellent review on the
chemigtry and biologicd sgnificanceof sgponinsinfoods
and feeding stuffswas published . Another review!*
briefly reviewed the advancesin the structure elucida-
tion of triterpenoid saponins.

Serols

In the sea cucumbers, A’-sterols, are exhibited
probably asaconsequence, presence of the haemol ytic
saponins, whereasin other Echinoderms, usud AS-ste-
rolg*? are presented. Saponins showed amuch lower
affinity for A’-sterolsand thishelped to explainthe ap-
parent immunity of seacucumberstowardstheir own
saponing*”. The sterol mixture from holothurians
showed selenium dioxidetest and prominence of the
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830 cmt IR band, whichischaracteristic of aA” double
bond“8l.

Ceramidesand gangliosides

Ceramidesareamidesof fatty acidswithlong-chain
di- or trihydroxy bases, the commonest in animalsbe-
ing sphingosineandin plantsphytogphingosine. Theacyl
group of ceramidesisgeneraly along-chain saturated
or monounsaturated fatty acid. Themost frequent fatty
acids found in animal ceramides are 18:0, 24:0 and
24:1(n-9), however long-chain hydroxy fatty acidshave
also beenisolated. Free ceramideshavebeenfoundin
gmall amountsinanimal tissues (thestratum corneum of
theskinisexceptiondly richin ceramides) andthey are
now considered aslipid messenger moleculeswith an
emerging rolein growth suppression and gpoptoss(cell
death). Ceramides arethe simplest sphingolipidsand
Stuated at the center of sphingolipid metabolism. Thus,
thetransfer of aphosphorylcholine head group from
phosphatidylcholineto ceramideyie ds another phos-
pholipid, sphingomyelin (al so sphingolipid) and thead-
dition of carbohydrate groupsfrom the sugar donor,
UDP-hexose, yieldscomplex glycosphingolipids (cere-
brosides, sulfatides, gangliosides). These compounds
can be converted back to ceramide by theremoval of
sugars (glycosidases) or phosphorylcholine by
sphingomyelinases. An enzyme (ceramidase) isableto
cleavetheamide-linked fatty acid of ceramideand free
gphingosine.

Gangliosidesarethegroup of glycosphingolipids
that showed the greatest structural variation and also
themore complex structure. These glycosphingolipids
werediscoveredin 1942. After thelr isolation frombrain
tissue (they account for about 6% of thelipid weight)
andidentified sphingosine, fatty acid, hexoseand asub-
stance, which was called neuraminic acid, and which
gaveapurplecolor with Bia’s reagent. This acid was
later identified to be the same compound asthesialic
acidisolated by Blix frommucin.

Gangliosdesareglycosphingolipidsthat contained
thestructure of aceramide pluscarbohydrate moieties.
Siaic acidisapart of the carbohydrate component.
Gangliosdesdiffer from cerebrosdesin containingsiaic
acid, whereasthelatter containnosdicacid. Ganglio-
sidesaresia oglycosphingolipids. They are named as
N-acetyl- or N-glycoloylneuraminosyl derivativesof the
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corresponding neutra glycosphingolipid. Theposition
of thesidicacid resdue(s) isindicated inthe sameway
asisthe case of abranched structure.

Miscellaneous

Seacucumbers possessapeculiar speciaized de-
fensesystem: the so-cdlled Cuveriantubules. Whenthe
animal ismechanicaly simulated, afew whitefilaments
(adhesive) aredischarged. Thisadhesivemateria con-
sistsof 60% proteinsand 40% carbohydrates, acom-
pound that isunique among the adhesi ve secretions of
marineinvertebrates. Althoughitishighly insoluble, a
small fraction of thismaterial can be extracted using
denaturing buffers. Electrophoretic analysis of theex-
tractsreveded that it containsabout 10 proteinswith
apparent molecular masses ranging from 17 to 220
K.daltons and with closely related amino acid com-
pounds, richinacidicandinsmal sdechainamino ac-
idg*¥, Seacucumbersa so contai ned mucopol ysaccha
rides, chondroaitins, protein, vitaminsA and C, ribofla
vin, niacin, cacium, iron, magnesium, zinc, sodium, and
carbohydrates. The nutrient content of seacucumbers
isextremely broad, and totd identification of eachin-
nate congtituent will probably never beestablished. The
University of Queendand Centrefor Drug Design con-
ducted aseriesof chromotographsthat displayed “an
enormous number of compounds”. Some of the com-
poundsidentified uniqueto theanima kingdominclude
two typesof triterpenoidal oligoglycosides, onetype
occurring with asulfate group and the other without.
Moleculesof thisgenera dassfication areabundant in
theplant kingdom, but arequiterareamong animal tis-
sues. Other compoundsfound in abundanceinclude
anal ogues of monosaccharide structure and anal ogues
of sulfated mucopolysaccharide configuration.

Seacucumber hasshown an ability to balance pros-
taglandins, which regulaetheinflammatory process. Sea
cucumber hasacartilaginousbody that servesasarich
source of mucopolysaccharides, mainly chondroitin sul-
fate, known for its ability to reduce arthritis pain.
Chondraitin’s action is similar to that of glucosamine
aulfate, themain building block of chondraitin.

Chondroitin building blocks can be repeated nu-
meroustimes. Thisisbasically aglucosemolecul e (1ft
portion) and glucosaminemolecule(right portion), which
has been sulfated (O,S, at thetop). Long-chain sul-
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fated polysaccharides, likechondroitin, dsoinhibit vi-
rUSes.

Echinodermsarerich both in quality and quantity
of polyunsaturated fatty acidg™. An anti HIV pharma-
ceutica containspolyfucosesulfate and or satsthereof
derived from Holothurians. The polyfucose sulfate
consistsof hexosamine 1-7, fucose 45-65 and sulfate
25-42% by weight, and molecular weight is 20,000-
200,00005Y, A detailed presentation of thestructures of
secondary metabolites of Echinodermataand their sig-
nificance aschemotaxonomic markerscan befoundin
thearticleby Stonik and Elykov!™.

Activitiesreported

M ost saponins exhibit potent hemolytic proper-
tied®, antitumor™3 anti-inflammatory® antibacteria™
activities. Recently, severd triterpenoid glycoside sul-
fates have been isolated from the sea cucumber
Cucumaria echinata (Cucumariidae) and its corre-
sponding aglycones showed activity against L-210 and
KB cdllg*. Dueto the generd toxicity Of thesaponins
it isgenerally believed that these compounds act as
chemica defense agents. Thetoxinsare concentrated
in specialized organsknowsas Cuvier glandswhich
can beeviscerated to deter predators.

Itisinteresting to notethat echinoside-A had asg-
nificant inhibitory effect against Na*, K*- adenosine
triphosphatase (Na', K*— ATPase. ). Echinoside A
showed antifungd activity and abroad spectrum of an-
timicrobia activities& waseffectivein treatment of
athlete’s foot!™,

A review pertaining to antibotic properties™ of
triterpene glycos des from Hol othuroi deahas been pub-
lished. Holotoxin A and B are noteworthy because of
their distinct growthinhibitory®™ activitiesagaingt patho-
genic microorganism eg. Tricophyton sp., Candida sp.,
and Trichomonas sp.,Antibacteria and antifungal ac-
tivitiesof alc. extract of holothurian speciessuch as
Actinopyga echinities, A. miliaris, Holothuria atra,
and H. scabra of Tamil Nadu coast was studied. Bac-
teriasuch as Aeromonashydrophila, Escherichia coli,
Enterococcus sp., Klebsiella pneumoniae,
Pseudomonas aeruginosa, Salmone la typhi, Saphy-
lococcus aureus and Vibrio harveyi and fish borne
mold, Aspergillussp. wereinhibited at varying levels
by the extract of A. miliaris, H. atra and H. scabra.
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Bacillus sp. was not affected by hol othurian extracts.
Theresults of the study reveal ed the presence of anti-
mi crobial substances possibly steroidal sapogeninsin
hol othurian. Theseexistsagreat potential for the ex-
tract of bioactive substances of medica importance®
at aexploitablecost from theseholothurians.

Severd lanostanetypetriterpeneoligoglycosdein
seacucumber exhibit antifungd activities. Thoseseacu-
cumber saponins are actually holothurins from S
japonicus and H. leucospilota, echinosidesA and B
from A.echinetes, holothurin A and
24dehydroechinoside A from A. agassizi, and
bivittosidesA, B, C and D from B. bivittata. Seacu-
cumber H. pervicaxwhichisclosely related speciesto
H. leucospilota and inhabits the Indo Pacific coast,
contained three saponins, name pervicoside A,
pervicosde B and pervicosde C. Their desulfated form
that isDS-PervicosideA, DS. pervicosideB and DS
pervicoside- C exhibited distinct antifungal activities
against various pathogenic microorganisms. DS
pervicoside B was most activesY, Triterpenoid glyco-
sides from Stichopus chloronotus, Bohadschia
mar mor ata, Bohadschia sp., B. argusand B. graeffi
(Holothuridae) (3-100 mu.g/ml) exerted stronger fungi-
static action against Candida albicans, C. tropicalis,
C. utilis,and C.krusel than did smilar glycosdesfrom
10 other speciesof pacific holothuriang®?. Glycosides
of holothurians(holothurin-A and holothurin-B from H.
mexi cana, stichoposideA and stiochoposide C from
thefamily stichopodidae and cucumarioside G from
C.fraudatrix) showed ahigher toxicity. Ther cytotoxic
activity depended on the number of monosaccharide
units, attached to the hydroxy group at C-3. Holothurin
A had four such units, while Holothurin B had only 2,
thiswasreflected in the decreasein cytotoxicactivity.
Ontheother hand, theincreasein thelength of saccha
rideschainto 6, had littleeffect onactivity. Thechanges
noted i ndicatethe generd tendency of these glycosides
to haveincreased physiologicd activity!® inresponse
toanincreaseinlength of the chainsto 4-6 monosac-
charideresidues

Two fucose-containing acidic polysaccharides, HL-
Sand HL-P, were obtained from dried body wall of H.
leucospilota. Both polysaccharideswere pure by elec-
trophoretic and gel chromatography aswell asultra-
centrifugd andysis. Accordingto and. and phys. Data.
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HL-Sseemedto be polyfucosesulfate, whichwasfound
in most sea cucumber and HL-Pwasidentified asa
sulfated mucopolysaccharide consisting of galac-
tosamine, glucuronic acid, fucose, and sulfatewith the
molar ratio 0f1:0.94:0.84:3.60 respectively. HL-Pwas
apowerful inhibitor of thrombin® invitro and also
showed significant inhibitory effectson tumor growthin
mice.

Thenewlyisolated cerebrosidesC E-1-1, CE-1-
2, CE-1-3 and C E-3-2 from Cucumaria japonica
havebeentested for their lethdity towardsbrineshrimps
at a30 ppm concentration according tothebrineshrimp
lethality bioassay. They exhibit lethal rates of
27,11,31,19 and 22% respectively: On theother hand,
the ganglioside molecular species, CG-1 from C.
japonica, isfound to exhibit neuritogenic activity to-
ward therat pheochromocytomacell line, PC-12 cells.
Theisolation and characterization of thebiologically
activeglycosphingolipidsisattracting consderableat-
tention with regard to the manufacture of new medi-
cinesfrommarine natura products.

The gangliosides HPG-1, HPG-3 and HPG-8
showed neuritogenic activities(Anismov et a. 1980)
toward therat pheochromocytomace |l linePC-12 cell
a 10 mu/ml invitro.

Itisknown that GSL s have numerous physi ol ogi-
cd functionsdueto variationsinthesugar chain, inpite
of very small condtituents. Thoseareclassfiedinto cere-
brosides, sulfatides, ceramide oligohexosides,
globosides and ganglios desbased on the constituent
sugars. Gangliosides, sialicacid containing GSLsare
especidly enrichedinthebrain and nervoustissuesand
areinvolvedintheregulation of many cdlular events.
Recently anumber of GSLshavebeenisolated from
seacucumber. Theresearchisgoing onthat biological
active GSLsfrom echinodermsto e ucidatethe struc-
ture- functionrdationshipsof GSLsandtodevelop novel
medicinal resources. The characteristicsof GSLsfrom
seacucumber and structure- activity relationshipshad
neuritogenic activity towardstherat pheochromocy-
tomacell linePC-12. That ismost of the cerebroside
congtituent of seacucumber are same glucocerebroside
asinother animals, whiletheganglios de constituents
wereuniqueinthat asiaic acid directly bindsto glu-
coseof cerebroside, they aremutual ly connected in tan-
demand somearelocated intheinterna partsof sugar
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chain. It aso becameapparent sdicacid isindispens-
ablefor the neuritogenic activities®!. Threeganglioside
molecular species, SCG-1, SCG-2, and SCG-3were
obtained fromthelipid fraction of the CHCI;MeOH
extract of seacucumber Sichopuschloronotus. More-
over, thesethree gangliosides exhibited neuritogenic
activity toward therat pheochromoctomaPC-12 cells
inthe presence of nerve growth factor. The ganglio-
sidesHLG-1, HLG-2 and HLG-3 from Holothuria
leucospilota, display neuritogenic activity on the
neuritogenes sof therat pheochromocytomacell line,
compared with H,O (control) at aconcentration of 10
um in the presence of NGF (5pg/ml). The isolation and
characterization of such neuritogenetically activegan-
gliosidesisthusattracting. Considerableattentionwith
regard to the manufacturing of new medicinesfrom
marine natura productsthusbefurther explained.

Holothurinosides A, C and D from Holothuria
forskali, showed antitumor activity against P388, A549,
Hel.aand B-16 cellsinvitro. These compounds also
showed someantivira activities®.
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