Comp. Biochem. Physiol., 1973, Vol. 44B, pp. 325 to 336. Pergamon Press. Printed in Great Britain

G. B. ELYAKQV, V. A_S
T. A. KUZN

dV.S
Institute of Biologically Acthve Substances, Far Eas[< Science
of the U.S.S.R., Vladivostok-22, U.S.S.

(

Received 23 May 1972)

=

_Abstrg%t—l. Glygoside, fractions from thirty-four sea cucumber species were
Isolate t_y means of precipitation with cholestérol and subjected to a comparative
examination. _ . :

2. Previously unknown triterpene %Igc_oades were detected in the genera
Bohadschia, Stichopus, Thelenota, Cucumaria and Afrocucimiis,

3. GlyCPSI.de f’%ctmn hydrqg}/igﬁear ducts we%e Investigated.

Iga ”
4. A're[ationship was esta efween the sy_s_terﬂatlc_ position of the

animal and 1ts glycoside content. The families Holothuriidae, Stichopodidae and
C_ucumari?dae (‘Mve tﬂ?ferent sets of gﬁ/coae 6s; c%olesteroﬁ-precpplFated g‘iyco-
sides were not detected In Synaptidag.

INTRODUCTION

Triterpene glycosides are known to be vital for numerous plants with a broad
r_ange of _b|oIo%|caI activity. Nigrellj et al. E1955 and Yamanouchi (1955) were the
first to discover that marine animals, sea cucumbers in particular, may also be a
source of triterpene glycosides. At present, there are dafa in the literature on the
ISolation of several trjterpene I?/cosmes from certain holothurians SChanIey etalt
1959: Yasumoto et al., 1967; Elyakov et al. 1969; Elyakov etal., 1971). ~
_ On the other hand, no data are available.on comparative chemjcal studies of
tr;terpene_glycosme distribution in Holothurioidea, Hence, the following points
still remairt ‘obscure: (1) the degree of variety of triterpene glycosides in sea
cucumbers and 32), the presence or absence of a relationship between the systematic
position of the animals and their glycoside content,
In this work, we have tried to provide an answer to the above problems.

MATERIALS AND METHODS
Sea cucumber sources

Most of the species were collected in the islands of the West Pacific during the summer
months of 1971; three species, viz. Stmhopusdap_omcus, Cucumanajaﬁomca and C.fraudatrix,
were collected In Posiet Bay, Sea of Japan, dufing the winter months of the same year.
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Isolation ofglycosrdefractrons

To riolae gA cos e uset1 a_complex-f r ing reaction with cholesterol. Unlike
teusn V\)oroce ane et a 195 rnw fhe reaction Js condHctﬁd In a ueoua
thano useq water-sat ura ted butano st e regftron medium 1n which cholesterol
sea cycum eiqxcosrdes roved to be rea r ayaou e. This made it loossrble to avoid any
srlgrégsrcgenstdr n of the reaction mixture and promoted fuller precipitation of triterpene

r
gyThe rounﬂ up animals (01-2 kg) were cqvered with 90% ethanol anét kept for severaJ
e] he et anoIs ution wer%e orated dry In vacuo The dry residue was extracte
water’saturated butanol wit n sequent vagora lon of the ‘extract un er vacuum
unr as%ht turbidjt r was s?en Cholesterol was added to the solution under intense agita-

ron( |g nolestero Perl of dry ethanol extrac resrdue) The mixture was kept
50Cfo 15 min_and left for 22 hr. The resuyltant precipitate 'was separated by centr]-
%n&? ashdoffwrt ether. To&trs ociate the co Lex thersrdu was rssol edr
BY' ne rrdrneOlgofresr and after 5- hhe so ron was dilute wrt
her (4-5 v e glycoside residug was separated and washed with ether,
To desar ate the ycosjde fractrons the were subjected to gel- chroma gra hly
ae > columns and eluted with watér. The fraction compositions weré analysed
ht eard ofthrn Ia rchrom to rarﬁh &TLCJ 2804was detected). Fractions srmrlar
cm aporate rnvauo

osition Were en to et
Thi Iayer chromato ra i
dK Ksbucage ayer In the fol

x P/cosr es Were ana yse on pae]s (90x120 cmot with a
\éA and butanol-et nI51vvsatu
ceta

owing sy tems:.chlorotorm me anol-water, 6
at?dwrt waterg) cones were chromato
Pted In enzene -ethy acetate' 2:1 (vlv) and aglycone acetates in henzene-ethyl

fi
v
Agl cosrde hact) lon of Holothuria Ieucosprlota i\ vagahunda) was used as a reference
substane it cont arnedamrxure of holothdrins A and B (Matsuno et al., 1966; Yasumoto
et al 1969 Clea er.chromatograms were 0 éarned with (A

Glycoside yro srs and exa rnatron of %roqsrs rod cs Frft* g of the yco?]r
fractronwere eate hr with 7 ml of 10% dt % hemrxure
coole an tthe prec dprtated agI?/cone resrdue separate and washed w wa er,

isolate cones, one mixture was chromatogra

K srfrca gﬁ column i 9 0 mesh ﬂty%enzene ethyl acetate eIutrg IOrgrradue?lly
Increasing the ethyl acetate content from 1

The Itrae was neutralized with Dowex- HC03 Mo osaccharides were washed off
hhe resrnwrha Ueous methg ol, and the solution was evaporated to dryness. The cah
JOrate iUy s anclyged op means of ptpt”e%“ah%t”ﬁhé)”‘% ajd(’o”ntht?n@ah“c%ales &
PneJ Pgas I uré chromato ra%g)? usin Le meJ of Easterwood & Byrohl
19693 on‘a Zvet-3 instrumen mosor W, 8% butane 3

,

10l succinate

RESULTS

TabTehSelrgsults obtained for thirty-four sea cucumber species are shown in
As is apparent from Table 1, all the species belongi R to the genera Holothuria

and Actrnopyga contain, as main ?chosrdes holothurin A or holdthurin B (or very

similar holgthurins) or their mixiures

fraCEgnréontrrm this conclusion, we studied the hydrolysis products of the glycoside
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Table 1—G lycoside composition and hydrolysis products of the glycoside fraction from family Holothuriidae

Viel* Holothurins Products of hydrolysis
ie

Species Locality * (%) A B C Genin - Gluf 3-0-Me-glu Xyl Quin
Holothuria atra New Guinea 05 _ ottty = |1l : — ottt 44
H. atra Nauru Island -6 +F+ +++ Ll ++ t+ 4t 44
H. atra Efate Island, 08 +++ ++4+ - I ++ LR I T A

New Hebrides
H. atra New Caledonia 2-0 t+ o+ t4 1, 1] + + FH+ o+ 44
H. atra Upoly [sland, Samoa 21 4++ +++ - Ml + + Pt o+t
H. atra Funafuti Island,
Ellice Islands’ 06 +++ +4++ - LI ++ F4 0 +4+ 44
H. atra Marakei Island,
_ Gilbert Islands. 25 +++ ++ . 1,i11 L
H. arenicola Lord Howe Island 27 +++ : tH+ +++ 4+ 44
H. cincrascens Funafuti Island,
Ellice Islands 01  +++4 - LIl +++ 44+ ++4 444
H. coluber Efate IsIand
New Hebrides 0-9 T 1l _ _ b4+ 44
H. difficilis Lord Howe Island 085  +++) | tht t 4 H 44+ 44
H. edulis Marakei Island,

, GilbertIslands, 40  +++ +++ - 11l + + P4 b4+
H.fuscocinerea Lord Howe Island ~ 2- t+ o+t 4 Ml + + P4+ 44
-I.%,racms New Caledonia 2-0 Y+ o+t Ml + ¥ 1+ 4+ 4
H. filla Upolu Island, Samoa 2-3  +++ +++ LIl +4 t+ 0 ++t + 44
H. impatiens Upolu Island; Samoa 02 +++X - I +4 4+ 4+t b+ 444
H. leucospilota Efate lsland,

. New Hebrides 11 + ottt 1, 11 + + P4 o+ 4+
H. nobilis Vi rLevu Island,
V\) 20 +++ I ARk S SR R N A
H. pervtcax Caledonia 1-2 T 1,11 + + FHd O+ 44
H.pulla Funafuti Island,
Elllce Islands 50 t+ ++4 1l + + tH+ o+ 4+
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Species
H. scabra
Holothuria sp.

Actinopyga mauritiana

A. maufitiana
A. mauritiana

A. miliaris
A echinites
A. lecanora
Actinopyga sp.

Bohads argus
B. argus

B. argus .

B. graetfei

B. marmorata
Bohadschia sp.

* Yield
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i
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Efate Island,

N
N
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ew Guinea

ew Guinea

Nauru Island
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B
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ew Caledonia
utaritari Island,
Gilbert Islands

akel Island
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New Heb rides

ucose: 3-0-M
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>0 - -
2-3 -
15 ++  +4 4
200 -
0-5
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lucoside Is comparable ?o Enolot hurmA bu W|th a
esides | some unidentified

or

genins were, detected.
glycosides from Cuvier’s gland the yield of glycoside from the body wall is equal-to 3 per cent.

(¥|f_ xylose:
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B

+

|d of the glycoside fract||on per we|ght of the dry re5|due of the ethanohc extract,

Quin = quINOVose.
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Gluf 3-0-Me-glu Xyl
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It is known 1Chanle)( et al., 1966; Matsuno, 1966; Yasumotoe aI, 967) that
Wlth ac|d h dro st holothurins A and B form 22,75-epoxy- I), olostadien-

3-17-aligl (1) as the main component (nomenclature of aberme et al.,, 1971),
and in lesser quantities its deoxyanalogue (I1).

At the same time, the monosaccharide composmon in A and B differed.
Holothurin A contained glucose, xylose, quinovose and 3-O-meth t/ 6%ucose while
holothurin B only contained quinovose and xylose ( Matsuno 96b; Yasumoto,

19/
|t has been found that in aII the cases studied the HoIothurndae re resentatlves
contaln glycosides that form holoth unno%enms with acid hdroY
Substances | and I1 were |dent|f|edW|t TLC |nte resence of authentic samP
Mareover, I and Il were o0 ated in a chemicall I-V pure form b sam g rom
several species {Holothur (a atra, H gerwcax CInerascem an ctinop Zga
mauritiana). The were identified by mparlng the spectral data (i.r., u.v.
Mass W|t,t those of the authentic samP
gycosme ractions which, according to TL.C, contained mainly holothurin
B, Wlth cid hydrolysis, gave only xylose and quinovose; the fractions containing
holgthurin A gave a mlxture of for monosaccharides (xYIose quinovose, 3-0-
methyl glucosé and % %ose (as. chromatograms for “aldononitrile peracetate
mixtures obtained from the hydrolysis products of certain sea cucumbers are Shown

below

Ot Ahe four Bohadscliia slpedes studied, onIyB ragffei contained a set of
glycosides typical for Holothuria and Actinop dy ga. “The main component In this set
was holothurin B, whereas the rest containe adlfferent main ]g¥c03|de With acid
hydrolysis, this substance, which we called holothurin C, forms a mixture of
Uinovose, xylose, 3-O-methyl gilucose and glucose. However, holothurinogenins
—H) were bsent amon%the aglycones obtained. Accordlng to the 1.r -spectrum,
he principal aFchone ontatne aftve membered lactong (1760 cm-1), and a
hae ed| ethy grouo the uv -Spectrum showed the resence of

||-diene, max 237, 244 and 2 The molecular wethto tea cone

was 454, the ‘same as for setshellogemn previously 1solated by Roller et aI 969)
fromB koelllken

Yet, even thoygh the i.r.-spectra for (]II) and the seishellogenin authentic
sg%gle are very similar, they do not coincide in the hydroxyl group absorption
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Glu

F% 1. Gas- |I(§1UId chromato? ams for aldoponitrile peracetates obtained from
n rl¥3|s ucts of glycoside fractions. (Zvet-3 instrument, chromosorh W,
g/o butanedjol suc%m oi f

f
raC| nofH. arenicola (holothurin A). (2) Fraction
f A mauritiana (holot urllrzs é+ Fract%on o(f H. sca[Jraq%of 2hulr?n B).

(4) Mixture = glucose-3-O-meth Ig ucose-xylose-quinovose (L:1:1: 1)

Probabl)é the aglgcone we isolated is isomerous to seishellogenin and, like the
|atter, may De represented by the formula;

v
\_/

Triterpene g%co&des contained in the four St|cho odidae species examined
differ sharply from holothurins A, B and C (see Tabl ez‘)’



T able 2— G lycoseibe composition and hydrolysis products of the glycoside fraction from family Stichopodidae

Species Locality
Stichopus chloronotus \Atfciil_ievu Island,
S. chloronotus Budt_g:\ritari Island,

Glilbert Islands
S. chloronotus Efkite Island,
_ New Hebrides
S. variegatus Vl}:a_!_,evu Island,
i
Thelenota ananas N ew_J Guinea
S.Japonicus Possjet Bay,
Japan Sea

*and f See Table 1.

Yield*

(%)

2-3
40
2-0

0%3
2-4
1

Stichoposides

+ VI, VI
_ + - VLV
. + VI, VI
S N
+ - - vV, V

her Products of hydrolysis
A,C  Other glycosides Genin  Gluf 3-O-Me-glu Xyl

t+4+
F+4

++4
tt4
tt4

ttt

t4+

t+4

t++

t4t

Quin

+
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StichogJus}(aponicus contains mainly two known glycosides, i.e. stichoposides A
and C Ixa oV et I.¥ 1968). Withi acid hydrlysis of the glyco§|de fraction
s\mhopo enins (1V, z or aoH%th Wlose, yirioyose, glucode'an 3-O-metqgl
8_ucose I%a ovetal.t 1969). These stichopogenins do not'contain a heteroannular

lene chromophore typical of genins [-111.

Three other representatives of this family contain a set of three to four main
glycosmes. These glycosides form glucose, xylose, 3-0-methyl glucose and a slight

mount of quInovose. . _ _
With acig hydrol%lsw, they produce, in the main, two aglycones featured by the
absence of chromophore In the heterpannular diene. _
According to the 1.r.-spectra, the first aglycone (V1) has two types. of esters, viz.
an acetate (1735 cm-1) and a five-membered lactone (1760 cm-1). The aglycone
molecular weight was 514 (mass sgectrometry). _
The other agI}/cone (VIT) has a molecular weight of 472 and lacks an acetate
grou_p; however, 1t retaing the five-membered lactorie. The aglycone structures will
e discussed in a separate cammunication. _ N .
The Investigation results for five species belonging to the families Cucumariidae
and S nag,udafe are shown in Tfable . . _ _ _
GIycoside fractions isolated from three Cucumariidae species contained a series
f niw gI[yc?smes d|ffe_r|n% from the prewouslly described ?ucum ripside C
Elxa ov et al.y 1970). Figure 2 shows chromatograms for the ch_03| e fractions
fthe cucumariosides studied. All three Cucumariidae species contained fgl cosides
forming different aglycones at hydrolysis. The main aglycone Cucumariafraudatrix
(VIII) does not contain a heteroannular diene (in the U.v, spectrum, no absorption
was observed above 210 nm) and it has a molecular weight equal to 512, C.
japonica (IX, X) aglycones likewise do not contain the said diéne, and their molecu-
lar weights, are 468 and 486, respectively. , .
The Afrocucumis africang (X1) aglycone differs from the Cucumariidae
aglycones In spectral characteristics, , L
_“Using the above procedure with cholesterol, we did not succeed in isolating
triterpene glycoside f_raﬁtlons from the two SP/na tidae reEresentatlves. _
T0 elucidate the influence of animal habitat ond|t|?n on the glycoside com-
position, we examined in some cases several samples oF one_species; the samples
Were collected from various regions. It turned out (see Tables 1-3) that the



Table 3—Glycoside composition and hydrolysis products of the glycoside fraction from families Cucumariidae and

Family, species LocallSy

Cucumariidae
Cucumaria,  Possjet Bay
fraudatrix Japan Sea
C.japonica  Pogsjet Ray,

Japan Sea
Afrocucumis  Butaritail Island,
africana Gilbert Islands
Synapt|dae
Synapta

macidata New Guiraea
S. maculata Efate Is[aaad,

New Hebrides
Euapta . Funafuti Islang,
godeffroyi Ellice Islands

*and f See Table 1*

. | *

(%)

30
0-2
2-5

lqr.

Synaptidae
Cucumariosidae _
uiner ,
[1gr. Il gr. glycosides Genir
VIII
+ — IX, X
+ - Xl

Products of hydrolysis
Gluf 3-O-Me-glu Xyl
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Fig..2. Chromatagrams for some glycoside fractions of Cucumariidae. (System A).
(1590jfraugatﬁxg(z?c.?apomcg;%SgA. africana; (4) H. atra (for cg panngon;

gl;fcoside fraction content and glycoside ratio in the fraction deﬁend to a consider-
ble extent on the habitat conditions. Nevertheless, the whole glycoside set,
characteristic of a given species, IS mainly constant,

DISCUSSION

The works of several authors have shown sea cucumbers to contain triterpene

ql cosides, holothurins A and B (Chanley et al., 1955; Matsuno, 1966: Yasumoto,
67?], stichoposides A and C EI}/ kov, 1 683 and cucumarioside C IgEI akov, 19712.
We have now established that, apart fr ed substance

_ m the above-mentjo
Holothurioidae contain a whole series of unknown triterpene glycosides. ..
An analysis of the results.cited in Tables 1-3 indicates an obvious relationship
between the systematic position of the animal and its glycoside content. In some
cases, the glycoside composition is in good agreement with the accepted. holothurian
system gBar_anova, 1971 Clark & Rowe, 1971), while in others obscurities arise.

Depending on'their triterpene (I]J coside content, all the Holothuriidae, Sticho-
p?glljdgg, Cuctimariidae and Synaptidae studied may be divided into the following
g. Ap Holothurjidae: sea cucumbers containing glycosides that with acid hydroly-
SIS %ve holothurlogenms with a conjugated die eS)(stem_ of the ?en_m || tyPe.
:B. Stichopodidag; sea cucumbers containing glycosides that with acid nydro-
lysis_give genins lacking a conjugated diene group. _ _
- Cucumariidae: sea cucumbers %lvmg various glycosides that sharply differ
from the glycosides of the first two groups.
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Ic[c))'sdes Synaptidae: «sea cucumbers lacking cholesterol precipitated triterpene
r
gyWrthrn groupAembracrng representatrvesofthe Hole urrdaefamrl defrnrte
differences' Were observed betweeh th egen a oot yria.and ctrnorooy a, onte
one hand, and Bohadschia on the other T us, Holothuria and Actinapyga build
up their glycosides on the basrs of ag ycones whrc wrth acid hydrol ysrs convert
Intoholothurinogenins (I-11) whereas o adschia requently represents other
glycosr es based onp f ershello enin aﬁfrneds bstanges.
ITferences were Ikewise oBserveg wrt Stichopodidae, Thus, Thelenota
ananas, Stichopus chloronotus and S, variegatus have a rather similar set ofolycosrdes
and S,japotiicts drffers from them |nth|s respect. This makes it possible 10 agsume
that the drstrnctrons between S japonrcus and other representatives of the family
are reatert an rs usual X Lloresume
he same applies to cumarra(])apohrca and C. fraudatrix, which also contain
drﬁerent trrterpene gI%cosr e fractions
It is noteworthythat the differences in the carbohydrate content of glycosrde
molecules contarne in various_sea cucumbers are ostensibly of a less basic Charac
ter, since al| the species examined use mainly the same sugars to produce glyco-
sides, viz. glucose, xylose, quinovose and 3-O-methyl glucose.

iknowled%em%nf —The authors extend te grofound ratitude to Profestsor
Chanley for othurino %ﬁnrn 3 s am nd fo Professor C. Dierassi for the
sershellogenrn (i11) sample. They also than J . Shapiro for translating the paper from

the Russian.
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