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A bstract— 1. Nine holothurian species were studied for triterpene glycosides precipitated by cholesterol; 
glycoside fractions were isolated from seven species.

2. The fractions obtained were separated into chrom atographically individual components.
3. The hydrolysis products of the glycosides obtained were examined.
4. The previously-established relationships between the systematic position of the anim als and their 

glycoside contents were corroborated.

INTRODUCTION

E a r l ie r , we described the isolation of glycoside frac
tions from 34 Pacific sea cucumber species (Elyakov et 
a l, 1973). It was shown that (1) triterpene saponins are 
widely distributed in Holothuroidea and (2) a depen
dency exists between the systematic position of the ani
mals and the various glycosides contained therein. 
Thus, sea cucumbers of the families Holothuriidae, Sti- 
chopodidae, Cucumariidae and Synaptidae are charac
terized by different glycoside sets.

The present work is intended to specify our previous 
conclusions and deepen the available knowledge on 
holothurians as a new source of triterpene glycosides, 
which prove to be substances with anti-tumorous 
(Nigrelli, 1952; Sullivan et a l, 1955) and antifungal 
properties (Anisimov et a l,  1972) and irreversible neur
otic effects (Friss et a l, 1960).

MATERIALS a n d  m e t h o d s

Holothurian sources
The following species were collected in O ctober through 

December 1972 along the Cuban coast: Holothuria mexi- 
cana, Actinopyga agassizii(near Havana); Euapta lappa (Arti- 
gosa Inlet); Astichopus multifidus (I. de Pinos); and Holoth
uria cubana, H. arenicola, H. grisea, Isostichopus badionotus, 
H. surinamensis (M anzanillo Islands).

Isolation o f  glycoside fractions and chromatographically in
dividual glycosides

Glycoside fractions were isolated by a m ethod described 
by us previously (Elyakov et al., 1973). Individual glycosides 
were obtained by subjecting the glycoside fractions to chro
m atography on Silica Gel columns (Silicagel L. 40/100 n, 
Praha, Czechoslovakia) in the system chloroform -m eth- 
anol-water, 60:30:2 v/v (system A). Spots in chrom ato
grams were detected by sulphuric acid vapours.

Acid hydrolysis and isolation o f hydrolysis products
The acid hydrolysis procedure was described earlier 

(Elyakov et a l, 1973). The aglycons were separated by 
extraction with chloroform, and aglycon acetates were 
obtained in the usual way. Separation of the crude acetate

mixture to obtain individual substances was run with chro
m atography on Silica Gel colum ns (Silicagel L. 40/100 /z) in 
the system hexane-ethyl acetate, 5:1 v/v (system B).

The acid hydrolysates obtained after aglycon separation 
were neutralized with ion-exchange resin (D ow ex-H C O 3-). 
M onosaccharides were eluted from the resin with water. 
The m onosaccharide mixtures were analysed in the form of 
aldononitril peracetates by means of gas-liquid chrom at
ography (GLC) (Easterwood & Byron, 1969) in a Pye U n
icam chrom atograph (3% Q F-I on G aschrom  Q, 195— 
230°C, 2°/min).

Identification o f  glycosides and their hydrolysis products
The glycosides were identified with thin-layer chrom at

ography (TLC) on a fixed Silica Gel layer (Silica Gel K.CK, 
280 mesh) in the presence of authentic samples of holothurin 
A from A. agassizii (Chanley et a l, 1959), holothurin B from
H. vagabunda (Yasumoto et a l, 1967) and stichoposides A 
and C from St.japonicus (Elyakov et a l, 1968). Furtherm ore, 
the hydrolysis products of the isolated glycosides were 
examined to establish the nature of the glycoside com 
ponents.

The non-acetylated aglycons were identified by T LC  on 
plates with Silufol (Silufol, Kavalier, Czechoslovakia) in the 
system benzol-ethyl acetate, 1:1 v/v (system C). The system 
benzol-ethyl acetate, 5:1 v/v (system D), was used for TLC 
of aglycon acetates. Standard samples I, II, IV and their ace
tates were used for reference. In addition, the spectral 
characteristics of the isolated acetates were com pared with 
the characteristics of previously known holothurinogenin 
acetates.

Spectrographic equipment
The mass-spectra (MS) were obtained on a mass- 

spectrom eter (Model HX-1303) using a direct probe inlet 
system and a magnetic scan. The ion source tem perature 
was 200°C, ionizing energy 70 eV. The u.v. spectra for solu
tions in ethanol were recorded on a “Specord UV VIS” in
strum ent in the range of 200-360 nm, and the i.r. spectra on 
a “UR-20” instrum ent in chloroform.

RESULTS

Nine species of holothurians were examined to 
determine the contents o f triterpene glycoside frac-
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Table 1. Composition of glycoside fraction from holothurians of cuban littoral

Family Holothuriidae Stichopodidae Synaptidae

Species
H.

cubana
H.

arenicola
H.

grisea
H.

surinamensis
H.

mexicana
Act.

agassizii
Ast.

multifidus
Isost.

badionotus
Euapta
lappa

Glycosides 
Holothurin A +  +  + +  +  + + * + + * + * +  +  +
Holothurin B traces traces +  +  + traces + + + traces — — —
Stichoposides A, C — — — — — — — — —
Stichoposide B — — — — — — +  +  + — —
Other glycosides + + +  + +  + +  + + +  + +  +  + t +  +  + f

* Glycosides closely related to holothurin A from Actinopyga agassizii, but differing in chromatographic behaviour, 
t  Glycosides unprecipitable by cholesterol.
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Table 2. Glycoside hydrolysis products
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Hydrolysis products

Species Glycoside Genins M onosaccharides

Holothuria cubana H olothurin A I, II Glucose, xylose, quinovose, 
3-OMe-glucose

Holothuria arenicola H olothurin A I, II Glucose, xylose, quinovose, 
3-OMe-glucose

Holothuria grisea H olothurin B I, II Xylose, quinovose
H olothurin A II, III, I Glucose, xylose, quinovose, 

3-OMe-glucose
Holothuria surinamensis H olothurin A I Glucose, xylose, quinovose, 

3-OMe-glucose, galactose
Holothuria mexicana H olothurin B I, II Xylose, quinovose

Holothurin A III, I Glucose, xylose, quinovose, 
3-OMe-glucose

Actinopyga agassizii Holothurin A I, II Glucose, xylose, quinovose, 
3-OMe-glucose

Astichopus multifidus Stichoposide B IV, V Glucose, xylose, quinovose, 
3-OMe-glucose

tions. The main results are shown in Tables 1 and 2.
As is apparent from Table 1, the Holothuriidae spe

cies chiefly contain holothurin A or a mixture of 
holothurins A and B.

H. cubana. The main glycoside is holothurin A. 
When hydrolysed, it formed glucose, xylose, quinovose 
and 3-OMe-glucose. The chief component of the agly- 
con mixture obtained was 22,25-epoxy-7,9( 1 l)-holosta- 
dien-3,17-diol (1). Its i.r. spectrum showed an absorp
tion band typical of five-membered lactone 
(1760 cm _ 1). The M S of the acetate was as follow s: m/e 
526 (M + ), 466 (M +— CH3COOH), 451 (M +—  
CH3COOH— CH3),397(M— CH 3COOH— cleavageof 
ring A) and 99 (side chain). The acetate u.v. spectrum 
showed a triplet absorption maximum (/lm.ix 236, 244 
and 251 nm) characteristics of 7,9(1 l)-diene (Titov & 
Levina, 1967). The spectral characteristics of the ace
tate that we isolated coincided with those o f the auth
entic acetate sample of 1.

H. arenicola and A. agassizii. These animals con
tained glycoside sets, wherein holothurin A was pre
dominant as in H. cubana.

H. surinamensis. The main glycoside was rather simi
lar in chromatographic behaviour to holothurin A 
from A. agassizii. When hydrolysed, it yielded glucose, 
xylose, quinovose, 3-OMe-glucose and small amounts 
of galactose (identified by GLC). The dominant agly- 
con was holothurinogenin I, this being confirmed by 
the MS, i.r.- and u.v. spectra of its acetate.

H. mexicana. The glycoside fraction contained 
holothurins A and B, the latter being the main com 
ponent. When hydrolysed, holothurin B yielded xylose 
and quinovose, and also a mixture of the known

holothurinogenins I and II, whose spectra corres
ponded to those o f the authentic samples (see Fig. 1).

Holothurin A from A. mexicana contained 4 m ono
saccharides, namely glucose, quinovose, 3-OMe-glu- 
cose and xylose. When subjected to acid hydrolysis, it 
yielded holothurinogenin III, isolated earlier by 
Habermehl (Habermehl & Volkwein, 1970) from H. 
polii. The i.r. spectrum of the acetate of holothurino
genin III from H. mexicana showed absorption bands 
at 1760cm -1 (five-membered lactone) and 1725 cm -1  
(acetate). The u.v. spectrum revealed absorption 
maximum at 236, 244 and 252 nm. The MS of 
the acetate of III was as follows: m/e 512 (M +), 
494 (M +—  HUO), 452 (M +— C H 3COOH), 437 
(M +— C H 3— C H 3— COOH) and 383 (M +— cleavage 
o f ring A— C H 3CO). Besides III, acid hydrolysis o f  
the glycoside also produced holothurinogenin I, 
though in lesser amounts.

H. grisea. The glycoside fraction contained holoth
urins A and B, the latter being predominant. With acid 
hydrolysis, the glycoside produced xylose, quinovose 
and holothurinogenin I, the main component of the 
genin mixture. Acid hydrolysis of holothurin A from 
H. grisea yielded glucose, xylose, quinovose, 3-OMe- 
glucose and holothurinogenins II (main product) and 
III. The M S for these substances are shown in Fig. 1.

O f the two Stichopodidae species studied, only A. 
multifidus contained a triterpene glycoside fraction pre
cipitated by cholesterol. After repeated gel filtration of 
the glycoside fraction on Sephadex G-10, we isolated 
a novel, heretofore undescribed triterpene glycoside 
called stichoposide B, [a]o° =  —48° (C O'1006, pyri
dine). The acid hydrolysis products o f stichoposide B 
contained glucose, xylose, quinovose and 3-OM e-glu
cose. The main aglycon proved to be identical to sti- 
chopogenin IV obtained by us previously at hydrolys
ing the glycosides of the Pacific holothurian St. chlor- 
onotus (Elyakov et al., 1973). The said genin was 
obtained simultaneously from the same holothurian by 
Rothberg et al. (1973), who established its structure as 
23-acetoxy-9,l l-ene-holostane-3/?-ol (IV). The i.r. spec
tra o f the acetate of (IV) from A. multifidus had absorp
tion bands for the five-membered lactone and acetate 
at 1760 and 1725 cm -  \  respectively. The u.v. spectrum
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Fig. 1. M ass spectrum  of acetate I. (H olothurin A, Holothuria surinamensis).
Fig. 2. M ass spectrum  of acetate II. (H olothurin A, Holothuria grisea). 

Fig. 3. M ass spectrum of acetate III. (H olothurin A, Holothuria mexicana).

did not reveal absorption over 220 nm. The MS 
showed m/e 556 (M + ), 541 (M +— C H 3), 496 (M +—  
CH3COOH), 481 (M +— C H 3— CH3COOH), 437 
(M +— C H 3— 2CH3COOH), 109, 69, 57, 43. Besides 
(IV), hydrolysis of stichoposide B produced another 
aglycon (V), which differed from (IV) in molecular 
weight. The M S o f (V) showed m/e 554 (M + ), 
539 (M +— CH 3), 494 (M +— CH3COOH), 479 
(M +— C H 3COOH— C H 3), 435 (M +— C H 3COOH—  
C H 3— CO ,), 419 (M +—  2C H 3COOH— C H 3).

( E T )

The data obtained in the study of the acid hydrolysis 
products of the isolated glycosides are shown in Table 
2.

DISCUSSION

The above-cited evidence confirmed our previous 
suggestion (Elyakov et al., 1973) that Holothuriidae 
and Stichopodidae contain different glycoside sets. In
deed, in the Holothuriidae species studied we mainly 
detected glycosides of the holothurin A and B type, i.e. 
substances that with acid hydrolysis produce holothur-

inogenins (I—III) with a chromophorous heteroannular 
7,9(II)-diene group and, correspondingly, four or two 
monosaccharides. The data obtained in the study of 
Pacific holothurians (Elyakov et al., 1973) indicate to 
a wide distribution of such glycosides (holothurins) in 
this family. The results of the present work and the 
holothurinogenins obtained after hydrolysis of glyco
side extracts or crude glycoside fractions from such 
species as H. grisea (Turch et al., 1967), H. polii, H .fors- 
kali and H. tubulosa (Habermehl & Volkwein, 1968, 
1970) and Bohadshia koellikeri (Roller et al., 1969) also 
confirm the above conclusion. Beyond doubt, holoth
urins are affined substances, whose structure is based 
on the same or similar aglycons, or they are substances 
with very similar monosaccharide content. On the 
other hand, we have shown that chromatographically 
homogeneous holothurins isolated from different ani
mal species may differ from one another. Thus, at hy
drolysis, holothurin A from H. surinamensis produces 
almost exclusively holothurinogenin I; holothurin A 
from A. agassizii yields a mixture, wherein holothur
inogenins I and II prevail; and holothurin A from H. 
mexicana produces a mixture of I and III. Differences 
in the structure o f carbohydrate chains are also likely, 
though this suggestion needs additional verification.

Structurally, the glycosides of the family Stichopodi
dae (stichoposides) are based on aglycons with the 
same skeleton as in holothurinogenins. However, they 
do not form a chromophorous heteroannular-diene 
group at acid hydrolysis. The aglycon portion of sti
choposide B from A. multifidus structurally resembles 
the glycosides of certain Pacific holothurians from Sti
chopodidae, e.g. S. chloronotus.
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It is noteworthy that our attempts to isolate choles
terol-precipitated glycosides from I. badionotus proved 
to be unsuccessful. Thus, /. badionotus is the first of the 
Stichopodidae species studied that apparently does not 
contain triterpene glycosides. Earlier, the absence of 
cholesterol-precipitated glycosides was observed solely 
in species of the order Apoda (Elyakov et a l,  1973).

Further studies of Stichopodidae appear to be inter
esting both for the search of new triterpene saponins 
and with a view to a final elucidation of the regularities 
of glycoside distribution among the animals of that 
family.

Acknowledgements—The translation of the paper from 
the Russian by Joseph C. Shapiro is hereby acknowledged.

REFERENCES

A nisim ov  M. M., C h e g l o v  V., St o n ik  V. A., K u l g a  A . I., 
L ev in a  E. V., L ev in  V. S. &  E ly a k o v  G. B. (1972) A com 
parative study of the antifungal activity of triterpenoid 
glycosides. Dokl. Akad. Nauk U.S.S.R. 207, 711-713 (in 
Russian).

C h a n l ey  J. D., L ed een  R., W ax  J., N ig r e l l i  R. F. & 
So bo tk a  H. (1959) Holothurin— I. The isolation, proper
ties and sugar components of holothurin A. J. Am. Chem. 
Soc. 81, 5180-5183.

E a s t e r w o o d  V. M. & H u f f  B. J. L. (1969) Carbohydrate 
analysis gas chrom atography of acetylated aldonitriles. 
Svensk Papperstidning 72, 768-772.

E l y a k o v  G. B., K u sn etso v a  T. A. &  V a s k o v s k y  V. E. 
(1968) A chemical investigation of the trepang (Stichopus 
japonicus Selenka). Khim Prirod Soedin. Acad. Nauk 
Uz.SSR  4, 253-254 (in Russian).

E ly a k o v  G. B., St o n ik  V. A., L e v in a  E . V., Sl a n k e  V. P., 
K usnetsova  T. A. & L e v in  V. S. (1973) Glycosides of 
Marine invertebrates. 1. A comparative study of the gly
coside fractions of pacific sea cucumbers. Comp. Biochem. 
Physiol. 44B, 325-336.

F r ie s s  S. L., S t a n d a e r t  F . G„ W h i tc o b  E. R., N i g r e l l i  R. 
F., C h a u l e y  Y. D. & S o b o tk a  H. (1960) Some pharm aco
logical properties of H olothurin A, a glycosidic mixture 
from sea cucumber. Ann. N.Y. Acad. Sci. 90, 893-901.

H a b e r m e h l  G. & V o lk w e in  G. (1968) Uber Gifte der mit- 
telmeerischen H olothurien— 1. Naturwissenschaften 55, 
83.

H a b e r m e h l  G. & V o lk w e in  G. (1970) Die Aglyka der Tox- 
ine von H olothuria pollii. Liebigs Ann Chem. 731. 53.

N i g r e l l i  R. F. (1952) The effects of holothurin of fish and 
mice with sarcoma 180. Zoologica, N.Y. 37, 89-90.

R o l l e r  P., D je r a s s i  C ., C l o e t e n s  R . &  T u r s c h  B. (1969) 
T e rp e n o id s — L X IV . C h e m ic a l s tu d ie s  o f  m a r in e  in v e r te 
b ra te s — V. T h e  is o la tio n  o f  th re e  new  h o lo th u r in o g e n in s  
a n d  th e ir  c h e m ica l c o r re la t io n  w ith  la n o s te ro l .  J. Am. 
Chem. Soc. 91, 4918-4920.

R o t h b e r g  J., T u r s c h  B. M. & D je r a s s i  C. (1973) Ter
penoids— LXVIII. 23-ace toxy-17-deoxy-7,8-dihydroho- 
lothurinogenin, a new triterpenoid sapogenin from a sea 
cucumber. J. Org. Chem. 98, N2, 209-214.

S u l l i v a n  T. D., L a d u e  K. T. & N i g r e l l i  R. F . (1955) The 
effect of holothurin, a steroid saponin of animal origin, on 
Krebs-2 ascites tum ors in Swiss mice. Zoologica, N.Y. 40, 
49-52.

T i t o v  U. A. & L e v in a  I. S. (1967) U.v. spectrum s of steroids. 
Reaction and m ethods of the investigation. Khimia, M os
cow 18, 22 (in Russian).

T i r s c h  B. M., d e  S o u z a  G u im a r a e s  J. S., G i l b e r t  B., A p l in  
R. T ., D u f f i e l d  A . M. & D je r a s s i  C. (1967) Griseogenin, 
a new triterpenoid sapogenin of the sea cucumber Halo- 
deima grisea L. Tetrahedron 23, 761.

Y a su m o to  T., N a k a m u r a  K. & H a s h im o t o  Y . (1967) A new 
saponin, holothurin B, isolated from sea cucumber 
Holothuria vagabunda and  Holothuria lubrica. Agr. biol. 
Chem. 31 ,7-10.

K ey Word Index— Glycosides; triterpenoid glycosides; 
sea cucum ber; H olothurioidea; hydrolysis of glycosides; 
H olothuriidae; Stichopodidae; Cucum ariidae; Synaptidae.


