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Antineoplastic Agents XLV: 
Sea Cucumber Cytotoxic Saponins 

Keyphrases Antineoplastic agents, potential-three saponins 
isolated from sea cucumbers, structures partially determined, activity 
evaluated 0 Cytotoxic activity-evaluated in three saponins isolated 
from sea cucumbers Sea cucumbers-three saponins isolated and 
identified, screened for antineoplastic and cytotoxic activity 0 Sa- 
ponins-isolated from sea cucumbers, structures partially deter- 
mined, antineoplastic and cytotoxic activity evaluated 

To the Editor: 
In Asia, various sea cucumbers (Echinodermata 

phylum, Holothurioidea class) are readily available 
under the name Trepang. One of these, Stichopus 
japonicus Selenka, is used for various medicinal pur- 
poses' (1) and human food. In 1929, Yamanouchi began 
to explore sea cucumber toxins; in 1942, he reported the 
isolation of a crystalline saponin mixture from Holo- 
thuria uagabunda Selenka (2). Subsequently, such sa- 
ponin mixtures from sea cucumbers have been shown 
to possess various physiological activities, e.g., neuro- 
toxic (3), hemolytic (4), and the ability to inhibit growth 
of Crocker mouse sarcoma 180 and Krebs-2 ascites tu- 
mors in Swiss mice (5). 

The actual composition of these saponin mixtures 
continues to be a challenging area for chemical study. 
So far, evidence has been presented only for the struc- 
ture of the antifungal agent holotoxin A (I) from S. 
japonicus Selenka (6) .  However, the lanostane deriv- 
atives obtained by acid hydrolysis of the saponin mix- 
tures received detailed investigation (7), particularly 
by Tan et al. (8) who recently provided definitive 
structural evidence for holotoxinogenin (1Ia) (6) and its 
25-methyl ether derivative (IIb). 

About 10 years ago, in collaboration with the National 
Cancer Institute, we began the first systematic and 
worldwide survey of marine animals as potential sources 
of new antineoplastic agents (9). Many marine animal 
species have been located which yield extracts with a 
confirmed level of activity in the National Cancer In- 
stitute's P-388 murine lymphocytic leukemia, 9KB cell 
culture, and/or the P-388 and L-1210 cell culture eval- 
uation systems (10). Of these potentially important 
marine animal species, six were Holothurioidea. Three 
were selected for detailed study: two from the family 
Stichopodidae, namely, Stichopus chloronotus Brandt 

* Trepang is prepared by boiling the sea cucumber to cause evisceration and 
partial deactivation of the toxins. 
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(from Australia) and Thelenota ananas Jaeger (from 
Taiwan and the Marshall Islands), and one from the 
family Holothuriidae, Actinopyga mauritiana (from 
Hawaii). 

We now wish to report that separation of the cyto- 
toxic and antineoplastic constituents, guided by 
bioassay, led in each case to a complex mixture of la- 
nostane-type saponins characteristic of sea cucumber 
Cuvierian organ toxins. The major cytotoxic component 
of each saponin mixture was isolated and designated 
stichostatin 1, thelenostatin 1, and actinostatin 1, re- 
spectively. A description of the isolation, purification, 
and partial characterization of stichostatin 1 (P-388, 
ED50 = 2.9) provides a summary of the techniques 
found most useful in this first detailed study of sea cu- 
cumber cytotoxic constituents. 

A 2-propanol extract (59 g) obtained from S. chloro- 
notus Brandt was partitioned between benzene and 
water. The water phase was separated and extracted 
with 1-butanol, and the extracted material was parti- 
tioned between ether and water. Freeze drying of the 
water phase afforded 1 g of the saponins, which were 
carefully separated on a specially prepared (11) pre- 
packed silica gel column [elution with chloroform- 
methanol-water (20:5:0.5)]. 

Fractions 71-106 (6-ml volumes) contained stichos- 
tatin 1 (0.19 g). Recrystallization from methanol- 
chloroform gave needles (0.13 g) melting at 279-280'. 
Elemental analyses and molecular weight determina- 
tions by osmometry methods suggested a molecular 
weight of 1200 and an empirical formula of C54- 
56H93-98027-28. A series of mass (molecular ions were 
not observed), PMR, IR, and UV spectral studies, 
combined with preliminary chemical evidence, suggests 
that stichostatin 1 contains a lanostane nucleus related 
to that of Structure IIc (8) and a glycoside system re- 
lated to that of holotoxin A (I). 

The structurally related cytotoxic saponins thelen- 
ostatin 1 (needles, mp 213-217', from chloroform- 
methanol-water) and actinostatin 1 (needles, mp 
218-220°, from chloroform-methanol-water) were 
obtained and partially characterized by similar methods 
from T. ananas Jaeger and A. mauritiana, respectively. 
In addition, both thelenostatin 1 (P-388, ED50 = 1.5) 
and actinostatin 1 (KB, ED50 = 2.6 and L-1210, ED50 
= 2.1) were found to be half-esters of sulfuric acid 
similar to holothurin A, which is believed to contain the 
lanostane system illustrated by Structure I11 (12). 

A definitive structural elucidation of these three new 
cytotoxic saponins, combined with further cytotoxic and 
antineoplastic evaluations, will be undertaken. Pres- 
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ently available evidence strongly indicates that such sea 
cucumber saponins have potentially useful and inter- 
esting biological properties. The inhibition of cell 
growth by the three tetracyclic triterpene saponins 
described in this report may be due to the ability of 
certain sea cucumber saponins to inhibit protein syn- 
thesis (rat bone marrow tissue culture) and RNA syn- 
thesis (yeast cell culture) (13). 
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To the Editor: 
In a recent communication (l), the dilution factor of 

starch paste binder and its effects on granulations and 
tablets were reported. The conventional wet granulation 
process was used to prepare granulations in a small 
Table I-Starch Paste Dilutions 

Formu- Formu- Formu- 
lation lation lation 

A B C 
~~ 

Lactose, g 860 8 6 0  860  

Starch (in paste), g 2 6  26 26 
Water (for paste), ml 100 1 3 0  160  
Water (used to q s ) ,  ml 100 7 0  4 0  

Starch (in d ry  mix),  g 47 4 7  47 
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