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Sea cucumbers contain triterpene glycosides called saponins. We investigated the complex saponin mixture
extracted from the common Mediterranean species Holothuria forskali. Two different body components were
analyzed separately: the body wall (which protects the animal and is moreover the most important organ in
terms of surface and weight) and the Cuvierian tubules (a defensive organ that can be expelled on predators
in response to an attack). MALDI/MS and MALDI/MS/MS were used to detect saponins and describe their
molecular structures. As isomers have been found in the Cuvierian tubules, LC/MS and LC/MS/MS were
performed to identify each saponin separately. Twelve saponins have been detected in the body wall and 26
in the Cuvierian tubules. All the saponins from the body wall are also present in the Cuvierian tubules but the
latter also contain 14 specific saponins. The presence of isomeric saponins complicated structure elucidation
for the whole set but 16 saponins have been described tentatively. Among these, 3 had already been reported
in the literature as holothurinosides A and C, and desholothurin A. Molecular structures have been proposed
for the 13 others which, in the present work, have been provisionally named holothurinosides E, F, G, H, I, A1,
C1, E1, F1, G1, H1 and I1 and desholothurin A1. The diversity and organ specificity of the saponins described
here are much higher than what had been reported to date in any sea cucumber species.

© 2008 Elsevier Inc. All rights reserved.

1. Introduction

Saponins are an important class of natural products first discovered
in higher plants (Guo et al., 2006). A lot of studies have been conducted
on these compounds which possess a variety of biological and phar-
macological activities (Guo et al., 2006). In the marine environment,
holothuroids (sea cucumbers) (Yamanouchi, 1955; Nigrelli, 1952),
asteroids (sea stars) (Mackie et al., 1968; Mackie and Turner, 1970) and
sponges (Pawlik, 1993; Kubanek et al., 2002) are the only organisms in
which saponins have been hitherto found. Echinoderm saponins have
been reported to possess a wide spectrum of pharmacological effects
including hemolytic, antitumoral, anti-inflammatory, antifungal, anti-
bacterial, antiviral, ichthyotoxic, cytostatic and antineoplastic activities
(Kerr and Chen, 1995; Kalinin et al., 1995; Kalinin et al., 1996; Pro-
kofieva et al., 2003). On the other hand, the biological roles of these
molecules are still very speculative (Garneau et al., 1989; Kalinin et al.,
1996). In sponges, it has been demonstrated that saponins have
multiple defensive roles at natural volumetric concentration, acting as
feeding-deterrent against predators and protecting the body surface

from microbial attachment and fouling by invertebrates and algae
(Kubanek et al., 2002). Similar roles have been proposed, but never
demonstrated, for holothuroid saponins because, like sponges, these
animals lack structural or behavioural defences (Hamel and Mercier,
2000). Indeed, their reduced skeleton and slow motion make sea
cucumbers vulnerable to predation (Francour, 1997).

In addition to saponins, some sea cucumbers, all belonging to the
family Holothuriidae, possess another defence system called the Cuvie-
rian tubules (Hamel andMercier, 2000). This system consists ofmultiple
tubules located in the posterior part of the animal. When attacked, the
sea cucumber undergoes a body contraction leading to the ejection of a
few tubules via the anus. Expelled tubules lengthen into sticky white
threads susceptible to entangle potential predators. In holothuriids,
saponins appear to be particularly concentrated in the Cuvierian tubules
(Matsuno and Ishida, 1969; Elyakov et al., 1973; Kobayashi et al., 1991).
They are also quite abundant in the body wall which, in addition to its
role as a physical barrier protecting the animal, is also the largest organ
(Matsuno and Ishida, 1969; Kobayashi et al., 1991).

Holothuroid saponins are triterpene glycosides. The structure of the
aglycone moiety, a holostane-3β-ol, is derived from the tetracyclic
triterpene lanostane-3β-ol in which the D-ring contains a γ-18(20)-
lactone (Habermehl and Volkwein, 1971; Stonik et al., 1999). The carbo-
hydrate moiety is bound to the C3 of the aglycone and may include
xylose, glucose, quinovose and 3-O-methylglucose residues, as well as a
sulphate group (Stonik and Elyakov, 1988; Kalinin et al., 1994).
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Rodrigez et al. (1991) were the first to make an extensive study on
the saponins of Holothuria forskali. They extracted saponins from a
pool of 19 specimens and described five non-sulphated saponins:
holothurinosides A, B, C, D and desholothurin A (1, 2, 3, 4 and 5,
respectively; Fig.1). Structures were established by FAB/MS (Fast Atom
Bombardment Mass Spectrometry), COSY (Correlation Spectroscopy),
NOESY (Nuclear Overhauser Enhancement Spectroscopy) and long
range and direct XHCORR experiments. Because saponins were extrac-
ted from whole specimens, no comparison could be made between
different body components.

In the present report, we used MALDI/MS and MALDI/MS/MS
(Matrix Assisted Laser Desorption/ionization Mass Spectrometry)
methods to describe saponins from H. forskali. In addition, LC/MS and
LC/MS/MS (Liquid Chromatography Mass Spectrometry) methodolo-
gies were necessary to differentiate all the saponins of the extracts.
Saponins from the body wall and from Cuvierian tubules were extrac-
ted and analyzed separately, allowing comparisons to be made bet-
ween these two body components.

2. Materials and methods

2.1. Sampling

Individuals of H. forskali (Delle Chiaje, 1823) were collected at a
depth of 20 to 30 m by SCUBA diving at the biological station of
Banyuls-sur-Mer (France). They were transported to the Marine Bio-
logy Laboratory of the University of Mons-Hainaut, where they were
kept in a marine aquarium with closed circulation (13 °C, 33 psu).
Holothuroids were dissected and body wall and Cuvierian tubules
were stored separately in 70% ethanol at −20 °C.

2.2. Extraction of saponins

The following extraction procedure is adapted from Campagnuolo
et al. (2001) and Garneau et al. (1983). Body wall and Cuvierian
tubules underwent the same extraction method, which was repeated
on several individuals. The homogenized tissue was extracted twice

with ethanol:water (70:30) followed by filtration. The extract was
then evaporated at low pressure in a double boiler at 30 °C using a
rotary evaporator (Laborota 4001 efficient, Heidolph). The dry extract
was diluted in 90% methanol and partitioned against n-hexane (v/v).
Then, thewater content of the hydromethanolic phasewas adjusted to
20% (v/v) and 40% (v/v) and the solutions partitioned against CCl4 and
CHCl3, respectively. Finally, the hydromethanolic solution was eva-
porated and dissolved in water in order to undergo chromatographic
purification.

2.3. Purification of the extract

The crude aqueous extract was placed on a column of Amberlite
XAD-4 (Sigma-Aldrich St. Louis, MO, USA). Washing the column with
water removed the inorganic salts and subsequent elution with me-
thanol allowed to recover saponins. The methanolic phase was then
evaporated and the dry extract was diluted inwater in order to under-
go a last partitioning against iso-butanol (v/v). The butanolic fraction
contained the purified saponins.

2.4. Mass spectrometry

All mass spectrometry experiments were performed on a Waters
QToF Premier mass spectrometer in the positive ion mode, either
using the MALDI or the Electrospray ionization (ESI) sources.

The MALDI source was constituted by a nitrogen laser, operating at
337 nmwith amaximumoutput of 500mWdelivered to the sample in
4 ns pulses at 20 Hz repeating rate. All samples were prepared using a
10 mg/mL solution of α-cyano-4-hydroxycinnamic acid (α-cyano) in
acetone as the matrix. The matrix solution (1 μL) was spotted onto a
stainless steel target and air dried. Then,1 μL of each butanolic fraction
was applied onto the spots ofmatrix crystals, and air dried. Finally,1 μL
droplets of a solution of NaI (2mg/mL in acetonitrile) was added to the
spots on the target plate.

Typical ESI conditions were: capillary voltage, 3.1 kV; cone voltage,
50 V; source temperature, 120 °C; desolvation temperature, 300 °C.
Dry nitrogen was used as the ESI gas. For the recording of the single-

Fig. 1.Molecular structures of saponins isolated from the sea cucumber Holothuria forskali by Rodrigez et al. (1991): holothurinosides A, B, C, D and desholothurin A (respectively 1, 2,
3, 4 and 5).
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stage MALDI- or ESI/MS spectra, the quadrupole (rf-only mode) was set
to pass ions between m/z 50 and 1500, and all ions were transmitted
into the pusher region of the time-of-flight analyzer where they were
mass-analyzed with a 1 s integration time.

For the MALDI- or ESI/MS/MS CID experiments, the ions of interest
were mass-selected by the quadrupole mass filter. The selected ions
are then submitted to collision against argon in the T-wave collision
cell (pressure estimated at 0.9–1 mbar) and the laboratory frame
kinetic energy was selected to afford intense enough product ion
signals. All the ions exiting the collision cell, either the product ions or
the non dissociated precursor ions, were finally mass measured with

the oa-ToF analyzer. Time-of-flight mass analysis were performed in
the reflectron mode at a resolution of about 10,000.

For the on-line LC/MS(MS) analyses, a Waters Alliance 2695 liquid
chromatography apparatus was used. The HPLC device was coupled to
the QToF Premier mass spectrometer (Waters) and consisted of a
vacuum degasser, a quaternary pump and an autosampler. Sample
volumes of 20 μL were injected. Chromatographic separation was
performed on a non polar column (Symmetry C18, 4.6×150mm, 5 μm,
Waters) at 27 °C. The mobile phase (1 mL/min) was a nonlinear
gradient programmed frommethanol (eluant A) and water (eluant B).
The gradient programmed was: 10% of eluant A at start, 0–6 min 10 to

Fig. 2. Full-scan (+) MALDI-ToF mass spectrum analysis of the total saponin mixture extracted from the body wall (A) and the Cuvierian tubules (B) of Holothuria forskali. Saponins
signals are highlighted by circles. Dotted circles show peaks corresponding to product ions (H2O and/or CO2 losses).

Fig. 3. A. Collision-induced dissociation of m/z 1303 cations extracted from the body wall and Cuvierian tubules of Holothuria forskali: proposed fragmentation pattern for the ions
presenting the m/z 507 signature. Glc: glucose, MeGlc: 3-O-methylglucose, Qui: quinovose, Xyl: xylose. B. Collision-induced dissociation of m/z 1303 cations extracted from the
Cuvierian tubules of Holothuria forskali: proposed fragmentation pattern for the ions presenting them/z 523 signature. Glc: glucose, MeGlc: 3-O-methylglucose, Qui: quinovose, Xyl:
xylose.
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Fig. 3 (continued).
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60% A, 6–13 min 60 to 95% A and 13–15 min back to 10% of eluant A.
The mobile phase flow (1 mL/min) was split prior injection in the
Electrospray ionization source (200 μL/min).

3. Results and discussion

3.1. MALDI/MS analysis of body wall and Cuvierian tubules extracts

Because of the high affinity of alkali cations for triterpene glyco-
sides (Fang et al., 1998), the mass spectra of all the saponins are
dominated by [M+Na]+ ions which makes them easier to analyze. The
full-scan MALDI mass spectrum of the saponin extract obtained from
the body wall of H. forskali is shown in Fig. 2A. This spectrum displays
8 intense peaks that could correspond to triterpene saponins. The 8
ions were detected at m/z 1125, 1141, 1287, 1303, 1433, 1449, 1463 and
1479. Other visible peaks seem to correspond to saponin product ions
generated by losses of water and/or carbon dioxide from cationized
saponins uponMALDI ionization (Fig. 2). The relative intensities of the
8 peaks were different suggesting that saponins are present in
different proportions in the tissue (Supplementary Table S1). The
saponin detected at m/z 1433 as a sodium cation adduct is always
characterized by the most intense signal and consequently seems in
first approximation to be the most abundant saponin in the body wall.
On the other hand, the saponin detected at m/z 1479 generally
presents the least intense signal (Fig. 2).

The MALDI mass spectrum obtained for the saponin extract of the
Cuvierian tubules is quite similar to the body wall mass spectrum
(Fig. 2B). However, although saponin ions were detected at the same
m/z ratios, the relative intensities between both spectra are definitely
different, with the peak showing the highest intensity in the Cuvierian
tubules being always detected at m/z 1287 (Fig. 2; Supplementary
Table S1). At first sight, this could indicate that saponins are identical
in both tissues but that their relative proportions are different.

Rodrigez et al. (1991), who studied saponins from H. forskali,
described five saponins for this species (Fig.1) butwithoutmaking any
differences between body components. The reported saponins were:
holothurinoside A ([M+Na+]: m/z 1303), holothurinoside B ([M+Na+]:
m/z 1345), holothurinoside C ([M+Na+]: m/z 1125), holothurinoside D
([M+Na+]: m/z 787) and desholothurin A ([M+Na+]: m/z 1141). These
authors also described the molecular structures of these saponins
which were taken as a starting point to identify saponins in the
present work (Fig. 1). Considering only the m/z value of the ions
detected in the first-order MALDI mass spectrum (Fig. 2), it appears
that three out of the five saponins reported by Rodrigez et al. (1991)
were also observed in our experiments at m/z 1125, 1141 and 1303. In
order to correlate both studies, MALDI/MS/MS analysis were then
undertaken to obtainmore information on the compounds detected in
MALDI/MS.

3.2. MALDI/MS/MS analysis of body wall and Cuvierian tubules extracts

To further validate that signals detected in the full-scan MALDI
mass spectrum really correspond to saponin ions, MALDI/MS/MS
analysis were undertaken for each ion. As a typical example, the
MALDI/MS/MS mass spectrum for the ion detected at m/z 1303 in the
body wall is depicted in Supplementary Fig. S1A. This MS/MS
spectrum allows us to reconstruct the collision-induced fragmenta-
tion pattern of the parent ion (Fig. 3A) and consequently to confirm
that ions detected at m/z 1303 correspond to the holothurinoside A
described by Rodrigez et al. (1991). After collisional activation, m/z
1303 cations are submitted to two competitive dissociation pathways.
First, as described in Fig. 3A, consecutive losses of 3-O-methylglucose
(MeGlc), glucose (Glc), quinovose (Qui), glucose (Glc) and xylose (Xyl)
residues afford product ions detected in Supplementary Fig. S1A atm/z
1127, 965, 819, 657 and 507, respectively. This sequence of decom-
position confirms the proposed holothurinoside A structure. Secondly,

the fragmentation of the parent ions can also be initiated by the loss of
the aglycone moiety, generatingm/z 819 cations. Consecutive losses of
Glc, Xyl, Qui and Glc residues, yielding signals detected atm/z 657, 507,
379 and 217, further confirm that the decomposing ions definitely
originate from sodium-cationized holothurinoside A (m/z 1303).

Similar fragmentation patterns were obtained for all the ions
detected uponMALDI ionization of the bodywall extract (Fig. 2A). This
methodology of molecular structure identification using fragmenta-
tion patterns derived from MS/MS measurements therefore indicated
that ions detected atm/z 1125 and 1141 correspond to holothurinoside
C and desholothurin A (Rodrigez et al., 1991). On the basis of the
recorded MS/MS spectra, five new saponins provisionally named
holothurinosides E, F, G, H and I and detected at m/z 1287, 1433, 1449,
1463 and 1479, respectively, were identified (Fig. 4A). All these
holothurinosides are quite easily recognized upon MS/MS measure-
ment since their CID spectra share the commonm/z 507 key signal as a
signature of the MeGlc-Glc-Qui oligosaccharide chain (actually
[MeGlc-Glc-Qui+Na+], see Fig. 3A). It is important to emphasize that
all the MS/MS spectra of the saponin ions detected in the body wall
extract are characterized by the occurrence of this key signal at m/z
507 (Fig. 4A).

The same MS/MS method was applied for the eight major ions
detected by MALDI analysis in the Cuvierian tubules extract
(Supplementary Fig. S1B for m/z 1303 ion). Interestingly, the MS/MS
spectrum obtained for the Cuvierian tubules m/z 1303 saponin ions
was found to be different from the body wall saponin ion spectrum.
Nevertheless, all the product ions identified in the body wall MS/MS
spectrum were also detected in the corresponding Cuvierian tubules
MS/MS spectrum. In particular, the presence of the signal at m/z 507
indicated the presence of holothurinoside A. The proposed explana-
tion for the occurrence of additional product ions in the spectrum is
that, in the case of the Cuvierian tubules extract, we are dealing with a
mixture of isomeric saponins. In other words, a single peak in the
MALDI full-scan spectrum would correspond to at least two different
saponins. A closer inspection of the MS/MS spectrum of the m/z 1303
ions from the Cuvierian tubules extract (Supplementary Fig. S1B)
reveals that, in addition to them/z 507 signal, a more intense signal is
now observed at m/z 523, corresponding presumably to [MeGlc-Glc-
Glc+Na+] ions (Fig. 3B). The difference between this oligosaccharide
sequence and the one associated with the m/z 507 ion (see above) is
the replacement of a quinovose by a glucose residue, the two differing
only by the presence of an additional oxygen atom in Glc compared
to Qui. As a consequence and since both parent ions are isomers,
the aglycone moiety associated with the m/z 523 cation must contain
one hydroxyl less. Based on the study of Rodrigez et al. (1991) who
identified three different aglycone groups (Fig. 1), we tentatively
propose the structure presented in Fig. 3B for the new isomeric
saponin and we propose to name this molecule holothurinoside A1

(Fig. 4B).
Similar fragmentation patterns were obtained for all the cations

observed upon MALDI of the Cuvierian tubules extract, each
presenting m/z 507 and m/z 523 ions as the key decomposition
products. This reveals that we are dealing with 8 mixtures of isomers,
one isomer at least being identical in both the body wall and the
Cuvierian tubules extracts for each mixture. Mass spectrometry alone,
however, is not sufficient to obtainmore information about the isomer
mixtures. Nevertheless, it allows a quick and straightforward
characterisation of the body components by the presence of an ion
atm/z 507 in theMS/MS spectrum of a bodywall sample and of ions at
m/z 507 and 523 in the MS/MS spectrum of a Cuvierian tubules
sample. The identification of a second set of saponins possessing the
m/z 523 signature in the Cuvierian tubules allows the addition of 8
new molecules to the list of saponins occurring in this body com-
ponent. Similarly to what has been proposed for the body wall
saponins, these new ones could be named provisionally holothurino-
sides A1, C1, E1, F1, G1, H1 and I1 and desholothurin A1 (Fig. 4B).
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3.3. LC/MS and LC/MS/MS analysis of body wall and Cuvierian tubules
extracts

To further validate the presence of isomers in Cuvierian tubules and
their absence in the bodywall, LC/MS experiments on the total saponin
extracts were carried out. The chromatogram presented in Fig. 5A for
the body wall corresponds to the m/z 1303 extracted ion chromato-
gram. Given the observation of a single signal, we can argue thatwe are
dealing with only one molecule, which was moreover confirmed to be
holothurinoside A by LC/MS/MS. This conclusion is in agreement with
the data derived from the MALDI experiments. On the other hand, in
the Cuvierian tubules extract, the presence of distinct signals
characterized by different retention times in the chromatogram is an
evidence for the occurrence of a mixture of isomers (Fig. 5B). Inte-
restingly, the signal at 10.97 min is detected in both chromatograms.
This observation confirms that holothurinoside A is also present in the
Cuvierian tubules extract. Moreover, this experiment also reveals that
the isomer mixture is even more complicated than expected, with
more than two isomeric saponins present in the Cuvierian tubules

extract. As a consequence, LC/MS/MS experiments are required to
obtain further information on the saponin contents in the Cuvierian
tubules extract.

The LC/MS/MS analysis of the Cuvierian tubules extract was then
performed on m/z 1303 cations as the parent ions. The LC/MS/MS m/z
1303 total ion current (TIC) chromatogram is presented in Fig. 6B and
is totally similar to the LC/MS m/z 1303 extracted ion chromatogram
presented in Fig. 5B. Corresponding LC/MS/MS m/z 507 and 523
extracted ion chromatograms are shown in Fig. 6A and C, respectively.
Amongst the m/z 1303 parent ions, at least three isomeric ions are
present which, in their dissociation products, possess the m/z 507
product ions (Fig. 6A). Again, holothurinoside A is unambiguously
identified at a retention time of 10.97min. As suggested by theMALDI/
MS/MS experiments, other isomeric parent ions that decompose after
collisional activation by generating m/z 523 product ions are also
detected. Nevertheless, from the LC/MS/MS experiments, it is obvious
that more than one such molecule is present (Fig. 6C). Further
investigations have to be done to separate those different saponins
and characterize their molecular structures. At this state of the study,

Fig. 4. Presumptivemolecular structures of saponins detected in the bodywall (A) and the Cuvierian tubules (A+B) extracts ofHolothuria forskali. Asterisk labels indicate the saponins
described by Rodrigez et al. (1991).
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the different saponins are only distinguished by their retention time
(Table 1).

This complete LC/MS/MS analysis has been carried out for all the
signals detected in the full scan spectrum of the body wall and
Cuvierian tubules of H. forskali (Fig. 2). Results of the whole analysis
are summarized in Table 1. They show that at least 16 saponins have
been detected (13 new ones) and their structure proposed, but also
that other congeners are present and need to be investigated with
other techniques. So far, retention time is the only feature permitting
to distinguish some of these isomeric saponins. The results also
confirm that saponins with the “m/z 523” signature are only present in
the Cuvierian tubules while saponins having the “m/z 507” signature
are always present the extracts from both body components.

4. Conclusions and future work

Secondarymetabolites of the commonMediterranean sea cucumber
H. forskali have been investigated and the variety of saponins detected
proved to be much more diverse than previously reported (Rodrigez et
al., 1991), with about 38 saponins highlighted by MS-based methodol-

ogies.MALDI/MS,MALDI/MS/MS, LC/MSand LC/MS/MS techniques have
been complementarily used and are considered as strong tools to detect
these molecules in complex mixtures. MALDI techniques were used for
direct analysis of saponin mixtures, while LC/MS techniques were used
to achieve chromatographic separation of isomers. This presence of
numerous isomers (up to five for some compounds) explains why only
16 saponins have been described. Structure elucidation of each isomer is
indeed impossible with the techniques used.

Body wall and Cuvierian tubules of H. forskali have been treated
separately allowing the comparison between body components.
Although MALDI/MS only suggested differences in the relative
proportions of the saponins, the complete analysis of the two extracts
revealed important differences in composition too, with more than
twice as many saponins in the Cuvierian tubules as compared to the
body wall. Such differences in saponin distribution have rarely been
demonstrated in sea cucumbers, Kobayashi et al. (1991) being the only
authors to investigate differences in saponins content between the
body wall and the Cuvierian tubules. They reported quantitative but
also qualitative differences in the species Bohadschia argus, Holothuria
leucospilota, H. pervicax and Pearsonothuria graffei. In all these species,

Fig. 5. (+) LC/MSm/z 1303 extracted ion chromatogram of the body wall (A) and the Cuvierian tubules (B) of Holothuria forskali. Retention times (min) are written on the top of each
peak.
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the saponin mixtures were simple (maximum of 3 different saponins)
with usually only one saponin differing from one body compartment
to the other. In sea stars, a single study investigated the distribution
of saponins between the body components of Leptasterias polaris
(Garneau et al., 1989): saponin mixtures were much more complex
(up to 19 saponins) and each body component presented a distinctive
mixture. The selective distribution of saponins within the body of H.

forskali could also explain why some of the saponins described by
Rodrigez et al. (1991) were not found in our study. These saponins
could indeed be restricted to an organ we have not investigated like,
for example, the gonads.

In the future, the methodologies presented in this report will be
used to identify saponins in other sea cucumber species. The mor-
phological and behavioural characteristics of the species chosen and

Fig. 6. (+) LC/MS/MS analysis of isomeric ions detected atm/z 1303 in the Cuvierian tubules extract of Holothuria forskali. (A) shows the MS/MSm/z 507 extracted ion chromatogram;
(B) shows the m/z 1303 total ion current (TIC) chromatogram and (C) shows the MS/MS m/z 523 extracted ions chromatogram. Retention times are written on the top of each peak.
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the distribution of saponins in their organs should permit to clarify the
biological role of these molecules.
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