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2 S. B. Manarto and S. GARral
1. Introduction

Saponins are complex molecules made up of sugars linked to a
triterpenoid or a steroid or a steroidal alkaloid. These natural products
are attracting much attention in recent years because of the host of
biological activities they exhibit. The diversity of structural features, the
challenges of isolation because of their occurrence as complex mixtures,
the pharmacological and biological activities still to be discovered, and
the prospect of commercialization — these all are driving the study of
saponins. Triterpenoid saponins are dominating constituents of this class
and occur widely throughout the plant kingdom including some human
foods e.g. beans, spinach, tomatoes, and potatoes, and animal feed e.g.
alfalfa and clover. Saponins were initially a rather neglected area of
research primarily because of great difficulties in their isolation and
characterization. With the advent of more sophisticated methods of
isolation and structure elucidation through the last two decades, there has
been increased interest in these natural products. Besides structure
determination, research activities are now moving forward to clarify
structure—activity relationships. Our previous reviews on triterpenoid
saponins (I, 2) covered literature from 1979 to mid-1989. The literature
on triterpenoid saponins up to 1988 has also been covered by two
reviews by HILLER ef al. (3, 4). This review incorporates newer trends in
isolation and structure determination of triterpenoid saponins, new
triterpenoid saponins isolated and biological properties of these products
reported during the period late 1989-mid 1996.

2. Isolation

Saponins generally occur as complex mixtures and the usual methods
of solvent extraction, column chromatography and preparative TLC are
often found to be inadequate for isolation of the pure individual
constituents. Special techniques are, therefore, employed to achieve the
objective. As an example the saponins of the Chinese medicinal plant
Ardisia crenata were successfully isolated as follows: The dried and
powdered roots of the plant were first defatted with petrol and then
extracted with CHCl; and MeOH under reflux. The MeOH extract was
applied to a column of Diaion HP-20 and washed with water, 30, 50, 70
and 100% MeOH to give 50 fractions. The saponin-containing fractions
were combined according to their TLC behavior. Each of the combined
fractions was purified by an ODS column followed by further separation
by HPLC (5). A similar procedure was adopted by Xu et al. for the
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Triterpenoid Saponins 3

separation of the new saponins from Mussaenda pubescens (6). Ground
air dried whole plants were extracted by cold percolation with EtOH.
The extract was concentrated and partitioned between water — petroleum
ether, water — EtOAc and water — n-BuOH (saturated with water). The
n-BuOH extract was applied to a DA-201 column and eluted
successively with H,O, 40% and 60-70% EtOH. The crude saponin
obtained from the last fraction was repeatedly separated by silica gel
column chromatography. MassioT et al. (7) isolated the saponins from
aerial parts of Alfalfa (Medicago sativa) by ether precipitation of the
saponin mixture from MeOH solution of the n-BuOH extract followed
by purification with flash chromatography and thick layer chromato-
graphy. Dried and powdered leaves were boiled with a mixture of MeOH
and water (4:1) for 3h. After filtration MeOH was removed and the
aqueous layer was extracted three times with n-BuOH. The organic
layers were combined and evaporated. The residue was dissolved in
MeOH, the volume of MeOH concentrated and then diluted with ether.
The precipitate was filtered, dried and further purified by flash
chromatography on silica gel (particle size: 40-63 pm) under a pressure
of 2 bar and thick layer chromatography.

Holothurinosides, new antitumor triterpenoid glycosides from the sea
cucumber Holothuria forskalii, were isolated (&) as follows: Body walls
and Cuverium tubules of 19 specimens were collected and extracted with
MeOH. The dried MeOH extract was partitioned between water and
hexane and the water layer further partitioned between water and n-
butanol. The n-butanol extract was concentrated and passed through a
column of a Amberlite XAD-2 which was washed with water and
MeOH. The MeOH elute was chromatographed on Sephadex LH-20
eluting with methanol-water (2:1). The fractions thus obtained were
further purified by droplet counter current chromatography (DCCC)
(ascending mode) and HPLC on a Cgp Bondapack column.

A somewhat different procedure was adopted for separation and
isolation of the bioactive saponins from the fruit pericarps of Acacia
auriculiformis (9). The air dried and powdered fruit of the plant was
extracted with petroleum ether, CHCl; and MeOH. The MeOH extract
was partitioned between water and n-BuOH. The organic layer was
concentrated at reduced pressure, adsorbed on silica gel, dried, and ex-
tracted successively in a soxhlet on a water bath with CHCl;, ethyl
acetate and a CHCI3-MeOH (80:20) mixture. The ethyl acetate extract
on chromatographic purification yielded three relatively non-polar sapo-
nins. The CHCl;-MeOH extract was chromatographed on silica gel and a
Sephadex LH-20 column followed by preparative TLC and preparative
HPLC (S-10-ODS column) to yield three polar acylated saponins.
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3. Structure Elucidation

Structures of the isolated pure saponins are generally investigated by
a combination of chemical and spectroscopic methods. However, the
present favorable trend is to determine structures by spectroscopic
methods alone which have the advantage of allowing one to examine a
small amount of the intact saponin prior to any treatment which might
produce artifacts. The saponins are composed of an aglycone to which
are attached one or more sugar chains. In the usual method acid and
alkaline hydrolysis experiments are performed to liberate the sugars, acyl
constituents and aglycones which are separately investigated for
characterization. The sugar and acyl constituents are identified by GC
analysis of suitable derivatives and aglycones are characterized by
spectroscopic methods. If a saponin contains an acid labile aglycone
milder hydrolysis techniques are needed which are described in the
previous review (2).

3.1. Mass Spectroscopy

The molecular masses of saponins are conveniently determined by
soft-ion mass spectroscopic methods such as fast-atom bombardment
mass spectrometry (FAB-MS) (10, 11) in the positive and/or negative
mode. Other desorption ionization techniques are field desorption (12),
plasma desorption (/3) and laser desorption (/4). More recently, liquid
chromatography/mass spectrometry and collision-induced dissociation
of doubly charged molecular ions have been employed for structural
elucidation (15). The molecular masses of the triterpenoid saponins
gymnemic acids and their congeners were determined by Imoto et al.
(16) by high performance liquid chromatography combined with
atmospheric pressure ionization mass spectrometry (API-MS). The
crude saponin isolated from the leaves was chromatographed on an
ocatadecyl silica column and eluted with an aqueous methanol solution
containing ammonium acetate. The fractions thus separated were directly
introduced into an atmospheric pressure ionization mass spectrometer
connected with a liquid chromatograph by an interface consisting of a
nebulizer and a vaporizer through a PTFE tube (Hitachi, Japan). The
vaporized sample and solvent molecules at 300 °C were introduced into
the ion source of the API system. The drift voltage of the spectrometer
was set at 160 V. Quasimolecular ions of gymnemic acids were detected
as ammonium adduct ions and/or proton adduct ions. Molecular masses
of 13 gymnemic acids and 5 compounds not containing glucuronic acid
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Triterpenoid Saponins 5

as part of the structure were determined. Three pairs of geometrical
isomers of gymnemic acids were also detected. Moreover, acyl residues
such as acetyl, tiglyl and benzoyl in the gymnemic acids were identified
by interpretation of the fragmentation patterns.

Several workers have presented interesting results of their use of
mass on spectrometric techniques in structure elucidation of saponins in
a symposium ‘““‘Saponins: Chemistry and Biological Activity” recently
held in Chicago. For example, papers on the application of tandem
mass spectral approaches to structure determination of saponins (17),
structure determination of saponins from mungbean sprouts by tandem
mass spectrometry (/8), saponins from alfalfa, clover and mungbeans
analyzed by electrospray ionization mass spectrometry (ESI MS)
compared with positive and negative FAB mass spectrometry (/9) and
structure confirmation of alfalfa saponins by LSIMS and B/E
LSIMS/MS (20) demonstrated the great potential of these ionization
techniques.

The usefulness of tandem mass spectrometry in the structure
elucidation of oleanene-type triterpene bisdesmosides was discussed
by ARrao et al. (21). In the MS/MS of [M-H]~, [M+H]" ions of the
bisdesmosides, the ions which originated from the cleavage of glycosidic
bonds, were mostly observed. On the other hand the MS/MS of an
[M + Na]" ion displayed various fragment ions together with those given
by glycosidic bond cleavage. The ion derived via an retro Diels-Alder
fission also appeared. The ESI MS of bellidiastroside C, (see Table), a
oleanene-type triterpene bisdesmoside generated [M+H]™ and
[M+Na]* and m/z 1091 and 1113 respectively (22). MS/MS of
[M+ H]" afforded ions which indicated that the saponin had a terminal
pentose, a terminal hexose and two inner deoxyhexoses. Appearance of
an ion at m/z 425 [pent + dhex + dhex — H,O + H] ' suggested that three
of the sugars were present as a trisaccharide unit.

3.2. NMR Spectroscopy

Of all the physical methods, the NMR technique has changed most
during the last two decades, first with the introduction of the Fourier
transform (FT) method and more recently as a result of the growth of
multiple pulse and 2D NMR. The developments consequent on the pulse
technique permit enormously greater control and manipulation of the
sample’s magnetization. Consequently, the structure information which
is gleaned through pulse NMR is probably greater and more readily
obtained than by any other single technique.
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High-field NMR experiments, viz. COSY, HETCOR, TOCSY,
NOESY, ROESY and 2D INADEQUATE techniques, coupled with
computerized spectral analysis were used for the determination of the
complete structure of a novel triterpenoid tetrasaccharide zizyphoiside A
(1) (code name PT-2) isolated from Alphitonia zizyphoides (Rham-

HO 0 OH
ARV
HO Ho 0 0,
OH ho 0

HO OH
Zizyphoiside A (1)

naceae) (23). The 2D INADEQUATE technique (coupled with a
computerized spectral analysis) was successfully employed to determine
the structure of a fairly large saponin using a small amount of sample
(60 mg). The 1D Bc spectrum displayed 54 carbon signals. A DEPT
experiment revealed 8-CH;, 13-CH,, 26-CH and 7 quaternary carbon
atoms. Correlation of '3C signals with those of directly bonded protons
was achieved by means of 2D HETCOR experiment. The proton and
carbon signals for the sugar units were assigned by means of HETCOR,
COSY and TOCSY experiments. Starting from the anomeric carbon atom
of each of the four sugar units all hydrogens within each sugar were
identified using COSY and TOCSY data. Using HETCOR results, each
assigned hydrogen was assigned to the corresponding carbon signal. The
four sugars, rhamnose, xylose, glucose and galactose were identified by
comparison with published chemical shift data for methyl glycosides.
The FAB-MS fragmentation pattern indicated that both xylose and
rhamnose are terminal sugars. However, the sugar-sugar and sugar-
aglycone linkages were indicated by ROESY data which were used to
obtain spatial correlations. The observed ROESY coupling between H-1
of the galactose and H-3 of the aglycone suggested that the galactose is
linked to the aglycone at C-3. This was also confirmed by the downfield
shift of C-3. A ROESY peak for H-1 of glucose and H-3 of galactose
disclosed that the glucose and galactose were 1,3-linked. The other

References, pp. 173—-196



Triterpenoid Saponins 7

intersugar linkages were also determined by the observation of ROESY
coupling between H-1 of rhamnose and H-2 of galactose, and between
H-1 of xylose and H-6 of glucose.

The 2D INADEQUATE spectral data required analysis by the
program CC Bond because the signals were too weak to be identified
visually. The computer analysis permitted identification of 35 of the 53
C—C bonds in the saponin from '3C-'3C connectivities. The structure of
the aglycone moiety was also revealed by standard HETCOR and long-
range correlation experiments, COSY and TOCSY data as well as
comparison of the '3C chemical shift assignments with those of a similar
reference compound, jujubogenin. The stereochemistry at the C-1
position of the sugars was deduced from a comparison of the '3C values
with those of sugars of known structure and from the magnitude of the
corresponding anomeric 'H-'H coupling constants.

The structures of three medicagenic acid bisdesmosides, one
monodesmoside of the same acid and one soyasapogenol B monodesmo-
side were elucidated on the peracetylated derivatives of the saponins
using the techniques such as COSY, relayed COSY, HOHAHA, HMQC,
HMBC and ROESY (7). For example the assignments of the '°C signals
of medicagenic acid in saponin (2) were made using 'H-">C correlation
experiments in the reverse mode such as HMQC for 'J and HMBC for
2J and °J. These experiments permitted assignments of most of the

CH HO OH
0 0 0
OH
o Ho OH
C/ 0
Ho HO ~o 0
HO 0
HMO

OH "cooH
Saponin (2)

signals of the aglycone by observation of correlations with the angular
methyl protons. The spin network of peracetylated (2) was identified by
COSY, relayed COSY, HMQC and HMBC experiments. The HMBC
experiment also allowed sequencing of all the elements of the molecule.
The configuration and conformation of the arabinose unit were revealed
from *J-H-1-H-2 which was found to be 6 Hz. The value indicated the a-
L-configuration. The corresponding value for the B-L configuration in
*C, conformation is 2.3 Hz. The a-L configuration was also inferred
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from ROESY experiments. ROEs were found between arabinose d-1 and
H-3 indicating a-L-arabinose in “C; conformation but not ruling out the
presence of some 'C4 conformation isomer. The ROESY experiment also
disclosed the B-D-glucose and the B-D-xylose configuration by H-1-H-5
ROEs. The a-L-rhamnose configuration was deduced from long range H-
1-H-5 coupling in LR COSY. The ROEs, aglycone H-3 to glucose H-1,
rhamnose H-1 to arabinose H-2 and xylose H-1 to rhamnose H-4
provided sequential information.

The structures of three new dammarane-type triterpenoid saponins,
bacopasaponins A, B and C isolated from the reputed Indian medicinal
plant Bacopa monniera, were elucidated by spectroscopic methods and
some chemical transformations (24). The 'H and 'C signals of all the
saponins were assigned and ring sizes of the sugars determined by DEPT,
'"H-'H Cosy, HSQC and HMBC experiments. The configurations at C-
20 and C-22 of the aglycone pseudojujubogenin in bacopasaponin C (3)
were determined by phase-sensitive ROESY.

Bacopasaponin C (3)

HOHZC

OH

The structures of two novel triterpenoid saponins, ardisicrenoside A
and ardisicrenoside B, were determined by 2D NMR COSY, HOHAHA,
HETCOR, HMBC and ROESY experiments (5). For example, ardisi-
crenoside A (4) showed in its *C NMR spectrum four anomeric carbon
signals and its new aglycone displayed six sp> quaternary carbon atoms.
The 3C data of the aglycone part were similar to that of the known
triterpene, cyclamiretin A (25). These data suggested that ardisicrenoside
A is a triterpenoid tetrasaccharide. The assignments were confirmed by
long-range coupling in HMBC and by spatial interaction in ROESY. The
spatial proximities observed between H-3 and H-23, H-3 and H-5, H-16
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Triterpenoid Saponins 9

(0]
HO
HO 2 o

0 Ardisicrenoside A (4)

HO OH
HO OH HO

and H-28 suggested B and o configurations at C-3 and C-16 respectively.
A correlation between H-18 and H-30 allowed assignment of the
hydroxymethyl group to C-30.

The nature of the monosaccharides and their sequence were
determined by means of H COSY, HOHAHA, HETCOR, HMBC and
ROESY experiments. Starting from the anomeric protons of each sugar
unit, all the hydrogens within each spin system were identified using
COSY aided by the 2D HOHAHA spectrum. On the basis of the assigned
hydrogens, the '>C resonances of each sugar unit were assigned by
HETCOR and further ascertained by an HMBC experiment.

A novel arjunolic acid tetrasaccharide (5) with an unusual
carbohydrate chain was isolated from Heteropappus biennis. Its structure
was established mainly by a combination of 1D selective and 2D NMR
techniques such as COSY, TOCSY, ROESY, HMQC and HMBC.
Molecular modelling calculations revealed that the oligosaccharide chain
in the molecule is rather rigid (26). The structure of the complex
carbohydrate chain was determined by NMR pulse experiments. The
characteristic '*C values of the anomeric carbons indicated four different
monosaccharide units. The proton connectivities of the individual sugars
were determined by H, H-COSY; 2D H,H-COSY and 1D TOCSY ex-
periments were used to determine coupling constants. Using Gaussian
pulses, the transitions of the anomeric protons of the individual
monosaccharide units were selectively excited and then the magnetiza-
tion was transferred within one monosaccharide residue to H-C(2),
H-C(3), H-C(4), H-C(5) and in case of the glucose to CH,(6) depending
on the mixing time used. The carbon atoms were identified by an HMQC
spectrum. The HMBC technique was used to determine the sequence of
the carbohydrate chain which was also confirmed by the ROESY spectra
(1D, 2D).
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HO C=0

HO 0
Ho% \—0Ac
HO OH

A ﬁ

Asterbatanoside F (6)

NMR techniques including COSY, HETCOR, COLOC, HOHAHA,
ROESY and selective INEPT were used for elucidation of the structure of
four novel triterpenoid saponins, asterbatanosides F, G, H and I, from the
roots of Aster batagensis (27). For example the COLOC spectrum of
asterbatanoside F (6) displayed a correlation contour between the H-23
signal and the carbonyl carbon signal of the acetyl group suggesting
presence of an acetyl group at the C-23 position of the aglycone. The 2D
COSY and HOHAHA spectra helped to assign all of the proton signals in
each monosaccharide and the HETCOR spectrum permitted assignment
of all carbon signals of the sugar units. In a selective INEPT experiment,
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irradiation of the anomeric proton signal of the rhamnose at & 6.47
enhanced the carbon resonance at 8 75.3 of C-2 of the inner glucose in
the 28-0O-sugar units suggesting a (1 — 2) linkage between the rhamnose
and the 28-O-inner glucose unit. These conclusions were verified by a
ROESY experiment which showed NOE correlations between H-1 of the
rhamnosyl unit and H-2 of the inner glucosyl unit, and between H-1 of
the outer glucosyl unit and H-6 of the inner glucosyl unit. Moreover,
each glucose H-1 showed NOE with H-3 and H-5, and the rhamnose H-1
showed NOE with H-4 which confirmed the configuration of the sugar
units.

4. Biological Activity

Triterpenoid saponins are widely distributed throughout the plant
kingdom. Saponins in general have been in use as natural detergents, fish
poisons, arrow poisons and foaming agents from the early stages of
civilization. Earlier studies of the biological activities of saponins were
limited to crude extracts containing saponins as well as other polar
constituents. However, with the introduction of more and more
sophisticated methods of isolation and structure determination, there
has been increased interest in the study of structure-activity relationships
among triterpenoid saponins. The results published so far provide a
growing body of information about their diverse effects, particularly in
health-related areas. Saponins are present in many animal feedstuffs and
also in some human foods. Although many saponins are highly toxic
when given intravenously to higher animals, the toxicity is very much
lower when they are administered orally. This is because of their almost
complete failure to cross the gut and enter the blood stream, and because
the hemolytic effect is very much reduced in the presence of plasma.

4.1. Antifungal Activity

Many saponins exhibit antifungal activity under experimental
conditions. The antifungal action of glycosides of polygalacic acid has
been reported (28). The bisdesmosides virgaureasaponins 1 and 2,
bellissaponin 1 and the corresponding mono-desmosides (prosapogenins)
isolated from Solidago virgaurea and Bellis perennis inhibited the
growth of Candida and Cryptococcus species in vitro. The bisdesmosides
were more active than prosapogenins. Structure-activity relationships of
a-hederin from Hedera rhombea was investigated by comparing its
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hemolytic and antifungal activities with analogues in which the terminal
rhamnose was absent and in which the carboxyl group was methylated
(29). The results demonstrated that the terminal rhamnose is more
important for antifungal activity than for hemolytic activity, whereas the
free carboxylic acid is more important for the latter than for the former.
Antifungal activity was also detected in the saponin fraction obtained
from the bottom cut of Asparagus officinalis (30). The activity was
specific to certain fungi, e.g. Candida, Cryptococcus, Trichophyton,
Microsporum and Epidermophyton. A new saponin (AS-1) was isolated
from this fraction and its structure elucidated. The antifungal activity of
the saponins isolated as a byproduct from the defatted cake of Madhuca
butyracea oil seed was reported (37). Inhibitory concentrations against
plant pathogenic fungi ranged from 500 to 2000 ppm. Maximum
sensitivity to saponins was shown by Penicillium expansum, Cephalos-
porium acremonium, Helminthosporium oryzae, and Trichoderma viride.
The saponins caused leakage of cell components and underwent
degradation by the fungus, T. viride.

ZEHaAvI et al. (32) extended the study of structure-antifungal activity
relationships of medicagenic acid saponins to include synthetic glyco-
sides of mannose, galactose, cellobiose, and lactose as well as a
23-hydroxymethyl analogue of medicagenic acid, namely, methyl 2,
3B-dihydroxy-23-hydroxymethyl -A!2-oleanene-28-carboxylate, against
Sclerotium rolfsii, Rhizoctonia solani, Trichoderma viride, Aspergillus
niger, and Fusarium oxysporum. The native glucose-containing saponin
was a more effective antifungal agent than the above-mentioned
saponins except for the cellobiose-containing derivative and F.
oxysporum. A 23-carboxyl substituent of the sapogenin displayed higher
fungistatic activity than a methyl carboxylate. However, the latter was
more effective than a hydroxymethyl group at the same position. The
authors opined that in this series of compounds, the difference in
antifungal activity could be interpreted inter alia by differences in
penetration into the fungal cells, extent of interaction with membrane
sterols and cell components, hydrolytic and detoxification activities of
the fungi and the host tissues.

Bower et al. (33) observed that some fungal pathogens can
enzymatically detoxify host plant saponins which suggests that saponin
detoxification may determine the host range of these fungi. A gene
encoding a saponin detoxifying enzyme was cloned from the cereal-
infecting fungus Gaeumannomyces graminis. The fungal mutants
generated by targeted gene disruption were no longer able to infect the
saponin-containing host oats but retained full pathogenicity to wheat
which does not contain saponins. It was evident that the ability of a
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phytopathogenic fungus to detoxify a plant saponin can determine its
host range.

The antifungal activity of triterpenoid saponins, with hederagenin or
oleanolic acid as aglycone, was investigated in vitro by the agar dilution
method. Monodesmosidic hederagenin derivatives were shown to exhibit
a broad spectrum of activity against yeast as well as dermatophyte
species. a-Hederin was the most active compound, and Candida glabrata
was the most susceptible strain. The structure-activity relationships were
discussed (34).

4.2. Immunomodulatory Activity

Saponins from Quillaja saponaria (soapbark tree) have been
identified as potent adjuvants. A plant extract called Quil A is used in
veterinary vaccines and has been studied most thoroughly (35). The bark
of Q. saponaria contains about 10% saponin and has been used as a
source of commercial saponin as well as a foaming agent in beverages,
confectionary, baked goods and dairy desserts. These saponins have
drawn much attention in recent years for their use as adjuvants for
human vaccines. The adjuvant activity of a single highly purified saponin
from Q. saponaria was evaluated by using it as a component in an
experimental vaccine containing rHIV-1 envelope protein (HIV-1 160D)
adsorbed to alum (36). BALB/c mice immunized with experimental
vaccine formulation containing the saponin adjuvant QS-21 produced
significantly higher titers of antibodies than mice vaccinated with only
the alum-adsorbed HIV-1 160D. Potent amnestic antibody responses to
HIV-1 viral proteins were also induced. Antigen-specific (Ag-specific)
proliferative responses to recombinant proteins and to three variants of
HIV-1 were increased significantly using QS-21 as an adjuvant. Alum-
adsorbed HIV-1 160D failed to induce measurable proliferative
responses to inactivated HIV-1 viruses, but group-specific proliferative
responses were raised when the QS-21 adjuvant was used in the vaccine
formulation. MHC class 1 restricted CTL specific for immunodominant
V-3 loop were induced but only when the QS-21 adjuvant was included
in the vaccine formulation. QS-21 augmented cell-mediated immune-
responses specific for epitopes outside of the V-3 loop. Moreover, QS-21
adjuvant appeared to induce recognition of weakly immunogenic
epitopes that were not recognized using only alum-adsorbed HIV-1
160D. The ability of QS-21 to augment both antibody and cell-mediated
immune responses suggested that this adjuvant could be a valuable
component in subunit vaccines.
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WHITE et al. reported that the purified saponin QS-21 from Q.
saponaria acts as an adjuvant for a T-independent antigen (37). The
ability of QS-21 to induce ovalbumin (OVA)-specific, class I MHC
antigen-restricted cytotoxic lymphocites (CTL) was investigated by
NEewmaN and co-workers (38) using different forms of soluble OVA and
OVA adsorbed into alums as immunogens. The results demonstrated the
ability of the QS-21 adjuvant to induce class I MHC Ag-restricted CTL
after immunization with soluble proteins. QS-21 was found to be a more
potent adjuvant than alum when the antibody response to either the
peptide hapten, HGP-30, or the carrier, keyhole limpet hemocyanin was
examined (39). QS-21 was well tolerated by the immunized mice. There
were no differences in reactions at the injection site of QS-21, QS-21
plus alum and alum alone. The addition of alum to QS-21 modestly
augmented the antipeptide titer, but it did not have a significant effect on
the response generated by QS-21. The adjuvant activity and immuno-
stimulating complex (ISCOM) formation by a series of saponins and
glycoalkaloids were investigated (40). Saponins from Gypsophila and
Saponaria besides those of Quillaja were adjuvant active. The common
features of these saponins are that they contain branched sugar chains
attached to positions 3 and 28 of the aglycone.

The purified saponin QS-21 was tested in juvenile rhesus macaques
for adjuvant activity and toxicity (41). It was tested alone or as part of an
experimental subunit HIV-1 vaccine containing a truncated recombinant
HIV-1 envelope protein (gp 160D) adsorbed on alum. No toxic effects
were observed. The results demonstrated that the QS-21 adjuvant
augmented both antibody responses and cell-mediated immunity and
established immunological memory. The potent adjuvant activity and
lack of toxicity suggested that this adjuvant should be safe and effective
for use in HIV-1 vaccines. It was observed (42) that induction of antigen-
specific Killer T lymphocyte responses using subunit SIV mac 251 gag
and env vaccines containing QS-21 saponin adjuvant is possible. Subunit
vaccines based on recombinant proteins have proved useful for inducing
antibody responses and they are safe for widespread use because they do
not contain any live component. However, they do not typically induce
the types of cell-mediated immune responses required to control viral
pathogens. The authors used subunit vaccine formulations containing
recombinant p55 gag or gp 120 env protein from the mac 251 strain of
the simian immunodeficiency virus (SIV mac 251) and the QS-21
adjuvant to immunize rhesus macaques. These formulations induced SIV
gag or env—specific cellular immunity that was detectable in vitro and
included Killer cell activity. Despite the presence of these Killer cells, all
of the animals became infected with the SIV mac 251 on experimental

References, pp. 173—-196



Triterpenoid Saponins 15

challenge. These findings demonstrated that antigen-specific Killer cell
responses could be induced by a subunit vaccine formulated with the QS-
21 saponin adjuvant. However, these types of cellular immune responses
could not protect rhesus macaques from infections (SIV mac 251
challenge).

The saponins of Panax quinquefolium enhanced the stimulation
effect of Con A for interleukin-2 and interferon formation by mouse T-
cells for mouse splenocytes proliferation, and for natural killer cell
activity. When injected s.c. into mice the saponin promoted the primary
antibody response to sheep erythrocytes (43). Immune function
stimulatory and regulatory action of ginseng saponins on chronic
pulmonary heart diseases is also reported (44).

The purified quillaja components and the ISCOM matrix formula-
tions were examined for their adjuvant activity in a model system
consisting of purified influenza virus antigen and quillaja saponins (45).
It was demonstrated that a quillaja component, designated QH-C, either
as a ‘free’ component or in an ISCOM matrix, has strong adjuvant
activity but little or no toxicity in the doses tested. In addition QH-C in
the form of ISCOM matrix does not induce any local reaction at the site
of injection. Thus ISCOMs containing the QH-C component devoid of
toxicity, but with strong adjuvant activity, may be useful in adjuvant
formulations for human use.

4.3. Molluscicidal Activity

Schistosomiasis is a disease linked with certain species of aquatic
snails because they serve the parasite as intermediate hosts. This disease
is endemic in several countries in Asia, Africa and South America and
affects millions of people. It has been known for a long time that
saponin-containing plants are toxic to schistosomiasis transmitting snails
Biomphalaria globrata. Molluscicidal activities of plants are of much
importance as they are less expensive than synthetic compounds. The
previous review described the molluscicidal activity of a number of
monodesmosidic and bisdesmosidic saponins isolated from various plant
species (2). Tanaka et al. (46) screened thirty-four extracts of crude
drugs and medicinal plants against Oncomelania nosophora, the
intermediate host of the Japanese strain of Schistosoma japonicum.
Strong molluscicidal activity was found in the MeOH extract of
Anemarrhena rhizoma.

Timosaponin A-III, one of the main saponins of the plant, showed
very strong killing activity. The monodesmosidic saponins from
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Phytolacca dodecandra are the most promising molluscicide of plant
origin (47, 48). The acylated saponins from Sapindus rorak are reported
to possess strong molluscicidal activity (49). Catunarelgum nilotica, a
lowland shrub or tree is widespread in the Sudan and is also reported
from lowland habitats in Central and East Africa as well as Cameroon
and Nigeria. Initial molluscicidal screening of the crude water and
ethanol extracts revealed 100% snail mortality at concentrations of 100
and 50 ppm respectively. The haemolytic activity of the molluscicidal
saponins was determined as well and the HCsy values towards bovine
erythrocytes were found to be 3 ppm for the new monodesmosidic
saponin and 16 and 2 ppm respectively for the two known saponins (50).

4.4. Spermicidal Activity

A mixture of two partially characterized triterpenoid saponins
containing acaciaside A and acaciaside B with the aglycone structure
of acacic acid lactone isolated from the abundantly available plant
Acacia auriculiformis showed sperm-immobilizing activity (51). The
lowest concentration (ED) required for obvious immobilization of
human sperm by using a modified Sander-Cramer test was 0.35 mg/ml.
No permanent lesion was observed after application of 1.25 mg/ml
saponin solution in physiological saline to the eye of rabbits for
consecutive days. The spermicidal activity of purified neem seeds
extracts, reetha saponins and quinine hydrochloride was studied
individually and in combination (52). Minimum effective spermicidal
concentrations for neem extract, reetha saponins and quinine hydro-
chloride were 25%, 0.05% and 0.346% respectively. At these
concentrations, 100% of the sperms were immobilized within 20
seconds. The selected combination formulated into a suitable dosage
form is likely to offer dual benefit of a potent contraceptive and an
antimicrobial preparation. The antifungal saponin mollugogenol-A from
Mullugo pentaphylla showed maximal spermicidal effect (4-5 fold
decrease in motility and viability) with 300 pg/ml dose (53).

4.5. Hypoglycemic Activity

Gymnemic acid is a mixture of a number of triterpene saponins from
the Indian medicinal plant Gymnema sylvestre (54). The effect of
gymnemic acid on the elevation of blood glucose concentration induced
with oral sucrose in streptozotocin-diabetic rats was studied by KanG
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et al. (55). Rats with streptozotocin induced diabetes mellitus and loaded
orally with 4 g sucrose/kg were given one to four doses of 400 ng
gymnemic acid/kg around the time of sucrose administration. It was
observed that gymnemic acid has dose-dependent hypoglycemic activity.
The saponin isolated from the leaves of Acanthopanax senticosus (100,
200 mg/kg, i.p.) is reported to decrease various cases of experimental
hyperglycemias induced by the injection of adrenalin, glucose and
alloxan, without affecting the levels of blood sugar in normal mice (56).
Livers of streptozotocin-diabetic rats had decreased activities of glucose-
6-phosphate, acetyl CoA carboxylase and 6-phosphogluconate dehydro-
genase and these activities were increased by in vivo treatment with
ginseng saponins, which also possess hypoglycemic action. Insulin
biosynthesis by the liver also appeared to be stimulated by the saponins
(57). The hypoglycemic effect of total saponins of Aralia decaisneana in
rat and mice models was investigated (58). The saponins decreased
normal euglycemic level to some extent and decreased adrenaline-
induced hyperglycemia and alloxan-induced diabetic hyperglycemia but
not glucose induced hyperglycemia in mice. The saponins also had no
effect on glucose tolerance in alloxan diabetic rats.

4.6. Antitumor Activity

Tokupa et al. (59) reported inhibition of 12-O-tetradecanoylphorbol-
13-acetate (TPA)-promoted mouse skin papilloma by saponins. Papillo-
mas in the mouse skin were initiated with 7,12-dimethylbenz[a]anthra-
cene. One week later, they were promoted with TPA. Five saponin
related compounds used as potential antiinflammatory agents were then
applied. The compounds effectively inhibited tumor formation even
when given 1 h prior to TPA treatment. There was a general correlation
between the antiinflammatory and antitumor-promoting activities of
saponins. The tumoricidal activity of murine macrophage against K562
tumor cells was studied in the presence of lipopolysaccharide (LPS) and
ginseng saponin. The tumoricidal activity was increased more by LPS
plus ginseng total saponin than by LPS alone (60). The result suggested
that ginseng saponins increase the tumoricidal activity against K562
tumor cells through the tumoricidal activity of the macrophage.
Hasecawa et al. reported the inhibitory effect of triterpenoid saponins
on glucose transport in tumor cells and its application to in vitro
cytotoxic and antiviral activities (61). Saponins have been suggested as
possible anticarcinogens. The proposed mechanisms of anticarcinogenic
properties of saponins include direct cytotoxicity, immune modulatory
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effects, bile acid binding and normalization of carcinogen-induced cell
proliferation (62). The effects of soybean saponins and gypsophila
saponins on the growth and viability of colon tumor (HCT-15) cells in
culture were studied. Cells were incubated in various concentrations of
saponins for 1 h (short term) or 48 h (long term). Cell growth and
viability were monitored at 24 h and 48 h. Soybean saponins and
gypsophila saponins inhibited cell growth and reduced cell viability in a
dose-dependent manner in long term treatment. The viability of cells was
also reduced by short term treatment with gypsophila saponins (63).

4.7. Hypocholesterolemic Effect

Elevated plasma cholesterol levels are believed to be a significant risk
factor in the etiology of cardiovascular disease. The hypocholesterolemic
effect of some dietary saponins has therefore attracted considerable
attention. A recent review deals with hypocholesterolemic effects of
dietary saponins and mechanisms of these effects (64). Panax
notoginseng saponins (100 or 200 mg/kg) administered intragrastically
to hyperlipidemic rat and quail models for 7 days markedly lowered the
serum total cholesterol and triglyceride contents (65). P. quinquefolium
saponin (50-200 mg/kg/day orally for 12 days) decreased serum
lipoproteincholesterol and liver and serum lipid peroxidase and increased
serum HDL-C and HDL,-C and liver and blood GSH-peroxidase in rats
with hyperlipidemia. Thus the saponin was thought to be effective
against formation and development of atherosclerosis (66). A patent has
been registered on a preparation of poultry food containing Quillaja
saponin and/or Yucca saponins (67). Chickens fed with this food
produced low-cholesterol eggs.

4.8. Antiaging Effect

Ginseng (Panax ginseng C.A. Meyer) saponin which is a complex
mixture of a large number of dammarane and oleanolic acid saponins is
renowned for its antiaging property. The root extract of the plant has
been used in oriental countries for centuries for increasing mental
efficiency, recovering physical balance and stimulating metabolic
function. Continuous use of the root extract in the form of tea leads to
longevity with reduced weight. At present the wild plant is very rare and
the drug is very expensive. Most of the commercial Ginseng roots are the
products of cultivation in China, Korea and Japan. A number of Panax
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species are known besides P. ginseng and these are used as substitutes to
a varying degree.

The possible antiaging effect of ginseng stem-leaf saponin was
studied in terms of the free radical theory of aging. The saponin, at 50
and 100 mg/kg given intragastrically to mice for 15 days, inhibited the
formation of lipid peroxide in the brain. However, at 100 mg/kg it only
had inhibitory effect in liver. When 100 mg/kg were given orally for 30
days the lipofuscin content in rat cerebral cortex and liver was decreased.
The saponin at 50 and 100 mg/kg increased the content of superoxide
dismutase. At 100 mg/kg it also increased the catalase activity in mouse
blood. The results suggest that the stem-leaf saponin has antiperoxidative
action and may act as an antiaging factor (68).

The saponins from the stalk and leaf of Panax notoginseng given to
D. melanogaster prolonged the life span and flying capability and lowered
the lipofusion content in the head. The saponins inhibited lipid peroxide
formation in tissues and elevated blood and brain superoxide dismutase
activity. These results indicated that antiaging activity of the saponin is
related to its free radical scavenging action (69). The antioxidative effect
of Panax quinquefolium saponin on myocardium injury induced by
doxorubicin in rats was examined (70). The authors concluded that the
saponin processes antioxidation activity which may be related to the
glutathione peroxidase (GSH-Pa) and superoxide dismutase (SOD)
activities. YANG et al. (71) reported that Panax quinquefolium saponin
could antagonize the action of xanthine and xanthine oxidase and protect
against oxidative damage to myocardial cells. WANG and co-workers (72)
observed that xanthine and xanthine oxidase caused free radical damage
in intact rat heart and induced decreases in heart function parameters.
Panaxadiol and panaxatriol saponins obtainable from ginseng could
attenuate the free radical damaging action on myocardial contractibility
and other functional parameters of heart isolated from drug-treated rats.
Diploid fibroblasts from human embryonic lung and rat liver were used
to study the antiaging effects of rhodosin and ginseng stem-leaf saponins
(GSLS). General light microscope, fluorescence microscope, quantitative
cytochemistry and phagocytosis of macrophages of the abdominal cavity
in mice were used to observe the effects of rhodosin and GSLS on the
morphology, growth proliferation and life span of 2BS cells (73). Both
could prolong their life span, promote growth of the cells, regulate their
metabolism, increase the vitality of the cells and decrease the cellular
death rate. They not only reduced the activity of Ac pase but also
promoted DNA formation, enhanced the activity of ATPase and
phagocytosis of macrophages. Both rhodosin and GSLS have an obvious
antiaging effect, with the former more pronounced than the latter.
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4.9. Cardiovascular Activity

Using simultaneous recording of action potential and con-
tractible force in right ventricle papillary muscle of guinea pig and
measurement of *>Ca uptake by cultured myocardial cells of neonatal
rat, the effects of total saponin of Panax notoginseng on the Ca’*
influx into myocardial cells were studied (74). The results indicated
that the saponin can inhibit Ca®* influx into myocardial cells. A
study on the cholesterol-fed atherosclerosis of quails suggested that
Smilax glabra may have preventive effects on atherosclerosis (75).
The effect of P. notoginseng saponins on myocardial ischemia and
reperfusion injury in conscious rabbit was studied. The results suggested
that the saponins have<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>