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Abstract The nematicidal activity of saponins from
Medicago arborea (tops), M. arabica (tops and roots)
and M. sativa (tops and roots) against the plant-
parasitic nematode Xiphinema index was investigated.
Nematicidal activity of related prosapogenins and
sapogenins on X. index is also described. Saponins
from Medicago spp. at different concentrations were all
nematicidal, those from M. arborea tops being the less
effective. In general, saponins induced 100% mortality
at 500 pg ml™' between 8 and 48 h, while prosapo-
genins resulted in toxicity starting at 125 ug ml .
Differences in the effects on X. index induced by
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prosapogenins and sapogenins were less pronounced,
although prosapogenins displayed a larger range of
activity. Assays with purified sapogenins demonstrated
the relationship of the observed nematicidal activity of
M. sativa and M. arborea to the content of the main
aglycones (medicagenic acid and hederagenin, respec-
tively) in the saponin extracts. Hederagenin displayed
the highest bioactivity, giving 38% mortality after 1 h
at 125 pug ml™".
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Introduction

Saponins are typical secondary metabolites widely
present in the plant kingdom which include steroidal
and triterpenoid glycosides classified according to the
nature of their aglycones. Most saponins are hemo-
Iytic and display a range of various biological and
pharmacological properties, such as molluscicidal,
anti-inflammatory, antimicrobial and cytotoxic activ-
ities (Tava and Avato 2006). Commercial products
containing plant saponins are available and used in
the pharmaceutical, cosmetic and food industries
(Tanaka et al. 1996). For example triterpene saponins
from Quillaja saponaria have immunostimulatory
properties and are included as adjuvants in vaccine
formulations (Morein et al. 2004; Ronnberg et al.
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1995). They are also used to control insect and
nematode development (D’Addabbo et al. 2005;
Pelah et al. 2002; San Martin 2004).

The chemical structure of saponins from several
species within the genus Medicago (Fabaceae) has been
studied (Bialy et al. 2004; Tava and Avato 2006; Tava
et al. 2005). Generally they are complex mixtures of
high-molecular weight triterpene glycosides with med-
icagenic acid, hederagenin, zahnic acid, bayogenin and
soyasapogenol A and B as the dominant aglycones.
Recently 2[3,33-dhydroxy-23-oxo-olean-12-en-28-oic
acid was identified as a new aglycone moiety from
M. arborea (Tava et al. 2005) and M. hybrida (Bialy
et al. 2006). Structures of the main aglycones from the
Medicago spp. used in this study are provided in

RO
COOH

Fig. 1 Chemical structure of the most relevant triterpene
compounds from the Medicago spp. used in this investigation.
R sugar or sugar chain; R; H or sugar or sugar chain: saponins;
R sugar or sugar chain; R; H: prosapogenins, obtained after
basic hydrolysis of the corresponding saponins; R R; H:
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Fig. 1. Purified saponins from M. sativa have been
shown to inhibit in vitro the growth of human leukemic
cells; depending on their structure, saponins from
Medicago spp. also possess antimicrobial activity
against plant pathogens and some yeasts and Gram-
positive bacteria pathogenic to humans (Avato et al.
2005; Houghton et al. 2006; Tava and Avato 2000).
Plant-parasitic nematodes are responsible for sub-
stantial economic loss to agricultural crops. The
dagger nematode, Xiphinema index, is considered
the most harmful nematode species to grape (Vitis
spp.), because it reduces plant growth and is the
vector of grapevine fan leaf virus (GFLV; Raski
1996). Nematode management is generally based
upon chemical treatments, but environmental con-

sapogenins, obtained after acid hydrolysis of the corresponding
saponins; 1 oleanolic acid; 2 28-hydroxy oleanolic acid; 3
bayogenin; 4 hederagenin; 5 23,3 5-dihydroxy-23oxo-olean-12-
en-28-oic acid; 6 medicagenic acid; 7 zanhic acid: 8 soyasapo-
genol B
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cerns and governmental regulations (UNEP 2000) are
now resulting in a strong interest in nematicides of
natural origin (Chitwood 2002). Few data are avail-
able on the activity of saponins against plant-parasitic
nematodes (D’Addabbo et al. 2005; Chitwood 2002;
Julier et al. 1996; Meher et al. 1988; Omar et al. 1994;
Pedersen et al. 1976; San Martin and Magnunacelaya
2005), and there is no information on their mecha-
nism of action. More specifically, the nematicidal
activity of saponins from Medicago spp., to the best
of our knowledge, has never been extensively studied.
The nematicidal effects of saponins from M. arabica,
M. arborea and M. sativa, were studied in laboratory
experiments on X. index. Nematicidal activity of
related prosapogenins (obtained by basic hydrolysis
of saponins; Fig. 1) and sapogenins (produced by acid
hydrolysis of saponins; Fig. 1) is also described. As a
comparison, soyasaponin I and purified aglycones
from Medicago spp. (medicagenic acid, hederagenin
and bayogenin) and a commercial mixture of saponins
from Q. saponaria, were also included in the study.

Materials and methods

Plant material and saponin, prosapogenin
and sapogenin preparations

The aerial parts (tops) and roots from M. sativa and
M. arabica, and the tops from M. arborea were used
for saponin extraction. Medicago sativa and M.
arborea were grown at CRA., Italy; M. arabica was
grown at the Institute of Soil Science and Plant
Cultivation, Poland.

Saponins used in this study were newly extracted and
purified following general procedures reported previ-
ously (Bialy et al. 2004; Tava et al. 2005). Purified
mixtures of saponins were obtained as whitish powders
in pure grade (90-95%). Reference pure soyasaponin I
from M. sativa seeds, medicagenic acid and hederage-
nin from M. sativa roots, and bayogenin from M.
arabica tops were obtained according to Bialy et al.
(2004), Jurzysta (1982), Jurzysta et al. (1989). Sap-
onins from Q. saponaria bark (90%) were purchased
from Sigma-Aldrich (Milan, Italy).

Extracted and purified saponin mixtures were char-
acterized for their quantitative aglycone composition by
gas chromatography (GC) and GC/mass spectrometry
(MS) analyses of derivatized sapogenins, obtained after

acid hydrolysis as reported in Tava et al. (1993).
Detailed structural elucidation was obtained by nuclear
magnetic resonance (NMR) analysis (Bialy et al. 2004;
Tava and Avato 2006; Tava et al. 2005)

Saponins of M. sativa and M. arborea tops were
subjected to basic hydrolysis to obtain the related
prosapogenins according to Oleszek et al. (1992).
Acid hydrolysis of saponin mixtures from Medicago
spp. was also conducted to obtain the related
sapogenins according to Julier et al. (1996) and Avato
et al. (2005). Reaction products were analyzed as
described in Tava et al. (1993).

Nematicidal bioassays

Specimens of X. index were extracted from soil
collected from a naturally infested vineyard using
Cobb’s decanting and sieving method (McSorley
1987). Nematode population were identified to
species on the basis of morphological and biometrical
characters of specimens according to reported descrip-
tions for X. index (Thorne and Allen 1950). Batches
of ten X. index adult females in 0.5 ml distilled water
were placed in microtiter wells (Sigma-Aldrich,
Milan, Italy). A 0.5 ml volume of each test solution
was added to obtain final concentrations of 500, 250,
125, 62.5,32.3 and 15.6 pg ml~!. Distilled water was
included as a control. The experimental design was
randomized, each concentration and the controls were
replicated three times and each experiment was
repeated at least twice with separate controls.

Nematodes exposed to test solutions were observed
under a light microscope at 1, 2, 4, 8, 24 and 48 h
intervals and assessed as active or inactive by pricking
the nematode body with a needle. Lack of mobility was
evidence of nematicidal activity of saponins. Previous
in vitro tests on X. index using the touch-response
method demonstrated this method to be more accurate
and to give less variable results than the use of dyes
(Yamashita and Viglierchio 1987). Nematode mortal-
ity was confirmed after lack of movement to distilled
water and observation after an additional 72 h (San
Martin and Magnunacelaya 2005).

Statistical analysis
Rate of immobility (i) was calculated according to

Abbott’s formula (Finney 1978), where i=100x(1—n/
ne), in which; i=% nematode immobility; n;=number
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of active nematodes after the treatment; and n.=
number of active nematodes in the control. Data
collected as percent of dead nematodes were arcsin-
transformed and subjected to a one-way analysis of
variance (ANOVA). Treatment means were compared
using Fisher’s LSD (least significant difference) pair-
wise procedure at P<0.05.

Results

Composition of purified saponins from this study was
consistent with previously obtained results (Bialy
et al. 2004; Tava et al. 2005; Tava and Avato 20006),
that is, M. arabica were predominantly formed by
hederagenin and bayogenin glycosides (35 and 30%
of the total aglycones, respectively), together with
oleanolic acid (5%) and 2-f3-hydroxyoleanolic acid
(7%). Saponins from M. sativa tops were character-
ized by a high concentration of medicagenic acid
(52%), followed by zhanic acid (8%), hederagenin (4%)
and bayogenin (2%), while saponins from M. sativa
root were characterized by the presence of medicagenic
acid (65%), hederagenin (3%) and zhanic acid (<1%).
The tops of M. arborea had high concentrations of
both medicagenic (34%) and zanhic acid (22%) and a
low content of bayogenin (5%), 23,3 3-dihydroxy-23-
oxo-olean-12-en-28-oic acid (2%), oleanolic acid (1%)
and 2-f3-hydroxyoleanolic acid (1%). Additionally,
monodesmosidic saponins were most abundant in M.
arabica and M. sativa root extracts, while saponins
from M. arborea and M. sativa tops were predomi-
nantly constituted by bidesmosidic compounds.
Nematicidal activities of saponin extracts and related
prosapogenins and sapogenins from M. arabica, M.
arborea and M. sativa against X. index are reported in
Tables 1, 2 and 3. While lower concentrations (15.6,
32.3 and 62.5 pug ml™") were tested, significant results
were only obtained at 125, 250 and 500 pg ml ! data
from assays using lower concentrations of saponins is
not shown and only discussed in the text when
relevant. All the saponins from Medicago spp. induced
100% mortality of X. index at the highest concentration
(500 pg ml™") between 8 and 48 h of treatment
(Table 1). At 250 pg ml™" the crude saponins from M.
sativa roots and M. arabica tops and roots resulted in
significantly greater mortality after 48 h than M. sativa
and M. arborea tops at the same concentration. Only
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M. arabica roots at 250 ug ml™' resulted in similar
mortality as the highest concentration tested. In general
at all concentrations assayed, saponins from M.
arabica roots were more active compared to the other
samples. No significant differences among concentra-
tions were found between most exposure times for Q.
saponaria saponins and soyasaponin I from M. sativa
seeds (Table 1). Treatment with soyasaponin I resulted
in only 43% mortality, even at the maximum concen-
tration. Treatment with Q. saponaria saponins showed
nematicidal activity at the three highest concentrations
2 h after treatment, although mortality rates reached
only 19-24%.

To compare the nematicidal potential of bidesmoside
and monodesmoside saponins, prosapogenins from M.
arborea and M. sativa tops were prepared. As reported
above, these two species were particularly rich in
bidesmoside compounds which, due to the cleavage of
the estereal linkage, yielded the corresponding mono-
desmosides on basic hydrolysis. Prosapogenins were
more nematicidal than the related saponins at the same
dose, except for M. sativa tops at the maximal
concentration. As shown, saponins activity was con-
sistent only at 500 ug ml', while prosapogenins
resulted in toxicity starting at 125 pg ml'. At this
concentration their activity almost overlapped that of
the related sapogenins, progressively increasing at the
other two assayed concentrations (Table 2).

In addition, compared to sapogenins, the nematici-
dal efficacy of both samples of prosapogenins (M.
sativa and M. arborea tops) was evident after a
shorter period of time. There was 57% mortality 8 h
after treatment with prosapogenins at a concentration
of 250 pg ml™'. The rate of activity of sapogenins
resulted in greater than 50% mortality after 24 h (M.
sativa roots, M. arabica tops) or 48 h (M. arabica
roots, M. arborea tops) of treatment at a concentration
of 125 ug ml™" (Table 3).

Among the three pure assayed aglycones, heder-
agenin was the most active (Table 3). In vitro
treatment of X. index with hederagenin also gave
positive results at lower concentrations; 57% mortal-
ity was observed after 24 h at 15.6 ug ml™' (data not
shown). Medicagenic acid appeared slightly more
active than bayogenin, causing 52% mortality at
62.5 ug ml™ "' after 48 h of treatment (data not shown).
In general, activity of pure aglycones was however
comparable with that of related Medicago spp.
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Table 1 Effect of tested concentrations of saponins on X. index after different exposure times
Dose (ug ml™ ") Nematode mortality (%)
1h 2h 4 h 8h 24 h 48 h
M. sativa tops
0 0 a 0 a 0 a 0 a 0 a 0 a
125 0 a 0 a 0 a 0 a 0 a 0 a
250 0 a 0 a 0 a 0 a 0 a 0 a
500 0 a 38.1 e 61.9 e 100 e 100 g 100 g
M. sativa roots
0 0 a 0 a 0 a 0 a 0 a 0 a
125 0 a 0 a 0 a 0 a 9.5 abc 333 cd
250 0 a 0 a 0 a 0 a 47.6 e 61.9 ef
500 0 a 4.8 ab 333 cd 66.7 d 100 g 100 g
M. arabica tops
0 0 a 0 0 a 0 a 0 a 0 a
125 0 a 0 0 a 0 a 19.0 c 38.1 d
250 0 a 0 0 a 0 a 42.8 de 76.2 f
500 0 a 9.5 ab 23.8 be 90.5 e 100 g 100 g
M. arabica roots
0 0 a 0 a 0 a 0 a 0 a 0 a
125 0 a 0 a 0 a 0 a 57.1 e 71.4 f
250 0 a 0 a 0 a 0 a 47.6 e 90.5 fg
500 0 a 0 a 0 a 0 a 80.9 f 100 g
M. arborea tops
0 0 a 0 a 0 a 0 a 0 a 0 a
125 0 a 0 a 0 a 0 a 4.8 ab 14.3 abc
250 0 a 0 a 0 a 0 a 4.8 ab 4.8 ab
500 0 a 0 a 4.8 ab 61.9 d 100 g 100 g
Q. saponaria bark
0 0 a 0 a 0 a 0 a 0 a 0 a
125 0 a 9.5 bc 9.5 abc 4.8 ab 14.3 bc 14.3 abc
250 0 a 14.3 cd 14.3 bc 14.3 c 19.0 c 23.8 cd
500 0 a 9.5 ab 14.3 abc 14.3 be 19.0 c 19.0 bed
Soyasaponin 1
0 0 a 0 a 0 a 0 a 0 a 0 a
125 0 a 0 a 4.8 ab 9.5 be 9.5 abc 14.3 abc
250 0 a 0 a 4.8 ab 4.8 ab 28.6 cd 42.8 de
500 0 a 0 a 0 a 0 a 14.3 bc 42.8 de

Means followed by the same letters on the same column are not significantly (P=0.05) different according to Fisher’s LSD test.

Discussion

Described results indicate that saponins from M.
arborea, M. arabica and M. sativa to different
concentrations all possess nematicidal activity against
the plant-parasitic nematode X. index, those from M.
arborea tops being the less effective (Table 1). Use of
saponins from Medicago spp. for the development of
new nematicidal formulations appears therefore as a
reasonable possibility.

Literature on the nematicidal activity of saponins is
limited and data are mainly related to the assay of Q.
saponaria extracts. Thus in previous in vitro and pot
experiments it was shown that 260-280 ppm solu-
tions of saponins reduced total populations, number
of egg masses and viable juveniles of the root-knot
nematode Meloidogyne javanica (Omar et al. 1994).
Moreover, in another investigation an active Q.
saponaria formulation of polyphenols (6%) and
saponins (25%) resulted in the best nematode control
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Table 2 Effect of tested concentrations of prosapogenins on X. index at different exposure times

Dose (ug ml™") Nematode mortality (%)

1h 2h 4h 8 h 24 h 48 h
M. sativa tops
0 a 0 a 0 a 0 a 0 a 0 a
125 4.8 a 4.8 a 0 a 9.5 ab 524 be 52.4 b
250 4.8 a 19.0 b 28.6 b 57.1 c 71.4 be 90.5 c
500 0 a 0 a 23.8 ab 42.8 be 76.2 cd 95.2 c
M. arborea tops
0 0 a 0 a 0 0 a 0 a 0 a
125 0 a 0 a 0 9.5 a 333 b 80.9 b
250 0 a 14.3 b 47.6 be 57.1 cd 71.4 c 95.2 c
500 0 a 0 a 90.5 c 100 e 100 d 100 c

Means followed by the same letters on the same column are not significantly (P=0.05) different according to Fisher’s LSD test.

at low dosage (San Martin and Magnunacelaya 2005).
Similarly, field trials with aqueous extracts of Q.
saponaria significantly reduced the density of M.
incognita in the soil and increased tomato or melon
crop yield (D’Addabbo et al. 2005). The motility of
M. incognita juveniles was also significantly reduced
by exposure to eight different steroid and triterpenoid
saponins from plants related to garden asparagus
(Chitwood 2002).

Comparison of previous results with our data is not
straight forward as we only carried out in vitro assays
and used purified metabolites with a high content of
active compounds. In general saponins from Medi-
cago had a significatively higher bioactivity than
saponins from Q. saponaria (Table 1). This lack of
important nematicidal activity was consistent with
results of San Martin and Magnunacelaya (2005),
who showed a synergistic activity between saponin
rich and polyphenol rich fractions from this plant.

None of the previous investigations have related
the activity of saponins to the corresponding prosa-
pogenins and sapogenins. A recent study on the
antimicrobiotic potential of saponins from Medicago
spp- (Avato et al. 2005) showed that the presence of
sugars in the saponin molecules is not necessary for
their activity against human pathogens and the
antibiotic effect was higher from the saponin raw
extracts and different sapogenins. Results from
experiments on X. index presented in this work seem
to confirm the same trend of activity. Comparison of
data from M. sativa and M. arborea tops prosapoge-
nins and related sapogenins from the same species
suggests that further observations on the structure—
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activity relationship of these natural compounds are
necessary. Although, they both were nematotoxic,
prosapogenins had a larger range of activity compared
to the related sapogenins, resulting in good nematici-
dal efficacy after a short exposure time and becoming
dominant at higher doses. If results obtained by
assaying sapogenins indicate that the presence of
sugars in the molecules did not determine their
activity, then the larger range of effects displayed by
the monodesmoside type — prosapogenins suggests
that the presence of some sugars in the molecules
might enhance their bioactivity.

Biological effects of saponins are normally as-
cribed to their specific interaction with cell mem-
branes (Tava and Avato 2006) causing changes in cell
permeability. The implication in the process of
cholesterol-saponin insoluble complexes is, however,
still controversial (Francis et al. 2002). Moreover, it
has been shown that the side sugar chains on the
aglycones might contribute to saponin effects on cell
membranes; that is, monodesmosides have generally a
stronger haemolytic activity than bidesmosides (Tava
and Avato 2006). In addition to the activity of
saponins on biological systems, it has been demon-
strated that they are also able to interact with proteins
(Heng et al. 2004; Ikedo et al. 1996; Potter et al.
1993). Moreover, specific studies with Q. saponaria
and soybean saponins (Heng et al. 2004; Ikedo et al.
1996; Potter et al. 1993) have shown that the
interaction between the saponins and proteins is quite
complex and also involves the aglycone moiety.

A critical structure for nematode viability is the
protective cuticle, an extracellular matrix that forms
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Table 3 Effect of tested concentrations of sapogenins on X. index at different exposure times

Dose (ug ml™ ") Nematode mortality (%)

1h 2h 4h 8h 24 h 48 h
M. sativa tops
0 0 a 0 a 0 a 0 a 0 a 0 a
125 0 a 0 a 0 a 9.5 be 19.0 bed 47.6 bed
250 0 a 0 a 0 a 0 a 14.3 abed 61.9 cde
500 0 a 0 a 0 a 19.0 c 76.2 ijk 100 f
M. sativa roots
0 0 a 0 a 0 a 0 a 0 a 0 a
125 0 a 0 a 0 a 0 a 85.7 jkl 100 f
250 0 a 0 a 0 a 0 a 76.2 jkl 100 f
500 0 a 0 a 0 a 0 a 57.1 efghij 100 f
M. arabica tops
0 0 a 0 a 0 a 0 a 0 a 0 a
125 0 a 0 a 4.8 ab 4.8 ab 76.2 ijk 100 f
250 0 a 0 a 0 a 0 a 71.4 hij 100 f
500 0 a 0 a 0 a 0 a 95.2 kl 100 f
M. arabica roots
0 0 a 0 a 0 a 0 a 0 a 0 a
125 0 a 0 a 0 a 0 a 9.5 ab 100 f
250 0 a 0 a 0 a 0 a 47.6 defghi 100 f
500 0 a 0 a 0 a 0 a 66.6 ghij 100 f
M. arborea tops
0 0 a 0 a 0 a 0 a 0 a 0 a
125 0 a 4.8 a 4.8 ab 4.8 ab 42.8 cdefgh 66.7 de
250 0 a 0 a 0 a 0 a 14.3 abc 71.4 def
500 0 a 0 a 0 a 0 a 85.7 jkl 100 f
Soyasaponin I
0 0 a 0 a 0 a 0 a 0 a 0 a
125 0 a 0 a 0 a 0 a 9.5 ab 28.6 ab
250 0 a 0 a 14.3 be 14.3 bc 19.0 abed 52.4 bed
500 0 a 0 a 0 a 0 a 23.8 bed 80.9 def
Medicagenic acid
0 0 a 0 a 0 a 0 a 0 a 0 a
125 0 a 0 a 0 a 0 a 28.6 bedef 85.7 ef
250 0 a 0 a 4.8 ab 4.8 ab 19.0 abed 47.6 bed
500 9.5 b 14.3 b 19.0 c 333 d 61.9 fghij 76.2 de
Hederagenin
0 0 a 0 a 0 a 0 a 0 a 0 a
125 38.1 cd 38.1 c 100 d 100 e 100 1 100 f
250 38.1 c 71.4 d 95.2 d 100 e 100 1 100 f
500 95.2 e 100.0 e 100 d 100 e 100 1 100 f
Bayogenin
0 0 a 0 a 0 a 0 a 0 a 0 a
125 0 a 4.8 a 4.8 ab 14.3 c 333 cdefg 61.9 cde
250 0 a 4.8 a 4.8 ab 14.3 c 23.8 bcde 61.9 cde
500 0 a 0 a 4.8 ab 9.5 abc 38.1 cdefgh 71.4 de

Means followed by the same letters on the same column are not significantly (P=0.05) different according to Fisher’s LSD test.
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their exoskeleton. This structure is primarily com-
posed of collagen proteins assembled into higher
order complexes (Page and Winter 2003). It appears
reasonable to speculate whether saponin interaction
with collagen proteins from the cuticle might also be
responsible for the observed nematotoxic effects.
Furthermore, the rate of nematicidal activity induced
by both prosapogenins and sapogenins also suggests
the possible implication of the saponin aglycone.
Natural saponins used in these in vitro tests were from
different Medicago spp. and were chosen for their
different saponin and sapogenin profiles. Combining
previous compositional results with the new data we
can conclude that the main aglycones present in the
saponin extracts from Medicago spp. contributed to
the bioactivity detected in the nematicidal bioassays.

In conclusion, data presented seem consistent with
the potential use of saponins from Medicago spp. for
new biotechnological applications, such as nematici-
dal formulations. The large biomass produced by
Medicago species should make the industrial extrac-
tion of saponins economically viable, as demonstrated
by the formulations of Q. saponaria extracts already
commercially available.

Acknowledgement The authors are grateful to the Italian
“Ministero dell’Universita e della Ricerca Scientifica” and
“Ministero delle Politiche Agricole e Forestali” for financial
support.

References

Avato, P., Bucci, R., Tava, A., Vitali, C., Rosato, A., Bialy, Z. et al.
(2005). Antimicrobial activity of saponins from Medicago
sp.: Structure—activity relationship. Phytotherapy Research,
20, 454-457.

Bialy, Z., Jurzysta, M., Mella, M., & Tava, A. (2004). Triterpene
saponins from aerial parts of Medicago arabica L. Journal
of Agricultural and Food Chemistry, 52, 1095-1099.

Bialy, Z., Jurzysta, M., Mella, M., & Tava, A. (2006).
Triterpene saponins from the roots of Medicago hybrida
(Pourret) Trautv. Journal of Agriculture and Food Chem-
istry, 54, 2520-2526.

Chitwood, D. J. (2002). Phytochemical based strategies for
nematode control. Annual Reviews of Phytopathology, 40,
221-249.

D’Addabbo, T., Curto, G., Greco, P., Di Silvestro, D., Coiro,
M.L, Lamberti, F., et al. (2005). Prove preliminari di Lotta
contro nematodi galligeni mediante estratti di Quillaja
saponaria Molina. Nematologia Mediterranea 33, 29-34.

Finney, D. J. (1978). Statistical methods in biological assay.
London, UK: C. Griffith.

@ Springer

Francis, G., Keem, Z., Makkar, H. P. S., & Becker, K. (2002).
The biological action of saponins in animal systems. A
review. British Journal of Nutrition, 88, 587-605.

Heng, L., Koningsveld van, G. A., Gruppen, H., Boekel van,
M. A. J. S., Vincken, J-P., Roozen, J. P. et al. (2004).
Protein—flavour interactions in relation to development of
novel protein foods. Trends in Food Science & Technology,
15, 217-224.

Houghton, P., Patel, N., Jurzysta, M., Bialy, Z., & Cheng, C.
(2006). Antidermatophyte activity of medicago extracts
and contained saponins and their structure—activity rela-
tionships. Phytotherapy Research, 20, 1061-1066.

Ikedo, S., Shimoyada, M., & Watanabe, K. (1996). Interaction
between bovine serum albumin and saponin as studied by
heat stability and protease digestion. Journal of Agricul-
tural and Food Chemistry, 44, 792-795.

Julier, B., Guy, P., Castillo-Acuna, C., Caubel, G., Ecalle, C.,
Esquibet, M. et al. (1996). Genetic variation for disease
and nematode resistances and forage quality in perennial
diploid and tetraploid lucerne populations (Medicago
sativa L.). Euphytica, 91, 241-250.

Jurzysta, M. (1982). M. Polsky Urzad Patentowy. Patent No.
114171.

Jurzysta, M., Price, K., Ridout, C., & Fenwick, R. (1989). The
structure of four triterpenoid saponins isolated from the
seed of Trifolium incarnatum. Acta Societatis Botanico-
rum Poloniae, 58, 51-58.

McSorley, R. (1987). Extraction of nematodes and sampling
methods. In R. H. Brown & B. R. Kerry (Eds.), Principles
and practises of nematode control in crops (pp. 13—47).
Marrickville, NSW, Australia: AP Press.

Meher, H. C., Walia, S., & Sethi, C. L. (1988). Effect of
steroidal saponins on the mobility of juveniles of
Meloidogyne incognita. Indian Journal of Nematology,
18, 244-247.

Morein, B., Hu, K.-F., & Abusugra, 1. (2004) Current status and
potential application of ISCOMs in veterinary medicine.
Advanced Drug Delivery Reviews, 56, 1367-1382.

Oleszek, W., Jurzysta, M., Ploszynski, M., Colquhoun, 1. J.,
Price, K. R., Fenwich, G. R. (1992). Zanhic acid tridesmo-
side and other dominant saponins from Alfalfa (Medicago
sativa L.) aerial parts. Journal of Agriculture and Food
Chemistry, 40, 191-196.

Omar, S. A., Abdel-Massih, M. 1., & Mohamed, B. E., (1994).
Use of saponin to control the root-knot nematode
Meloidogyne javanica in tomato plants. Bulletin of Faculty
of Agriculture of Cairo, 45, 933-940.

Page, A. P., & Winter, A. D. (2003). Enzymes involved in the
biogenesis of the nematode cuticle. Advances in Parasi-
tology, 53, 85-148.

Pedersen, M. W., Bamnes, D. K., Sorensen, E. L., Griffin, D. G.,
Nielson, M. W., Hill, R. R., Jr. et al. (1976). Effects of low
and high saponin selection in alfalfa on agronomic and
pest resistance traits and the interrelationship of these
traits. Crop Science, 16, 193—199.

Pelah, D., Abramovich, Z., Markus, A., & Wiesman, Z. (2002).
The use of commercial saponin from Quillaja saponaria bark
as a natural larvicidal agent against Aedes aegypti and Culex
pipiens. Journal of Ethnopharmacology, 81, 407-409.

Potter, S. M., Jimenez-Flores, R., Pollack, J., Lone, T. A., &
Berber-Jimenez, M. D. (1993). Protein— saponin interac-



Eur J Plant Pathol (2008) 120:189-197

197

tion and its influence on blood lipids. Journal of
Agricultural and Food Chemistry, 41,1287-1291.

Raski, D. J. (1996). Dagger and needle nematodes. In R. C.
Pearson & A. C. Goheen (Eds.), Compendium of grape
diseases (pp. 56-59). St. Paul, MN: APS Press.

Ronnberg, B., Fekadu, M., & Morein, B. (1995). Adjuvant
activity of non-toxic Quillaja saponaria Molina compo-
nents for use in ISCOM matrix. Vaccine, 13, 1375-1382.

San Martin, R. (2004). Use of Quillaja saponins to control
nematodes. Development of a commercial product: QL
AGRI (p. 6). Pulawy, Poland: Abstract Book — Interna-
tional Conference on Saponins.

San Martin, R., & Magnunacelaya, J. C. (2005). Control of
plant-parasitic nematodes with extracts of Quillaja sap-
onaria. Nematology, 7, 577-585.

Tanaka, O., Tamura, Y., Masuda, H., & Mizutani, K. (1996).
Application of saponins in foods and cosmetics: Saponins
of Mohave yucca and Sapindus mukurossi. In G. R. Waller
& K. Yamasaki (Eds.), Advances in experimental medicine
and biology. Saponins used in traditional and modern
medicine (pp. 565-574). New York: Plenum.

Tava, A., & Avato, P. (2006). Chemistry and biological activity
of triterpene saponins from Medicago species. Natural
Product Communications, 1, 1159-1180.

Tava, A., Mella, M., Avato, P., Argentieri, M. P., Bialy, Z., &
Jurzysta, M. (2005). Triterpenoid glycosides from leaves
of Medicago arborea L. Journal of Agricultural and Food
Chemistry, 53, 9954-9965.

Tava, A., Oleszek., W., Jurzysta, M., Berardo, N., & Odoardi,
M. (1993). Alfalfa saponins and sapogenins: Isolation and
quantification in two different cultivars. Phytochemical
Analysis, 4, 269-274.

Thorne, G., & Allen M. W. (1950). Paratylenchus hamamatus
n. sp. and Xiphinema index n. sp. two nematodes
associated with fig roots, with a note on Paratylenchus
anceps Cobb. Proceedings of the Helminthological Society
of Washington, 17, 27-35.

UNEP, United Nations Environment Programme (2000). The
montreal protocol on substances that deplete the ozone layer.

Yamashita, T. T., & Viglierchio, D. R. (1987). In vitro testing
for nonfumigant nematicide resistance in Xiphinema index.
Revue de Nématologie, 10, 75-79.

@ Springer



	Evaluation of nematicidal properties of saponins from Medicago spp.
	Abstract
	Introduction
	Materials and methods
	Plant material and saponin, prosapogenin and sapogenin preparations
	Nematicidal bioassays
	Statistical analysis

	Results
	Discussion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


