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Abstract—Two new saponins were isolated from the fruits of Catunaregam nilotica Stapf, syn. Lachnosiphonium
nilotica; Randia nilotica; X eromphis nilotica. Their structures were determined mainly by spectroscopic methods as 3-
0-{0-o-L-thamnopyranosyl{1 — 3)-0-[0-$-D-glucopyranosyl{1 — 3)]-8-D-glucopyranosyl}oleanolic acid and 28-0-8-D-
glucopyranosyl-3-0-{0-a-L-rhamnopyranosyl-(1 — 3)-0-[O-B-D-glucopyranosyl]-B-D-glucopyranosyl}oleanolate.
The monodesmosidic saponin is a potent molluscicide against the schistosomiasis transmitting snail Biomphalaria
glabrata with a LC;, value of 3 ppm. In addition two known saponins, 3-0-[2',3'-di-O-(-D-glucopyranosyl)-f-D-
glucopyranosyl]oleanolic acid and 3-O-[0-§-D-glucopyranosyl(1 — 3)-8-D-glucopyranosyl]oleanolic acid, were iden-
tified and their molluscicidal activity determined, the LCs, values being 26 and 3 ppm, respectively. 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 HC;,

values towards bovine erythrocytes found to be 3 ppm for the new saponin, and 16 and 2 ppm, respectively, for the two
known saponins.

INTRODUCTION ent qualities are interesting and screening of plant mater-
ial for molluscicidal activity is still justifiable.

In a screening performed on a number of indigenous
plants, commonly used in folk medicine in the Sudan,
several plants showed molluscicidal activity, among these
Catunaregam nilotica, a lowland shrub or tree, wide-
spread in the Sudan and reported from lowland habitats
in Central and East Africa as well as Cameroun and
Nigeria {7]. The fruits from C. nilotica were among the
most potent material and a content of saponins in the
extracts were indicated by the ability to produce foam
and by haemolysing erythrocytes [8]. In this paper we
report the isolation of two new saponins 1 and 3, a
bidesmosidic and a monodesmosidic saponin, respect-
ively, of which 3 is a very potent molluscicide with an
LC,, value of 3 ppm against the schistosomiasis trans-
mitting snail Biomphalaria glabrata. Furthermore, two
previously described saponins 2 and 4 were isolated and
shown to be molluscicidal with LCs, of 26 and 3 ppm,
respectively. The haemolytic activity was determined for
the saponins, which showed molluscicidal activity, in
order to investigate whether these two biological activit-
ies occurred in the same concentration range as pre-
viously seen [6, 9]. The concentration causing 50%
haemolysis of bovine erythrocytes, HC,, for 2-4 were
*Author to whom correspondence should be addressed. found to be 16, 3 and 2 ppm, respectively.

Schistosomiasis i1s a major health problem in many
tropical countries, especially in Africa. The infection is
transmitted by freshwater snails acting as intermediate
hosts. Despite the success of some control programmes,
the prevalence of schistosomiasis remains constant, large-
1y because population growth and development of man-
made water resources is continuing [1]. Treatment of
water bodies with molluscicidal compounds is considered
an important element in an integrated strategy for mor-
bidity control, but as the use of synthetic molluscicides is
impeded by the high costs, there is a demand for inexpen-
sive alternatives [2].

The interest in studying plant material containing
molluscicidal compounds is based on the idea of a local
supply of molluscicides, which can be produced at low
costs by simple technologies. The plant Phytolacca dode-
candra is presently a very promising candidate for a plant
molluscicide and the development of a safe and affordable
molluscicide from the berries of this plant is in progress
[3-6]. Nevertheless, alternative molluscicides with differ-
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OH

R OH
1 R'=B-D-Glup R’=H R’=a-L-Rhap
2: R'=H R*=B-D-Glup R=H
3: R'=H R’=H R’=o-L-Rhap
4: R'=H R=H R’-H

RESULTS AND DISCUSSION

Column chromatography of the ethanolic extract of
the fruits afforded three fractions, which showed mollus-
cicidal activity against Biomphalaria glabrata. Com-
pounds 1 and 2 were isolated from the most polar
fraction, 3 from the fraction of medium polarity and 4 was
isolated from the least polar fraction. Purification of 2—4
was performed by repeated chromatography on silica gel
and on RP8 material, whereas 1, despite several attempts,
was not obtained in a completely pure state.

A TLC investigation of the reaction mixture obtained
by hydrolysis of each of the compounds, using H,SO, as
a catalyst, indicated the presence of oleanolic acid and
glucose in all of them, and in the reaction mixture from 1
and 3 rhamnose was detected in addition. The structure
elucidation of 1 and 3 and the identification of 2 and 4
were performed by a combination of different spectro-
scopic methods [10]. The M, of the compounds was
obtained from the m/z value of the quasi-molecular ion
[M — H]™ present in the FAB-mass spectra (negative
mode). In addition, fragments formed on cleavage of the
glycosidic bonds indicated the size of the aglycone and
the size and number of sugars. In cases with sugar
residues of different size the fragments in addition indi-
cated the sequence of the sugars. Peracetylation of com-
pounds 2-4 afforded 5-7, respectively. The FAB-mass
spectrum (negative mode) of the derivative § showed a
[M —H]"™ ion at m/z 1361, proving that 10 hydroxy
groups in 2 had been acetylated. The FAB-mass spectrum
of 6 showed a quasi-molecular ion at m/z 1303, corres-
ponding to a nonaacetyl derivative of 3 and the FAB-
mass spectrum of 7 showed a quasi-molecular ion at m/z
1073, corresponding to a heptaacetyl derivative of 4.

The '*)CNMR data of the aglycone moiety of the
saponins 1-4 and of the acetates 5-7 confirmed the
presence of oleanolic acid with a glycosidic chain at C-3
[11, 12]. The signal arising from the carboxylic carbon in
the saponins 2-4 and in the acetates 5-7 appeared at
4180.2, indicating a free carboxylic acid group, whereas in

1 C-28 gave rise to a signal at 4177.0, corresponding to
that of a bidesmosidic saponin with an ester bonded
sugar in this position [13].

In the '3CNMR spectrum of saponin 3, 18 signals
appeared from the sugar part of the molecule (Table 1).
The anomeric carbons gave rise to signals at §102.8,
105.6, and 106.4. A signal at §18.7, corresponding to a
methyl group, was in accordance with the presence of a
rhamnose residue, which was identified after acid hy-
drolysis, and a signal at §88.4 indicated a C-3 substituted
glucose residue [10]. The rest of the signals appeared in
the range 562-83. The FAB-mass spectrum of 3 showed
an intense peak m/z 779 [M — H — 146] ", indicating a
terminal position of a deoxyhexose.

In the 'HNMR spectrum of 3 the signals from the
three anomeric protons were found at §4.89, 5.25, and
6.25 (Table 2). Analogously, signals from the anomeric
protons in 6 were observed at 64.77, 5.03, and 5.26.
TOCSY spectra of 3 and 6 enabled us to group the proton
signals as arising from three separated spin systems, each
corresponding to one monosaccharide residue. A com-
bined interpretation of the COSY, NOESY and HET-
COR spectra allowed the signals from the sugar moiety to
be assigned to the carbons and protons of the two glucose
residues and of the terminal rhamnose. From the J-
resolved 'HNMR spectra of 3 and 6 most coupling
constants could be read. The coupling constants of the
anomeric protons in the two glucose residues indicated a
B-configuration, and the coupling constant of the anom-
eric proton in rhamnose indicated that the relative config-
uration was o«. The interglycosidic linkages were estab-
lished from the NOESY spectra and were in accordance
with the 'H and '3C NMR spectra of saponin 3 and the
acetyl derivative 6. The structure was concluded to be 3,a
compound which has not previously been isolated. The
absolute configuration of the monosaccharides has not
been determined for any of the saponins, therefore the
configurations most frequently found in nature have been
assumed.
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Table 1. '3C NMR spectral data of sugar moieties of saponins 1-4, and the peracetyl-
ated saponins 5-7 from Catunaregam nilotica

C 1* 2 3 4 5 6 7
r 106.4 105.1 106.4 106.4 103.9 103.3 103.3
2 74.4 794 744 74.4 78.5 739 73.8
¥ 88.4 88.8 83.4 88.9 80.8 79.6 79.8
4 69.9 70.1 69.9° 69.9 69.4 69.1° 69.1
5 78.0 719 78.0 78.0° 721 72.2 72.1
6 62.2* 634 62.6° 62.6" 63.0 62.7° 62.7
17 105.6 103.9 105.6 106.0 100.2 101.6 101.5
2" 76.0 75.5 76.0 754 72.9 722 720
3” 83.4 78.7 83.3 78.7 73.8 82.1 73.8
4" 69.9 2.7 69.6 71.6 68.9° 70.1* 68.8
5" 78.6 77.9 78.6 78.3* 72.6 722 720
6" 62.2° 62.4° 62.2° 62.5° 62.4° 62.5° 62.3
1" 102.8 104.8 102.8 100.5 99.9

27 72.6° 76.5 72.6° 729 70.3

3 72.7° 78.7 72.7¢ 73.8 71.0

4" 74.4 71.6* 74.4 69.2% 69.6

5" 69.9 787 69.9 72.6 679

6" 18.7 62.7° 18.7 62.5° 18.5

| 95.8

2 74.4

3 78.9

4" 71.1

5 78.9

6" 62.6*

*Assignment by comparison with data of 3 and literature [12].
#”“The assignment of the signals may be interchanged in each vertical column.

The '3C NMR spectrum of 1 contained 24 signals from
the sugar moiety of the molecule (Table 1), confirming
that the molecule contains four hexoses. The signals from
the anomeric carbons appeared at §95.8, 102.8, 105.6, and
106.4, and the first of these had a chemical shift value as
expected for an anomeric carbon in an ester bonded sugar
[13]. The rest of the anomeric carbons have chemical
shifts identical to those of saponin 3. Comparison of the
13C and 'HNMR data (Table 2) of 1 and 3 reveals that the
data corresponding to the presence in 1 of an additional
ester bonded glucose residue is the only difference. On
TLC examination of the reaction mixture from a basic
hydrolysis of 1 [13] a compound cochromatographing
with 3 appeared, and thus it was concluded that the
compound was the bidesmosidic saponin 1.

The 13C NMR spectrum of saponin 2 contained, be-
sides the signals arising from the oleanolic acid, 18 signals
from the sugar part confirming the presence of three
hexoses in the molecule (Table 1). The signals from the
three anomeric carbons were found at §103.9, 104.8, and
105.1 and the remaining signals from the sugar moiety
appeared in the range 662-80 except for one signal at
688.8, which indicated a substitution at C-3 of one of the
glucoses [10].

In the 'H NMR spectrum of saponin 2 the signals from
the three anomeric protons were found at §4.84, 5.37, and
5.72 (Table 2). Analogously, signals from the anomeric
protons in S were observed at 54.81, 5.37, and 5.55.

TOCSY spectra of 2 and § indicated the three separated
spin systems, from which the proton signals arise and
which correspond to three glucose residues. A combina-
tion of the information from COSY, NOESY and HET-
COR spectra of 2 and 5 allowed most of the signals from
the sugar moiety to be assigned to the carbons and
protons in the three glucoses, but a severe overlap of the
signals from 2 impeded the assignment of all carbon
signals. From the J-resolved spectra of 2 and § almost all
coupling constants could be read. The coupling constants
for the anomeric protons indicated f-configuration of all
three sugars and the coupling constants for the remaining
protons were as expected for glucose units. The inter-
glycosidic linkages were established from the NOESY
spectra and were in accordance with the 'H and
13C NMR data of saponin 2 and the acetyl derivative 5,
and the structure was thus concluded to be 2. A saponin,
anchusosid 2, with this structure has previously been
isolated from Anchusa officinalis [14]. The structure
elucidation was performed by chemical methods, and in
addition the chemical shift and the coupling constant of
one of the anomeric protons was published, but a closer
verification of the identity of 2 with anchusosid 2 is not
possible. The optical rotations of the two compounds are
slightly different.

In the 13C NMR spectrum of 4 the sugar moiety of the
molecule gave rise to 12 signals (Table 1), of which signals
at 0106.0 and 106.4 corresponding to the anomeric
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Table 2. "HNMR spectral data of sugar moieties of the saponins 1-4 and the peracetylated saponins 5-7 from
Catunaregam nilotica

H 1* 2 3 4 5 6 7

I 488 d 4844d 4894 4914 4814 471d 4804
4 4.04 dd 439 dd 401 dd 4.08 dd 425 dd 5.45 dd 544 dd
¥ 4191 426 ¢ 420t 4231 456t 4411 446
4 440 ¢ 404 dd 408 t* 4141 540 t 5.40 dd 5.37¢
5 392ddd  383ddd  393ddd  396ddd  406ddd 410t} 4.13 ddd
6a’ 431dd 433 dd 451dd®  435dd 4.61 dd 462 dd 462 dd
6b’ 4.50 dd 4.48 dd 431 dd 455 dd 4.40 dd 435°1 4.44 dd
1 5254 572d 5.25d 5324 5.55d 5034 5184
2 407 dd 4.09 dd 405 dd 410t 560dd*  543dd 5.36 dd
3 4341 428 1* 4411t 4251 579 ¢ 4351t 572t
4 440t 417dd> 4200t 427¢ 5.55%t1 5.37 dd 5.46 dd
5" 396ddd  389ddd  396ddd  405ddd 4251} 403 ddd* 418 ddd
6a” 431dd 44511 447dd*  435dd 4.64 dd 467 dd 470 dd
6b” 448 dd 43011 43113 457 dd 4.46 dd 444541 434 dd
1 625d 537d 6254d 537d 526 d

2 476 dd 42011 47541 5.55°t1 5.60 dd

3 457 dd 4221 4.58 dd 569 ¢ 5.50%%

4 4371t 416 4341 56ldd® 5531

5 5.03 dq 405t 5.04 dg 414ddd  413dq

62" } 170 d 4.54 dd } 190 d 4.76 dd } 1354

6b™ 43011 4301

1 634d

2 422 dd

3 4341

4 404 dd

57 t

6a"" f

6b"" i

J

1y 8.0 7.7 7.8 78 7.6 8.0 8.1

2.3 9.4 9.0 9.5 9.3 94 9.6 9.7

E Y 9.1 9.2 9.1 9.8 9.3 9.2 9.6
45 10.1 9.5 9.5 8.8 9.6 103 101
5',6a’ 53 5.7 5.5 5.7 5.5 50 50
5',6b’ 24 3.1 2.7 27 29 t 29
6a’,6b' 120 11.6 123 123 123 125 125
12" 8.1 8.9 79 7.9 7.7 8.2 8.1
23" 9.5 93 9.6 8.0 9.6 9.5 9.6

3" 4" 9.5 9.0 9.1 9.6 9.5 9.1 9.3
45" 10.1 9.9 10.1 8.8 ¥ 102 10.2
5”.6a” 5.7 56 5.2 5.7 5.5 46 44
5”,6b" 29 35 28 27 29 23 28
6a",6b" 124 ¥ 120 120 124 12.6 127
12 22 7.8 20 7.8 27

23" 37 ¥ 36 t 34

374 9.4 89 93 9.3 t

475" 9.5 9.1 9.3 101 10.4

m6a” } 64 1 } 63 41 } 60

5".6b" 27 25

6a",6b" 120 122

2 8.1

23" 9.4

34 9.6

45" t

5".6a"" t

5" ,6b"" t

6a"",6b"

*Assignment by comparison with 3 and the literature [12].

tSignal and/or multiplicity not found owing to severe overlapping.
ITentative assighment owing to severe overlapping.

**The assignment of the signals may be interchanged in each vertical column.
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carbons confirmed the presence of two hexoses, and a
signal at §88.9, collapsing with the signal from C-3 in
oleanolic acid, indicated that the terminal glucose was
attached to C-3 of the internal glucose. From the
'HNMR spectrum (Table 2) of saponin 4 and of the
acetyl derivative 7 combined with the TOCSY, COSY,
NOESY and J-resolved spectra the structure 4 could be
established. Combination of these spectra and the HET-
COR spectrum of 7 allowed the assignment of all hydro-
gens and carbons in 4 and 7. Furthermore, from the 'H J-
resolved spectra all proton coupling constants could be
read. A saponin, randianin, has previously been isolated
from Randia dumetorum [15], and the 13C NMR data of
the methyl ester of randianin are in accordance with those
of 4, except that the chemical shifts for C-19 and C-21 in
oleanolic acid ought to be interchanged [10, 11]. The
'THNMR chemical shifts reported for the acetate of
randianin are generally 0.5 ppm lower than those of 7
(Table 2) owing to the solvents used, as randianin peracet-
ate was dissolved in chloroform-d, whereas 7 was dis-
solved in pyridine-ds. The optical rotations of the two
compounds show a difference probably owing to the
difficulty of purifying saponins.

The crude water and ethanol extracts of the fruit
material were initially tested for molluscicidal activity,
giving 100% mortality at 100 and 50 ppm, respectively.
The saponins 2-4 were subsequently tested for mollusci-
cidal activity. Saponin 1 was not tested, because bides-
mosidic saponins usually have no or a very low mollusci-
cidal activity [16] and the results would be unreliable
owing to the minor impurities of other saponins with
unknown activity. The LC,, value of saponin 2 was
26 ppm, which, owing to shortage of the chemical com-
pound, was determined with five snails for each concen-
tration. For saponin 3 and 4 the LCj,, value of both were
3 ppm, determined with 20 and 10 snails, respectively, for
each concentration. The concentration causing 50% hae-
molysis of bovine erythrocytes, HC,,, was determined for
the saponins 2-4 and found to be 16, 3 and 2 ppm,
respectively.

The fruits of C. nilotica thus contain some very potent
molluscicidal saponins, which are closely related to the
saponins from P. dodecandra, in moderate amounts. On
examination of the saponin content in the different parts
of the fruit, saponins were found only in the mesocarp,
which in the dried fruit is a thin layer covering the seed
and making up a minor part, in this case around 2%, of
the whole fruit. The content of molluscicidal saponins
thus explains only part of the activity, to which the
reported content of tannins [8] most likely also contrib-
utes.

EXPERIMENTAL

The plant material was provided and identified by the
Medicinal and Aromatic Plants Research Institute, Na-
tional Council for Research, Khartoum, the Sudan in
1990, in collaboration with the Department of Botany,
University of Khartoum, where the herbarium specimens
are deposited.
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The NMR spectra were measured in pyridine-ds and
were recorded at 400 MHz (Bruker) for the 'H NMR,
COSY, TOCSY, NOESY and J-resolved 'HNMR ex-
periments and 100.6 MHz for the 3 C NMR. Chemical
shifts are given in é values relative to TMS. FAB-MS were
obtained in negative mode on a Jeol JMS-AX505W
instrument. Hydroxyethyldisulphide was used as a ma-
trix. Analytical HPLC was performed isocratically on a
Spherisorb S5 C8 column (4.6 x 250 mm) with MeCN-
0.05M NH_H,PO,, pH 4.4 (21:29) or (7:13) as eluent,
flow rate 1.2 mlmin~! and peak monitoring at 203 nm.
LPLC was performed on LiChroprep RPS, 40-63 um,
with eluents consisting of MeOH-0.05 M NH,OAc, pH
8.0, (3:2) > (@4:1) or (3:1) »(17:3). Before mass and
NMR spectra and biological testing were performed the
remaining salt was removed by absorption/desorption
using small prepacked RP18 columns (1 g). TLC exam-
inations during fractionation and purification were per-
formed onsilica gel with CHCl,-MeOH-H,0 (35:14:1)
or {29:19:2) as eluent, or on RP8 with MeOH-H,0O
(18:7), and detection with naphthoresorcinol-H,SO,.

Heparinized bovine blood was obtained from the
National Veterinary Laboratory, Copenhagen. The
erythrocytes were separated by centrifugation, washed
with saline soln three times and diluted with buffer to a
suspension containing 2.0 x 10% cells ml1 ™. Isotonic buf-
fer solution: Na,HPO,-2H,0 3.95g; KH,PO, 0.76 g;
NaCl 7.2 g, H,O to 1000 ml.

Isolation of saponins. Fruits from C. nilotica (105 g)
were crushed and extracted with EtOH. Evapn of the
EtOH left 15.5 g. CC of this extract on silica gel using
mixtures of CHCl;-MeOH-H,0 (40:10:1 — 5:5:1) as
eluents provided 3 fractions. The most polar fraction
contained saponins 1 and 2, the medium polar contained
saponin 3, and the least polar contained saponin 4.
Repeated chromatography on silica gel and on RP8
afforded saponins 2 (190 mg), 3 (166 mg), and 4 (210 mg)
in a pure state, while saponin 1 was not obtained in a pure
state.

28-0-B-D-Glucopyranosyl-3-O{O-a-L-rhamnopyrano-
syl-(1 - 3)-O-[O-B-D-glucopyranosyl-(1 — 3)1-B-D-gluco-
pyranosyl}oleanolate (1). Obtained as an amorphous
powder, not quite pure. FAB-MS m/z: 1087 [M — H] ",
925 [M —H - 162]", 779 [M — H — 308]", 617 [M
—H —470]", and 455 [M —H —632]". '*C and
"H NMR data of the sugar moieties: see Tables 1 and 2.

3-0-[2,3"-di-O-(B-D-glucopyranosyl)-B-D-glucopyrano-
syl]oleanolic acid (2). Obtained as an amorphous powder.
[«]3° + 6.8° (MeOH; ¢ 0.10) (lit. [12] [«]3° + 28.0°
(MeOH; ¢ 0.64)). Data obtained from FAB-MS and
13CNMR were in agreement with previously published
data for oleanolic acid glycosides [9, 12]. '3*C and
'"HNMR data of the sugar moietiy: see Tables 1 and 2.

3-O-{O-a-L-rhamnopyranosyl-(1 - 3)-O-[O-B-D-gluco-
pyranosyl-(1 — 3)}-B-D-glucopyranosyl}oleanolic acid (3).
Obtained as an amorphous powder. [a]3’ = + 52.5°
(MeOH; ¢ 0.12). FAB-MS m/z: 941 [M — H] ™, 795 [M
—H-—-146]", 633 [M—-H-308]", 471 [M—-H
—470]". '*C and '"HNMR data of the sugar moietiy:
see Tables 1 and 2.
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3-O-[O-B-D-glucopyranosyi-(1 — 3)-B-D-glucopyrano-
syl}oleanolic acid (4). Obtained as an amorphous powder.
[2]3° = + 19.6° (MeOH; ¢ 0.074). FAB-MS m/z: 779
[M—H], 617 [M—H-162]", and 455 [M—H

— 324]". 13C and 'H NMR data of the sugar moiety: see
Tables 1 and 2. Literature data [15] for randianin in
accordance with the '3C NMR data, but the 'HNMR
chemical shifts of the peracetate were generally 0.5 ppm
lower, because the NMR spectra were registered in
CDCl;, while we, as a standard procedure, dissolved both
the saponins and the corresponding peracetates in
pyridine-ds.

Peracetylation of saponins 2—4. Compounds 2-4 (28, 25
and 27 mg, respectively) were dissolved in pyridine (1 ml)
and acetylated with Ac,O (0.5 ml) at room temp. for
16 hr. The reaction products were evapd to dryness and
the residues chromatographed on silica gel using toluene—
EtOAc-MeOH~-HOAC (78:20:1:1) —» (73:25:1:1) as el-
uents to give 5-7 (22, 21 and 27 mg, respectively) as
amorphous powders. FAB-MS of compound 5 m/z: 1361
[M — H]  (decaacetate). FAB-MS of 6 m/z: 1302 [M
— H]™ (nonaacetate). FAB-MS of 7 m/z: 1072 [M
— H] "~ (heptaacetate). '*C and 'HNMR data of the
sugar moieties: see Tables 1 and 2.

Acid hydrolysis of 1-4. Compounds 1-4 (3 mg of each)
were hydrolysed with H,SO, 0.5 M (500 ul) at 100° for
24 hr. The ppt. was extracted with EtOAc and identified
as oleanolic acid by comparison with an authentic sample
on TLC (silica gel, toluene-EtOAc, 1:1, visualization
with vanillin-H,SO,). The aq. layer on TLC (silica
gel, CH,Cl,-MeOH-H,0, 8:7:1, visualization with
naphthoresorcinol-H,S0,) showed the presence of glu-
cose in the reaction mixture from all the compounds and
in addition rhamnose in the reaction mixture from 1
and 3.

Basic hydrolysis of compound 1. Compound 1 (2 mg) in
MeOH was heated in 2ml 0.5M KOH for 2 hr. The
mixture was adjusted to pH 6 with Dowex 50wx8 (acid
form) and submitted to a TLC examination (silica
gel, CHCl;-MeOH-H,0, 35:14:1, visualization with
naphthoresorcinol), which showed that saponin 1 had
disappeared and that saponin 3 had formed.

Determination of molluscicidal activity. Initially the
molluscicidal activity of the crude water and ethanol
extracts of the whole fruits of C. nilotica was assessed
against groups of 20 Biomphalaria glabrata snails accord-
ing to the WHO provisional technique [17], modified
according to Duncan and Sturrock [18]. Using the same
test the molluscicidal activity of the monodesmosidic
saponins 2—4 was assessed, but with varying snail num-
bers (between 5 and 20) owing to shortage of saponin.
Stock solns of the saponins were prepared using DMSO
as solvent. The resulting concentration of DMSO was
0.5% v/v in all tests. Controls with the same DMSO
concentration were included.

Determination of haemolytic activity. All saponins were
dissolved in EtOH and diluted with buffer to the desired
concns. The concn of EtOH was adjusted to 10% at each
saponin concn. Saponin solns (2.50 ml) were incubated

with buffer (1.50 ml) at 37° for 5 min. An erythrocyte
suspension (1.00 ml) was added and the mixtures were
incubated for another 30 min at 37° and then centrifuged
at 1500 g for 5 min. The supernatants were sepd and their
optical density determined at 540 nm. Percentage of
haemolysis was determined by comparison with a sample
for which 100% haemolysis was obtained.
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