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Abstract-From the roots of Gundella tournefirtn seven saponms have been isolated mainly by DCCC The mam 
saponms (A and B) were characterized,, mainly by 13C and ‘H NMR spectroscopy, as oleanohc acid 3-O-(2-[a-L- 
arabmopyranosyl( 1 + 3)-/3-D-gentlOtrlOSyl( 1 -+ 6)-/I-D-glucopyranosyl]/?-D-xylopyranoside) (saponm A) and oleanohc 
acid 3-0-(2-[a+arabmopyranosyl] (1 + 3kj?-D-gentloblosyl (1 + 6)-/3-D-glucopyranosyl fi+xylopyranoside) 
(sapomn B) The other saponms are also derived from oleanohc acid and contam more sugar units The sapomn mixture 
and the saponms A and B possess strong mollusclcidal activity agamst the schlstosonuasls transrmttmg snad 
Biomphalarla glabrata 

INTRODUCTION 

Gundella tournefirtrt L t IS the only latexcontammg 
representative of the Tubuhflorae [l, 23 This monotypic 
plant belongs to the tribe Arctotldeae and the subtnbe 
Gundehmae of the Asteraceae family, which occupies a 
conspiaous taxonomlc posItion [3,4] Chemical mvestl- 
gatlons have been done with the fruits of the plant, which 
have been used m Turkey occasionally as a coffee 
substitute [S] No chenucal studies, however, have been 
carrred out on the roots We now report the results of our 
mvestlgatlons with a crude sapomn mixture, provided by 
Prof Aynehchl from Tehran, and a drug material of 
Turkish ongm (Hekkan regon) provided by Prof 
Baytop, Istanbul 

RESULTS 

Chromatographlc studies showed that only the 
Iranian specimen had a high saponm content After TLC 
on slllca gel developed with chloroform-n-propanol- 
methanol-water (9 1 12 8, lower phase), Komarowsky 
reagent as well as citrate blood-suspension showed the 
presence. of at least seven single sapomn zones m the R, 
range 0 14 5 The saponin mixture was successfully 
resolved by DCCC 

Saponm A (1) 

On acid hydrolysis, the saponm yielded oleanohc acid 
and the sugars hexose, xylose and arabmose m a mole 
ratio of 4 1 1 After NaBH.,-treatment no change of the 
glycoslde [6, 71 and no chemical downfield shift higher 
than 88 2 ppm for the anomenc sugar protons m the 
13CNMR [8-101 was observed, therefore the sapontn 

+Synonymous to G glabra Miller syn G tournejiartr~ var 
glabra (Miller L), G tournefarta var asperrma and var tenur- 
secta syn G tenwsecta The common name m Iran 1s Kangar, m 
Turkey Kengar 

had to be a C-3-0-monodesmosldlc glycoslde A sequence 
analysis was performed by the permethylatton-NaBD*- 
MS-method [ll, 121, and partial acldtc and enzymatic 
hydrolysis followed by 13C NMR-mvestlgatlons of the 
degradation products The partially methylated l-D- 
aldltolacetates identified by MS were assigned to a 
termmal glucose, a 1,6- and a 1,3,6-linked glucose, whereas 
it was lmposslble to differentiate between xylose and 
arabmose as the terminal and 1,Zhnked pentose moletles 

Saponm A was degraded by hydrolysis for 1 hr with 
0 5 mol acidic-ethanol to a tetraglycoslde, which was 
ldentlcal with sapomn B (2) The terminal sugar split off 
was glucose Hydrolysis afforded mainly a mono- 
glycoslde, identified by 13C NMR and hydrolysis as 
oleanohc acid 3-0-j?-D-xyloslde Consequently, the 1,2,5- 
tn-0-acetyl-3,4-dl-0-methylpentltol obtained by metha- 
nolysls was assigned to xylose and the 1,5-dl-O-acetyl- 
2,3,4-tn-O-methylpentltol to arabmose The minor de- 
gradation products of partial acldrc and enzymatic hydro- 
lysis were a tnsacchande (5) and two dlsacchandes (3,4), 
which were isolated m small amounts by DCCC 
Disaccharide 4 was an arabmosyl-glucopyranose with an 
a-~-l + 3 linkage, smce the C-3 signal of the glucose m the 

I R-Glimpyomyl Sopmn A 
2R-HSaponmB 
3 Geritmbbsyl - Dwxchande 
4 Ar&rIo@KJxyl- Dlsacchonde 
5 Gent~otnosy~- TrwAade 
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Table 1 ‘“C NMR data for sapomn A (DMSO- 
d,, TMS as internal standard) 

Oleanohc acid sugars 
C ppm C ppm 

28 1784 1-Xyl 1057 
13 1439 1-Glu 1049 
12 1227 I-Glu 1045 
3 88 2 1-Glu 103 8 
5 559 I-Glu 103 6 
9 47 2 I-Ara 1026 
19 46 1 3-Glu 862 
18 41 5 2-Xyl 845 
6 38 8 5-Glu 772 
1 38 6 S-Glu 77 1 
8 38 5 5-Glu 770 
10 37 1 5-Glu 76 9’ 
21 33 9 3-Glu 76 8’ 
29 33 1 3-Glu 767 
22 32 5 3-Glu 766 
7 324 3-Xyl 76 2t 
20 30 7 2-Glu 76 lt 
23 28 2 2-Glu 75 5 
15 27 8 2-Glu 746 
2 27 2 2-Ara 716$ 
27 25 9 4-Glu 718$ 
30 23 6 4-Glu 714 
16 23 5 4-Glu 714 
11 23 2 4-Glu 722 
6 184 4-Xyl 71 1 
26 169 3-Ara 70 1 
24 156 6-Glu 70 1 
25 153 6-Glu 701 

4Ara 699 
5-Xyl 677 
S-Ara 659 
6-Glu 624 

*,t,$Assignments are reversible 

“C NMR spectrum showed a 9 ppm downfield shift and 
the C-l of the arabmose a chemical shift of 102 6 ppm, 
which corresponded m all respects with data gwen by Ishn 
et al [13] for a-t-arabmose 

The glucose moiety had to be placed on the reducmg 
end, since we found a doubling of the C-l, C-2, C-3 and 
C-5 signals for the glucose due to mutarotation The 
“C NMR spectra of disaccharide 3 and the trlsaccharlde 
5 were superimposable on those published by Usm et nl 
[ 14, 151 for authentic gentloblose [B-D-glucopyranosyl- 
(1 + 6) b-D-glucopyranoside] and gentiotriose [B-D- 
glucopyranosyl (1 + 6) j?-Dglucopyranosyl (1 + 6) B-D- 

glucopyranoslde] In both cases again a doubling of the 
signals for C-l, C-2, C-3 and C-4 of the reducmg sugars 
was observed As far as the sequence of the sugars in the 
hexasaccharlde moiety of saponm A was concerned, the 
arabmose had to be attached to the glucose next to the 
xylose moiety, smce during enzymatic hydrolysis with fl- 
glucosldase along with gentloblose and gentlotriose no 
hydrolysis of the arabmose-glucose bondmg was ob- 
served On the base of these results, saponm A 1s 
represented by the structure 1 

Saponzn B (2) 

This glycoslde, after acidic hydrolysis, afforded 
also oleanohc acid, glucose, arabmose and xylose but 
the sugar components were m a mole ratio of 3 1 1 
This was corroborated by the occurrence of only five 
signals m the anomerlc region of the 13C NMR spectrum 
(100-108 ppm) compared with the SIX signals m Saponm 
A The conversion of sapomn A mto sapomn B by partial 
acldlc hydrolysis confirmed the structure of sapomn B 

The other five sapomns were also derivatives of 
oleanohc acid with glucose, xylose and arabmose as the 
only sugar moieties, but they contamed more sugar units 

DISCUSSION AND MOLLUSCICIDAL ACTIVITY 

The sapomns of G tourneforttt show structural similar- 
ltles with those isolated from Patrma tntermedta [16], 
Clematis mundshurlca [17] or Gypsophtla puc@ca [18], 
but differ from them m the sugar composltlon as well as m 
the type of linkage The Gundeha-saponm A seems to be 
the first example of a sapomn which contams a gentlo- 
tetrose unit with two additional sugar moieties attached to 
it The acute oral toxlclty of Gundeha saponms m mice. 1s 
very low, since admmistratlon of 2 0 g/kg to mice did not 
show any sign of toxrclty However, the crude saponm 
mixture of Gundelra killed the test snails wthm 24 hr at a 
concentration of 40 ppm Saponm A and saponm B were 
100 % lethal at a much lower concentration (5-6 ppm) but 
after 12 hr only The oleanohc 3-O-xyloslde, product of 
partial hydrolysis of saponm A, possesses the same 
activity at a concentration of 24 ppm These results 
correspond with those obtained by Hostettmann et 01 on 
the saponms of Cornusjlorrdu [ 191 and Hedera helm [20] 
The structure-mollusclcldal activity relatlonshrp of 
saponms has been discussed m ref [21] 

EXPERIMENTAL 

Mps corr IR KBr, MS MS-30 (AEI), “C NMR Bruker WP- 
80 and WP-250, TLC and HPTLC slhca gel 60F2s4 For 
sapomns the lower layers of CHCf,-MeOH-Hz0 a 12 7 1, 
b 64 5 1 and c CHCls-MeOH-n PrOH-Hz0 (9 10 1 8), for 
sapogemns toluene-Me&O (9 1) or toluene-EtOAc (4 1), for 
monosacoharldes CHCI,-MeOH-Hz0 (32 25 5) and 
CHCls-MeOH-n-PrOH-Hz0 (12 13 2 8) Spray reagents for 
sapomns, Komarovsky reagent, Godm reagent and citrate blood 
reagent, for sugars amlmphthalat- and diphenylamme-HJPO1 
reagent DCCC DCC-A Tokyo Rlkaklkal Tokyo, 300 tubes (400 
x 2 mm), 20 ml/hr, 10 kp/cm2, 12” 

Plant materml The roots were collected m April 1979 by Prof 
Aynehchl 40 km west of Tehran (KaraJ) (Voucher Herbarium 
Department of Pharmacognosy, Tehran) The Turkish material 
was collected by Prof Baytop (Istanbul) m the Hakkarl regon In 
October 1980 (Voucher Nr 221 Herb of Inst of Pharmac 
Biology, Munich) 

Isolation ofthe saponms The MeOH extract (20 g) correspond- 
mg to 5OOg root material provided by Prof Aynehchl, was 
dissolved m 200 ml 50% MeOH and extracted with cyclohexane 
(3 x 200 ml) and CH& (3 x 200 ml) to remove hpld material 
The H#-MeOH soln was coned, diluted with Hz0 to a vol of 
200 ml and extracted ( x 3) with n-BuOH On evaporation of the 
solvent, 14 g ofa syrupy residue was obtained This was dissolved 
m a little MeOH and poured mto 500 ml Et,0 After centrifug- 
ation the residue was dissolved again m a little MeOH and 
precipitated by adding Et20 This procedure was repeated three 
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times The last residue was dissolved m MeOH, the soln treated 
twice wrth active charcoal, centnfuged and the supematant 
filtered through a deactivated A1203 column The MeOH soln 
was evaporated to dryness, dissolved m H,O and then lypophl- 
hzed to yield a white powder (saponm nuxture, 0 8 g) The further 
separation (0 5 g) was performed by DCCC m three separation 
steps using CHCl,-n-PrOH-MeOH-EtOH-Hz0 (9 1 6 8 8) as 
solvent m the ascendmg method (sapomns A and B) The 
saponms C-G were separated vnth the system CHCl+- 
PrOH-MeOH-EtOH-Hz0 (9 1 10 2 8) in the descending 
method In the third separation step mixtures from the first and 
second procedure (ca 0 19 g) were separated Yields sapomn A 
058g,B0026g,C0012g,D0006g,E0014g,F0003g,G 
OOlOg 

Sapontn A (1) Mp 218” TLC R, 048 (a) and 052 (c), 

Cal;: + 10 5 (c, 0 96, MeOH), ‘% NMR see Table 1 
Saponm B (2) Mp 242” TLC R, 052 (a) and 055 (c), 

[ali? + 4 3 (c 0 84, MeOH) 
Acid hydrolyses Acid hydrolysis of saponms A (100 mg) and B 

(10 mg) with 10% HCl m MeOH for 5 hr under reflux followed 
by extraction with CHzCll gave 25 mg and 4 mg of oleanohc acid 
respectively The acid was identified by mp (305”) and ‘“C NMR 
A sample of the hydrolysate was dissolved m 0 3 M borate buffer, 
pH 9 1, and SubJected to sugar analysis using a ZA 5100 Blotromk 
apparatus with DA-X4-20, to give the sugar components of 
saponm A (Glc-Ara-Xyl, 4 1 1) and sapomn B (Glc-Ara-Xyl, 
3 1 1) Sapomn A (5 mg) was refluxed in 1 ml TFA for 1 hr, the 
soln evaporated to dryness, the residue dissolved m 10 ml Hz0 
and the soln treated for 3 hr with 10 mg NaBH4 at 24” After 
separation from Na+ and H3BOJ (Dowex 50 and evaporation) 
the residue was refluxed with 2 ml HOAc for 15 mm and the soln, 
after removal of toluene, evaporated to dryness A sample was 
then SubJected to GLC (3% 225 Chromosorb-W-AW-DMCS 
3,6 m x 2 mm, column temp 210”, Ar, 30 ml/mm) to @ve the 
same sugars and mole ratios as above 

Partial hydrolysu ofsapomn A (a) After a test hydrolysis with 
5 mg saponm A m 0 5 ml HCl-EtOH (monitored by TLC), 
100 mg saponm A was refluxed for 1 hr in 10ml 05 m 
HCI-EtOH After ddutlon wtth MeOH and neutrahzation with 
0 5 M NaOH the soln was chromatographed on a Sephadex LH 
20 column usmg MeOH to obtain m the first fraction the 
hydrolytic products DCCC separation with CHCl,-n- 
PrOH-MeOH-EtOH-H,O (9 1 6 8 8) gave 28 mg of a 
saponm, which showed identity with Saponm B (b) In a second 
experiment, 100 mg saponm A was hydrolysed with 0 5 ml 
HCl-EtOH for 3 hr Sephadex chromatography yielded m the 
first fractions hydrolytic products, which after separation on 
DCCC m the same system as above ylelded 10 mg of a saponm, 
which was identified as oleanohc acid 3-O-~-D-xylopyranoslde, 
mp 283” TLC R, 0 85 (c), 13C NMR xylosyl part 6 105 7 (C-l), 
75 5 (C-2), 76 9 (C-3), 71 8 (C-4), 67 7 (C-5), shifts of oleanohc acid 
see Table 1 The subsequent fractions from Sephadex chromato- 
graphy, after removal of the sapomn split products, yielded a 
murture of mono and ohgosaccharldes On HPTLC tso- 
PrOH-C,HSN-H20, 3 1 l), the latter gave two maJor spots 
(0 12 and 0 35) Ohgosacchande 3 and 5 yielded, after hydroly- 
sis on the HPTLC-plate in a HCl-chamber (30 mm at lO0”) and 
subsequent chromatography m the second dire&on with 
CHCl,-MeOH-Hz0 (32 25 5), glucose only 

The separation of the two ohgosaccharldes was achieved by 
DCCC In CHCl,-MeOH-H,O (7 12 8) to yield co 3 mg of 3and 
5 tn one separation step The procedure was repeated 20 times to 
give 20 and 30 mg of 3 and 5 respectively The IdentIty with 
gentloblose and gentlotnose was estabhshed by 13C NMR and 
comparison with synthetic samples 13C NMR dlsacchande 3 
glucosyl (reducmg end) C-l (697 3), C-2 (75 S), C-3 (76 8), C-4 

(71 2), C-5 (76 l), C-6 (70 1). glucosyl (mlddle unit) C-l 
(6103 7), C-2 (74 O), C-3 (77 2), C-4 (712), C-5 (76 I), C-6 (62 5) 
Tnsacctide 5 glucosyl (reducmg end) C-l (697 3), C-2 (75 S), 
C-3 (76 8), C-4 (712), C-5 (76 I), C-6 (70 l), glucosyl (rmddle 
unrt) C-l (6 103 7), C-2 (74 6), C-3 (77 1), C-4 (71 2), C-5 (76 1), 
C-6 (70 l), glucosyl (non-reducmg end): C-l (6103 7), C-2 (74 6), 
C-3 (77 l), C-4 (710), C-5 (77 l), C-6 (62 4) 

Enzymatzc hydrolyses Sapomn A (200mg) was dissolved m 
50ml 0 1 M HOAc-NaOAc, pH 5 0, and mcubed with j?- 
glucosldase (50 mg) (Sigma Chem Co, Nr 6 8625) at 37” for 3 
days After adding hot EtOH the suspension was centrifuged and 
the supematant evaporated to dryness On TLC, a new ohgo- 
sacchande spot appeared at R, 04 Separation on DCCC usmg 
CHC13-MeOH-Hz0 (7 12 8, asc method) afforded 4 mg dlsac- 
charade 4 Acid hydrolysis yielded glucose and arabmose 
13C NMR dlsacchande 4 glucosyl (reducing end) C-l (696 7), C- 
2 (75 0), C-3 (86 l), C-4 (710), C-5 (77 l), C-6 (62 4), arabmosyl C- 
l (6102 6), C-2 (716), C-3 (70 4), C-4 (69 9), C-5 (65 9) 

Permethylatlon of saponm A and preparatton of the partially 
methylaced aldttolacetates In a 10 ml mJectlon bottle contammg 
an atmosphere of Nt, 3 mg saponm A was dissolved m DMSO 
and Na-methanylsulfinylmethamde m DMSO added dropwise 
After exposure for 30 mm at 25” to ultrasound, the soln was kept 
overnight at room temp and then Me J (15 ml) added dropwlse 
mto the soln under ultrasound for 1 hr at room temp The excess 
of Me J was dlstdled off at 40”, 5 ml Hz0 added and the soln 
extracted ( x 4) with CH,Cl, The CH2C12-phases were washed 
with Hz0 and then evaporated to dryness The residue was 
hydrolysed with 1 M TFA for 2 hr, the soln evaporated to 
dryness, the residue dissolved m H20, 25 mg NaBD, added and 
the soln kept for 2 hr at room temp Then the soln was acldlfied 
with Dowex [SO (H+)] to pH 3 5, filtered, the solvent evaporated, 
and the residue dissolved m MeOH and dlstllled (x 3) with 
MeOH The partially methylated aldltols were acetylated with 
AcOH (1 ml) for 1 hr at loo” The AcOH was removed by co- 
dlstrllatlon m the presence of toluene, and the residue dissolved m 
a little CHIClz and evaporated to dryness 

The mixture was SubJected to GC/MS (Hewlett-Packard 
5840 A) using the same system as that used for aldltolacetates 
The followmg mam peaks could be assigned I-D-1,5-d&-acetyl- 
2,3,4,6-tetra-0-methyl-hexitol, 1-o-1,5,6-tn-O-acetyl-2,3,4-tr~-O- 
methyl-hexltol, 1-D-1,3,5,6-tetra-O-acetyl-2,4-dl-O-methyl- 
hexltol, l-D-1,5-O-acetyl-2,3,4_tn-0-methyl-pentltol and 1-D- 
1,2,5-tn-O-acetyl-3,4,-dl-0-methyl-pentltol 

E~oassays The mollusclcldal activity was measured with snads 
of the species Btomphalaru glubrata (for method see 
Hostettmann [21]) The Haemolytlc Index was determmed 
according to methods described in the Europ Pharmacopoea 
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