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Abstract-A saponin, isolated from an ethanolic extract of the seeds of Nigella satiua, was characterized as 3-0-[/?-D- 

xylopyranosyl-( 1-3)-cr-~~hamnopyranosyl-( 1-2)-cl-~-arabinopyranosyl]-28-0-[cr-~-rhamnopyranosyl-( l-4)-p-D-glu- 
copyranosyl-( 1-6)-fl-D-glucopyranosyl]-hederagenin. 

INTRODUCTION 

Nigella satiua L. (Ranunculaceae) is a herbaceous plant 
which grows in Mediterranean countries and is cultivated 
in Pakistan. It is used as a spice and for the treatment of 
various diseases [l-3]. The isolation and identification of 
different alkaloids from N. satiua have been reported 
[4-81. Our interest in the saponins from medicinal plants 
used in traditional medicine in Pakistan has led to the 
analysis of various saponin extracts from. these plants. 
This paper describes the isolation and structural eluci- 
dation of a triterpenoid saponin from the seeds of N. 
sativa. 

RESULTS AND DISCUSSION 

The ethanol extract of the seeds of N. satiua afforded a 
fraction containing saponins after partition between hy- 
drochloric acid and n-butanol. A saponin was isolated 
from this fraction by chromatography on Sephadex LH- 
20 and silica gel. The saponin was analysed by ‘H and 
13C NMR spectroscopy, which showed that it contained 
a triterpenoic acid and six sugars. 

Acid hydrolysis of the saponin yielded hederagenin, 
indistinguishable from an authentic sample (TLC, NMR). 
The monosaccharides simultaneously released were ana- 
lysed as their alditol acetates by GC/MS and their 
absolute configuration by GC after reaction with (+)-2- 
butanol and trimethylsilation [9]. L-Rhamnose, D-glu- 
cose, D-xylose and L-arabinose in the relative portions 
2:2: 1: 1 were the only sugars detected. The linkages by 
which the sugar residues are connected were determined 
by methylation analysis [lo]. The methylated sugars 
obtained are listed in Table 1. By using sodium borodeu- 
teride as a reducing agent, 2- and 4-linked pentopyran- 
osyl residues could be distinguished by MS. 

A linked scan FABMS spectrum, observing negative 
ions, of the saponin (1) showed the fragments m/z 881, 
749, 603 and 471 in addition to the molecular ion at m/z 
1351 [M- 11. The fragments correspond to the con- 
secutive loss of a trisaccharide, consisting of two hexoses 

Table 1. Methylation analysis of the saponin (l), the 
prosapogenin (2) and the reduced trisaccharide (3) 

released by alkaline hydrolysis 

Residue/m01 

Methylated sugar T* 1 2 3 

2,3,4-Rhat 0.70 1 1 

2,3,4-Xyl 0.70 1 1 

12345-Glc 1 , 1 , 0.75 1 

3,4-Ara 0.91 1 1 

2,4-Rha 0.93 1 1 
2,3,6-Glc 1.28 1 1 

2,3,4-Glc 1.34 1 

*Retention time of the corresponding alditol acet- 

ate relative to 1,5-di-0-acetyl-2,3,4,6-tetra-o-methyl- 

D-glucitol. 
t2,3,4-Rha= 1,5-di-0-acetyl-2,3,4-t&O-methyl-L- 

rhamnitol, etc. 

OR’ 

1 RI = ~-D-Xylp-(l-3)-~-L-Rhap-(l-2)-u-L-Arap-(l- 

Rl = a-~-~ap-(l-4)-~-D-Clcp-(l-6)-~-D-GlCp-(l- 

2 R’ = P-D-Xylp-(I-3)-a-L-Rhap-(I-2)-a-L-Arap-(I- 

R’ = H 
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and one deoxyhexose, a pentose, a deoxyhexose and a 
pentose. 

Alkaline hydrolysis of the saponin followed by reduc- 
tion yielded a prosapogenin (2) and a reduced trisacchar- 
ide (3) which were analysed by sugar and methylation 
analysis (Table I). The latter three fragments in the 
FABMS spectrum originate from the trisaccharide of the 
prosapogenin and gave, in conjunction with the methyl- 
ation analysis, the sequence: D-Xylp-( I-3)-L-Rhap-( 1-2)- 
L-Arap-(1-. This sequence was also confirmed by NOE 
difference spectroscopy. Irradiation of the anomeric sig- 
nal of the rhamnosyl residue enhances the H-2 signal of 
the arabinopyranosyl residue and its own H-2 signal, 
inferring its own a-configuration. The anomeric configur- 
ations of the sugar residues in the trisaccharide were 
determined with ‘H and 13C NMR spectroscopy to be p- 
D-XylOpyranOSe (6” 4.49 J 7.3 Hz; b, 106.Q r-L-rhamno- 
pyranose (6, 5.2 1 J 1.8 Hz; 6clOl.7) and r-L-arabinopyr- 
anose (6, 4.54 J 6.0 Hz; 6, 104.8). Such a trisaccharide 
linked to hederagenin in the 3-position has been reported 
earlier [11] and j3C NMR spectra of these compounds 
were identical. 

extracted with EtOH in portions under vigorous stirring. The 

extract was filtered and the EtOH evapd to yield a gum which 

was then partitioned between 5% HCI and n-BuOH. The n- 

BuOH layer was evapd to dryness yielding crude material (600 g) 

containing saponins. 

The sequence of the reduced trisaccharide (3) is L- 
Rhap-(14)-D-Glcp-(1-6)-D-Glc-01. This was also con- 
firmed by NOE difference spectroscopy. Irradiation of 
the anomeric proton of the rhamnopyranosyl group 
enhanced the H-4 signal of the glucopyranosyl residue 
and its own H-2 signal. Irradiation of the H-l signal of the 
4-linked glucopyranosyl residue yielded enhanced signals 
for H-6 of the glucitol and for its own H-3 and H-5 
signals, demonstrating the linkage to the glucitol and the 
/J-configuration, respectively. The anomeric configur- 
ation of the sugars were determined from the ‘HNMR 
data, yielding !z-configuration for the rhamnopyranosyl 
group (6, 4.89 J 1.7 Hz) and P-configuration for the 
glucopyranosyl residue (6,4.50 J 8.1 Hz). The fi-configur- 
ation for the ester-linked glucopyranosyl residue (6, 
6.08 J 7.5 Hz) was determined from the ‘HNMR spec- 
trum of the saponin. The complete trisaccharide structure 
is thus r-L-Rhap-(1-4)~p-D-Glcp-( l-6)-B-D-Glcp-( l-. 

Isolation ofthe suponin. Crude material (5 g) was subjected to 

chromatography on a column of Sephadex LH-20 (80 x 2.6 cm) 

which was eluted with EtOH-HZ0 (1 :l). The first fraction 

contained one major saponin which was further purified by a 

column of silica gel eluted with CHCl,-MeOH (9: I) yielding 

pure saponin (90 mg), [a]Az ~- 11 (H ,O; c 0.2). 

Acidic hydrolysis qf‘the sapomn. Saponin (30 mg) was refluxed 

with 20% HCI in EtOH (1 : 1, 3 ml) for 2 hr. diluted with H,O 

and coned to remove most of the EtOH and then extracted with 

CHCI,. The sapogenin obtained from the organic phase was 

purified by chromatography on silica gel using CHCl,-- MeOH 

(24: 1) as solvent. The sapogenin was identical with hederagenin 

as shown by co-chromatography, MS and NMR spectroscopy. 

The aq. layer was further hydrolysed with 2 M CFJOOH and 
then coned to dryness. Part of the material was reduced with 

NaBH, in H,O (10 mg, 1 ml) and the soln was made acidic by 

addition of Dowex 50 (H’) after I! hr. The soln was filtered and 

coned to dryness, co-disd with MeOH (2 x 2 ml) and acetylated 

with Ac,O in pyridine (1: 1, 1 ml) at IOO- for 30 min. The alditol 

acetates were analysed by GC,MS. The other part of the 

hydrolysate was treated with 1 M HCI in (+)-2-BuOH (0.2 ml) 

at 100’ for 8 hr in a sealed tube. The mixture was then evapd to 
dryness, trimethylsilylated with bis (trimethylsilyl)trifluoroaceta- 

mide (BSTFA) in pyridine at 90 for 30 min, coned to dryness. 

dissolved in CHCI, and analysed by CC. 

Methylution analysis. Samples (1 mg) were methylated accord- 

ing to ref. [14]. The permethylated product was essentially 

analysed as described in ref. [IO] using a Sep-pak C,, cartridge 
for purification [l5] and borodeuteride as the reducing agent. 

Alkuline treatment oftAr suponin. Saponin (15 mg) was treated 

with 0.5 M NaOH in H,O (2 ml) for 14 hr at 85 The soln was 

made acidic with HOAc and extd with H,O-satd n-BuOH. By 

evapn of the organic solvent and purification on a column of 

Sephadex LH-20, eluted with H,O EtOH (I: I). the prosa- 

pogenin (8 mg) was obtained. 
On the basis of the results above, structures 1 and 2 are 

proposed for the saponin and the prosapogenin, respect- 
ively. Several saponins with hederagenin as the aglycone 
have been found in plants, most of them containing L- 

arabinose, D-XylOSe, D-glucose and L-rhamnose, which 
are glycosically linked to 0-3 [12]. From Anemone rivul- 
aris a similar saponin has been reported [13]. The only 
difference is that the D-XylOpyranOSyl group is replaced 
by a D-ribopyranosyl group in the saponin from A. 
rivuluris. 

The aq. layer was coned to dryness and the product passed 

through a Bio-Gel P-2 column eluted with HZO. A fraction 

containing a trisaccharide (3 mg) was obtained. 
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Abstract-A triterpenoid saponin mixture, obtained from the ethanolic extract of the aerial parts of Fagonia indica, 
was acetylated and a saponin isolated, which was characterized as 21,22a-epoxy-23-0-/?-D-glucopyranosyl-nahagenin 
after de-O-acetylation. The aglycone was found to be transformed to 2lcc,22b_dihydroxynahagenin during acidic 
hydrolysis. 

INTRODUCTION 

Extracts from the aerial parts of Fagonia indica L. are 
used in Pakistani traditional medicine [l, 2). In previous 
papers the isolation and identification of different types of 
compounds from F. indica were reported [3-51. 

Our continuing interest in the saponins of F. indica, due 
to their novel structures, has led to the isolation of a new 
saponin. This paper describes the isolation and structure 
elucidation of this saponin and the rearrangement of its 
aglycone during acidic hydrolysis. 

RESULTS AND DISCUSSION 

The ethanol extract of the aerial parts of F. indica 
afforded a fraction containing saponins upon precipit- 
ation with acetone. After acetylation of the crude product, 
followed by repeated chromatography on silica gel, an 
acetylated saponin was isolated. After de-0-acetylation 
and purification by chromatography on silica gel a 
saponin was obtained, which was designated saponin C 

(I). 

Analysis of the ‘H and 13C NMR spectra showed that 
saponin C contained a pentacyclic triterpenoid and one 
sugar residue. On acid hydrolysis of saponin C, D-glucose 
and a sapogenin (2) were obtained. The sugar was ana- 
lysed as the alditol acetate by GC/MS and the absolute 
configuration determined by GC of the glycosides obtain- 
ed by reaction with (+)-2-butanol and trimethylsilylation 

C61. 
The sapogenin (2) could be isolated from saponin C (1) 

after hydrolysis with acid and purification by silica gel 
chromatography. The IR spectrum of the sapogenin 
showed an absorption at 1740 cm-’ which indicated the 
presence of a six-membered ring lactone and a prominent 
absorption at 3460 cm-’ showed the presence of hydroxy 
groups. 

The sapogenin was further analysed by ‘H and 
13CNMR spectroscopy. Some “C-DEPT experiments 
[7] showed-that the sapogenin contained six Me, nine 
CH,, eight CH and seven quaternary carbons. The 
‘H NMR spectrum showed signals for five methyl groups 
attached to quaternary carbons (singlets) and one methyl 
group to a methine carbon (doublet). The spectra also 


