A New Triterpene Saponin from Chenopodium ficifolium
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The new triterpene saponin 3-O-f3-b-glucopyranoside, 28-3-p-glucopyranosyl-(1—2)-f-p-glu-
copyranosiduronic acid oleanolate was isolated from the roots of Chenopodium ficifolium.
The known compounds stigmasterol-3-O-glucoside and 3-O-f-p-glucopyranosiduronic acid,
28-pB-p-glucopyranosyl oleanolate were also isolated. The latter compound, oleanolic acid,

[-sitosterol and its glucoside were isolated from the aerial parts. The identity of these com-
pounds was verified through different chemical and physico-chemical evidences including

different 1D and 2D NMR experiments.

Introduction

Plants of the family Chenopodiaceae are used
for treatment of many ailments (Watt and Breyer-
Brandwijk, 1962). Alkaloids, phenolic acids, sapo-
nins, glycosides and glycuronides were reported
(Gibbs, 1974; Hussein, 1985). Saponins of Cheno-
podiaceae were found to exhibit hypoglycemic ac-
tivity (Yoshikawa et al., 1996; 1997). In a previous
publication, Chenopodium ficifolium was reported
to contain kaempferol-3,7-dirhamnoside (Gohar
and El-Mazar, 1997). This report describes the iso-
lation and the identification of triterpene saponins
from C. ficifolium.

Results and Discussion

Solvent partition and repeated chromatographic
purification over amberlite XAD-2, diion resin,
normal phase and Rp-C18 silica of the methanol
extracts of both roots and aerial parts of C. ficifo-
lium afforded four compounds from the aerial
parts (1-3 and 5) and three from the roots (4-6).
Structural determination of compounds 5 and 6
was based on chemical reactions, 1-D- and 2-D
NMR experiments (H-H-COSY, HMBC, HSQC,
NOE).

Compound 5 gave positive Salkoweski and Mo-
lisch’s reactions indicating its triterpenoid glyco-
sidic nature (Finar, 1991). Its R; value is 0.18 and
on alkaline hydrolysis (Debella et al., 2000) it af-
forded prosaponin having R; value 0.21 using S2.

Glucose was detected as the sugar moiety after
alkaline hydrolysis and glucuronic acid as the
sugar of the prosaponin after acid hydrolysis using
S8 and S9. The aglycone was found to be oleanolic
acid (co-chromatography with reference sample
using S4 and S5). Positive FAB-MS of 5 afforded
pseudomolecular ion at m/z 833 (M+K)*, 817
(M+Na)*, calculated for CyHggOq4, and 633
(M- glucose)™, 617 (m-glucuronic acid)*, 477 (agly-
cone—H,O+K)*, 439 (aglycone+1-H,O)*. This
fragmentation pattern indicated the presence of
glucose, glucuronic acid and oleanolic acid moie-
ties. Fragment at m/z 439 was characteristic for the
presence of oleanolic acid (Konishi et al., 1998).
The 'H and '3C-NMR data, shown in Table I and
experimental and comparison with the reported
data (Tori et al., 1974; Schopke et al., 1997), con-
firmed the previous deduction. Glycosidations at
position-28 and -3 were concluded from the chemi-
cal shifts of both carbons, where an upfield shift
of C-28 from 8 179-180 to 6 175-176 (Yoshikawa
et al., 1996; 1997) and a downfield shift of C-3 by
ca. 5-12 ppm (Agrawal, 1992) were observed.
Chemical shift of C-1” of the glucose at & 94 con-
firmed its glycosilation at C-28 (Ye et al., 2000).
Moreover, correlation between the anomeric pro-
ton of this glucose moiety, H-1" at 6 5.24 and the
C-28 at & 175.1, in HMBC experiment, confirmed
this conclusion. Location of the uronic acid at po-
sition-3 was concluded from the correlation of its
H-1" at 6 4.12 with C-3 at 6 87.8 in HMBC experi-
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ment and NOE of that proton with H-3 at & 3.02.
Thus, 5 was concluded to be 3-O-3-p-glucopyra-
nosiduronic acid, 28-f-D-glucopyranosyl-oleano-
late. This compound was previously reported in
rhizomes of Panax japonicum (Lin et al., 1976) and
in the roots of Beta vulgaris (Yoshikawa et al.,
1996).

Compound 6 showed close similarity to § in its
chemical reactions as well as its NMR and MS
spectra. Positive FAB-MS displayed m/z 995
(M+K)*, 979 (M+Na)*, and 957 (M+1)"* ions, cal-
culated for C4gH760,9, in addition to 833 (M+K-
hexose)*, 817 (M+Na-hexose)* fragments. Loss
of sugar moieties from the Na or K fixed ions in
FAB-MS is reported for similar compounds (De-
bella et al., 2000). Since compound 5 displayed the
latter two fragments (m/z 833 and 817) as K and
Na fixed molecular ions, 6 should be 5 with one
extraterminal hexose unit (Crow et al., 1986). Al-
kaline hydrolysis of 6 afforded prosaponin having
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Ry value 0.29 using S2 indicating that the prosapo-
nin of 6 was less polar than that obtained from 5
(R; 0.21, S2). The aglycone of both 5 and 6 was
oleanolic acid (co-chromatography, using S4 and
S5). Detection of glucose and glucuronic acid as
the sugar moieties in 6 and only glucose in 5, after
alkaline hydrolysis using S8 and S9, indicating that
the first two sugar are attached to C-28 in 6. Acid
hydrolysis of the prosaponin of 6 afforded glucose,
indicating that it is the sugar at position-3. This
conclusion was confirmed by NOE, between the
anomeric proton of glucose (H-1") at 8 4.15, and
H-3 of the aglycone at 8 3.01 suggested that gly-
cosilation of that hexose occurred at position-3.
Moreover, H1' is correlated with C-3 at 6 87.8 in
HMBC spectrum which confirmed that conclu-
sion. H-1" signal at 8 5.23 assigned for glucuronic
acid, is correlated with C-28 at 6 175.1 in HMBC
spectrum proved that the uronic acid is connected
to C-28 of the oleanolic acid. Correlation between
the anomeric proton of another glucose moiety at
0 4.41 and C-2" of the uronic acid at 6 83.2 in
HMBC experiment, confirmed that the terminal
glucose is linked to position-2 of the glucuronic
acid at position-28 of oleanolic acid. Thus, 6 was
concluded to be 3-O-f-bp-glucopyranoside, 28-3-p-
glucopyranosyl-(1—2)-3-p-glucopyranosiduronic
acid oleanolate which is a newly reported natural
product.

Compounds 1, 2, 3 (from aerial parts) and 4
(from roots) were identified as 3-sitosterol, olea-
nolic acid, B-sitosterol glucoside and stigmasterol
glucoside, respectively. Their R; values using dif-
ferent chromatographic systems S2, S3, S4 and S5,
were comparable with those of reference samples.
These compounds gave positive reactions for ste-
rols and/or triterpenes (Finar, 1991) and their IR
spectra are superimposable with those of refer-
ence samples. Their 'H, *C-NMR and MS spectral
data are comparable with the reported data (Tori
et al., 1974; Lin et al., 1976; Patterson, 1984,
Tandon et al., 1990; Pauchert and Behnke, 1993;
Gohar et al., 2000). Moreover, as a result of acid
hydrolysis of the glucosides 3 and 4, p-sitosterol
and stigmasterol were proved to be the aglycone
moieties, respectively (co chromatography with
reference samples using S4 and S5) and glucose
was the sugar moiety (PC using S8 and S9).
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Table 1. 3C-NMR of compounds 5 and 6.
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C# Compound § Compound 6 C# Compound § Compound 6

1 38.2 38.2 R'3; 1 GIcA 105.3 Glc 104.7

2 25.3 253 2 73.7 73.7

3 87.8 87.8 3’ 77.6 77.1

4 40.0 40.0 4’ 72.2 72.8

5 54.9 54.9 5’ 76.5 75.9

6 17.7 17.7 6 172.9 61.1

7 31.5 31.5

8 38.9 38.9 R"28; 1" Glc  94.0 GlcA 94.0

9 47.0 47.0 2" 73.9 83.2

10 38.6 38.6 3" 77.6 77.7

11 22.9 22.9 4" 72.2 72.3

12 121.6 121.6 5" 76.7 76.9

13 143.4 143.4 6" 60.6 175.1

14 41.2 41.2

15 271 271 R"28; 1" 103.9

16 22.4 22.5 2" 73.4

17 45.4 45.5 3" 76.6

18 40.7 40.7 4" 72.1

19 45.8 45.8 5" 75.5

20 30.2 30.2 6" 60.6

21 33.2 33.2

22 32.2 322 O Value is expressed in ppm at 150 MHz in

23 27.6 27.5 DMSO-dg.

24 16.4 16.4

25 15.2 15.1

26 16.6 16.6

27 25.4 25.4

28 1751 1751

29 32.6 32.6

30 23.3 233

Experimental man filter paper No 1 and solvent mixtures
consisted of butanol-benzene-pyridine—water

General

Mps uncor., IR spectra in KBr discs, on Buck
Scientific INC. Infrared Spectrophotometer
Model 500. NMR spectra were run at 600 or 400
MHz ('H) and 150 or 100 MHz (3C) in DMSO-d,
or CD;0D using solvent peak as internal standard
(JEOL JNM A-600 & 400). Two-dimensional
NMR experiments were preformed using standard
programs. MS was obtained by positive and nega-
tive FAB (JEOL JMS MS-700). Planer chromato-
graphic systems were performed on silica gel chro-
matoplates GF,s4; using solvent mixtures as
follows: CH,Cl,-CH;OH (9.5:0.5 v/v) SI;
EtOAc-CH;0H-H,O (100: 20:10 v/v/v) S2;
CH,Cl,—MeOH-H,0 (10:4:0.5 v/v/v) S3; petro-
leum ether—EtOAc (7:3 v/v) S4; petroleum ether—
EtOAc (1:1 v/v) S5; CH,Cl,-MeOH (9:1 v/v) S6;
on silica gel Rp-C18 using H,O-CH;OH (4:6 v/v)
S7; vanillin/H,SO, spray; and on PC using What-

(4:1:3:3 v/v/v/v) S8 and butanol —acetic acid—water
(5:1:4 v/vIv) 89, descending, aniline hydrogen pha-
thalate spray. Reference samples of oleanolic acid,
[-sitosterol, stigmasterol and their glucosides were
obtained from materials previously isolated and
identified in Pharmacognosy Department, Faculty
of Pharmacy, Mansoura University.

Plant material, extraction and isolation

Chenopodium ficifolium was collected from the
vicinity of Mansoura University in May 2000. Its
identity was confirmed by Dr. I. Mashaly, Associ-
ate Prof. of systematic botany, Faculty of Science,
Mansoura University. A voucher sample is kept at
the Pharmacognosy Department, Faculty of Phar-
macy, Mansoura University. Powdered aerial parts
(850 g) were extracted with methanol to afford
196 g semisolid greenish residue after solvent
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evaporation. The methanol extract was defatted
with petroleum ether to yield 156 g. Powdered
root (600 g) was extracted with methanol to afford
a 32 g residue after solvent evaporation. It was de-
fatted with petroleum ether to yield 26 g as a semi-
solid dark brown residue.

The defatted residue of the aerial parts was
loaded on top of a separating funnel containing
600 g of Rp-C18 and gradient elution was adopted
using H,O, 25% MeOH/H,0, 50%, 75% and
100%, two liter each. Fractions eluted with 25%
and 50% MeOH were combined and after solvent
evaporation afforded 11.5g residue which was
dissolved in water and passed over Amberlite
XAD-2 (non-ionic adsorbent, polymer, mesh size
20-60, moisture content 38%), after water elution
the alcohol eluate afforded 8-5.5 g, after solvent
evaporation. This residue was dissolved in water
and passed over Diion resin, washed with water
then eluted with alcohol. The alcohol eluate gave
4.8 g residue. This residue was loaded on Si gel
column (150 g, 2.5 x 100 cm) and elution started
with CH,Cl, followed by MeOH/CH,Cl, mixtures,
gradient, 250 ml fractions were collected. Frac-
tions 6—7 eluted with 5% MeOH contained single
component R; 0.38 (S6) and 0.80 (S2) (compound
3, 35 mg, white needles). Fractions 30-32 eluted
with 25% MeOH contained 5.

Fractions 4-5 loaded on Si gel column (100 g,
2.5 x 80 cm), elution was started with petroleum
ether, 5 x 100 ml; 5% EtOAc/ petroleum ether,
5x 100 ml; 20% EtOAc, 9 x 100 ml; 30% EtOAc,
5 x 100 ml; 50% EtOAc, 8 x 100 ml. Fractions
2-3 and fractions 4-6 of 20% eluate, each con-
tained single component R; 0.52 and 0.43 (S4) and
0.82 and 0.75 (S5), respectively. Both components
were recrystallized from hot methanol to yield
compounds 1 (72 mg colourless needles) and 2
(15 mg, colourless needles) which are consistent
with [-sitosterol and oleanolic acid, respectively.
Fractions 1-5 of 50% eluate contained a single
spot, R; 0.33 and 0.43 using S4 and S5 respectively
(not furtherly investigated due to its poor yield).

The defatted root extract (25 g) was adsorbed
on 50 g SiO, and loaded on top of silica gel column
(350g, 63-200u, 3 x 100 cm) using MeOH/
EtOAc as solvent and adopting gradient elution
technique (0%, 5%, 10%, 15%, 20, 25, 30, 35, 40,
50 and 100%), using 1 liter each. Fractions 300—
500 ml were collected. Fractions eluted by 5-20%
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contained terpenoid compounds, which gave red
colour after spraying with vanillin sulfuric acid
reagent followed by heating with heat gun for
5 sec. The combined fractions afforded 4.5 g resi-
due, after solvent evaporation under reduced pres-
sure. The residue was loaded on 100 g Si gel pre-
packed column. Elution started with EtOAc fol-
lowed by EtOAc—MeOH, gradient 50 ml fractions
were collected: frs.1-10 (EtOAc), frs.11-16 (2.5%
MeOH), frs.17-21 (5% MeOH), frs.22-33 (10%
MeOH), frs34-38 (15%  MeOH), frs.
39-56 [EtOAc-MeOH-H,O (10:2:1v/v/v)]. Frac-
tions 12—16 contained compound 4. Fractions 40—
41 contained 5; fractions 42—-56 contained 5 and 6
mixture. The residue after solvent evaporation of
fractions 42-56 was loaded on Si gel Rp-C18
(50 g), elution was continued with MeOH-H,O
(1:1 v/v) and 20 ml fractions were collected. Frac-
tions 17-38 contained the same components. The
residue after solvent evaporation was re-loaded on
normal phase Si gel column (80 g) and elution
was done isocratic using CH,ClL,—MeOH-H,O
(10:4:0.5 v/v/v) mixture and 20 ml fractions were
collected. Fracions 22-32 contained 5, fractions
33-41 contained mixture of 5§ and 6 and fractions
42-50 contained 6. After solvent evaporation of
the mixed fractions the residue was subjected to
repeated isolation by the same procedure to enrich
the isolated 5§ and 6 to 66 mg and 30.6 mg, respec-
tively.

3-O-B-p-glucopyranosiduronic acid, 28-p-p-glu-
copyranosyl-oleanolate 5: needles, m.p. 220-222°,
Ry; S2- 0.18, S3- 0.37 and S7- 0.23. Positive FAB-
MS: m/z 833 (M+K)*, 817 (M+Na)*, 633 (M+1-
glucose)*, 617 (M+1-glucuronic acid)*, 477 (agly-
cone-H,O+K)*, 439 (aglycone+1-H,O)*. IR
(KBr) Viax cm~! 3450, 3425, 1740, 1735, and 1075.
'H-NMR (600 MHz, DMSO-d6): & 0.68, 0.75, 0.87,
0.96, 1.08 (3H, each, all s, 25, 30, 26, 23, 27-CHs;),
0 0.86 (6H, s, 24, 29 CH3). 8 3.02 (1H, dd, J 4.5,
12 Hz, H-3a), 0 5.16 s H-12. Gle-28: & (ppm) 5.24
(1H, d, J 8 Hz, H-1"); 3.10 m, H-2"; 2.95 m, H-3";
3.13 m, H-4"; 2.95 m, H-5"; 3.62 (1H, d, J 11.3 Hz,
H-6"a);3.43 (1H, dd,J 11.3,4.5 Hz, H-6"b). GlcA-3:
04.12 (1H,d,J 7.8 Hz, H-1"); 3.10 m, H-2"; 3.18 m,
H-3; 3.28 m, H-4'; 3.45 m, H-5'.

3-0O-B-p-glucopyranoside, 28-f-D-glucopyrano-
syl-(1—2)-p-b-glucopyranosiduronic acid oleano-
late 6: amorphous powder, R; S2 0.11, S3 0.21 and
S7 0.38. FAB™MS: m/z 995 (M+K)*, 979
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(M+Na)*, 957 (M+1)*, 833 (M+K-glucose), 817
(M+Na-glucose)*, 633 (M+1-2 glucose units)™,
617 (M+1-glucuronic acid-glucose)*, 477 (agly-
cone—H,O+K)*, 439 (aglycone+1-H,O)*. IR
(KBY) Vpay cm~! 3450, 3425, 1740, 1735, and 1075.
"H-NMR (600 MHz, DMSO-d6): & 0.68, 0.74, 0.75,
0.96, 1.07 (3H, each, all s, 25, 30, 26, 23, 27-CH3;),
0 0.87 (6H, s, 24, 29 CH3). ¢ 3.01 (1H, m, H-30),
0 5.16 s H-12. GlcA-28: 6 (ppm) 5.23 (1H,d,J 7.8
Hz, H-1"); 325 m, H-2"; 321 m, H-3"; 3.42 m,
H-4"; 3.36 m, H-5". Gle (terminal): 0 4.41 (1H, d,
J 8.4 Hz, H-1"); 3.19, H-2"; 3.39, H-3"; 3.41, H4";
3.09, H-5"; 3.62 (d, J 13.8 Hz, H-6"b); 3.67 (d,
J 10.2 Hz, H6"a). Gle-3: 6 4.15 (1H, d, J 8.4 Hz,
H-1"); 3.14 m, H-2'; 3.38 m, H-3; 6 3.53 m, H-4';
3.05 m, H-5"; 6 3.62 (d, J 13.8 Hz, H-6'b); 3.67 (d,
J 10.2 Hz, H6'a).

Alkaline hydrolysis

Ten mg (glycoside 5 and 6) were refluxed in 5%
KOH (5 ml) for 2 h. The mixture was adjusted to
pH 6 with 1 N HCI, then extracted twice with 3 ml
n-BuOH (saturated with water). The organic
phase yielded the corresponding prosaponin, and
the aqueous hydrolysates contained glucose for
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compound S5 and glucose and glucuronic acid for
compound 6, using S8 and S9, after the repeated
acid hydrolysis of the resulted disaccharide (De-
bella et al., 2000).

Acid hydrolysis

The prosapogenins of the alkaline hydrolysis
were refluxed with 10 ml HCI (10%) on a steam
water bath for 3 h. Extraction with CHCIl; af-
forded aglycones. The aglycone of compounds 5
and 6 was found identical with oleanolic acid (co-
TLC using S4 and S5). The aqueous hydrolysates
were subjected to paper chromatography to detect
the sugar moieties which was glucuronic acid for
5 and glucose for 6 using S8 and S9 (Debella et al.,
2000). Compounds 3 and 4 were subjected to acid
hydrolysis according to Tandon, et al., 1990.

Acknowledgements

The authors are very thankful to Dr. Ibrahim
Mashaly, Associate Professor of Systematic Bot-
tany, Faculty of Science, Mansoura University,
Egypt, for confirming the identity of the investi-
gated plant. This work is dedicated to the spirit of
our late colleague Dr. Sabry A. Awad (1954-
1995).

Hussein F. T. K. (1985), Medicinal Plants in Libya, 1% ed.
Arab Encyclopedia House, pp. 244, 772 .

Konishi M., Hano W., Takayama M., Nomura T., Ham-
zah A. S., Ahmad R. B. and Jasmani H. (1998), Triter-
penoid saponins from Hedyotis nudicaulis. Phyto-
chemistry 48, 525-528.

Lin T. D., Kondo N. and Shoji J. (1976), Studies on the
constituents of Panacis japonici rhizoma. V. 1 The
structure of chikusetsusaponin I, Ia,Ib, Iva and glyco-
side P;, Chem. Pharm. Bull. 24, 253 -261.

Patterson G. W. (1984), Chemical and physical methods
in the analysis of plant sterols. In: Isoprenoids in
Plants, Biochemistry and Function (David Nes W.,
Fuller G. and Tsai L., eds). Marcel Dekker, New
York, pp. 293-323.

Pauchert J. C. and Behnke J. (1993), The Aldrich Library
of 3C and 'H NMR Spectra, Vol. 3, 569A, 569B and
595B.

Schopke T., Al-Tawaha C., Wray V., Nimtz M. and Hiller
K. (1997), Triterpenoid saponin from Aster belli-
diastrum. Phytochemistry 45, 125-132.

Tandon M., Shukla N. Y. and Thakur S. R. (1990), Ste-
roid glycosides from Asparagus adscendens. Phyto-
chemistry 29, 2957-2959.



602 A. A. Gohar et al. - Saponins from Chenopodium ficifolium

Tori K., Seo S., Shimaoka A. and Tomita Y. (1974), Car-
bon-13-NMR spectra of olean-12-ene. Full signal as-
signments including quaternary carbon signals as-
signed by the use of indirect *C, 'H spin couplings.
Tetrahedron Lett. 48, 4227 -4230.

Watt J. M. and Breyer-Brandwijk M. G. (1962), Medici-
nal and Poisonous Plants of Southern and Eastern
Africa, 2. ed. E&S Livingstone LTD, London,
pp. 184-192 .

Ye W., Zhang Q., Liu X., Che C. and Zhao S. (2000),
Oleanane saponins from Gymnema sylvestre. Phyto-
chemistry 53, 893-899.

Yoshikawa M., Murakami T., Kadoya M., Matsuda H.,
Muraoka O., Yamahara J. and Murakami N. (1996),

Medicinal foodstuffs. III. Sugar beet. (I): Hypoglyce-
mic oleanolic acid oligoglycosides, betavulgarosides I,
I1, II1, and IV, from the root of Beta vulgaris L. (Che-
nopodiaceae). Chem. Pharm. Bull. 44, 1212-1217.

Yoshikawa M., Shimada H., Morikawa T., Yoshizomi S.,
Matsumura N., Murakami T., Matsuda H., Hori K.
and Ymahara J. (1997), Medicinal foostuffs. VII. on
the saponin constituents with glucose and alcohol ab-
sorption-inhibitory activity from a food granish “Ton-
buri” the fruit of Japanese Kochia scoparia (L.)
Schrad.: Structure of scoparianosides A, B, and C.
Chem. Pharm. Bull. 45 , 1300-1305.



