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Saponins from the Aerial Parts of Aralia continentalis
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Abstract — Seven triterpenoid saponins such as oleanolic acid 28-O-B-D-glucopy-
ranosyl ester, hederagenin 28-O-B-D-glucopyranosyl ester, chikusetsusaponin [Va,
udosaponin A, salsoloside C, udosaponins F and C were isolated from the aerial parts
of Aralia continentalis, among which two 28-O-B-D-glucopyranosyl esters of oleanolic
acid and hederagenin are isolated for the first time from this plant. These results
suggested that the chemical components of Korean Dokwhal are practically identical
to those of Japanese Udo supporting the chemotaxonomical point of view.
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Introduction

The roots of Aralia continentalis Kitagawa
(Araliaceae) have been used as an analgesic
and a remedy for labor pains and headache
in Korea. On the other hand, the roots of A.
cordata Thunb. are used to treat rheuma-
tism, lumbago, and lameness in Japan (Perry,
1980). Recently both plants are taxonomically
regarded as the synonymous plant (Lee, 1997).
A few number of diterpenes from root parts
have been isolated as active components for
analgesic and antiinflammatory agents (Han
et al., 1983; 1985; Okuyama ef al., 1991).
Eleven saponins from the aerial parts of A.
cordata and a number of terpenes from the
essential oils have also been identified (Kawai
et al., 1989; Yoshihara and Hirose, 1973, Ito
et al., 1978; Sawamura et al., 1989; Oku-
gawa et al., 1990). We have studied the an-
tioxidant components from the young shoots
of A. continentalis and isolated flavonoid gly-
cosides as active principles and adenosine
(Kim et al., 1995). Further studies on this
plant we have led to the isolation and iden-
tification of saponins from the aerial parts.

The present paper reports the isolation of sa-
ponins from the aerial parts of A. continen-
talis.

Experimental

General experimental procedures -
Melting points were measured on a Mitam-
ura-Riken apparatus and are uncorrected.
The IR spectra were obtained on a JASCO
FT/IR-5300 spectrometer. The NMR spectra
were measured in pyridine-d; either on a
Bruker AMX-500 or a Gemini 2000 instru-
ment, and the chemical shifts were refer-
enced to TMS. TLC was performed on silica
gel 60F,;, (Merck) and cellulose plates (Art
No. 5716, Merck).

Plant material —The aerial parts of A.
continentalis was collected in May 1993, Corp
Experimental Station, RDA, Suwon, Korea.

Extraction and isolation-The dried
aerial parts of A. continentalis (1.4 kg) was
extracted three times with MeOH at room
temperature. The MeOH extract was eva-
porated to dryness, and the dry residue was
partitioned in succession between H,0O and n-
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hexane, CHCl,, EtOAc and then n-BuOH af-
fording 37.3, 7.8, 10 and 53.5 g of the respec-
tive extracts. A portion of the BuOH fraction
(20 g) was subjected to SiO, column chromato-
graphy. Elution with CHCl;-MeOH-H,O (7:3:
1) gave 17 subfractions. Subfraction 14 was
purified by a column with SiQ, eluted with
EtOAc saturated with H,0-MeOH (gradient)
to give subfactions. Subfaction 8 and 9 were
separately crystallized from MeOH to give
compound 1. Subfraction 11 was crystallized
from MeOH to yield compound 2. A portion
of BuOH fraction (8 g) was treated with 0.02N
-H,80, in 60% dioxane solution overnight,
filtered and fractionated with BuOH. The
BuOH soluble portion was washed with water,
concentrated in vacuo to give residue which
was methylated with CH,N, to yield methy-
lated saponin fraction. The methylated sapo-
nin fraction was subjected to column chroma-
tography on SiO, eluted with CHCI;-MeOH-
H,0 (10:2:0.5) to give 25 subfractions. Sub-
fractions 4, 10, 14 and 23 were separately
chromatographed on a SiO, column with E-
tOAc, EtOAc saturated with H,O and EtOAc
saturated with H,O-MeOH (gradient) to give
compound 3 from subfraction 4, compound 4
from subfraction 10, and compound 5 from
subfraction 14, and compounds 6 and 7 from
subfraction 23, respectively.

Compound 1 was crystallized from MeOH
as needles, mp 237~240C; IR (KBr) Vi
3439, 1735, 1074 em™; ‘H NMR (pyridine-ds,
500 MHz) and “C NMR (pyridine-d;, 125.8
MHz): see Tables 1 and 2.

Compound 2 was crystallized from MeOH
as needles, mp 233~235C; IR (KBI) Vi
3430, 1736, 1076 cm™; '"H NMR (pyridine-d;,
300 MHz) and ®C NMR (pyridine-d;, 75.5
MHz): see Tables 1 and 2.

Compound 3 was crystallized from MeOH
as needles, mp 168~173C; IR (KBr) Vi
3447, 1734, 1041 cm™; 'H NMR (pyridine-d;,
500 MHz) and "“C NMR (pyridine-ds, 125.8
MHz): see Tables 1 and 2.

Compound 4 was crystallized from MeOH
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1 R=H
2 R=0OH

COOMe

OH
RO

OR,

3 R;=R;=H, R;=Xyl, R=Me

4 Ry=Ry;=R;=H, R =Glc

5 R=Rs;=H, R;=Xyl, Rs=Gle

6 R;=Gal, R;=H, R;=0H, R=Glc

7 R;=Gal, Ry=Xyl, Ry=H, R4=Gic

as stout needles, mp 197~205C; IR (KBr)
Vaex 3450, 1741, 1072 cm™; 'H NMR (pyridine-
d;, 500 MHz) and “C NMR (pyridine-d;, 125.8
MHz): see Tables 1 and 2.

Compound 5 was obtained as amorphous
powder, mp 229~231¢; IR (KBr) V... 3430,
1742, 1074 cm™; '"H NMR (pyridine-d;, 500
MHz) and *C NMR (pyridine-ds;, 125.8 MHz):
see Tables 1 and 2.

Compound 6 was obtained as amorphous
powder, mp 210~2157; IR (KBr) v,. 3422,
1736, 1074 cm™;, 'H NMR (pyridine-ds, 500
MHz) and “*C NMR (pyridine-d;, 125.8 MHz):
see Tables 1 and 2.

Compound 7 was obtained as amorphous
powder, mp 215~218¢; IR (KBr) v,.. 3424,
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Table 1. '"H NMR chemical shifts of the saponins in pyridine-d;

Proton 1 2 3 4 5 6 7
CH; 0.89 s 0.88 s 0.80 s 082 s 0.80 s 0.86 s 0.80 s
091 s 0.88 s 0.82 s 0.88 s 0.87 s 0.87 s 0.87 s
0.93 s 1.00 s 091 s 0.90 s 0.89 s 0.90 0.89 s
1.02 s 1.06 s 0.92 s 0.96 s 0.95 s 1.02 s 1.03 s
113 s 1.16 s 0.97 s 1.08 s 1.07 s 1.10 s 1.07 s
122 s 1.19 s 122 s 1.25 s 1.24 s 1.18 s 1.23 s
124 s 1.28 s 1.29 s 1.26 s 1.24 s
H-3 3.43 dd 421 m 3.30 dd 3.35 dd 3.29 dd
(5.7, 9.7 4.2, 11.7) (4.2, 11.7) (3.9, 11.5)
H-12 5.45 5.46 5.35 541 5.40 5.40 5.40
Anomeric H 6.31 d 6.35 d 491 d 498 d 4914d 513 d 4.86 d
(7.7) 8.1 (7.6) (7.7 (7.6) (7.6) (7.6)
495 d 6.31 d 4.95 d 5.28 d 491 d
(7.8) (8.2) (7.8) (1.1 (6.6)
6.32 d 6.31 d 5.23 d
(8.0) 8.1 (7.6)
6.32 d
8.1
COOCH, 3.85 s 3.72 s 3.85 s 3.66 s 383 s
3.69 s

Figures in parentheses are coupling constants in Hz.

1736, 1076 em™; 1H NMR (pyridine-ds, 500
MHz) and *C NMR (pyridine-ds, 125.8 MHz):
see Tables 1 and 2.

Acid hydrolysis of saponins - Acid hy-
drolysis of saponin was refluxed with 5%
HCI in 60% aqueous dioxane (10 ml) for 3 hr.
The resulting solution was evaporated und-
er reduced pressure, and the hydrolysate
was extracted with ether. The ether extract
was evaporated to yield oleanolic acid from
compounds 1, 4, 5 and 7, oleanolic acid me-
thylester from 3, and hederagenin from 2
and 6, which were identified by direct com-
parison with authentic samples. The H,O
layer was neutralized with Ag,CO,, filtered,
and the filtrate was concentrated under
reduced pressure. The residue was compared
with standard sugars by cellulose TLC [pyri-
dine-EtOAc-HOAc-H,0 (36:36:7:21)], which
indicated that the sugars to be glucose from
compounds 1 and 2, glucuronic acid and xy-
lose from 3, glucuronic acid and glucose
from 4, glucuronic acid, xylose and glucose
from 5, glucuronic acid, galactose, and glu-

cose from 6, and glucuronic acid, galactose,
xylose and glucose from 7.

Alkaline hydrolysis of compound 5-
Compound 5 (20 mg) was refluxed with 5%
alcoholic NaOH solution for 30 min, neu-
tralized with dil-HCI and filtered. The resi-
due was methylated with CH.N, followed by
column chromatographic purification on SiO,
eluted with EtOAc, EtOAc saturated with
H,0 and EtOAc saturated with H,O0-MeOH
(gradient) to give prosapogenin 5a. The phy-
sical properties and NMR spectra of the pro-
sapogenin 5a were in good agreement with
compound 3 by direct comparison.

Partial acid hydrolysis of saponin 7-
Compound 7 was refluxed with 0.5% HCl
in MeOH (10 ml) for 0.5hr. The resulting
solution was neutralized with Ag,CQO,, filt-
ered, and the filtrate was concentrated und-
er reduced pressure. The residue was com-
pared with standard saponins by TLC
[CHCl;-MeOH-H,O (10:2:0.5)], which indi-
cated that one of the prosapogenins to be
compound 5.
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Table 2. *C NMR chemical shifts of the saponins in pyridine-d;

Carbon No. 1 2 3 4 5 6 7

C-3 78.2 73.3 89.4 894 89.3 82.4 89.2

C-28 176.5 176.2 178.2 176.6 176.4 176.5 176.2

Me 51.8

C-3

GleA C-1 107.1 107.4 106.9 104.3 104.8
C-2 74.3 75.6 74.1 83.5 81.9
C-3 75.2 77.4 75.0 76.9 73.9
C-4 81.4 73.3 81.3 74.3 80.2
C-5 75.4 78.1 75.2 77.77 73.9
C-6 170.1 170.6 169.9 170.5 169.4
Me 52.6 52.2 52.4 52.1 52.2

Xyl C-1 105.5 105.3 105.0
C-2 76.0 75.9 75.2
C-3 78.2 78.0 77.8
C-4 70.9 70.7 705
C-5 67.6 67.4 67.1

Gal C-1 106.8 106.3
C-2 72.8 73.9
C-3 75.1 74.6
C-4 69.8 69.3
C-5 77.2 76.7
C-6 61.6 61.2

C-28

Gle C-1 95.8 95.2 95.9 95.8 95.8 95.5
C-2 74.2 73.3 74.3 74.1 74.6 74.3
C-3 79.3 78.7 79.1 78.9 794 8.7
C-4 71.3 72.6 714 71.2 71.2 70.9
C-5 79.0 78.1 79.5 79.3 79.0 79.1
C-6 62.4 61.4 62.5 62.3 62.3 62.0

Results and Discussion

The dried aerial parts of A. continentalis
was extracted with MeOH. The residue left
after evaporation of MeOH was successively
fractionated with hexane, CHCl; EtOAc and
n-BuOH. The n-BuOH fraction was sub-
jected to SiQ, column chromatography to
give subfractions, among which two non-
polar acylated saponins 1 and 2 were ob-
tained and identified as 28-0-B-D-glu-
copyranosyl esters of oleanolic acid and hed-
eragenin, respectively, by spectral data and
direct comparison with authentic samples. A
portion of BuOH fraction was methylated
with CH,N, and subjected to SiO, column
chromatography to give 3-7 which were as-

sumed to be saponins on the basis of their
positive colouration in Lijebermann-Bur-
chard and Molisch reagents. Acid hydrolysis
of the compounds yielded oleanolic acid ex-
cept compounds 3 and 6, which gave oleanol-
ic acid methylester and hederagenin, respec-
tively, as the aglycone and glucuronic acid
and xylose from 8, glucuronic acid and glu-
cose from 4, glucuronic acid, xylose and glu-
cose from 5, glucuronic acid, galactose, and
glucose from 6, and glucuronic acid, galac-
tose, xylose and glucose from 7 as sugar com-
respectively. These results in-
dicated that compounds 4-7 suggested to be
bisdesmosides. Compound 3 showed two
anomeric proton resonances at §4.91 (1H, d,
J=7.6 Hz) and 4.95 (1H, d, J=7.8 Hz) in its

ponents,
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'H NMR spectrum, suggesting that 3 con-
tains 1 mol each of glucuronic acid and xy-
lose in the molecule. It showed signals for
the typical terminal xylosyl unit as well as
a downfield shifted carbon signal for glu-
curonic acid C-4 at 881.4 ppm in the *C
NMR spectra suggesting that xylosyl unit
was linked at C-4 of glucuronic acid. There-
fore the structure of 3 was determined as
oleanolic acid 3-O-B-D-xylopyranosyl(1 — 4)-
B-D-glucuronopyranoside (udosaponin A)
which was isolated from Japanese Dokwhal,
Udo (Kawai et al, 1989). The assighments
of '"H and "C NMR data of sugar moieties
were carried out by using homo COSY,
TOCSY and HMQC and supported the a-
bove conclusion (Kang, 1996). Compound 4
exhibited two anomeric proton signals at
84.98 (1H, d, J=7.7Hz) and 6.31 (1H, d, J=
8.2 Hz) in its '"H NMR spectrum. Taking into
account one set each of B-D-glucopyranose
(8¢ 95.9, 74.3, 79.1, 71.4, 79.5, 62.5) and B-D-
6-O-methyl glucuronopyranose (3. 107.4, 75.6,
77.4, 73.3, 78.1, 170.6, 52.2) in the “C NMR
signals, B-D-6-O-methyl glucuronopyranose
was linked at C-3 and B-D-glucopyranose
was acylated at C-28 in the molecule. Ac-
cordingly, compound 4 was determined to be
3-0-B-D-glucuronopyranosyl oleanolic acid
28-0-B-D-glucopyranosyl ester (silphioside A;
chikusetsusaponin IVa). This compound is
one of the well-known saponin and has
found in a number of plants (Kang, 1996).
Compound 5 is one of major components
and showed three anomeric signals (84 4.91,
d, J=7.6 Hz; 4.95, d, J=7.8 Hz and 6.32, d, J=
8.0 Hz; 8. 106.9, 105.3 and 95.8) in its NMR
spectrum. In the *C NMR spectrum, it show-
ed signals for udosaponin A moiety as well
as a set of the acylated glucose unit. Sa-
ponification of 5 with KOH followed by chro-
matographic purification afforded a prosapo-
genin(5a) which was identified as udosa-
ponin A methylester by direct comparison
with an authentic sample. Therefore, the
structure of compound 5 was determined to
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be 3-O-B-D-xylopyranosyl(1 — 4)-B-D-glucuro-
nopyranosyl oleanolic acid 28-O-8-D-gluco-
pyranosyl ester (salsoloside C). Compound 6
showed three anomeric signals (84 5.13, d, J=
7.6 Hz; 5.28, d, J=7.7Hz and 6.31, d, J=8.1
Hz; 8. 104.3, 106.8 and 95.8) in its NMR
spectrum, which suggested that saponin 6 is
a hederagenin bisdesmosidic trisaccharide
carrying an acylated glucosyl moiety linked
at C-28, and a galactosyl-6-O-methylglucuro-
nosyl unit at C-3 of hederagenin. The
HMQC and DEPT experiments permitted as-
signments of the interglycosidic linkages by
comparison of the C shifts observed with
those of the corresponding methyl py-
ranosides and taking into account the
known effects of glycosidation (Seo et al.,
1978). Therefore the structure of compound 6
was deduced to be 3-O-f-D-galactopyranosyl
(1 - 2)-B-D-glucuronopyranosyl hederagenin
28-O-B-D-glucopyranosyl ester (udosaponin
F) which was isolated from A. cordata. Com-
pound 7 suggested an oleanolic acid bis-
desmosidic tetrasaccharide. Analysis of
NMR data of compound 7 and comparison
with those of 6 showed 7 to differ from 6
only in the presence of one additional xy-
losyl unit. The additional xylosyl unit was lo-
cated C-4 of glucuronopyranosyl unit on the
basis of the analysis of its spectral data.
These results were further supported by the
partial acid hydrolysis of this compound.
Partial acid hydrolysis of compound 7 gave
prosapogenins, one of which was identical
with salsoloside C(5). From the above
results, the structure of saponin 7 was det-
ermined to be 3-O-B-D-galactopyranosyl(l—
2)-[B-D-xylopyranosyl(l — 4)]-B-D-glu-
curonopyranosy! oleanolic acid 28-O-3-D-glu-
copyranosyl ester (udosaponin C). In light of
the above observations, it is suggested that
the chemical components from Korean
Dokwhal (Aralia continentalis) are prac-
tically identical to those of Japanese Udo (A.
cordata) supporting the taxonomical point of
view.
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