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Three new lupane-type saponins, acankoreosides F—H (1—3) were isolated from the methanol extract of
the leaves of Acanthopanax koreanum NakAl The structures of these three saponins were established by chemical
and spectroscopic analysis as 3,30-dihydroxylup-20(29)-en-23,28-dioic acid 28-O-| o-L-rhamnopyranosyl-(1—4)-
B-p-glucopyranosyl-(1—6)-B-p-glucopyranosyl] ester (1), 3@,30-dihydroxylup-23-al-20(29)-en-28-oic acid 28-O-
[ @-L-rhamnopyranosyl-(1—4)-B-p-glucopyranosyl-(1—6)-B-p-glucopyranosyl] ester (2), and (20S) 3 o-hydroxy-
lup-23-al-28,29-dioic acid 28-O-[ o~L-rhamnopyranosyl-(1—4)-B-p-glucopyranosyl-(1—6)-B-p-glucopyranosyl]
ester (3), respectively. The effects of the isolates (1—3) on the lipopolysaccharide-induced production of nitric
oxide and prostaglandin E, were evaluated in RAW 264.7 macrophages.
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Acanthopanax koreanum is a shrub that belongs to the
Araliaceae family and is found in Northeast Asia. Acan-
thopanax species, such as, A. senticosus, A. gracilistylus, A.
obovatus, and A. giraldii have been used to treat rheumatism,
allergies, and diabetes,' ™ and the root and stem bark of A.
koreanum are used as a tonic, as a prophylactic, and to treat
rheumatism, paralysis, hepatitis, and diabetes by practitioners
of oriental medicine.>® The biological activities of lignans
and diterpenes from the roots and stems of 4. koreanum have
been well established.”'" In addition, our group has previ-
ously reported on lupane-triterpene glycosides, such as,
acankoreosides A—E, obtained from the leaves of A. kore-
anum.'* 19

During our on-going investigation of the bioactive princi-
ples of A. koreanum, we isolated and determined the struc-
tures of three lupane-type saponins, 3,30-dihydroxylup-
20(29)-en-23,28-dioic  acid 28-O-[ ¢-L-rhamnopyranosyl-
(1—4)-B-p-glucopyranosyl-(1—6)-B-p-glucopyranosyl] ester
(1), 3,30-dihydroxylup-23-al-20(29)-en-28-oic acid 28-0O-
[ o-L-rhamnopyranosyl-(1—4)-B-b-glucopyranosyl-(1—6)--
D-glucopyranosyl] ester (2), and (20S) 3o-hydroxylup-23-
al-28,29-dioic acid 28-O-[a-L-thamnopyranosyl-(1—4)--b-
glucopyranosyl-(1—6)-S-p-glucopyranosyl] ester (3), which
we refer to as acankoreosides F—H, respectively. In addition,
we evaluated their anti-inflammatory activities in RAW 264.7
macrophages.

Results and Discussion

Compound 1 was obtained as a white amorphous powder
of molecular formula C,¢H,0,,, as determined by HR-FAB-
MS (molecular ion at m/z 971.4863 attributed to [M—H]").
The structure of 1 was established by comparing its chemical
shifts to those of acankoreoside A 4 in 'H-NMR spectra,'® 1
differed from acankoreoside A due to a hydroxylated methyl-
ene group at 0 4.42 and 4.47 (each d, J=15.3 Hz) rather than
the secondary methyl group at C-30 in acankoreoside A. The
position of this methylene group (C-30) was elucidated due
to correlations in the HMBC spectrum between C-20 at &
156.5 and H-18 (8 1.91), H-19 (6 3.33), H-29 (J 5.08) and
H-30 (& 4.42, 447) of 1. The 'H-NMR spectrum of 1
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showed signals due to four tertiary methyl groups at 6 0.89,
0.92, 1.17 and 1.44 (each 3H, s), one secondary methyl
group at 6 1.69 (3H, d, J=6.0 Hz), which was assigned to H-
6 of rhamnose, three anomeric protons due to two hexosyl
residues at 6 6.30 (1H, d, J=8.0Hz) and 4.96 (1H, d,
J=7.9Hz), and one 6-deoxyhexosyl residue at § 5.82 (1H,
brs); as detailed in Tables 1 and 2. Furthermore, the 'H-
NMR spectrum of 1 showed characteristic signals for H-19 at
6 3.33 (1H, dt, J=3.6, 11.5Hz), H-13 at 6 2.61 (1H, m), H-5
at 6 2.48 (1H, brd, J=11.0Hz), and H-3 at 6 4.21 (1H, over-
lapped), which suggested an aglycone with a 3 o-hydroxy-
lupan-28-oic acid skeleton. The 'C-NMR spectrum of 1
showed signals at 6 175.1 and 181.2, indicating the presence
of an ester carboxyl group at C-28 and a free carboxylic acid
at C-23 on the triterpene moiety. The assignment of the «-
hydroxyl group at C-3 was performed by comparing spectral
data to literature values.'*'® Observed chemical shifts of C-
1(6 33.2), C-5 (6 45.4) and C-24 (6 18.2) in the aglycone of
1 confirmed the axial a-position of the 3-hydroxyl group by
comparing the corresponding signals of the 3 -epimer deriv-
ative [8 value for 39.4 (C-1), 52.4 (C-5) and 11.3 (C-24)].'9

Ry R,
1 (acankoreoside ) COOH CH,OH Ry R,
2 (acankoreoside Gy CHO  CH,OH 3 (acankoreoside H) CHO COOH

Fig. 1. Compounds 1—3 Isolated from Acanthopanax koreanum

© 2008 Pharmaceutical Society of Japan



1614 Vol. 56, No. 11
Table 1. NMR Data of Acankoreosides F—H (1—3) (125, 500 MHz, Pyridine-d;)
1 2 3
No.
Oy (mult., Hz) OS¢ Oy (mult., Hz) OS¢ Oy (mult., Hz) OS¢
1 1.44, 1.81 (m) 332 1.45, 1.94 (m) 33.1 1.49, 1.80 (m) 33.1
2 1.93, 1.98 (m) 26.1 1.75, 1.94 (m) 26.7 1.76, 1.93 (m) 26.7
3 4.21 (overlapped) 72.8 4.01 (brs) 73.0 4.02 (brs) 73.0
4 51.8 52.5 52.5
5 2.48 (brd, 11.0) 45.4 2.40 (brd, 12.1) 44.0 2.42 (brd, 13.3) 44.0
6 1.58, 1.81 (m) 21.7 1.16, 1.45 (m) 20.9 1.10, 2.15 (m) 21.1
7 1.31, 1.69 (m) 345 1.23, 1.57 (m) 34.1 1.25,1.59 (m) 34.1
8 41.8 41.8 41.8
9 1.61 (m) 51.0 1.57 (m) 50.6 1.66 (m) 50.2
10 374 36.9 36.9
11 1.31, 1.45 (m) 21.0 1.07, 1.33 (m) 21.0 1.19, 1.48 (m) 20.8
12 1.17, 1.68 (m) 27.1 1.16, 1.33 (m) 27.0 1.21, 1.86 (m) 26.9
13 2.61 (m) 383 2.64 (m) 383 2.70 (m) 38.2
14 42.8 42.8 43.0
15 1.17,2.01 (m) 30.2 1.16, 1.98 (m) 30.1 1.18,2.01 (m) 30.0
16 1.44,2.61 (m) 322 1.45,2.64 (m) 32.1 1.46, 2.65 (m) 32.1
17 57.0 56.9 57.3
18 1.91 (m) 50.2 1.95 (m) 50.2 1.55(t, 11.0) 48.9
19 3.33 (dt, 3.6, 11.5) 43.2 3.34 (dt, 4.0, 11.5) 43.2 3.53 (m) 40.6
20 156.5 156.5 2.98 (dq, 2.7, 6.9) 42.1
21 1.58,2.30 (m) 32.7 1.57,2.30 (m) 32.7 1.88,2.11 (m) 25.0
22 1.58,2.19 (m) 36.8 1.57,2.18 (m) 36.7 1.41, 2.19 (m) 373
23 181.2 9.93 (s) 209.8 10.0 (s) 209.9
24 1.44 (s) 18.2 1.09 (s) 14.6 1.10 (s) 14.6
25 0.92 (s) 16.8 0.85 (s) 16.4 0.87 (s) 16.3
26 1.17 (s) 16.7 1.14 (s) 16.5 1.16 (s) 16.5
27 0.89 (s) 14.9 0.94 (s) 14.8 0.94 (s) 14.9
28 175.1 175.0 174.9
29 5.08, 5.49 (brs) 106.1 5.10, 5.50 (brs) 106.1 180.0
30 4.42,4.47 (each d, 15.3) 64.3 4.42,4.47 (each d, 15.3) 64.3 1.28 (d, 6.9) 10.0
Table 2. The Sugar Moieties of Acankoreosides F—H (1—3) (125, 500 MHz, Pyridine-d;)
1 2 3
No.
Oy (mult., Hz) OS¢ Oy (mult., Hz) OS¢ Oy (mult., Hz) OS¢
28-glc
1 6.30 (d, 8.0) 95.2 6.32(d, 8.2) 95.2 6.33 (d, 8.0) 95.2
2 4.10 (dd, 8.2, 8.5) 74.0 4.10 (brt, 8.9) 74.0 4.08 (brt, 8.6)* 74.0
3 4.23 (dd, 8.1,9.0) 78.6 4.22 (t,9.0) 78.6 4.23 (t,9.0) 78.6
4 4.29 (t,9.2) 70.8 431 (t,9.3) 70.7 4.38(t,9.5) 70.5
5 4.089 78.1 4.089 78.1 4.079 77.8
6 4.28 (dd, 5.3, 12.7) 69.3 4.299 69.3 4.28 (dd, 4.3, 11.2) 69.3
4.679 4.679 4.61(dd, 2.0, 11.4)
6-glc
1 4.96 (d,7.9) 104.9 4.95(d, 7.6) 104.9 4.90 (d, 7.8) 105.1
2! 3.93 (dd, 8.2, 8.6) 753 3.93 (brt, 8.5) 753 3.92 (dd, 8.0, 8.7) 75.2
3’ 4.14 (t,9.0) 76.4 4.14 (t,9.0) 76.4 4.10 (t,9.0) 76.4
4 4.38(t,9.3) 78.3 4.38(t,9.3) 78.3 438 (t,9.1) 78.2
5 3.63 (m) 77.1 3.62 (m) 77.1 3.60 (m) 77.1
6’ 4.08 (dd, 2.6, 11.4) 61.3 4.089 61.3 4.05 (dd, 3.5, 12.1) 61.2
4.189 4.199 4.18 (dd, 1.7, 12.5)
rha
1 5.82 (brs) 102.7 5.82 (brs) 102.7 5.81 (brs) 102.6
2 4.68 (brs) 72.5 4.67 (dd, 1.4, 3.0) 72.5 4.67 (dd, 1.5,3.2) 72.5
3 4.55(dd, 3.3,9.2) 72.7 4.53(dd, 3.3,9.2) 72.7 4.55(dd, 3.3,9.3) 72.6
4 434 (t,9.4) 73.9 433 (t,9.4) 73.9 4.34 (t,9.6) 73.9
5 4.95 (dq, 6.3, 10.2) 70.3 4.94 (dq, 6.2,9.5) 70.3 4.93 (m) 70.3
6 1.69 (d, 6.0) 18.5 1.69 (d, 6.2) 18.5 1.69 (d, 6.2) 18.5

a) Overlapping signals.
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In the NOESY spectrum, the presence of cross-peaks be-
tween H-24 and H-25 as well as H-3 indicated that the
methyl group (H-24) was axial, which in turn suggested that
the carboxyl group at C-4 was a-positioned. In the HMBC
spectrum, the carbonyl carbon signal at & 175.1 (C-28)
showed a 'H-"*C long range correlation with signals at &
1.91 (H-18), 6 1.58, and 2.19 (H-22). The other carbonyl sig-
nal at 0 181.2 (C-23) was correlated with signals at & 1.44
(H-24) and 2.48 (H-5). These data indicate that the carbonyl
groups of 1 are located at C-17 and C-4. In addition, HMBC
correlations of 1 were observed between glc H-1' (6 6.30)
and the C-28 of the triterpene moiety (6 175.1), between glc
H-1" (6 4.96) and glc C-6' (6 69.3), and between rha H-1" (&
5.82) and glc C-4" (6 78.3), which supported glycoside se-
quence. Two anomeric proton signals at 6 6.30 (d, J=8.0 Hz)
and 4.96 (d, J=7.9 Hz) indicated a -configuration based on
coupling constants, and the o-anomeric configuration of
rhamnose was assigned based on the '>C-NMR chemical
shift of rhamnosyl C-3 (& 72.7) and C-5 (& 70.3)."” Acid hy-
drolysis of 1 provided the monosaccharide components of L-
rhamnose and p-glucose (identified using authentic samples).
Accordingly, the structure of 1 was elucidated to be 3¢,30-
dihydroxylup-20(29)-en-23,28-dioic acid 28-O-[ -L-rhamno-
pyranosyl-(1—4)-B-p-glucopyranosyl-(1—6)--p-glucopyra-
nosyl] ester, which we named acankoreoside F.

Compound 2 was obtained as a white amorphous powder
of molecular formula C,¢H,;0,,, as determined by HR-FAB-
MS (molecular ion m/z 955.4899 attributed to [M—H] ™). The
'H- and "*C-NMR spectra of 2 indicated structural features
similar to those of acankoreoside F (1) except for the pres-
ence of an aldehyde group at C-23. In the 'H-NMR spectrum
of 2, a singlet signal at § 9.99 corresponded to an aldehyde
proton and signals at § 4.42 and 4.47 (each d, J=15.3 Hz)
were assigned to hydroxylated methylene protons of H-30.
The *C-NMR spectrum of 2 showed 48 signals including 18
sugar moiety signals, four tertiary methyl groups at & 14.6
(C-24), 16.4 (C-25), 16.5 (C-26) and 14.8 (C-27), olefinic
carbons at § 156.5 (C-20) and 106.1 (C-29), and an aldehyde
signal at 6 209.8 (C-23). Two anomeric proton signals at §
6.32 (d, J/=8.2Hz) and 4.95 (d, J=7.6 Hz) were characteris-
tic of a B-configuration based on their coupling constants,
and the o-anomeric configuration of thamnose was assigned
based on the *C-NMR chemical shift of rhamnosyl C-3 (&
72.7) and C-5 (8 70.3).!” In the HMBC spectrum, the alde-
hyde signal at 6 209.8 was correlated with the proton signal
of a methyl group (H-24) at 6 1.09. In addition, HMBC cor-
relations of 2 were observed between glc H-1" (6 6.32) and
the C-28 of the triterpene moiety (6 175.0), between glc H-1"
(6 4.95) and glc C-6’ (6 69.3), and between rha H-1" (o
5.82) and glc C-4" (6 78.3), which the glycoside sequence. In
the NOESY spectrum, the presence of cross-peaks between
H-24 and H-25 as well as H-3 indicated that the methyl
group (H-24) was axially orientated, which in turn suggested
that the carboxyl group at C-4 was a-positioned. According
to 2D NMR analysis, the structure of 2 was elucidated to be
3 ,30-dihydroxylup-23-al-20(29)-en-28-oic acid 28-O-o-L-
rhamnopyranosyl-(1—4)-f-p-glucopyranosyl-(1—6)-f-p-
glucopyranosyl ester, which was named acankoreoside G.

Compound 3 was obtained as a white amorphous powder
of molecular formula C,¢H,0,,, as determined by HR-FAB-
MS (molecular ion at m/z 971.4863 attributed to [M—H]").
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The 'H- and *C-NMR spectra of 3 indicated a structure sim-
ilar to that of acankoreoside E.' Its *C-NMR spectrum ex-
hibited five tertiary methyl groups at 8 14.6 (C-24), 16.3 (C-
25), 16.5 (C-26), 14.7 (C-27) and 10.0 (C-30). The C-23 sig-
nal (8 209.9) of 3 was significantly shifted by 5.3 ppm down-
field as compared with that of acankoreoside E and the its
carboxylic acid (C-29) at 6 180.0 was shifted by 1.8 ppm up-
field, indicating the change in the functional groups at C-23
and C-29. Two anomeric proton signals at & 6.33 (d,
J=8.0Hz) and 4.90 (d, /=7.8 Hz) were assigned to the [3-
configuration based on their coupling constants, and the «-
anomeric configuration of thamnose was assigned based on
the ®*C-NMR chemical shifts of rhamnosyl C-3 (8 72.6) and
C-5 (8 70.3).!” In the NOESY spectrum, the presence of
cross-peaks between H-24 and H-25 as well as H-3 indicated
that the methyl group (H-24) was axially orientated, which in
turn suggested an o-position for the carboxyl group at C-4.
In the HMBC spectrum, the aldehydic carbonyl signal at o
209.9 (C-23) was correlated with signals at 6 1.10 (s, H-24)
and 2.42 (brd, J=13.3 Hz, H-5), and the carbonyl signal at o
180.0 (C-29) with proton signals at & 2.98 (dq, J=2.7,
7.0Hz, C-20) and 1.28 (d, /=6.9 Hz, H-30), indicating that
the aldehyde and carboxylic acid groups were present at C-4
and C-20 of the aglycone, respectively. In addition, HMBC
correlations of 3 were observed between glc H-1" (6 6.33)
and the C-28 of the triterpene moiety (6 174.9), between glc
H-1" (6 4.90) and glc C-6' (6 69.3), and between rha H-1" (&
5.81) and glc C-4" (6 78.2), which supported the glycoside
sequence. The downfield shift of the signal at § 10.0 (as-
signed to C-30) in comparison with that of acankoreoside E
(Oc30: 7.0) also supported the above assignments. The ab-
solute stereochemistry at C-20 was established using re-
ported data for a similar compound.'®'” The S configuration
at C-20 was established based on literature values for the
chemical shifts of the carbonyl carbon at C-29 in (20S) 3 -
acetoxylupan-29-oic acid (8.,: 9.6) and (20R) 3 S-acetoxy-
lupan-29-oic acid (83, 17.2). The carbon chemical shift
difference between C-30 of (20S) and (20R) 3 B-acetoxylu-
pan-29-oic acid was large enough to allow the differentiation.
The chemical shift of C-30 (8¢5, 10.0) in 3 was similar to
that of (20S) 3 B-acetoxylupan-29-oic acid. Thus, compound
3 was found to be (20S) 3o-hydroxylup-23-al-28,29-dioic
acid 28-0-a-L-rhamnopyranosyl-(1—4)-B-p-glucopyranosyl-
(1—6)-B-p-glucopyranosyl ester, which we named acankore-
oside H.

The three isolates (1—3) were assessed for anti-inflamma-
tory activity by examining their effects on nitric oxide (NO)
and prostaglandin E, (PGE,) by lipopolysaccharide (LPS)-in-
duced in RAW 264.7 cells.”® L-N°-(1-iminoethyl) lysine (L-
NIL, 10 um) and NS-398 were used as positive NO and PGE,
production inhibitor controls, respectively. Acankoreoside F
(1) at 200 um most potently inhibited PGE, (59%) and NO
(42%) production (data not shown).

Experimental

General Experimental Procedures Optical rotations were recorded on
a JASCO D-1010 spectropolarimeter and an Autopol III Automatic po-
larimeter (Rudolph Research Flanders, NJ, U.S.A.). NMR spectra were
measured in pyridine-ds on a Varian UI-500 spectrometer and chemical
shifts are quoted relative to tetramethylsilane (TMS). HR-FAB-MS spectra
were recorded on a JEOL JMS-700 instrument using glycerol as a matrix in
negative ion mode. Diaion HP-20 (Mitsubishi Chem. Co.), Sephadex LH-20
(Pharmacia Biotech), silica gel 60 (0.04—0.063 mm, Merck) and LiChro-
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prep RP-18 (40—63 um, Merck) were used for open column chromatogra-
phy. TLC was performed using silica gel 60 F,s, plate (Merck).

Plant Material The leaves of 4. koreanum Nakal were collected from
the Medical Plant Garden at Kyung Hee University during October 2003.
Emeritus Professor Chang-Soo Yook (Department of Pharmacognosy at
Kyung Hee University), one of the authors, identified the species. A voucher
specimen (3-002-0067) was deposited at the Museum of Oriental Medicine
in Kyung Hee University.

Extraction and Isolation Dried leaves (1.0kg) were extracted twice
with 1.51 of hot MeOH to provide 152.1 g of dried extract, which was chro-
matographed on a Diaion HP-20 column using H,0/30%, 50%, 70%, and
90% MeOH mixes. The 70% MeOH fraction was subsequently chro-
matographed on a silica gel column using CHCl;-MeOH-H,0 (8:2:0.2—
7:3:0.5) as eluent to give 8 fractions (Frs. 1—S8). Fraction 4 (6.46 g) was
then subjected to gel filtration chromatography on a Sephadex LH-20
column using MeOH as eluent. The saponin fraction (5.95g) so obtained
was chromatographed on a silica gel column using CHCl;-MeOH-H,0
(7:3:0.2) as eluent and then by gradient chromatography on a LiChroprep
RP-18 column using H,0/50% to 90% MeOH as eluent to yield compounds
2 (acankoreoside G, 63.8 mg, yield 0.006%) and 3 (acankoreoside H, 44 mg,
yield 0.004%). Fraction 7 (2.73 g) was subjected to Sephadex LH-20 column
chromatography to give two fractions (Fr. 7-1 and Fr. 7-2). Fraction 7-2
(1.08 g) was purified by silica gel using CHCl,-MeOH-H,0 (8:2:0.2—
6:4:0.5) as an eluent and finally LiChroprep RP-18 column chro-
matographed using a gradient solvent system (50—90% MeOH) to yield
compound 1 (acankoreoside F, 30 mg, yield 0.003%).

Acankoreoside F (1): White powder; [«]3 —43.0 (c=0.50, MeOH); 'H-
and *C-NMR data, see Tables 1 and 2; HR-FAB-MS m/z [M—H]~ 971.4863
(Calcd for C,gH,50,, 971.4852).

Acankoreoside G (2): White powder; []3’ —58.0 (c=0.50, MeOH); 'H-
and *C-NMR data, see Tables 1 and 2; HR-FAB-MS m/z [M—H]~ 955.4899
(Calcd for C;gH;50,4 955.4903).

Acankoreoside H (3): White powder; [a]%’ —37.4 (¢=0.50, MeOH); 'H-
and *C-NMR data, see Tables 1 and 2; HR-FAB-MS m/z [M—H]~ 971.4863
(Calcd for C,gH;50,, 971.4852).

Acid Hydrolysis of 1 Compound 1 (25mg) was hydrolyzed in 5%
H,SO, under reflux for 3h. After neutralization with NH,OH followed by
extraction with CHCl;, the aqueous layer was evaporated in vacuo to give a
residue (12 mg), which was subjected to silica gel column chromatography
(CHCl;-MeOH-H,0=6:4:1) to yield p-glucose and r-rhamnose. These
sugars were compared with authentic samples on TLC and by measuring op-
tical rotations (+52.8, +12.5, respectively).
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