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Cytotoxicity of Triterpenes Isolated from Aceriphyllum rossii
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Bioassay-guided fractionation of a MeOH extract of the whole plant of Aceriphyllum rossii (Saxifragaceae)
led to the isolation of two new triterpenes, 3,23-isopropylidenedioxyolean-12-en-27-oic acid (1) and 23-hydroxy-
3-oxoolean-12-en-27-oic acid (2), together with six known triterpenes, 3-oxoolean-12-en-27-oic acid (3), 3a-hy-
droxyolean-12-en-27-oic acid (4), B-peltoboykinolic acid (5), aceriphyllic acid A (6), oleanolic acid (7), and gypso-
genic acid (8). The structures of these compounds were elucidated on the basis of physicochemical and spectro-
scopic analyses. These compounds were evaluated for in vitro cytotoxicity against the K562 and HL-60 cell lines.
Olean-12-en-27-oic acid derivatives (1—6) exhibited considerable cytotoxicity against K562 and HL-60 cell lines
with IC,, values ranging from 12.2 to 28.7 um and from 12.1 to 25.8 um, respectively.
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Aceriphyllum rossii ENGLER (Saxifragaceae), an endemic
species in Korea, is a perennial herb growing on damp rocks
along valleys, usually to a height of 30cm. It has deeply
lobed maple-like leaves and thick brown rhizomes. Clusters
of small white flowers bloom on an upright stem in spring.
The young leaflets and stems have been used for food."” Only
a few studies have been carried out on the chemical con-
stituents and biological activities of this plant. Triterpenes
and flavonol glycosides have been reported as constituents of
this plant and have been found to inhibit ACAT (acyl-CoA:
cholesterol acyltransferase) and to possess antioxidant activ-
ity.>¥ In our continuing study for the discovery of novel anti-
tumor agents from natural sources, we have found that a
MeOH extract of the whole plant of 4. rossii had cytotoxicity
(>70% inhibition at 30 ug/ml) against the human leukemia
HL-60 cell line. The cytotoxicity of the MeOH extract was
concentrated in the hexane- and EtOAc-soluble fractions.
Further phytochemical study on these fractions resulted in
the isolation of two new triterpenes (1, 2), together with six
known triterpenes (3—8). The present paper reports the iso-
lation and structural elucidation of these triterpenes and their
in vitro cytotoxicity against the K562 and HL-60 cell lines.

Results and Discussion

The MeOH extract of the whole plant of 4. rossii was sus-
pended in H,0 and successively partitioned with hexane,
EtOAc, and BuOH. The hexane- and EtOAc-soluble frac-
tions, with cytotoxicity against both the K562 and HL-60 cell
lines, were subjected to silica gel column chromatography to
give several fractions that were further purified with column
chromatography on silica gel to afford eight triterpenes, in-
cluding the new compounds, 3,23-isopropylidenedioxy-
olean-12-en-27-oic acid (1) and 23-hydroxy-3-oxoolean-12-
en-27-oic acid (2), as well as six known triterpenes, 3-ox-
oolean-12-en-27-oic acid (3),” 3a-hydroxyolean-12-en-27-
oic acid (4),Y B-peltoboykinolic acid (5),” aceriphyllic acid
A (6),? oleanolic acid (7),® and gypsogenic acid (8)” (Fig.
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1). The structures of the known compounds were identified
by comparing their physicochemical and spectral data (mp,
[a]p, IR, "H- and *C-NMR) with those in the literature.
Compound 1 was obtained as a white amorphous powder,
[a]F +172.3° (c=1.1, CHCl,). The HR-FAB-MS spectrum
of 1 exhibited a quasimolecular ion peak at m/z 535.3757
[M+Na]* (Caled for C33H;,0O,Na™: 535.3765), correspond-
ing to the molecular formula C;;H,0,. The EI-MS spectrum
of 1 showed a typical fragment ion peak at m/z 248
[C,¢H,,0,]", which is the characteristic ion peak in the retro
Diels—Alder fragmentation of a f-amyrin-type triterpene.®) In
addition, significant ion peaks at m/z 203 [C,H,,0,—
COOH]" and 202 [C,(H,,0,—HCOOH]" suggested that ring
D or E in 1 is replaced by a carboxyl group. Its IR spectrum
exhibited absorption bands for a carbonyl group (1710cm™")

R
4 R,=H, 0OH, R,=Me 7 R=Me
5 R,=H,BOH, R,=Me 8 R=COOH

6 R, =H, aOH, R, = CH,OH
Fig. 1. Structures of Compounds 1—8 Isolated from 4. rossii
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Table 1. 'H- (300 MHz) and *C-NMR (75 MHz) Data for Compounds 1
and 2 (in CDCL,)"
1 2
C
O¢ 0y (Jin Hz) O¢ 0y (Jin Hz)
1 36.7t 1.22m, 1.40 m 384t 1.45m,1.87m
2 234t 1.44m, 1.46 m 35.7t 2.42m,2.50 m
3 72.7d 3.63 brs 219.6 s
4 40.0 s 524s
5 42.8d 1.84 m 47.7d 1.85m
6 17.8t 1.30m, 1.42 m 195t 1.32m,1.42m
7 329t 1.32m, 1.34 m 345t 1.25m,1.34 m
8 36.1s 39.6s
9 49.2d 2.0l m 49.2d 1.98 m
10 35.0s 36.5s
11 22.6t 1.90 m, 1.94 m 232t 1.90m, 1.95m
12 126.1d 5.70dd (2.4, 2.8) 1253d 5.60 dd (3.6, 3.9)
13 137.7 s 138.2s
14 559s 559s
15 223t 1.70 m, 1.74 m 223t 1.67m, 1.72 m
16 27.6t 2.02m,2.05m 27.8t 2.0l m,2.05m
17 33.0s 33.1s
18 47.2d 2.25m 46.0d 2.28 m
19 44,0t 1.0l m, 1.32m 44,0t 0.99m, 1.30 m
20 31.1s 31.2s
21 343t 1.24m, 1.27m 35.8t 1.22m, 1.26 m
22 365t 1.20m, 1.40 m 36.7t 1.17m, 1.40 m
23 68.2t 3.24d (12.0), 67.2t 3.30d (11.8),
3.65d (12.0) 3.55d(11.8)
24 174q 1.00 s 17.3q 0.89 s
25 16.8 q 1.06 s 16.2q 1.02s
26 18.2q 1.04 s 18.2q 1.03 s
27 1773 s 178.5s
28 283 q 0.86s 283 q 0.80 s
29 33.2q 0.84 s 333¢q 0.78 s
30 23.6q 0.85s 23.7q 0.79 s
Me,C 98.1s
Me 29.1q 1.38s
Me 193q 141s

@) Assignments made on the basis of 'H-'"H COSY, HMQC, and HMBC experi-
ments.

and trisubstituted double bond (1665, 850cm™'). The 'H-
NMR spectrum of 1 displayed the characteristic signals of an
olefinic proton at d;; 5.70 (dd, J=2.4, 2.8 Hz), a hydroxyme-
thine proton at d;; 3.63 (brs), a pair of hydroxymethylene
protons at d;; 3.65 and 3.24 (each d, J=12.0Hz), and eight
tertiary methyl protons at d; 1.41, 1.38, 1.06, 1.04, 1.00,
0.86, 0.85, and 0.84. The *C-NMR and DEPT spectra of 1
revealed 33 carbon signals including a carboxyl carbon at
177.3, olefinic carbons at 8. 137.7 and 126.1, a hydroxyme-
thine at 8 72.7, a hydroxymethylene at d. 68.2, and eight
methyls at d. 33.2, 29.1, 28.3, 23.6, 19.3, 18.2, 17.4, and
16.8 (Table 1), which were typical for the olean-12-en-27-oic
acid series.*® The difference in 1 compared with 6 was the
carbon signals for a dioxymethylene at d. 98.1 and two addi-
tional methyls at 8. 29.1 and 19.3. The HMBC experiment
showed long-range correlations between the dioxymethylene
carbon (& 98.1) and H-23 (&, 3.65, 3.24), H-3 (J,, 3.63),
and two tertiary methyls (& 1.41, 1.38) (Fig. 2), indicating
that the acetonide moiety is connected with C-3 and C-23.
On the other hand, a broad singlet signal at H-3 (8 3.63) in
1 indicated the a-orientation of the hydroxyl group,”!”
which was further supported by the observation of a cross-
peak between H-3 (6 3.63) and Me-24 (S 1.00) in the
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Fig. 2.

Selected HMBC Correlations (H—C) of Compounds 1 and 2

NOESY spectrum. Thus the structure of 1 was determined
to be 3a,23-isopropylidenedioxyolean-12-en-27-oic acid, an
acetonide derivative of 6, which might be an artifact pro-
duced during the isolation procedure.

Compound 2 was obtained as a white amorphous powder,
[o]F +113.1° (c=1.1, CHCl,). The HR-FAB-MS spectrum
of 2 exhibited a quasimolecular ion peak at m/z 493.3286
[M+Na]* (Caled for Cy,H,,O,Na®: 493.3295), correspond-
ing to the molecular formula C;;H,,0,. Its EI-MS fragment
ion peak at m/z 248 [C,H,,0,]" was typical of the retro
Diels—Alder fragmentation of a fB-amyrin-type triterpene,”
and other significant ion peaks at m/z 203 [C,.H,,0,—
COOH]" and 202 [C,H,,0,—HCOOH]" suggested that 2 is
an olean-12-ene derivative with a hydroxyl group and a keto
function on ring(s) A and/or B, and a carboxyl group on ring
D or E. The '"H-NMR spectrum of 2 displayed the character-
istic signals of an olefinic proton at &y 5.60 (dd, J=3.6,
3.9Hz), a pair of hydroxymethylene protons at d; 3.55 and
3.30 (each d, J=11.8 Hz), and six tertiary methyl protons at
6y 1.03, 1.02, 0.89, 0.80, 0.79, and 0.78. Thirty carbon sig-
nals appeared in the *C-NMR and DEPT spectra, including
a ketone at d 219.6, a carboxyl carbon at 6. 178.5, olefinic
carbons at 8. 138.2 and 125.3, a hydroxymethylene at S
67.2, and six methyls at d. 33.3, 28.3, 23.7, 18.2, 17.3, and
16.2 (Table 1), which are typical of the olean-12-en-27-oic
acid series.*® Except for the hydroxymethylene at 5. 67.2 in
2, its 3C-NMR data were similar to those of 3-oxoolean-12-
en-27-oic acid (3). The position C-23 for the hydroxymethyl-
ene was confirmed by comparing the chemical shifts of 'H-
and *C-NMR data, as well as analysis of HMBC data, where
correlations of the H-23 (J,, 3.55, 3.30) with C-3 (6. 219.6),
C-4 (0. 52.4), C-5 (O¢ 47.7), and C-24 (6. 17.3) were ob-
served (Fig. 2). Furthermore, the NOE cross-peak observed
between Me-24 (Jy 0.89) and Me-25 (J;; 1.02) indicated that
the hydroxymethylene was in an o-orientation. Thus the
structure of 2 was determined to be 23-hydroxy-3-oxoolean-
12-en-27-oic acid.

All the isolates were evaluated for in vitro cytotoxicity
against the human leukemia K562 and HL-60 cell lines using
the MTT assay method,'” and the results are presented in
Table 2. Of the triterpenes tested, compounds 1—6 with a
carboxyl group at C-27 exhibited considerable cytotoxicity
against the K562 and HL-60 cell lines, with IC,, values rang-
ing from 12.2 to 28.7 um and from 12.1 to 25.8 um, respec-
tively, while the olean-type triterpenoids (7, 8) with a car-
boxyl group at C-28 were inactive (IC5,>100 um) against
both cell lines. Previous studies showed that the pentacyclic
triterpenes bearing a carboxyl group at C-27 have cytotoxic
and antitumor activities,'>'® and inhibit ACAT (acyl-CoA:
cholesterol acyltransferase) and protein tyrosine phosphatase
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Table 2. Cytotoxicity of Compounds 1—8 from A. rossii

1Cs, (um)”
Compound

K562 HL-60
1 28.7%x2.5 25.8%+2.0
2 21.2*+1.8 14.8+1.5
3 153%£2.0 13.320.4
4 122*1.1 12.1%0.1
5 12.5+x2.4 12.3*0.8
6 16.4x1.7 13.120.9

7 >100 >100

8 >100 >100
AM? 3.0%0.2 5.1£0.1

a) The values represent the mean*S.D. of three individual experiments.
mycin was used as a positive control.

b) Adria-

1B.2" Accordingly, our results indicate that olean-12-en-27-
oic acid derivatives (1—6) may be the cytotoxic principles of
A. rossii.

Experimental

General Experimental Procedures Melting points were measured on
an Electrothemal apparatus. Optical rotation was measured in CHCl; on a
JASCO DIP-370 digital polarimeter. UV and IR spectra were recorded on
JASCO V-550 UV/VIS and JASCO 100 IR spectrometers, respectively. HR-
FAB-MS and EI-MS data were recorded on JEOL JMS-DX 300 and
Hewlett-Packard 5989B spectrometers, respectively. 'H- (300 MHz) and 3C-
NMR (75MHz) spectra were obtained on Bruker DRX-300 spectrometer
with tetramethylsilane (TMS) as an internal standard. Two-dimensional (2D)
NMR experiments (HMQC, HMBC, and NOESY) were performed on a
Bruker Avance 500 spectrometer. Column chromatography was carried out
using silica gel (Kieselgel 70—230 and 230—400 mesh, Merck), and thin-
layer chromatography (TLC) was performed on precoated silica gel 60 F,s,
plates (0.25 mm, Merck).

Plant Material Whole plants of 4. rossii were collected at Mt. Seolak,
Kangwondo, Korea, in August 2000, and identified by Prof. KiHwan Bae. A
voucher specimen (CNU-908) has been deposited in the herbarium of the
College of Pharmacy, Chungnam National University, Daejeon, Korea.

Extraction and Isolation The air-dried whole plant (3.7kg) was ex-
tracted three times with MeOH at room temperature for 1 month, filtered,
and concentrated to give a MeOH extract (382 g). The MeOH extract was
suspended in H,0O (2.51) and then partitioned successively with hexane
(2.51X3), EtOAc (2.51X3), and BuOH (2.51X3) to afford hexane-
(106.4 g), EtOAc- (42.1g), and BuOH-soluble fractions (35.2 g), respec-
tively. Since the hexane- and EtOAc-soluble fractions exhibited considerable
cytotoxicity (79.8% and 75.2% inhibition at 30 ug/ml, respectively) against
the HL-60 cell line, these fractions were investigated extensively. The
hexane-soluble fraction (106.4 g) was chromatographed on a silica gel col-
umn (30X10.0 cm) eluted with a gradient of hexane—EtOAc (20:1—1:1)
to afford six fractions (fr. A—F). Fr. B (15.4g) was rechromatographed
on a silica gel column (50X5.0cm) with a gradient of hexane—EtOAc
(10:1-5:1) to give three subfractions (fr. B1—B3). Fr. B2 (3.2 g) was fur-
ther purified on a silica gel column (50X3.5 cm) using hexane—EtOAc (8: 1)
to yield compound 1 (360 mg). Repeated silica gel column chromatography
(50X5.0cm) of fr. C (6.5 g) using hexane—EtOAc (6: 1) gave compound 3
(850 mg). Fr. E (10.5 g) was further chromatographed on a silica gel column
(50X5.0cm) with a gradient of hexane—EtOAc (8:1—4:1) to afford com-
pounds 4 (140 mg) and 5 (250 mg), respectively. The EtOAc-soluble fraction
(42.1 g) was chromatographed on a silica gel column (80X10.0 cm) using a
gradient of hexane—EtOAc (5:1—0:1) to afford six fractions (fr. G—M).
Fr. G (3.5g) was rechromatographed on a silica gel column (50X3.5cm)
using hexane—-EtOAc (4:1) to give compound 2 (80 mg). Fr. H (5.2 g) was
further purified on silica gel column chromatography (50X3.5cm) using
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hexane-EtOAc (3:1) to afford compound 6 (800mg). Fr. J (6.4g) was
rechromatographed on a silica gel column (50X5.0 cm) with a gradient of
hexane-EtOAc (5:1—1:1) to afford three subfractions (fr. J1—J3). Com-
pounds 7 (6 mg) and 8 (15 mg) were isolated from fr. J2 (2.1 g) using silica
gel column chromatography (50X3.5 cm) with hexane—EtOAc (2: 1).

3 a,23-Isopropylidenedioxyoelan-12-en-27-oic  Acid (1): White amor-
phous powder, mp 231—232°C. [@]% +172.3° (c=1.1, CHCI,). IR (KBr)
Voae €M1 2950, 1710, 1665, 1445, 1380, 1245, 850. HR-FAB-MS m/z:
535.3757 [M+Na]* (Caled for C,,Hs,0,Na™: 535.3765). EI-MS m/z (rel.
int.): 512 [M]* (4), 497 (10), 454 (23), 436 (74), 424 (29), 248 (40), 206
(100), 203 (14), 202 (9), 191 (21), 175 (22), 121 (19). 'H- and *C-NMR:
see Table 1.

3-Ox0-23-hydroxyolean-12-en-27-oic Acid (2): White amorphous pow-
der, mp 246—248°C. [®]¥ +113.1° (c=1.1, CHCl,). IR (KBr) v, cm
3440, 2955, 1710, 1690, 1650, 1450, 1382, 1240, 840; HR-FAB-MS m/z:
493.3286 [M+Na]™ (Caled for C;)H,,O,Na™: 493.3295). EI-MS m/z (rel.
int.): 470 [M]" (3), 440 (17), 422 (20), 395 (15), 341 (23), 248 (100), 247
(35), 203 (22), 202 (7), 191 (26), 137 (14). 'H- and '*C-NMR: see Table 1.

Cytotoxicity Assay The cancer cell lines (K562 and HL-60) were main-
tained in RPMI 1640 that included L-glutamine (JBI) with 10% FBS (JBI)
and 2% penicillin—streptomycin (GIBCO). Cells were cultured at 37°C in a
5% CO, incubator. Cytotoxicity was measured using a modified MTT
assay.'V Viable cells were seeded in the growth medium (180 ul) into 96-
well microtiter plates (1X10* cells per well) and incubated at 37 °C in a 5%
CO, incubator. The test sample was dissolved in DMSO and adjusted to
final sample concentrations ranging from 5.0 to 100 um by diluting with the
growth medium. Each sample was prepared in triplicate. The final DMSO
concentration was adjusted to <0.1%. After standing for 2h, 20 ul of the
test sample was added to each well. The same volume of DMSO was added
to the control wells. Forty-eight hours after the test sample was added, MTT
20 ul was also added to the each well (final concentration, 5 pg/ml). Two
hours later, the plate was centrifuged for 5 min at 1500 rpm, the medium was
removed, and the resulting formazan crystals were dissolved with DMSO
150 ul. The optical density (O.D.) was measured at 570 nm using a Titertek
microplate reader (Multiskan MCC/340, Flow). The IC,, value was defined
as the concentration of sample which reduced absorbance by 50% relative to
the vehicle-treated control.
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