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ABSTRACT: Bioassay-guided fractionation of an 80% MeOH extract
of leaves and twigs of Juglan sinensis has resulted in the isolation of four
new triterpenes (1—4) and 17 known triterpenes (5—21). The new
compounds were determined to be 1-oxo-3(3,23-dihydroxyolean-12-
en-28-oic acid 28-O-f3-p-glucopyranoside (1), 1-oxo-3(3-hydroxyolean-
18-ene (2), 33,23-dihydroxyurs-12-en-28-oic acid 28-O--p-glucopyr-
anoside (3), and 3(,22a-dihydroxyurs-12-en-28-oic acid 28-O-f3-p-

glucopyranoside (4) by spectroscopic analysis. Compounds 2, 13, 15, and 21 showed antiproliferative activities (14.2, 14.8, 15.6,
and 11.0% at 100 uM, respectively) in HSC-T6 cells. Flow cytometry assays revealed that these compounds inhibited HSC-T6

proliferation by inducing apoptosis.

iver fibrosis results from chronic hepatocellular damage in
Lresponse to viral infection, alcoholic poisoning, drug-induced
toxicity, or any other factors that cause damage to hepatocytes.' >
The process to liver fibrosis is generally characterized by increased
extracellular matrix (ECM) deposition and reduced matrix degra-
dation.* In the pathogenesis of liver fibrosis, hepatic stellate cells
(HSCs) are the primary cellular source responsible for the excess
production of ECM proteins.” Once activated, HSCs become
proliferative and fibrogenic due to a dramatic increase in the synthesis
and deposition of ECM.® Therefore, inhibition of HSC proliferation
has been considered as an effective treatment for liver fibrosis.”®
During a search for antiproliferative compounds from natural
sources employing HSC-T6 cells, it was found that an 80%
MeOH extract of leaves and twigs of Juglans sinensis Dode.
(Juglandaceae) showed significant inhibitory activity on HSC-
T6 cell proliferation. HSC-T6 cells, an immortalized rat hepatic
stellate cell line, have been widely used as an in vitro assay system
to study the action mechanism of the antifibrotic agents.” "' J.
sinensis is a deciduous tree native to some Asian countries such as
Korea and China. In Korean traditional medicine, . sinensis has
been used for the treatment of airway inflammatory diseases,"
leucorrhea, scabies, and elephantiasis.13 A number of flavonoids
in the leaves and diarylheptanoids, terpenes, polyphenolics (as
mainly tannins), and tetralones in the pericarps have been
reported from Juglans species."* ' In the present study, bioas-
say-guided fractionation of an 80% MeOH extract of leaves and
twigs of J. sinensis resulted in the isolation of four new triterpenes
(1—4), 14 known triterpenes (5—9, 12—17, and 19—21), and
three triterpene glycosides (10, 11, and 18).

B RESULTS AND DISCUSSION

An 80% MeOH extract (2.2 kg) of leaves and twigs of
J. sienensis (20 kg, dried material) was suspended in distilled
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water and successively partitioned with n-hexane, chloroform,
ethyl acetate, and n-butanol. The n-hexane, CHCl;, and EtOAc
fractions showed significant inhibitory activities on the prolifera-
tion of HSC-T6 cells (19.6, 16.1, and 53.3% of cell proliferation,
respectively, at 100 ug/mL). These fractions were subjected to
repeated column chromatography (CC) and HPLC to give the
new compounds 1—4, 14 known triterpenes (5—9, 12—17, and
19—21), and three known triterpene glycosides (10, 11, and 18)
(see Supporting Information, S1). The structures of these
compounds were unequivocally determined by 1D, 2D NMR
experiments, MS analyses, GC-MS after acid hydrolysis, and
comparison with the literature for the known compounds.
Compound 1 was a whitish, amorphous powder, [ot] 25 +39.8
(¢ 021, MeOH), and the molecular formula (C3sHscO;0) was
established by the positive HREABMS (m/z 671.3727 [M +
Na]™, caled for 671.3771). The signals in the "H and '>C NMR
and HSQC experiments indicated a A'? oleanane-type triter-
pene by the chemical shifts of two olefinic carbons at O 143.3
(C-13) and 124.5 (C-12)"” and included a carbonyl carbon at
0c 213.1 (C-1), a carboxylic carbon at ¢ 176.4 (C-28), and an
oxygenated methylene carbon at O 65.7 (C-23). Furthermore,
we deduced the presence of a sugar residue from the signal of an
anomeric moiety at Oy/0¢ 6.29 (1H, d, J = 8.1 Hz, H-1)/95.6
(C-1"). In the HMBC spectrum of 1, a carbonyl carbon (¢
213.1) correlated with two methylene protons at 0¢; 3.44 (1H, t,
J=11.9 Hz, H-2a) and 2.77 (1H, dd, ] = 4.8, 11.9 Hz, H-2b) and
a tertiary methyl carbon at Oy 1.35 (3H, s, H-25) (see
Supporting Information S2). Thus, the carbonyl carbon was
determined to be C-1. From the above information, it was
deduced that compound 1 was similar to the known compound
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1-ox0-3f3, 23-dihydroxyolean-12-en-28-oic acid (9) except for
the presence of a sugar residue.'® A correlation between the
anomeric proton at O 6.29 (H-1") and a carboxylic carbon at
Oc 176.4 (C-28) in the HMBC spectrum placed the sugar
residue at C-28, consistent with the alteration of the chemical
shift at 8¢ 176.4 (—3.6 ppm) in the ">C NMR spectrum.'® The
magnitude of the coupling constant at Oy 6.29 (] = 8.1 Hz)
suggested that a glucose moiety was fB-oriented.”” The sugar
was identified as D-glucose by GC analysis. Thus, compound
1 was determined to be 1-0x0-33,23-dihydroxyolean-12-en-28-
oic acid 28-O-f3-p-glucopyranoside.

Compound 2 was isolated as whitish, amorphous powder,
[a]*p +50.6 (c 0.62, pyrldme) The positive HRFABMS of 2
exhibited m/z 440.3660 [M]" (calcd for 440 3654), indicating
C30H450, as its molecular formula. The 'H and *C NMR
spectra and 2D NMR experiments revealed features of a A'®
oleanane-type triterpene with a carbonyl carbon.** In the HMBC
spectrum, O 212.8 (C-1) showed cross-peaks with d¢; 3.45 (1H,
t,J=10.8 Hz, H-2a),2.68 (1H, d, ] = 10.8 Hz, H-2b), 2.23 (1H, d,
J=10.7 Hz, H-9), and 1.10 (3H, brs, H-25), and 8. 28.7 (C-23)
and 16.6 (C-24) displayed with 0y 3.71 (1H, d, ] = 5.0 Hz, H-3).
These data implied that a carbonyl and a carbon attached to an
OH were located at C-1 and C-3, respectively (see Supporting
Information, S2). The coupling constant of the oxygenated
methine doublet at Oy; 3.71 (J = 5.0 Hz) indicated a S-orientation
of the C-3 OH group.'® Thus, compound 2 was identified as
1-ox0-3[3-hydroxyolean-18-ene.

Compound 3 was obtained as a whitish, amorphous powder,
with [0]*’, +28.8 (c 0.73, MeOH). The positive HRFABMS
exhibited a quasi-molecular ion peak at m/z 657.3943 [M +
Na] ™ (caled for 657.3979), indicating C3sHssOy as its molecular
formula. Compound 3 displayed 36 carbons, of which 30 carbons
could be assigned to a triterpene aglycone and 6 carbons to a
sugar moiety (see Supporting Information, $35). The chemical
shifts of olefinic carbons at O¢ 138.4 (C-13) and 126.2 (C-12)
indicated that compound 3 was a A'* ursane-type triterpene.'”
On the basis of these results, the aglycone of compound 3 was
identified as 23-hydroxyursolic acid (see Supporting Informa-
tion, $2).' The anomeric signals at d;/¢ 6.23 (1H, d, ] = 8.2
Hz, H-1")/95.7 (C-1") showed the presence of a sugar residue in
the HSQC analysis. The correlation from ¢ 6.23 (H-1") to O¢
176.2 (C-28) placed the sugar residue at C-28. The sugar
released on acidic hydrolysis was confirmed to be p-glucose.
The coupling constant of a doublet at Oy 6.23 (J = 8.2 Hz)

established the 3 conﬁguratlon of the glucose moiety, similar to
that of compound 1."” Thus, compound 3 was determined to be
33,23-dihydroxyurs-12-en-28-oic acid 28-O-f-p-glucopyrano-
side.

Compound 4 had the molecular formula C3¢HssOs. The 'H
and *C NMR spectra of 4 were similar to those of ursolic acid,"”
except for the signals of an oxygenated proton at Op/d¢ 4.33
(1H, m, H-22)/73.6 (C-22) and a sugar residue (see Supporting
Information, S35). HMBC correlations between 0 1.88 (1H, m,
H-21a) and 1.68 (1H, m, H-21b) and O 73.6 (C-22) and
between O 6.29 (H-1") and O 174.9 (C-28) confirmed that the
OH and sugar moieties were attached at C-22 and C-28,
respectively (see Supporting Information, S2). In the ROESY
spectrum, the correlations between Oy 4.33 (1H, m, H-22) and
Oy 2.56 (1H, d, ] = 11.4 Hz, H-18) and 1.01 (1H, m, H-20)
indicated an Qt-configuration of the OH group at C-22. The
coupling constant of the doublet at Oy 6.29 (J = 7.7 Hz)
established the S-configuration of the glucose moiety. GC
analysis of chiral derivatives of the hydrolysate of compound 4
yielded p-glucose. Taken together, the structure of compound 4
was confirmed as 3(3,220.-dihydroxyurs-12-en-28-oic acid 28-O-
p-p-glucopyranoside.

The 17 known compounds were 1dent1ﬁed as oleanolic ac1d
(5),"” maslinic acid (6),** arjunolic acid (7),” v1rgat1c ac1d (8),'8
1-ox0-33,23-dihydroxyolean-12-en-28-oic acid (9),'® hedera-
genin 28-O-B-p-glucopyranoside (10),** 20,3/3,23- trlhydroxyo—
lean-12-en-28-oic acid 28-O-f-p- glucopynos1de (11),* 3p-
acetoxyolean-18-en-28-oic ac1d (12), ursolic acid (13),"” 23-
hydroxyursolic acid (14),>" corosolic ac1d (15),*° 2a,30,23-
trihydroxyurs-12-en-28-oic acid (16),%” 3-oxo-23-hydroxyurs-
12-en-28-oic acid (17),”® 2a,34,23a- trihgfdroxyurs—lZ—en—Z&
oic acid 28-O-f3-p- glucopyranosuie (18), 3f-hydroxyurs-20-
en-28-oic acid ( 19) 3 lupeol (20),*" and 20,3/3-dihydroxylup-
20(29)-ene (21) (see Supporting Information, S1).

Inhibition of HSC cell proliferation has been considered as an
effective treatment for delaying fibrosis in the liver. It is known
that HSC-T6 cells, an immortalized hepatic stellate cell line,
cultured on plastic plates are spontaneously activated and then
lead to myofibroblastic phenotype, which is similar to the process
of HSC cell activation in vivo. Thus, HSC-T6 cells were used as
the screenm% tool to determine antifibrotic activity of the isolated
compounds.”>** The inhibitory activity of compounds 1—21 on
the proliferation of activated HSC-T6 cells was evaluated (see
Supporting Information, $36). These compounds consisted of
oleanane type (1, 2, 5—12), ursane type (3, 4, 13—19), and
lupane type (20, 21), according to their aglycone moieties (see
Supporting Information, S1). Substitutions such as OH (1—21),
carboxyl (5—9, 12—17, and 19), oxo (1, 2, 8,9, and 17), and
glucopyranoside (1, 3, 4, 10, 11, and 18) also divided them into
several groups. The ursane-type triterpenoids showed higher
inhibitory activities than those of oleanane type on the prolifera-
tion of HSC-T6 cells. Ursane-type compounds 13—17 (14.8,
50.0, 15.6, 20.6, and 77.9% at 100 uM, respectively) showed
more potent inhibitory activities than oleanane-type compounds
5—9 (86.6, 83.5, 75.6, 54.9, and 63.6% at 100 uM, respectively).
The substitution at C-1 or C-28 also affected the inhibitory
activity. Compounds 8 and 9 (54.9 and 63.6% at 100 uM,
respectively), having an oxo group at C-1, showed more potent
antiproliferative activity than compounds 5—7 (86.6, 83.5, and
75.6% at 100 uM, respectively), without an oxo group. The
presence of a glucopyranoside moiety at C-28 also affected
the inhibitory activity, as can be seen by the differences between
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Table 1. Effects (%) of Compounds 2, 13, 15, and 21 on Cell Cycle Progression in HSC-T6 Cells”

24h 48 h
compound sub-G; Go/G, S sub-G, Go/G, S G,/M
control 19406 519473 121431 20.140.7 45409 423+44 83+12 19.6+2.8
2 19+13 532439 140+39 17.8+32 50406 436452 10.6+£1.7 188+42
13 20+19 564485 119421 189 £1.9° 170+ 87" 397451 9.6+22 167416
15 12442.8° 44.6+£7.7 10.6+2.9 20.6+4.9 $7.7 £ 4.0° 147+ 6.4 43+0.0° 60+3.1°
21 19+1.1 559+1.5 137437 193422 S4+18 472+ 44 11.0424 180453

“HSC-T6 cells were incubated with compounds 2, 13, 15, and 21 at a concentration of 25 M for 24 and 48 h. Control is the value for cultures with
vehicle for 24 or 48 h. Results are expressed as the mean £ SD of three independent experiments, each performed using triplicate wells. b p <0.05

compared with control. “p < 0.005 compared with control.

the compounds with the same aglycone: compounds 7 (75.6% at
100 M) and 11 (89.8% at 100 uM), 9 (63.6% at 100 uM) and 1
(90.2% at 100 M), 14 (50.0% at 100 %M) and 3 (80.9% at 100
UM), and 16 (20.6% at 100 uM) and 18 (83.9% at 100 uM),
respectively. Compounds 7, 9, 14, and 16, with the carboxylic
acid at C-28, showed slightly more potent inhibitory activities
than compounds 11, 1, 3, and 18, with a S-glucopyranoside at
C-28. These results suggested that a free carboxylic group at C-28
might be important to exert antiproliferative activity in HSC-T6
cells. The inhibitory activity of (—)-EGCG, a positive control,
was 83.8% at 10 uM, 41.7% at SO uM, and 33.4% at 100 uM,
respectively. Taken together, it was suggested that the ursane-
type skeleton, the presence of an oxo group at C-1, and a free
carboxylic group at C-28 were important for inhibitory activity
on HSC-T6 cell proliferation.

The morphology of cells treated with the most potent
compounds, 2, 13, 15, and 21 (14.2, 14.8, 15.6, and 11.0% at
100 uM, respectively), were changed into apoptotic cells in dose-
and time-dependent manners (see Supporting Information,
$37). To evaluate the apoptotic effects of these compounds on
HSC-T6 cells, we investigated the changes in cell cycle by flow
cytometry at concentrations of 25—50 #M. All four compounds
showed significant decrease of the number of G; phase cells and
increase of cells in the sub-Go/G,; phase at 50 uM after 48 h
incubation (data not shown; the ratio of sub-Go/G; phase is
>60%). These results indicated that compounds 2, 13, 15, and 21
inhibited proliferation of HSC-T6 cells by arresting DNA
synthesis. Compound 15 demonstrated the most significant
inhibitory activity of DNA synthesis at 25 uM (12.4% after 24
h, 57.7% after 48 h) (Table 1; see Supporting Information, $38).
At concentrations of 10 and 25 uM of compound 15, we
additionally examined the stage of apoptosis using the Annex-
in-V/PI double staining assay (Figure 1). The percentages of
early apoptosis (Annexin-V*/PI ") and late apoptosis (Annexin-
V' /PI") were increased dose- and time-dependently. After 24 h
incubation with compound 15 at 10 and 25 uM, the percentage
of cells in apoptosis stage was about 6.23% (Annexin-V*/PI")
and 7.12% (Annexin-V"/PI") at 10 uM and 10.45% (Annexin-
V/PI") and 15.24% (Annexin-V"/PI") at 25 uM, respectively.
After 48 h, whereas the percentage of the apoptotic cells was
decreased to 4.41% (Annexin-V'/PI") and 9.23% (Annexin-
V' /PI") at 25 uM, the percentage of dead cells (Annexin-V/
PI") was dramatically increased to 31.85% at the same concen-
tration. However, the populations of early or late apoptotic cells
treated with 10 «M were about 10.14% (Annexin-V"/PI") and
17.80% (Annexin-V'/PI"), respectively. These results sug-
gested that the antiproliferative activity of compound 15 in

HSC-T6 cells may be exerted by interference of cell proliferation
via apoptosis in dose- and time-dependent manners. Further
studies are needed to clarify the action mechanism of compound
15 on the inhibition of HSC-T6 cell proliferation.

B EXPERIMENTAL SECTION

General Experimental Procedures. Column chromatography
(CC) was carried out on Kiesgel 60 silica gel (40—60 um, 230—400
mesh, Merck, USA), YMC-GEL ODS-A (5—150 um, YMC), and
Sephadex LH-20 (25—100 #M, Pharmacia, NJ, USA), and TLC was
carried out on Kiesgel 60 F,s, coated normal silica gel and RP-18 Fyg,
coated reversed-phase silica gel. The 'H and "*C NMR, 'H—"H COSY,
HSQC, and HMBC spectra were recorded on a Bruker AMX 400 or 500
spectrometer in pyridine-ds. Solvent signals were used as internal
standards. FT-IR spectra were measured with a JASCO FT/IR-300
spectrophotometer. High-resolution and low-resolution FABMS were
obtained on a JEOL JMS-AXS0SWA. GC was conducted on a 5890 gas
chromatograph (Agilent Technologies Co. Ltd., USA) with a flame
ionization detector (FID). The HPLC system consisted of a G-321
pump (Gilson Co. Ltd., USA), a G-151 UV detector (Gilson Co. Ltd,,
USA), and a YMC-Pack Pro C,g column (250 mm X 10 mm i.d.; S um),
and all chromatograms were monitored at 210 nm. HPLC grade solvents
(Fisher Scientific, USA) were used in the MeOH—H,O system.
Detection of DNA cycle and apoptosis on HSC-T6 cells was conducted
by flow cytometry (BD Biosciences, FACSCalibur, Franklin Lakes, NJ,
USA).

Plant Material. Leaves and twigs of Juglans sinensis were collected
at the Medicinal Plant Garden, Seoul National University, Goyang,
Korea, in September 2008 and air-dried. J. sinensis was identified by Dr.
Jong Hee Park, a professor of the College of Pharmacy, Pusan National
University. A voucher specimen (SNUPH-0329) has been stored in the
Herbarium in the Medicinal Plant Garden, Seoul National University.

Extraction and Isolation. Dried leaves and twigs (20 kg) of
J. sinensis were extracted with 80% MeOH (15 L X 3) in an ultrasonic
apparatus. After removal of the solvent in vacuo, an 80% MeOH extract
(2.2 kg) was suspended in H,O and successively partitioned into n-
hexane (48.5 g), CHCl; (147 g), EtOAc (200 g), and n-BuOH (1.4 kg)
fractions. The n-hexane, CHCl;, and EtOAc fractions, which showed
significant inhibitory activity on proliferation of HSC-T6 cells, were each
subjected to repeated CC with a gradient elution of solvents. The n-
hexane fraction was subjected to silica gel CC (4S5 cm X 10 cm) eluted
with mixtures of n-hexane—EtOAc (50:1, 10:1, 5:1, 3:1) and CHCl;—
MeOH (5:1) and MeOH (v/v) to yield seven fractions (HoH1—HoH?7).
Compounds 20 (21 mg) from HoH3, and 13 (529 mg) and 21 (10 mg)
from HoHS were isolated using ODS silica gel MPLC (MeOH—H,0, 8:2),
respectively. Fraction HoH4 was further separated into three fractions
(HoH4A—4C) on Sephadex LH-20 using a mixture of n-hexane—
CH,Cl,—MeOH (10:10:1). Fraction HoH4B was subjected to an
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Figure 1. Analysis of apoptosis of compound 15 using flow cytometry. After 24 h incubation with compound 18, the number of cells during early and
late apoptosis (Annexin-V'/PI" and Annexin-V'/PI") is increased from 9.58% in the control (A) to 13.35% (B) and 25.69% (C), as the concentration
of compound 15 is increased from 10 uM (B) to 25 uM (C). After 48 h treatment with compound 15 at a concentration of 10 #uM (E) and 25 uM (F),
the number of cells during early and late apoptosis (Annexin-V*/PI™ and Annexin-V"/PI") is 27.94% (E) and 12.64% (F), respectively. The dead cells
(Annexin-V~ /PI") treated at 25 4M are increased to 31.85% (F). Values are represented as percentage. Data are representative of three independent

experiments.

ODS silica gel MPLC gradient eluting with mixtures of MeOH—H,O
(6.5:3.5,7:3, 8:2,9.5:0.5, and 10:0, respectively) to give compounds 12
(8.5 mg) and 2 (4.5 mg). Compound 19 (45 mg) was isolated from
HoH4B by recrystallization (MeOH). Compound 14 (1.2 g) was
obtained from HoH6 using Sephadex LH-20 with a mixture of n-
hexane—CH,Cl,—MeOH (10:10:1). Fractions HoCS and HoCSB
were separated from the CHCI; fraction by silica gel CC (10 cm x20
cm). The column was washed with a mixture of n-hexane—EtOAc (5:1)
to give fraction HoCS (soluble in the mixture of n-hexane—EtOAc, 5:1,
25 g) and fraction HoCSB (the residue was washed with MeOH, 116 g).
Fraction HoCS was subjected to silica gel CC (CHCl;—MeOH = 50:1,
30:1, 15:1, 10:1) to afford three fractions (HoCS1—3). Compounds 9
(300 mg), 15 (500 mg), and 16 (650 mg) were isolated from HoCS2 by
ODS silica gel MPLC (MeOH—H,O = 6:4, 8:2). Fraction HoCSB was
separated into five fractions (HoCSB1—S) using HP-20 resin eluted
with a gradient of aqueous MeOH (MeOH—H,0 = 0:1, 1:4, 5:5, 4:1,
1:0). Compound S (30 mg) was isolated from HoCSB1 by recrystalli-
zation (MeOH). Fraction HoCSB2 was divided into six fractions
(HoCSB2A—F) by ODS silica gel MPLC (MeOH—H,O = 6:4).

Compounds 6 (22 mg), 8 (11 mg), and 17 (9 mg) were purified from
HoCS2E by ODS silica gel HPLC using MeOH—H,O (8:2, 2 mL/
min). The EtOAc fraction was subjected to silica gel CC eluted with
CHCl;—MeOH of increasing polarity (50:1, 30:1, 10:1, 5:1, 3:1, 0:1)
to give 10 fractions (HoE1—10). By ODS silica gel CC eluting with a
mixture of MeOH—H,0, compound 7 (500 mg) was obtained from
HoES (MeOH—H,O0 = 7:3, 9:1). Fraction HoE7 was subjected to ODS
silica gel CC (10 cm X20 cm) to afford five fractions (HoE7A—E).
Compounds 1 (S mg) and 18 (125 mg) were obtained from HoE7D by
ODS silica gel HPLC with MeOH—H,O (8:2, 2 mL/min). Fraction
HoE7E was separated into three fractions (HoE7E1—3) by Sephadex
LH-20 with MeOH, and HoE7E1 was chromatographed by ODS silica
gel HPLC (MeOH—H,0 = 8:2) to give compounds 10 (5.6 mg), 3
(S mg), and 4 (4.5 mg). Fraction HoE10 was separated into six
fractions (HoE10A—F) by ODS silica gel CC (MeOH—H,O0, 8:2),
and compound 11 (500 mg) was obtained from HoE10F by ODS silica
gel MPLC (MeOH—H,0, 8:2).

1-Ox0-3f, 23-dihydroxyolean-12-en-28-oic acid 28-O--
p-glucopyranoside (1): whitish, amorphous powder; [0t]**, +39.8
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(c0.21, MeOH); IR v,,.,, 3388, 2926, 1699, 1650, 1540, 1457, 1072 cm ™
"H NMR (400 MHz, pyridine-ds) and '*C NMR (100 MHz, pyridine-ds)
data, see Supporting Information S35; FABMS m/z 671 [M + Na]t;
HRFABMS m/z 671.3727 [M + Na]™ (caled for C34Hs60;0Na,
671.3771).

1-Oxo-3f-hydroxyolean-18-ene (2): whitish, amorphous powder;
[a]*p +50.6 (c0.62, pyridine); IR V.., 3388, 2950, 1702, 1539, 1453, 1376,
1303, 1252, 1137, 1041 cm™ 5 "H NMR (500 MHz, pyridine-ds) and °C
NMR (125 MHz, pyridine-ds) data, see Supporting Information S35;
FABMS m/z 463 [M + Na]™; HREABMS m/z 440.3660 [M] ™ (caled
for C30H490,Na, 440.3654).

3/3,23-Dihydroxyurs-12-en-28-oic acid 28-0-f-p-gluco-
pyranoside (3): whitish, amorphous powder; [at]** +28.8 (¢ 0.73,
MeOH); IR v, 3388, 2925, 1732, 1617, 1540, 1456, 1386, 1074
ecm ™ '; 'H NMR (500 MHz, pyridine-ds) and "*C NMR (125 MHz,
pyridine-ds) data, see Supporting Information $35; FABMS m/z 657
[M + Na]*; HREABMS m/z 657.3943 [M + Na]" (caled for
Ca6HssO0Na, 657.3979).

3f3,22a-Dihydroxyurs-12-en-28-oic acid 28-0-f-p-gluco-
pyranoside (4): whitish, amorphous powder; [0]**p +28.9 (¢ 0.3,
MeOH); IR v,.., 3388, 2925, 1732, 1617, 1457, 1387, 1070 cm” '; 'H
NMR (500 MHz, pyridine-ds) and "*C NMR (125 MHz, pyridine-ds)
data, see Supporting Information S35; FABMS m/z 657 [M + Na]™;
HRFABMS m/z 657.3954 [M + Na]* (caled for C36Hss00Na,
657.3979).

General Acid Hydrolysis. Each compound (2 mg) was dissolved in
1 N HCI (dioxane—H,0, 1:1, 1 mL), and each solution was heated to 90 °C
for 2 h. After neutralizing each acidic solution with silver carbonate, the
solvent was evaporated to dryness under N,. Each reaction mixture was
extracted with CHCl; and H,O, successively, and the aqueous layer was
concentrated to dryness. Each residue was dissolved in 0.1 mL of dry
pyridine, and L-cysteine methyl ester hydrochloride dissolved in dry pyridine
(0.06 M, 0.1 mL) was added to the solution. Each mixture was reacted at 60
°C for 2 h, and 0.1 mL of (trimethylsilyl)imidazole dissolved in H,O was
added, followed by heating to dryness at 60 °C for 2 h. Each dried reactant
was partitioned between n-hexane and H,O (0.1 mL), and the n-hexane
fraction was subjected to gas chromatography (GC) (column: DB-5,1.d.0.25
mm, length 30 m). The conditions for GC were FID detector; column
temperature 210 °C; injector temperature 270 °C; detector temperate 300
°C; helium carrier gas (2.0 kg/cm®). Under these conditions, the sugars of
each reactants were identified by comparison with authentic standards:
tg (min) 1045 (p-glucose), 11.04 (L-glucose), 847 (p-arabinose), 8.31
(L-arabinose), 8.92 (p-thamnose), and 8.66 (1-thamnose).

Culture of HSC-T6 Cell Line. Animmortalized rat hepatic stellate
cell line, HSC-T6, was provided by Prof. S. L. Friedman (Columbia
University, New York). HSC-T6 cells were maintained in DMEM
(Sigma, St. Louis, MO, USA) supplemented with 10% heat-inactivated
fetal bovine serum, 100 IU/mL penicillin (Sigma, St. Louis, MO, USA),
and 100 #g/mL streptomycin (Sigma, St. Louis, MO, USA) at 37 °Cina
humidified incubator containing 5% CO, gas.

Assessment of Cell Proliferation. Compounds to be tested
(1—21) were dissolved in DMSO (final concentration, 0.1%). For the
assay, the cells were seeded in 48-well plates at a density of 5 x 10" cells/
mL and incubated for 24 h. HSC-T6 cells were treated with vehicle or
compounds 1—21 at concentrations from 10 to 100 uM for 48 h.
Inhibitory activity of each compound on cell proliferation was assessed
by the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) assay.>® HSC-T6 cells were incubated with 2 mg/mL of MTT
for 2 h. Reduction of MTT to formazan was assessed in an ELISA plate
reader at 540 nm. Inhibitory activity of compounds 1—21 on cell
proliferation was calculated as 100 x (abs. of well treated with
compounds/abs. of control treated with vehicle). Data were expressed
as the mean of three independent experiments. (—)-EGCG was used as a
positive control.

Flow Cytometry for Analyzing the DNA Cycle and Apop-
tosis. For measuring the DNA cycle and apoptosis, HSC-T6 cells were
seeded in 12-well plates at a density of 5 x 10° cells/mL for 24 h and
treated with compounds 2, 13, 15, and 21 at 10 and 25 uM. After 24 or
48 h, cells were collected, washed twice with PBS (NaCl, 137 mM, KCI 2
mM, Na,HPO, 100 mM, KH,PO, 2 mM; pH 7.4), and centrifuged at
room temperature. For evaluating the DNA cycle, cell pellets were
suspended in ice-cold 70% ethanol for fixation at 4 °C overnight. After
centrifuging, cell pellets were resuspended in 600 uL of PI/RNASE
staining buffer (BD Pharmingen, Franklin Lakes, NJ, USA) and in-
cubated at room temperature for 30 min before analysis. For measuring
apotosis, cell pellets were prepared by an FITC-Annexin V apoptosis
detection kit (BD Pharmigen, Franklin Lakes, NJ, USA) according to the
manufacturer’s manual. DNA cycle and apoptosis of HSC-T6 were
evaluated by flow cytometry (BD Biosciences, FACSCalibur, Franklin
Lakes, NJ, USA).

Statistical Analysis. The evaluation of statistical significance was
determined by the one-way ANOVA test, with ’p < 0.0S, and p < 0.001
considered to be statistically significant.
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© Supporting Information. The structures of compounds
1—21, 1D and 2D NMR spectra of compounds 1—4, and details
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