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Terpenoids Induce Cell Cycle Arrest and Apoptosis from the
Stems of Celastrus kusanoi Associated with Reactive Oxygen
Species
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Bioguided fractionation of the CHClI3 extracts obtained from Celastrus kusanoi stems led to isolation
of two new terpenoids, 33-hydroxy-11,14-oxo-abieta-8,12-diene (1) and 3p-trans-(3,4-dihydroxy-
cinnamoyloxy)-11o-methoxy-12-ursene (2), and four known compounds characterized by spectro-
scopic methods. Compounds 1 and 2 and known triterpenoid erythrodiol (3) exhibited cytotoxic
activity against bladder cancer cells (NTUB1) with ICsq values of 58.2 + 2.3, 160.1 + 60.9, and 18.3
+ 0.5 uM, respectively. Exposure of NTUB1 to 3 (5 and 10 uM) for 24 h significantly increased the
level of production of reactive oxygen species (ROS). Flow cytometric analysis showed that
treatment of NTUB1 with 3 led to the cell cycle arrest at GO/G1 accompanied by an increase in
the extent of apoptotic cell death after 24 h. These data suggest that the presentation of G1 phase
arrest and apoptosis in 3-treated NTUB1 for 24 h was mediated through an increased amount of

ROS in cells exposed to 3.
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INTRODUCTION

The Celastraceae plants are rich in various sesquiterpene
polyol esters, alkaloids, and terpenoids, some of which have
exhibited an insect antifeedant effect, antitumor activity, multi-
drug resistance reversing activity, and anti-inflammatory acti-
vity (). Celastrus kusanoi Hayata, Celastraceae, is distributed in
China and Taiwan. The CHCI; extract of stems of C. kusanoi
exhibited significant cytotoxic activity against several cancer cell
lines. Bioactivity-guided fractionation has led to isolation of two
new terpenoids, 33-hydroxy-11,14-oxo-abieta-8,12-diene (1) and
3f-trans-(3,4-dihydroxycinnamoyloxy)-11o-methoxy-12-ursene
(2), and four known compounds, including 28-hydroxy-f-amy-
rone (2, 3), erythrodiol (3) (4), coniferaldehyde (5), and S-sito-
steryl-3f3-glucopyranoside-6'-O-palmitate (6), from the CHCl3
extract of stems of C. kusanoi. In this work, structure elucidation
of 1 and 2 and the cytotoxic activities of 1—3 (Figure 1) are
reported.

MATERIALS AND METHODS

General Procedures. Optical rotations were recorded with a
JASCO-370 polarimeter using appropriate solvent. UV spectra were
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recorded in MeOH on a JASCO UV-vis spectrophotometer. IR
spectra were recorded on a Hitachi 260-30 spectrometer. 'H (400 MHz)
and C NMR (100 MHz) spectroscopy and '"H—'H COSY, NOESY,
HMQC, and HMBC experiments were conducted on a Varian Unity-400
NMR spectrometer. MS data were obtained on a JMS-HX-100 mass
spectrometer.

Chemicals. Dimethyl sulfoxide (DMSO) was obtained from Merck.
Cisplatin was obtained from Pharmacia & Upjohn (Milan, Italy). All
culture reagents were obtained from Gibco BRL.

Plant Materials. The stems of C. kusanoi were collected at Ping Tung
Hsieng, Taiwan, in August 2006. A voucher specimen (2006-E-1) has been
deposited at the Department of Medicinal Chemistry, School of Phar-
macy, Kaohsiung Medical University.

Extraction and Isolation. Dried stems of C. kusanoi (5 kg) were
extracted three times (each with 20 L of CHCls) at room temperature for
6 months. The extracts were concentrated under reduced pressure to give a
residue (40 g) that was subjected to column chromatography on silica gel
and eluted with a CgH,/acetone gradient to afford 47 fractions that were
combined into fractions I—VIIIL. Fraction II, eluted with a C¢H ,/acetone
mixture (80:20), was purified on silica gel using a C¢H o/acetone mixture
(85:15) and further subjected to a series of normal phase MPLC separa-
tions to yield 1 (10 mg), -28-hydroxy-f-amyrone (50 mg), and 3 (30 mg).
Fraciton III, eluted with a C¢Hj,/acetone mixture (67:33), was further
purified by reverse phase MPLC using a MeOH/H,0 mixture (80:20) to
afford 2 (7 mg). Finally, fraction IV (C4H,/acetone, 50:50) and fraction V
(CgH »/acetone, 35:65) were subjected to repeated column chromatography
and further purified on Sephadex LH-20 eluting with CH;0H to give coni-
feraldehyde (15 mg) and f-sitosteryl-3-f-glucopyranoside-6'-O-palmitate
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(10 mg), respectively. The known compounds were identified using spectro-
scopic methods and gave values consistent with data reported in the
literature (2—6).

3B-Hydroxy-11,14-oxo-abieta-8,12-diene (1): yellow powder; [a]f 55
(¢ 0.1, CHCL3); UV(MeOH) Zppay (nm) (log €) 269 (4.31); IR (KBr) vpax
3228, 1649, 1599 cm™'; 'H and '*C NMR data in Table 1; EIMS (70 ¢V)
mfz 316 ((M]*, 16), 298 (12), 283 (50), 241 (28), 91 (100); HREIMS /=
316.2038 (caled for CyH,503, 316.2036).

3p-trans-(3,4-Dihydroxycinnamoyloxy)-11o-methoxy-12-ursene  (2):
white powder; [o]? —52 (¢ 0.05, CHCly); UV (MeOH) Ay (nm) (log )
226 (3.80), 302 (4.10), 330 (3.70); IR (KBr) vyax 3366, 1695, 1597, 1519
em™'; '"H and '*C NMR data in Table 1; ESIMS m/z 641 [M + Na]*, 517,
473, 457, 429; HRESIMS m/z 641.4186 [M + Na]* (caled for CyoHsg-
OsNa, 641.4182).

Cell Culture and MTT Assay for Cell Viability. NTUBI human
eurthelial carcinoma cells were maintained in RPMI 1640 medium

Figure 1. Structures of 1—3.

Table 1. 'H and "3C NMR Data for 1 and 2
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supplemented with 10% fetal bovine serum (FBS), 100 units/mL penicillin
G, 100 ug/mL streptomycin, and 2 mM L-glutamine. The cells were
cultured at 37 °C in a humidified atmosphere containing 5% CO.

For evaluation of the cytotoxic effect of 1-3 and positive control
cisplatin, a modified 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT, Sigma Chemical Co.) assay was performed (7). Briefly, the
cells were plated at a density of 1800 cells/well in 96-well plates and
incubated at 37 °C overnight before being exposed to the drug. Cells were
then cultured in the presence of graded concentrations of 1-3 and 10 uM
cisplatin (Pharmacia & Upjohn) at 37 °C for 48 h. At the end of the culture
period, 50 uL of MTT (2 mg/mL in PB) was added to each well and
allowed to react for 3 h. Following centrifugation of plates at 1000g for
10 min, media were removed and 150 4L of DMSO was added to each well.
The proportions of surviving cells were determined by absorbance spectro-
metry at 540 nm using an MRX (DYNEXCO) microplate reader. The cell
viability was expressed as a percentage of the viable cells of the control
culture condition. The ICs, values of each group were calculated by
median effect analysis and presented as means + the standard devia-
tion (SD).

Flow Cytometry Analysis. DNA content was determined following
propidium iodide (PI) staining of cells as previously described (8). Briefly,
8 x 10° cells were plated and treated with 10 M cisplatin and various

—  'H-'HCOSY
7A  HMBC

Figure 2. Key '"H—"H COSY and HMBC correlations of compounds 1
and 2.

18 29 2
S d¢ S dc O dc
1 o 1.21 (m) 344 o 1.36 (m) 414 21 o 1.37 (m) 325
£2.80 (dt, 13.2, 3.5) £ 2.00 (m) B1.41(m)
2 1.73 (m) 277 o 1.62 (m) 254 2 o 1.36 (m) 428
B1.71 (m) B 1.46 (m)

3 3.25 (m) 783 4.58 (dd, 11.2, 5.0) 815 23 0.92 (s) 292

4 39.1 39.5 24 0.98 (s) 18.0

5 1.07 (m) 51.0 0.98 (m) 56.8 25 1.15(s) 18.2

6 o 1.45 (m) 17.2 o 1.50 (m) 19.7 26 1.09 (s) 19.4

8 1.88 (dd, 13.6, 7.6) B 1.60 (m) 27 1.19 () 236

7 o 2.31 (ddd, 20.0, 11.2, 7.6) 26.2 o 1.32 (m) 347 28 0.84 (s) 29.8

B 1.60 (m) 29 0.92 (d, 6.4) 185

8 142.8 444 30 0.93 (d, 6.4) 23

9 150.0 1.76 (m) 54.0 1 167.9

10 38.2 39.5 2 6.29 (d, 16.0) 116.8

1 187.9 3.82 (dd, 8.8, 2.8) 777 3 7.54 (d, 16.0) 146.0

12 6.31 (s) 131.9 534 (d, 3.2) 126.0 g 128.2

13 152.9 1445 5 7.16 (d, 2.0) 115.8

14 187.9 435 6 147.1
15 2.79 (septet, 6.8) 26.3 1.78 (m) 28.2
16 1.08 (d, 6.8) 213 0.92 (m) 29.3

17 1.09 (d, 6.8) 213 34.9 7 149.6

18 0.86 (5) 15.7 1.43 (bs) 59.9 g 6.86 (d, 8.4) 117.0

19 1.04 (s) 28.2 1.41 (m) 410 g 7.03 (dd, 8.4, 2.0) 123.1

20 1.27 (s) 20.1 2.01 (m) 408 OMe 3.26 (s) 55.3

@Measured in CDCls.



3810 J. Agric. Food Chem., Vol. 58, No. 6, 2010

concentrations of 3 for 24 h, respectively. These cells were harvested by
trypsinization, washed with 1x PBS, and fixed in ice-cold MeOH at
—20 °C. After overnight incubation, the cells were washed with PBS and
incubated with 50 ug/mL propidium iodide (Sigma Co.) and 50 ug/mL
RNase A (Sigma Co.) in PBS at room temperature for 30 min. The
fractions of cells in each phase of the cell cycle were analyzed using a
FACScan flow cytometer and Cell Quest software (Becton Dickinson).
Quantitative Analysis of Intracellular Reactive Oxygen Species
(ROS). Production of ROS was analyzed by flow cytometry as described
previously (9). Briefly, cells were plated and treated under the indicated
conditions. 2',7'-Dichlorodihydrofluorescein diacetate (H,DCFDA,
10 uM) (Molecular Probes, Eugene, OR) was added to the treated cells
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Figure 3. Compound 3 induced NTUB1 cell death. Cell viability was
assessed by the MTT assay 48 h after treatment with different concentra-
tions of 3. P < 0.05 (a) and P < 0.001 (b) compared to the control value.
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30 min before they were harvested. The cells were collected by trypsiniza-
tion and washed with PBS. The green fluorescence of intracellular DCF
(2',7"-dichlorofluorescein) was then analyzed immediately with a FACS-
can flow cytometer with a 525 nm band-pass filter (Becton Dickinson).

Statistical Analysis. Data were expressed as means &+ SD. Statistical
analyses were performed using the Bonferroni ¢ test method after an
ANOVA for multigroup comparison and the Student’s 7 test method for a
two-group comparison, where p < 0.05 was considered to be statistically
significant.

RESULTS AND DISCUSSION

Compound 1 was a yellow powder: [o]3 55 (¢ 0.1, CHCly). Its
HREIMS spectrum exhibited a [M]" peak at m/z 316.2038,
corresponding to the molecular formula CyyH,gO3 (caled,
316.2036). The IR spectrum exhibited an absorption band for
hydroxyl function (3328 cm™"). The UV absorption at a A,y of
269 nm (10) and the IR spectrum (1649, 1599 cm ') suggested the
presence of a p-benzoquinone element (/7). The *C NMR
spectra (Table 1) were similar to that of tryptoquinone H
(3,11,14-0ox0-abieta-8,12 diene) (12) except for the carbon signals
at C-2—C-4, C-18, and C-19. The '"H NMR spectra (Table 1) are
also very similar to that of tryptoquinone H except for the proton
signals at H-2—H-5, Me-18, and Me-19. The HMBC correlations
of H-1/C-3 and C-5, H-2/C-3, H-3/C-4, H-5/C-18 and C-19, Me-
18/C-4 and C-5, Me-19/C-4, and C-5 and NOESY correlations
between Hy-5/Me-18 and Me-18/H-3 (Figure 2) established 1
possessed a 3f-hydroxy-abietane-type diterpene. Hence, com-
pound 1 was identified as 33-hydroxy-11,14-oxo-abieta-8,12-
diene (1).

Compound 2 was obtained as a white powder: [a]y —52.0
(¢ 0.05, CHCI3). Its HRESIMS spectrum exhibited an ion peak at
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Figure 4. Effectof 3 onthe production of ROS in NTUB1 cells: (A) control, (B) 10 «M cisplatin, (C) 5 «M 3, and (D) 10 «M 3 for 24 h. The amount of ROS was
assayed via H,DCFDA staining. Each sampling measured the mean fluorescence intensity (MFI) of 3 x 10° cells cotreated via autofluorescence. The control
cells were treated with medium. Three repeated experiments produced similar results.
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Figure 5. Effectof 3 and cisplatin in the production of ROS in NTUB1 cells.
Cells were treated with 10 «M cisplatin and 5 and 10 M 3 for 24 h, and the
amount of ROS was assayed by H,DCFDA staining. Three independent
experiments produced similar results.

m/z 641.4186 consistent with the molecular formula C4oHs30sNa
[M + NaJ" (caled, 641.4182). The IR spectrum of 2 exhibited
absorption bands that could be attributed to a hydroxyl group
(3366 cm ™ '), an o B-unsaturated carbonyl ester (1695 cm™ ") (13),
and an aromatic ring (1597, 1519 cm™"), which together with the
UV absorption at A, values of 226, 302, and 330 nm suggested
the presence of a substituted cinnamoyl chromophore (/4). The
13C NMR spectra of 2 (Table 1) were similar to that of trypto-
hypol E (3-hydroxy-11a-methoxy-12-ursene) (12) except for the
presence of a downfield shift signal observed at C-3 and nine
additional carbon signals (C-1'—C-9'). The "H NMR spectrum of
2 that exhibited a pattern of ¢rans double bond proton signals at ¢
6.29 (1H,d,J = 16.0Hz, H-2')and 7.54 (1H, d, J = 16.0 Hz, H-3)
and a 1,3 ,4-trisubstituted benzene proton with signals at ¢ 6.86
(1H, d, J = 8.4 Hz, H-8'), 7.03 (1H, dd, J = 8.4, 2.0 Hz, H-9"),
and 7.16 (1H, d, J = 2.0 Hz, H-5) revealed the presence of a
phenylpropanoid ester moiety. The HMQC, '"H—'H COSY, and
HMBC correlation shown in Figure 2 established the structure
of 2 as 3f-trans-(3,4-dihydroxycinnamoyloxy)-11o-methoxy-12-
ursene (2).

Compounds 1—3 were evaluated for cytotoxic activity against
the human NTUBI cells. Cisplatin with an ICs value of 3.27 £
0.10 uM was used as a positive control in the cytotoxic assay.
Compounds 1—3 exhibited cytotoxic activities with ICs, values
of 58.2 £ 2.3, 160.1 £ 60.9, and 18.3 & 0.5 uM, respectively. As
shown in Figure 3, compound 3 at 10—50 uM caused a signifi-
cantly increased level of NTUBI cell death in a concentration-
dependent manner.

ROS induce programmed cell death or necrosis, induce or
suppress the expression of many genes, and activate cell signaling
cascades (15). For further evaluation of the cytotoxic effect and
mechanisms of induced cancer cell death in vitro, we first
examined the effect of selective constituent 3 on the intracellular
ROS level in NTUBI cells. Expose of cells to 10 M cisplatin and
5 and 10 uM 3 for 24 h caused a significant increase in the
intracellular level of ROS as determined with the fluorescent
dye, H,DCFDA, which preferentially detected intracellular ROS
(Figures 4 and 5).

ROS cause a wide range of adaptive cellular responses ranging
from transient growth arrest to permanent growth arrest, apop-
tosis, or necrosis, depending on the amount of ROS. These
responses allow organics to remove damage induced by ROS or
allow cells to remove damage cells (/6).

The effect of the positive control cisplatin and different con-
centrations of 3 on cell cycle progression was determined by using
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Table 2. Cell Populations during the Cell Cycle of NTUB1 Cells? in the
Presence of Cisplatin or 3

sub-G1 GO/G1 s G2M
control 3294153 47294418 2324+481 21.89+234
10 uMcisplatin-~ 2304032  21.92+£107 56024062  17.80 £ 0.61
5uM3 3214105 47214560 2505+600 21.26+ 198
10u4M3 3194084 51134645 23544548 19984275
20 uM 3 648£012 7166030 7.354045 1170033

#Flow cytometric analysis of the DNA histograms of propidium (Pl)-stained
NTUBT cells in the presence of cisplatin or 3. The cells were incubated with the
indicated concentrations of cisplatin or 3. After incubation, the cells were fixed and
incubated with Pl and RNase before the red fluorescence excited by blue light was
read. The control contained cotreated cells. The cell populations of the cell cycle
were analyzed with Lysis 1.

Figure 6. Flow cytometry analysis of cisplatin- and 3-treated NTUB1 cells.
NTUBT cells (3 x 10° cells per 6 cm dish) were treated in the absence of
cisplatin or compound: control (A), 10 «M cisplatin (B), 5 «M 3 (C), 10 uM
3 (D), or (E) 20 «M 3 for 24 h. At the indicated time, cells were stained with
propidium iodide (PI), DNA contents were analyzed via flow cytometry, and
the level of apoptosis was measured by the accumulation of sub-G1 DNA
contents in cells. The control cells were treated with medium. Results are
representative of three independent experiments.

fluorescence-activated cell sorting (FACS) analysis in propidium
iodine-stained NTUBI cells. As shown in Table 2 and Figures 6
and 7, treatment with 5, 10, and 20 uM 3 for 24 h induced G1
phase arrest in a dose-dependent manner, accompanied by an
increase in the level of apoptotic cell death. In the Chinese
hamster ovary (CHO) cells, the cell cycle inhibition induced by
H,0, was accompanied by cell spreading and formation of focal
adhesions during the early G1 phase (/7). In the NTUBI cells, the
G1 phase arrest induced by 3 may also accompany cell spreading
and formation of focal adhesions. This is valuable for the future
study of the influence of cell spreading and formation of focal
adhesions during G1 phase arrest induced by ROS.

Cellular ROS are known to be essential to cell survival, but the
effect of ROS on cells is complex. Experimentally, a low con-
centration of H,O, causes a moderate increase in the rate of
proliferation of many tumor cell lines, whereas a higher level
results in slowed growth, cell cycle arrest, and apoptosis or even
necrosis (18). Treatment of cells with 3 for 24 h yielded G1 phase
arrest and significantly increased the amount of ROS in cells. It
indicated that the cell cycle arrest and apoptosis induced by 3 were
correlated with ROS. Recently, compound 3 has been identified
as a powerful inhibitor of 1321N1 astrocytoma cell growth and
efficient apoptotic killing agent, and this suggested that the pro-
cess is mediated by the activation of a ROS/JNK pathway (/9).
It indicated that the process of NTUBI and 1321N1 cell death
induced by 3 mediated through the increased production of ROS
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Figure 7. Cell cycle distribution of NTUB1 cells treated for 24 h with 3 at
different concentrations. Cisplatin was used as a reference drug. Percen-
tages of sub-G1 cells and cells in the GO/G1, S, and G2/M phases are
shown. Data are from a representative experiment of three: (A) control,
(B) 10 uM cisplatin, (C) 5 «M 3, (D) 10 «M 3, and (E) 20 uM 3. P< 0.05
(a) and P < 0.01 (b) compared to the control values.

may be different. Further investigation should address the
detailed mechanism of action inducing cell cycle arrest at the
G1 phase and apoptosis.

In conclusion, two new cytotoxic terpenoids of C. kusanoi were
isolated and characterized. A known triterpenoid 3 revealed a
partial mechanism by which 3 mediated through generation of
ROS in NTUBI cells induction of Gl cell cycle arrest and
apoptosis. Our study may not elucidate the detailed mechanism
of 3-induced inhibition of tumor cell growth but may encourage
the development of novel, efficient, and less toxic anticancer
agents targeting G1 phase arrest.
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