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Four new compounds, paucinervins A-D (1-4), and 15 known ones were isolated from the leaves of
Garcinia paucinervis. The structures of the new compounds were elucidated by spectroscopic evidences.
All of the 19 compounds were evaluated for their apoptosis-inducing effects using HeLa-C3 cells which
have been genetically engineered to possess a fluorescent biosensor capable of detecting caspase-3 acti-
vation. Eight of them were found to activate caspase-3 in HeLa-C3 cells within 72 h at the concentration
of 25 uM. Moreover, the values of ICso were measured for all four new compounds on HeLa cells using the
MTT assay. Among them, compound 2 (paucinervin B) had the lowest ICso value of 9.5 uM, while the
other three new compounds had much higher ICsq values of 29.5, 52.5, and 95.6 puM, respectively. This
result shows that paucinervin B has the strongest inhibitory effect against HeLa cell growth among these
four newly identified paucinervins and it may have the potential to be developed into a new anticancer

candidate.

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Apoptosis is a programmed cell death that leads to the removal
of unwanted and abnormal cells.! Preferential and efficient induc-
tions of apoptosis in tumor cells are regarded as one of the most
effective anticancer therapies. Activation of caspase-3 is the most
critical event signifying the occurrence of apoptosis which forms
the basis for measuring the apoptotic extent.? Compounds isolated
from natural sources leading to caspase-3 activation may be poten-
tial reservoirs of anticancer drugs.

The Garcinia genus is well known to be a rich source of bioactive
isoprenylated xanthones and benzophenones.>~® Previously, we re-
ported to identify a series of benzophenones and xanthones iso-
lated from the Garcinia genus as apoptosis inducers of HeLa
cells.>® Garcinia paucinervis is a valuable species distributing in
Yunnan and Guangxi provinces of China.'® As a part of the phyto-
chemical and pharmacological investigations of Garcinia plants in
China, a bioassay-guided screening of the bioactive compounds
in leaves of G. paucinervis was conducted resulting in the isolation
of 19 compounds inclusive of four new ones. The present report
describes the isolation and structure elucidation of these com-
pounds as well as the evaluation of their anticancer potentials.

* Corresponding authors. Tel.: +65 6790 4257; fax: +65 6791 1761 (K.Q.L.); tel.:
+852 3406 2873; fax: +852 3551 7333 (H.-X.X).
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2. Results and discussion

2.1. Bioassay-guided isolation of bioactive compounds and
structural elucidation of new compounds

An acetone extract prepared from the leaves of G. paucinervis was
partitioned between EtOAc and H,0. The EtOAc layer was subjected
repeatedly to column chromatography over silica gel, Sephadex LH-
20, and RP-18 and to HPLC to afford four new compounds,
paucinervins A-D (1-4), together with 15 known ones, namely gut-
tiferone E'! (5), guttiferone I'2 (6), 30-epi-cambogin'3 (7), (+)-guttif-
erone K!“ (8), cambogin'* (9), garcicowin C!° (10), formoxanthone
A'® (11), parvifolixanthone A!7 (12), 1,3,7-trihydroxy-2-prenylx-
anthone'® (13), jacareubin'® (14), nigrolineaxanthone E2° (15),
cembrene A?! (16), parvifoliol F'7 (17), 2-cyclohexene-y,1n,2,6,6-
pentamethyl-1-nonanol?? (18), and vitamin E quinone?? (19).

Compound 1 was obtained as yellow gum. Its molecular for-
mula was established as Cy4H,50; by HRESIMS at m/z 427.1694
[M+H]", suggesting the presence of 12 degrees of unsaturations.
The 'H and '3C NMR data of 1 (Table 1) showed the presence of
5 methyls, 2 methylenes, 4 olefinic methines, 1 carbonyl carbon
and 12 olefinic quaternary carbons. The IR spectrum showed
absorption bands for hydroxyl groups (3411 cm™!) and a lactone
carbonyl group chelated to an ortho-hydroxyl group (1624 cm™!).
The presence of the latter functionality was confirmed by reso-
nances at éc 168.5 (C-9) and éy 11.32 (OH-1). The NMR spectra
showed two sets of signals corresponding to prenyl groups. The
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foregoing data indicated that 1 was a depsidone derivative that
contained two isoprene units.

Analyzing the 2D NMR spectra using HMQC and HMBC tech-
niques enabled the assignment of 'H and '*C NMR signals. By com-
paring the NMR data of 1 with those of the known compound,
parvifolidone B,'® the possible structure of 1 was established sug-
gesting the same core structure for both compounds. In the HMBC
spectrum, the chelated proton signal at 6y 11.32 corresponding to
OH-1 showed a strong cross-peak with the carbon at 5c 98.7 (C-9a),
which represents the linkage of aromatic carbon to the carbonyl
group (Fig. 1). The OH-1 proton also exhibited HMBC connectivity
to 6c 162.8 (oxygenated aromatic carbon C-1) and é¢ 111.3 (substi-
tuted aromatic carbon C-2) (Fig. 1). The HMBC cross-peaks of
C-2/(H-11, -12) confirmed that the C-2 group was substituted by
a prenyl group. The aromatic proton at éy 6.35 (C-4) showed HMBC

3
B-prenyl o-isogeranyl
o-prenyl

B-isogeranyl 16

OH

connectivity to four aromatic carbons at éc 98.7 (C-9a), 159.4
(C-4a), 162.0 (C-3), and 111.3 (C-2). The second prenyl group was
determined to be presented at C-7 based on the HMBC connectivity
of the carbon at 5¢c 124.8 (C-7) to H-16 and H-17 (Fig. 1). A methoxy
group resonating at 6y 4.08 in the '"H NMR spectrum of 1 was lo-
cated at C-5 according to its HMBC correlation with C-5 (Fig. 1).
The quaternary carbon signals of éc 144.8 (C-6), 162.0 (C-3) and
its molecular formula C;4H,60- indicated the presence of two hy-
droxyl groups at C-3 and C-6, respectively. Thus, compound 1,
identified as a new compound, was named paucinervin A.
Paucinervin B (2) was obtained as brown gum. The molecular
formula of 2 was determined to be C,;H,4,0g by HRESIMS at m/z
405.1540 [M+H]". It exhibited UV and IR absorption bands similar
to those of 1. Comparison of the NMR data between 2 and 1 indi-
cated that they are different in the substitutes on the aromatic
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Table 1
H and 'C NMR Data for paucinervins A-C (1-3)?
No. 1’ 2¢ 3¢
dc OH dc OH dc OH
1 162.8 s 164.7 s 1111 s
2 11135 95.0d 556 (d, 2.3) 1435 s
3 162.0 s 162.6 s 1193 s
a 1005 d 6.35 (s) 97.6d 5.96 (d, 2.3) 1411 s
4a 1594 s 165.7 s 136.5 s
5 1378 s 145.6 s 159.7 s
10a 140.6 s 133.7 s 1535s
6 1448 s 1240's 128.4d 7.22 (t, 8.1)
7 1248 s 1124d 6.50 (s) 103.9d 7.07 (d, 8.1)
8 1156 d 6.79 (s) 147.6 s 1100 d 6.75 (d, 8.1)
8a 1376 s 1348 s 1143 s
9 168.5 s 1726 s
9a 98.7 s 978 s 1194 s
1 220t 338 (d, 7.2) 292t 3.26-3.29 (m) 1057 d 6.92 (d, 2.1)
12 1209d 5.19-5.26 (m) 1240d 5.22-5.27 (m) 1459 d 7.70 (d, 2.1)
13 136.0 s 1334 s 1243 d 8.10 (d, 10.1)
14 17.9q 1.80 (s) 259q 1.73 (s) 128.04d 562 (d, 10.1)
15 257 q 1.74 (s) 17.8 q 1.74 (s) 76.7 s
16 276t 327 (d, 7.4) 277 q 1.46 (s)
17 1208 d 5.19-5.26 (m) 277 q 1.46 (s)
18 1341 s
19 17.7q 1.68 (s)
20 257 q 1.74 (s)
OMe 626 q 4.08 (s) 615 q 3.77 (s)
OMe 614 q 3.74 (s)
COOMe 5244 3.89 (s)
OH-1 11.32 (s)

9 Data were recorded with a Bruker DRX-400 MHz spectrometer, chemical shifts (§) were expressed in ppm, J in Hz; assignments were confirmed by

'H-'H COSY, HMQC, and HMBC.
b Data were recorded in CHCls.
¢ Data were recorded in CD30D.

HOC

@Me oM
HO, ( ©

Figure 1. Selected HMBC (—) and 'H-'H COSY (—) correlations of 1-4.

rings. The presence of one prenyl group was deducted from its
NMR spectra, which was located at C-6 of the aromatic ring in 2
based on the HMBC correlations of H,-11 to C-5, C-6 and C-7
(Fig. 1). Two methoxy groups were located at C-5 (6¢c 145.6) and
C-8 (5c 147.6) on the basis of their HMBC correlations with these
two carbon signals, respectively (Fig. 1). Resonances for the singlet
aromatic proton and one of the prenyl groups in 1 were replaced by
signals of two meta-aromatic protons [éy 5.56 (d, J=2.3 Hz) and
5.96 (d, J=2.3 Hz)] in 2. The higher field aromatic proton was
attributed to H-2 according to its HMBC correlations with C-1
(6c 164.7), C-4 (¢ 97.6), and C-9a (5c 97.8) (Fig. 1). The other

meta-aromatic proton was then located at C-4. The third methoxy
group (dy 3.89, d¢c 52.4) was located at C-9 according to HMBC cor-
relation (Fig. 1). The '3C NMR signal of C-9 (3¢ 172.6) in 2, appear-
ing in lower field than that of C-9 in 1, confirmed that the ester
group between C-8a and C-9a was broken in 2. The quaternary car-
bon signal of dc 164.7 (C-1), 162.6 (C-3), 134.8 (C-8a) and the
molecular formula C,;H,40g indicated the presence of three hydro-
xyl groups at C-1, C-3, and C-8a, respectively. Therefore, the struc-
ture of 2 was established as shown.

Paucinervin C (3) was obtained as yellow gum. HRESIMS analy-
sis of 3 at m/z 305.0509 [M—H]  demonstrated that it has the
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Table 2
H and 'C NMR data for paucinervin D (4) in CD;0D?
No. 4 No. 4
dc o dc Oy
1 148.2 s 15 40.7 t 1.92-1.97 (overlap)
2 1244s 16 159¢q 1.54 (s)
3 1574 s 17 275t 2.04-2.09 (overlap)
4 1163d 643 (s) 18 1255d  5.06 (t, 7.2)
5 1463 s 19 135.8s
6 1213 s 20 40.8 t 1.92-1.97 (overlap)
7 218t 2.58 (t, 6.9) 21 1129 2.02 (s)
8 329t 1.74-1.80 (m) 22 278 t 2.04-2.09 (overlap)
9 752 s 23 1254d 5.06 (t, 7.2)
10 402 t 1.48-1.52 (m) 24 132.0s
11 242q 122 (s) 25  17.8q 1.56 (s)
12 232t 209-2.13(m) 26  259q 1.64 (s)
13 1259d  5.11(t 7.2) 27 161q 2.04 (s)
14 1359 s

¢ Data were recorded with a Bruker DRX-400 MHz spectrometer, chemical shifts
(8) were expressed in ppm, J in Hz; assignments were confirmed by 'H-'H COSY,
HMQC, and HMBC.

molecular formula C;gH1404. The absence of ester carbonyl group
in the 'H and '3C NMR data of 3 suggested that it has different car-
bon skeleton from 1 and 2. In the '*C NMR spectrum (Table 1), 12
signals from the aromatic region, a signal from the gem-dimethyl-
chromene moiety and another signal from the furan ring were ob-
served. The pattern of the aromatic carbon signals showed
similarity to those of the xanthone nucleus except for the absence
of a carbonyl signal in this compound. These data suggested that
compound 3 was a dibenzofuran substituted with a gem-dimethyl-
chromene moiety and a furan ring.

The presence of a gem-dimethylchromene moiety in 3 was evi-
denced by a sharp 6H singlet at §y 1.46 and an AB spin system at Jy
5.62 (J=10.1 Hz, H-14) and Jy 8.10 (J = 10.1 Hz, H-13). Two single-
proton doublet at 6y 6.92 and 6y 7.70 (J = 2.1 Hz) could be assigned
to the H-11 and H-12 protons, respectively, of the typical furan
ring. Furthermore, the signals at 6y 6.75 (C-8), 7.07 (C-7), and
7.22 (C-6) suggested the presence of three ortho-aromatic protons
in the left aromatic ring. Their positions were determined by the
HMBC correlations of H-6 with C-5, C-10a, C-7, C-8, of H-7 with
C-5, C-6, C-8, C-8a, and of H-8 with C-6, C-7, C-8a, C-10a (Fig. 1).
The quaternary carbon signal of 6¢ 159.7 (C-5) and the molecular
formula C;9H1404 indicated the presence of a hydroxyl group at
C-5. The HMBC correlations of H-11 and H-12 with C-3 and C-4,
respectively, indicated that the furan ring was fused in an angular
form on the right aromatic ring at positions C-3, C-4 (Fig. 1). This
led us to conclude that the gem-dimethylchromene moiety was
also fused in an angular manner on the same ring, but at positions
C-1, C-2. This was confirmed by HMBC correlations of H-13 with
C-2 and C-9a, and of H-14 with C-1 (Fig. 1). Consequently, com-
pound 3 was established as a new dibenzofuran derivative.

Paucinervin D (4), obtained as light yellow oil, gave the molec-
ular formula C,7H4003, as revealed by its HRESIMS at m/z 411.2901
[M—H]~. The NMR data for 4 were similar to those of known com-
pound, parvifoliol F,'® with differences in substitutes at aromatic
ring only. Compound 4 exhibited UV absorption bands at 208
and 295 nm while a hydroxyl stretching band (3400 cm™') was
the only significant absorption observed in the IR spectrum. The
'H NMR spectrum (Table 2) displayed resonances of one aromatic
proton (Jy 6.43, s), four methylene protons of chroman ring [dy
2.58 (2H, t, J= 6.6 Hz) and 1.74-1.80 (2H, m)], one 4,8,12-trimeth-
yltrideca-3,7,11-trienyl unit [5y 5.11 (1H, t, J= 7.2 Hz), 5.06 (2H, t,
J=7.2Hz), 1.48-1.52 (2H, m), 2.09-2.13 (2H, m), 1.92-1.97 (4H,
m), 2.04-2.09 (4H, m), 1.54 (3H, s), 2.02 (3H, s), 1.64 (3H, s), and
1.56 (3H, s)], one aromatic methyl group (éy 2.04, 3H, s), and one
oxyquaternary methyl group (éy 1.22, 3H, s). The presence of the

4,8,12-trimethyltrideca-3,7,11-trienyl moiety was established
through COSY, HMQC, and HMBC correlations. The singlet aromatic
proton at 6.43 was assigned as H-4, according to its HMBC correla-
tions with C-2 (5c 124.4), C-3 (6¢c 157.4), C-5 (6¢c 146.3), and C-27
(6c 16.1) (Fig. 1). In the HMQC spectrum, C-5 and C-6 were corre-
lated with Hy-7 (6y 2.58) of the chroman ring and Hs-27 (dy
2.04), respectively (Fig. 1). These results also indicated there was
attachment of Me-27 at C-5 (¢ 146.3) and fusion of the chroman
ring at C-1 (¢ 148.2) and C-6 (6¢ 121.3). The HMBC cross-peaks be-
tween the other methylene protons (dy 1.74-1.78, H,-8) of the
chroman ring and C-6 (5¢c 121.3), C-9 (é¢ 75.2), C-10 (5¢ 40.2),
and C-11 (6¢ 24.2) confirmed there was fusion of the chroman ring
at C-6 with an ether linkage at C-1 forming the linkage between
the oxyquaternary methyl and 4,8,12-trimethyltrideca-3,7,11-trie-
nyl groups at C-9 of the chroman skeleton (Fig. 1). The remaining
aromatic hydroxyl groups were attached to C-2 (¢ 124.4) and C-
3 (6c 157.4) based on the observed chemical shifts and its molecu-
lar formula, which indicated the presence of two adjacent oxy-sub-
stituents. These data, together with other results from 2D NMR
analysis confirmed the structure of compound 4, which was named
paucinervin D.

2.2. Biological activity

2.2.1. Detection of apoptosis by a caspase sensor

All 19 compounds isolated from G. paucinervis were evaluated
for their apoptosis-inducing effects using genetically engineered
HeLa-C3 cells that possess a fluorescence resonance energy trans-
fer (FRET)-based biosensor capable of detecting caspase-3 activa-
tion.?* These cells can emit green light under normal growth
conditions and shift to blue light emission when caspase-3 is acti-
vated during apoptosis where the sensor protein inside the cells is
cleaved. This color change allows direct measurement of the de-
gree of caspase-3 activation and thus the extent of apoptosis by a
fluorescent plate reader in a non-invasive way.?®

Caspase activation was determined by measuring the fluores-
cent emission intensities from yellow fluorescent protein (YFP)
and cyan fluorescent protein (CYP) and expressed as emission ra-
tion of YFP/CYP. In the present system, the emission ratio of YFP/
CFP is usually between 6 and 8 in normal cells, and this ratio will
decrease to a value of 3 or below when great majority of the cells
undergo caspase-dependent apoptotic cell death. Therefore, any
compound that can reduce the YFP/CFP emission ratio to a value
of 3 or below is considered positive in activating apoptosis in our
assay. As shown in Table 3, compounds were tested at the concen-
trations of 10, 25, 50, and 100 pM. Among the 19 tested com-
pounds, excluding 13, 18, and 19, the rest of them were found to
reduce the YFP/CFP emission ratio below 3 within 72 h at the indi-
cated compound concentrations. Characteristics of apoptotic cell
morphology (cell shrinkage and detachment) were observed from
cells treated with compounds of 2, 9, 14 (Fig. 2) and 5, 6, 8, 10,
11 (Supplementary Fig. 9) at 25 uM. From the kinetic profile of cas-
pase-3 activation shown in Figure 3 and Supplementary Figure 10,
at the concentration of 25 uM, compounds 8-10 reduced YFP/CFP
emission ratio within 24 h (Fig. 3A), followed by compounds 2, 5,
14 at 48 h (Fig. 3B) and compounds 6 and 11 at 72 h (Supplemen-
tary Fig. 10). The results implied that compounds 8-10 may be
more effective in caspase-3 activation than the other compounds.
However, further caspase assay using lower concentrations of com-
pounds showed that compound 14 is the only compound among
the 19 tested compounds that reduced the YFP/CFP emission ratio
below 3 within 72 h at 10 uM indicating this compound is the most
potent one to induce apoptosis (Table 3).

Compound 18 did not show any effects in inducing apoptosis in
HeLa-C3 cells at 100 pM or lower concentrations. Compounds 13
and 19 were found to induce HeLa-C3 cell death before activating
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Control

Paclitaxel
(500 nM)

Figure 2. HeLa-C3 cell morphology during the course of treatment with compounds 2, 9, and 14 at 25 puM for 24, 48, and 72 h; paclitaxel at 500 nM as the positive control,

culture medium containing 0.1% DMSO as the negative control.

the caspase 3 and did not reduce the YFP/CFP emission ratio to 3
within 72 h at 100 pM or lower concentrations. For 9 and 14, at
higher concentrations of 50-100 pM, they may induce HeLa-C3 cell
death in apoptosis-independent pathway, resulting in no signifi-
cant reduction of YFP/CFP emission ratio.

2.2.2. Cell morphological analysis for apoptosis-inducing
compounds

Cell morphology analysis was used to confirm the results of
in vivo apoptotic assay. HelLa-C3 cells were treated with com-
pounds 2, 5, 6, 8,911, and 14 at 25 pM, for a period of three days.
An anticancer drug, paclitaxel, at 500 nM was used as a positive
control to treat HeLa-C3 cells. At three time points after the drug
treatment (24, 48, and 72 h), cell morphology were recorded. The
cells without drug treatment was used as control cells which dis-
played normal attached cell morphology, while cells treated with
apoptotic inducer, paclitaxel, shrunk and detached from the cul-
ture plate. We also observed typical cell shrinkage and detachment
from cells treated with compounds of 2,9, 14 (Fig. 2) and 5, 6, 8, 10,
11 (Supplementary Fig. 9) at 25 puM. The time profiles of cell
shrinkage matches well with the kinetics of caspase activation
shown in Figure 3 and Supplementary Figure 10 further validated
results obtained from our caspase sensor-based apoptotic assay.

2.2.3. Western blot analysis for compounds 2, 9, and 14

Western blot was used to confirm the apoptosis-inducing ef-
fects of compounds 2, 9, and 14. As shown in Figure 4, after 12 h
treatment of compounds 2, 9, and 14 at 25 puM to Hela cells,
respectively, there was little cleavage of PARP, which was a cas-
pase-3 substrate protein for compounds 2 and 14, but a small
amount of PARP cleavage for compound 9. However, after 36 h
treatment of these compounds, there was clear cleavage of PARP
into its smaller fragment from cells treated with all three com-
pounds. Taken together, these results demonstrated that caspase-
3 was activated while compounds 2, 9, and 14 induced HeLa cells
apoptosis.

2.2.4. Evaluation of cell viability and cytotoxicity of apoptosis-
inducing compounds

The rate of cell proliferation was further measured using MTT
assay and the results in Figure 5 showed that compounds 2, 5, 6,
8-11, and 14 can significantly reduce the viability of HeLa cells
at the concentration of 25 WM. In order to compare the cytotoxicity
of four new compounds, we measured their ICso on HelLa cells. As
the results shown in Table 4, the ICsy of compound 2 is below
10 uM, which means that this compound has the strongest inhibi-
tion effect against HeLa cell growth than the other three newly
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Figure 3. (A) YFP/CFP emission ratio of compounds 8-10 at 25 puM; paclitaxel at 500 nM as the positive control, culture medium containing 0.1% DMSO as the negative control.
(B) YFP/CFP emission ratio of compounds 2, 5, and 14 at 25 uM; paclitaxel at 500 nM as the positive control, culture medium containing 0.1% DMSO as the negative control.
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Figure 4. PARP cleavages were observed after compounds 2, 9, and 14 treatment.
Hela cells were treated with 25 pM of compounds 2, 9, and 14 for 12 and 36 h,
respectively. B-Tubulin was probed as a loading control. HeLa cells treated with
culture medium containing 0.1% DMSO were used as a negative control.
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isolated compounds. Interestingly, although the main structures of
compounds 1 and 2 are similar, compound 1 showed neither apop-
tosis-inducing effect nor cytotoxicity (ICso = 95.6 + 5.5 uM) against
Hela cell (Tables 3 and 4). The results demonstrated that the ester
group between C-8a and C-9a may affect the apoptotic activity of
this compound.

In summary, among the 19 compounds isolated from G. paucin-
ervis, eight compounds reduced YFP/CFP emission ratio of HeLa-C3
cells close to or below 3 within 72 h, resulting in detached cell
morphology and cell shrinkage as well as low cell viability at a
low concentration of 25 pM. Compounds 8-10 and 14 demon-

il

0%_.illa

Control Paclitaxel 2 (25 pM) 5(25 pM) 6 (25 pM) 8(25 pM) 9 (25 pM) 10 (25 pM) 11 (25 pM) 14 (25 pM)
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Figure 5. HeLa-C3 cell viability after 72 h treatment with compounds 2, 5, 6, 8—11, 14 at 25 pM. The values are expressed as means * SD (n = 3).
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Table 3
Apoptosis-inducing effects of tested compounds at 72 h

Compound Apoptotic effect at
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‘+' means the YFP/CFP emission ratio of compound treated HeLa-C3 cells was 3 or
below 3 at 72 h. ‘—’ means the YFP/CFP emission ratio of compound treated HeLa-C3
cells was above 3 at 72 h. The compounds which are labeled with ‘a’ means that
they may induce HeLa-C3 cell death in an apoptosis-independent manner at certain
concentrations.

Table 4
ICsp values of four new compounds at 72 h on HeLa
cells

Compound 1Cs0 (LM)

1 95.6+5.5

2 95102

3 525+1.5

4 29.5+0.2

strated stronger apoptosis-inducing effects and they can be consid-
ered as potential anticancer drug candidates.

3. Experimental
3.1. General experimental procedures

Optical rotations were measured by a JASCO DIP-1000 polarim-
eter. Ultraviolet absorption spectra were recorded using a Perkin-
Elmer Lambda L14 spectrometer. A Perkin-Elmer spectrum 100 FT-
IR spectrometer was used for scanning IR spectroscopy with KBr
pellets. The 1D and 2D NMR spectra were recorded on a Bruker
AV-400 spectrometer with TMS as internal standard. Chemical
shifts (5) were expressed in ppm with reference to the solvent sig-
nals. HRMS were obtained using a nanoLC-MS/MS system, with a
nanoAcquity ultra-performance liquid chromatography (UPLC)
module and a quadrupole time-of-flight (Q-TOF) spectrometer
equipped with a nanoelectrospray ion source (Waters, Milford,
MA) and connected to a lock-mass apparatus to perform a real-
time calibration correction. Column chromatography was per-
formed with silica gel (200-300 mesh, Qingdao Marine Chemical
Inc.), Sephadex LH-20 (Pharmacia), and reversed-phase C18 silica
gel (250 meshes, Merck). Precoated TLC sheets of Silica Gel 60
GF,54 were used. An Agilent 1100 series equipped with an Alltima
C18 column (4.6 x 250 mm) was used for HPLC analysis, and semi-
preparative and preparative Alltima C18 columns or Zorbax SB-C18
columns (9.4 x 250 mm and 22 x 250 mm) were used in sample
preparation. Spots were visualized by heating silica gel plates
sprayed with 10% H,SO4 in EtOH.

3.2. Plant material

The leaves of G. paucinervis were collected in October 2008 from
Xishuangbanna Prefecture of Yunnan Province, China. The plant
was identified by Pan-Yu Ren, a pharmacognosist. A voucher spec-
imen (CMED-047404) has been deposited at Hong Kong Jockey
Club Institute of Chinese Medicine.

3.3. Extraction and isolation

Air-dried and powdered leaves (2.8 kg) were extracted with
Me,CO (15 L) for three times at room temperature and concen-
trated in vacuo to give a crude extract, which was partitioned be-
tween H,0 and CH,Cl,. The CH,Cl,-soluble portion (182 g) was
decolorized by MCI. The 90% methanol part (57 g) was chromato-
graphed on a silica gel column eluting with hexane-acetone (1:0,
40:1, 9:1, 8:2, 7:3, 1:1, and 0:1) to afford five fractions, I-V.

Fraction I (6 g) was performed on reversed-phase column (RP-
18) eluting with MeOH-H,0 (30-90%) to give 23 fractions. Frac-
tions I-11 (587 mg), I-14 (234 mg), I-15 (85 mg), I-18 (43 mg) were
separately subjected to semi-preparative HPLC (MeOH-H,O,
60:40) to yield compounds 17 (75 mg), 18 (8 mg), 4 (62 mg), 16
(9 mg), 19 (7 mg), 5 (7 mg), and 6 (6 mg). Fraction II-1 (7 g) was
then performed on reversed-phase column (RP-18) eluting with
MeOH-H,0 (80-100%) to give 17 fractions. Fractions II-1-7, II-1-
9, [I-1-10 were separated over Sephadex LH-20 eluting with MeOH
and then subjected to semi-preparative HPLC (MeOH-H,0, 80:20)
to yield 1 (3 mg), 2 (4 mg), 3 (10 mg), 11 (3 mg), 12 (5 mg), and 15
(4 mg). Fraction II-2 (4 mg) was separated over Sephadex LH-20
eluting with MeOH and then subjected to semi-preparative HPLC
(MeOH-H,0, 60:40) to yield compounds 7 (2 mg), 8 (6 mg), 9
(4 mg), 13 (3 mg), and 14 (2 mg).

3.3.1. Paucinervin A (1)

Yellow gum; [)3* — 3.7 (c 0.61, MeOH); UV (MeOH) Anmax (log &)
278 (2.25), 250 (1.98), 220 (2.55) nm; IR (KBr) vmax 3411, 2924,
1624, 1493, 1465, 1424, 1384, 1283, 1201, 1146, 1069, 982 cm™;
'H and '3C NMR data, Table 1; positive HRESIMS m/z 427.1694
[M+H]+ (Calcd 4271757 for C24H2707).

3.3.2. Paucinervin B (2)

Brown gum; [¢)3* — 3.8 (c 0.26, MeOH); UV (MeOH) /iy (log &)
267 (2.36), 245 (2.04), 225 (2.71) nm; IR (KBr) vy. 3411, 2928,
1621, 1438, 1370, 1320, 1265, 1193, 1114, 1069 cm™!; 'H and
13C NMR data, Table 1; positive HRESIMS m/z 405.1540 [M+H]"
(calcd 405.1549 for C21H2508).

3.3.3. Paucinervin C (3)

White gum; [0)3* — 39.5 (¢ 0.72, MeOH); UV (MeOH) Aiax (log &)
280 (2.33), 267 (2.48), 247 (2.34) nm; IR (KBr) vpmax 3400, 2925,
1619, 1461, 1384, 1158, 1110, 1065, 1050, 1022 cm™'; 'H and
13C NMR data, Table 1; negative HRESIMS m/z 305.0509 [M—H]~
(Calcd 305.0814 for C]9H1304).

3.3.4. Paucinervin D (4)

Light yellow oil; [o]2' — 6.8 (¢ 1.92, MeOH); UV (MeOH) /max
(log €) 295 (1.13), 208 (2.10) nm; IR (KBr) vimax 3400, 2969, 2925,
2855, 1618, 1460, 1414, 1377, 1308, 1231, 1165, 1106, 1061,
1005, 973, 928, 857 cm™'; 'H and '>C NMR data, Table 2; negative
HRESIMS m/z 411.2901 [M—H]~ (calcd 411.2899 for C,7H3403).

3.4. Bioassay
The bioassay method was described in our previous paper with

some modifications.?®> All the testing samples were dissolved in
DMSO to make stock solutions. The concentration of each stock
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was at least 1000 times higher than the working concentration.
HeLa-C3 cells, which can detect apoptotic cell death involving cas-
pase activation, were cultured in minimum essential medium
(MEM) containing 10% fetal bovine serum, 100 U/mL penicillin,
100 mg/mL streptomycin, in a 5% CO, humidified incubator at
37 °C. Each sample well for apoptotic activity testing was prepared
by seeding 7500 HeLa-C3 cells suspended in 100 pL culture med-
ium. After 12-16 h incubation, the old medium was removed and
100 pL freshly prepared culture medium containing the testing
sample at a certain working concentration was added to the sam-
ple wells and fresh medium only to the corresponding background
wells. Culture medium containing 0.1% DMSO was used as a nega-
tive control while 500 nM paclitaxel was added as the positive con-
trol. After that, the plate was read by a Perkin-Elmer Victor reader
with excitation wavelength at 440 + 10 nm and emission wave-
length at 486 +8 nm for cyan fluorescent protein (CFP) and
535 + 8 nm for yellow fluorescent protein (YFP) at the indicated
time points. The data acquisition duration was up to 72 h. The
YFP/CFP emission ratio was then calculated. Furthermore, the cell
morphological images were captured at 24 h, 48 h, and 72 h after
treatment with Leica DMIL HC equipped with Leica DFC300FX
camera. If YFP/CFP emission ratio was reduced to or below 3 and
the cell shrinkage was observed, the testing sample was considered
as a positive apoptotic inducer at that concentration. All samples
were tested in triplicates. The whole experiment was repeated
for three times.

Western blot analysis was used to confirm the apoptosis-induc-
ing effects of compounds 2, 9, and 14. HeLa cells were treated with
compounds 2,9, and 14 at 25 pM, and at two time points after drug
treatment (12 h, 36 h), cells were harvested and lysed. Cell lysate
containing 100 pg of protein was separated by 12% SDS-PAGE
and transferred onto an Amersham Hybond ECL nitrocellulose
membrane (GE Healthcare, Waukesha, WI). After blocking with
5% non-fat milk, the membranes were incubated with one of the
following primary antibodies at 1:1000 dilutions for overnight at
4 °C: rabbit anti-B-tubulin (Cell Signaling Technology, #2146),
and mouse anti-PARP (F-2) (Santa Cruz Biotechnology, sc-8007).
The membranes were then incubated with one of the following
horseradish peroxidase-conjugated secondary antibodies at
1:2500 dilutions at room temperature for 1 h: goat-anti-rabbit
(Bio-Rad, Carlsbad, CA, 170-6515) or goat-anti-mouse (Bio-Rad,
170-6516) and developed using Amersham ECLTM Western-blot-
ting analysis system (GE Healthcare).

The cell viability was also determined by MTT assay. MTT pow-
der was dissolved in PBS at a concentration of 5 mg/mL. After 72 h
treatment, 10 uL of MTT solution was added into each well of a
96-well plate. After 2 h incubation at 37 °C, 100 pL 10% SDS solu-
tion with 0.01 M HCl was added to dissolve the purple crystals.
After 24 h incubation, the optical density (OD) readings at
595 nm were measured using a plate reader. The viability of cells
treated with compound was equal to its OD reading divided by that
of control. (The value is expressed as the form of percentage.)

We measured the ICsq values of four new compounds using MTT
assay. Firstly, 2500 Hela cells suspended in 100 pL MEM medium
were seeded, respectively, in a 96-well plate. After 24 h incubation,
fresh medium containing various concentrations of each com-
pound were added into the 96-well plate to replace the old med-

ium. The concentrations applied except 1 which was from
200 uM to 3.125 pM were ranged from 100 pM to 1.5625 pM,
which was achieved by doing twofold dilutions for six times. The
ODsgs values of the control groups at 0 h and 72 h together with
the compound treated groups at 72 h from the MTT assay were
measured using a plate reader. ICsq is the concentration of a com-
pound inhibiting 50% of the cell growth.
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