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Two new polycyclic polyprenylated acylphloroglucinols (PPAPs), androforin A and hyperandrone A
(1 and 2, resp.), together with twelve known compounds, were isolated from the aerial parts of
Hypericum androsaemum. Their structures were established by detailed spectral analysis. In the cytotoxic
assay, 1,4-O-diferuloylsecoisolariciresinol (3) showed activities comparable with those of cisplatin, and
acetyloleanolic acid (4) exhibited moderate inhibitory effects against HL-60, SMMC-7721, A-549, MCF-
7, and SW480 cancer cell lines.

Introduction. – Hypericum androsaemum L. (Guttiferae) is native to damp or shady
places in Eurasia [1]. Leaves of H. androsaemum have been employed in the
preparation of an infusion used in folk medicine for its diuretic, cholagogue, and
hepatoprotective activities [2] [3]. Due to its various bioactivities, the chemical
composition has been investigated, and flavonoids, phenolic acids, xanthones, and a
series of volatile compounds were identified in this species [3 – 10].

Polycyclic polyprenylated acylphloroglucinols (PPAPs), with a highly oxygenated
bicyclo[3.3.1]nonane-2,4,9-trione or bicyclo[3.2.1]octane-2,4,8-trione core substituted
with prenyl or geranyl side chains, are a class of natural products isolated mainly from
Hypericum, Clusia, and Garcinia species of the family Guttiferae [11]. PPAPs have
attracted much interest due to their complicated structures and potent biological
activities [12 – 15]. Hyperforin, the most famous PPAP, is thought to largely contribute
to the antidepressant activity of H. perforatum [16], and it has also been reported to
induce apoptosis in human and rat cancer cell lines [17] [18]. In addition, many PPAPs
have been found to possess cytotoxicity, such as sampsonione I [12], papuaforins A– E
[14], and garcinol [19]. As part of our ongoing research on PPAP constituents and
cytotoxic metabolites [20– 22], we selected H. androsaemum cultured in China for
further investigation. The present study led to the isolation of two new PPAPs,
androforin A (1) and hyperandrone A (2), together with twelve known compounds. In
this article, the isolation, structure elucidation, and cytotoxicity evaluation of these
compounds are described.

Results and Discussion. – Structure Elucidation. The MeOH extract of the aerial
parts of H. androsaemum was partitioned between H2O and petroleum ether (PE) to
afford a PE-soluble fraction (470 g). This PE fraction was purified by column
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chromatography and preparative HPLC to afford compounds 1, 2, 1,4-O-diferuloylse-
coisolariciresinol (3) [23], and acetyloleanolic acid (4) [24] (Fig. 1), as well as b-amyrin
[25], putranjivic acid [26], friedelin [27], (�)-a-tocospirone [28], a-tocospiro A [29], a-
tocopherylquinone [30], a-tocoquinone 2,3-oxide [31], epicatechin [32], quercitrin
[33] [34], and hyperoside [35].

Androforin A (1), obtained as a colorless oil, had the molecular formula C36H52O4

based on the HR-ESI-MS (m/z 549.3928 ([MþH]þ ); calc. 549.3943) and 13C-NMR
spectrum. The IR absorption implied the presence of C¼O (1729 and 1638 cm�1) and
C¼C (1583 cm�1) groups. The 1H-NMR spectrum (Table 1) indicated that 1 possesses five
olefinic H-atoms (with three characteristic signals ascribable to isoprenyl or geranyl
olefinic H-atoms), six Me groups at sp3-C-atoms, and five vinyl Me groups. The 13C-NMR
spectrum of 1 (Table 1) exhibited the signals of two nonconjugated CO groups at d(C)
207.8 and 209.8, an enolized 1,3-diketone group at d(C) 190.5, 115.5, and 173.7, three
quaternary C-atoms at d(C) 82.4, 56.5 and 49.1, one CH group at d(C) 48.8, one CH2

group at d(C) 39.2, two angular Me groups at d(C) 22.6 and 26.9, and 24 other signals
assignable to one prenyl group, one geranyl group, one isobutyl group, and another C5

unit. Considering the characteristic 13C- and 1H-NMR data mentioned above, along with
the fact that many PPAPs have been isolated from Hypericum species [11–15], 1 was
assumed to be a PPAP-type compound. Detailed comparison of the NMR data of 1 with
those of papuaforin C, which was previously isolated from H. papuanum, indicated that
they are similar except for the signals for the Me group at C(5) and the prenyl group at

Fig. 1. Structures of compounds 1–4
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C(7) in papuaforin C, which were replaced in 1 by those of a prenyl and a geranyl
group, respectively [14]. The HMBCs CH2(32)/C(4/5/9/34), H�C(33)/C(36), and
Me(35)/C(36) verified the connectivity of the prenyl group (C(32) to C(36)) to C(5).
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Table 1. 1H- and 13C-NMR Data of 1 and 2. Recorded at 400 and 100 MHz, respectively, in CD3OD; d in
ppm, J in Hz. Atom numbering as indicated in Fig. 1.

Position 1 2

d(H) d(C) d(H) d(C)

1 82.4 (s) 83.2 (s)
2 190.5 (s) 202.7 (s)
3 115.5 (s) 72.2 (s)
4 173.7 (s) 203.65 (s)
5 56.5 (s) 70.4 (s)
6 2.08a) (Ha), 2.18 (d, J¼14.4, Hb) 39.2 (t) 2.62 (d, J¼2.1) 42.2 (t)
7 1.39–1.47 (m) 48.8 (d) 1.91 (br. d, J¼1.2) 45.8 (d)
8 49.1 (s) 56.7 (s)
9 207.8 (s) 203.61 (s)

10 209.8 (s) 194.2 (s)
11 1.74–1.82 (m) 50.2 (d) 136.0 (s)
12 0.97 (d, J¼6.6) 18.4 (q) 7.13 (d, J¼7.6) 130.3 (d)
13 1.94a) (Ha), 1.20–1.30 (m, Hb) 27.8 (t) 7.30 (t, J¼7.6) 129.0 (d)
14 0.81 (t, J¼7.4) 12.0 (q) 7.47 (t, J¼7.4) 133.5 (d)
15 1.16 (s) 26.9 (q) 7.30 (t, J¼7.6) 129.0 (d)
16 1.28 (s) 22.6 (q) 7.13 (d, J¼7.6) 130.3 (d)
17 2.10a) (Ha), 1.88 –1.96 (m, Hb) 30.4 (t) 1.38 (s) 22.8 (q)
18 4.93 (t, J¼6.3) 126.3 (d) 1.44 (s) 23.6 (q)
19 136.9 (s) 2.71b) (s) 52.6 (d)
20 1.53 (s) 16.8 (q) 2.71b) (s) 60.7 (d)
21 1.97 (t, J¼14.0) 40.7 (t) 64.8 (s)
22 2.07a) 27.5 (t) 1.26 (s) 18.0 (q)
23 5.05 (t, J¼7.0) 125.3 (d) 1.67a) (Ha), 1.51–1.57 (m, Hb) 39.2 (t)
24 132.2 (s) 2.05–2.13 (m) 24.4 (t)
25 1.65 (s) 26.2 (q) 5.11 (t, J¼6.9) 124.8 (d)
26 1.58 (s) 17.8 (q) 133.3 (s)
27 6.42 (d, J¼10.0) 115.8 (d) 1.71 (s) 25.9 (q)
28 5.54 (d, J¼10.2) 126.0 (d) 1.63 (s) 17.8 (q)
29 84.4 (s) 2.50 (d, J¼7.1) 28.8 (t)
30 1.37 (s) 28.6 (q) 5.17 (t, J¼7.2) 119.79 (d)
31 1.53 (s) 29.5 (q) 136.2 (s)
32 2.45 (d, J¼6.4) 31.6 (t) 1.67 (s) 26.22 (q)
33 5.00 (t, J¼6.4) 121.1 (d) 1.67 (s) 18.2 (q)
34 136.5 (s) 2.58 (dd, J¼15.2, 5.7, Ha),

2.35 (dd, J¼14.6, 7.4, Hb)
27.5 (t)

35 1.66 (s) 26.0 (q) 5.00 (t, J¼7.1) 119.80 (d)
36 1.70 (s) 18.3 (q) 135.6 (s)
37 1.63 (s) 26.20 (q)
38 1.67 (s) 18.4 (q)

a) Overlapped, without designating multiplicity. b) The chemical shifts of the H�C(19) and H�C(20)
were observed at d(H) (2.71, br. d, J¼8.3) and (2.66, d, J¼8.6) respectively, when the NMR experiments
were re-performed in CDCl3 (500 MHz).



The position of the geranyl group (C(17) to C(26)) at C(7) was confirmed by the
HMBCs H�C(17)/C(19), CH2(21)/C(18/20), CH2(22)/C(19/24), H�C(23)/C(25), and
Me(26)/C(24) and the 1H,1H-COSY cross-peak between H�C(7) and CH2(17).

The relative configuration of 1 was determined by the comparative analysis of the
1D-NMR data and ROESY spectrum. The 13C-NMR chemical shift of C(7) at d(C)
48.8 suggested that H�C(7) was a-oriented, since the chemical shift of C(7) (d(C) 45–
49) in PPAPs with a-oriented H-atom at C(7) can be readily distinguished from that of
C(7) in PPAPs (d(C) 41 – 44) with b-oriented H-atom at C(7) [11] [21] [22]. In addition,
the chemical shift of Me(15) at d(C) 26.9 also indicated the a-orientation of H�C(7),
since the chemical shift of this Me group is usually between d(C) 16.0 and 18.0, when
H�C(7) is b-oriented [14] [36]. In the ROESY spectrum, the correlations H�C(7)/
Me(15) and H�C(7)/Ha�C(6) confirmed the a-orientation of Me(15) and Ha�C(6).
Thus, the structure of 1 was determined as shown in Fig. 1.

Hyperandrone A (2) was also obtained as a colorless oil with the molecular formula
C38H48O5 as deduced from the positive-ion HR-ESI-MS (m/z 607.3402 ([MþNa]þ );
calc. 607.3399). The base peak at m/z 105 in FAB-MS indicated the presence of benzoyl
moiety in 2. The 1H-NMR spectrum revealed that 2 possesses three olefinic H-atoms,
three Me groups at sp3-C-atoms, and six vinyl Me groups. The 13C- and DEPT-NMR
spectra (Table 1) displayed the signals for the benzoyl group (d(C) 194.2, 136.0, 133.5,
130.3 (2� ), and 129.0 (2� ), three nonconjugated C¼O groups, eight quaternary C-
atoms, and six CH, five CH2, and nine Me groups. The typical signals at d(C) 203.65 (s),
203.61 (s), 202.7(s), 83.2 (s), 72.2 (s), 70.4 (s), 56.7 (s), 52.6 (s), 45.8 (d), and 42.2 (t), in
combination with biogenetic considerations, indicated an adamantyl-type core skeleton
for 2 [12] [37] [38], which was further confirmed by the HMBCs of CH2(6) with C(4),
C(5), C(7), C(8), and C(9), of H�C(7) with C(1), C(3), C(8), and C(19), and of
H�C(19) with C(3), C(6), and C(8).

The NMR data of 2 was closely related to those of sampsonione J [12], a metabolite
of H. sampsonii, except for an additional prenyl group at C(23) in 2 and the geranyl
group at C(5) in sampsonione J replaced in 2 by a prenyl group, which was supported by
the HMBCs and 1H,1H-COSY cross-peaks (Fig. 2). In the HMBC spectrum, the
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correlations from Me(17) and Me(18) to C(1), C(7), and C(8), from CH2(29) to C(5),
C(6), and C(31), from H�C(34) to C(2), C(3), and C(36), and from CH2(24) to C(21),
C(23), C(25), and C(26), revealed the presence of a geminal dimethyl group and three
prenyl groups located at C(8), C(5), C(3), and C(23), respectively. In addition, the
HMBCs H�C(20)/C(21/23), Me(22)/C(20/21/23), as well as the 1H,1H-COSY cross-
peaks H�C(19)/H�C(20), H�C(23)/H�C(24), and H�C(24)/H�C(25) were observed,
suggesting the presence of a C4 unit (C(20) through C(23)) between C(19) and C(24).
Furthermore, the chemical shifts of the O-linked C-atoms (d(C) 60.7 (d), 64.8 (s)) and
the molecular formula of 2 indicated the presence of an 20,21-epoxy unit, which was in
accord with the shielded H-atom signals at d(H) 1.26 (s, Me(22)), 1.67 (overlapped,
Ha�C(23)), and 1.51 – 1.57 (m, Hb�C(23)).

The relative configurations at C(1), C(3), C(5), and C(7) were derived from the
adamantyl backbone. In the ROESY spectrum of 2, the correlations H�C(19)/Me(17)
and Me(18)/CH2(6) indicated that H�C(19) and Me(17) were a-oriented, while
Me(18) and CH2(6) were in b-orientation. According to the Karplus rule, the large
coupling constant J(19,20)¼8.6 Hz observed in the 1H-NMR experiment (CDCl3,
500 MHz) revealed an antiperiplanar or synperiplanar orientation of H�C(19) and
H�C(20). Combined with the strong ROESY correlations H�C(20)/CH2(23) and
H�C(19)/Me(22) (Fig. 3), the antiperiplanar orientation of H�C(19) and H�C(20) was
suggested, and the relative configurations at C(19), C(20), and C(21) were deduced as
(R*), (S*), and (S*), respectively. Furthermore, the 1H- and 13C-NMR data of the
epoxy moieties of 2 and sampsonione J [12] exhibited almost the same chemical shifts,
which confirmed the assignments above. Therefore, the structure of 2 was established as
shown in Fig. 1.

Biological Activity. Compounds 1 – 4, b-amyrin, putranjivic acid, friedelin, (�)-a-
tocospirone, a-tocospiro A, a-tocopherylquinone, and a-tocoquinone 2,3-oxide were

Fig. 3. Key ROESY correlations of 2
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evaluated in vitro for their cytotoxicities against five human cancer cell lines (HL-60,
SMMC-7721, A-549, MCF-7, and SW480) by using the MTT (¼ 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyl-2H-tetrazolium bromide) method as reported in [39]. The results
revealed that 3 exhibited significant inhibitory effects against all the cell lines,
especially HL-60 and MCF-7, and 4 showed moderate or weak cytotoxicities toward
five human cancer cell lines (Table 2). Other compounds were inactive, with IC50

values >40 mm.

Compound 3 has been reported previously to have strong cytotoxic effects against
human lung carcinoma A549 cells, melanoma SK-Mel-2 cells, and mouse skin
melanoma B16F1 cells with IC50 values of 12, 10, and 12 mg/ml, respectively [23].
The results of the present study suggest that 3 possesses a broad cytotoxic profile
against cancer cell lines and is worthy of further investigation for its selectivity against
normal cells. A recent study has shown that 4 has slight cytotoxic effects against three
human tumor cell lines (MKN-45, BGC-823, and SGC-7901) [40]. In addition, 4 was
found to have a variety of biological properties, such as antiparasitic, antibacterial, and
a-glucosidase inhibition activities [41 – 43].

This work was supported by the National Basic Research Program of China (973 Program,
No. 2009CB522300) and the National Science Foundation of China (No. 20972167), and the Foundation
from CAS (Xibuzhiguang to G. Xu).

Experimental Part

General. Column chromatography (CC): silica gel (SiO2; 100–200 and 200–300 mesh, Qingdao
Marine Chemical, Inc., Qingdao, P. R. China) and Sephadex LH-20 (Amersham Pharmacia Biotech,
Sweden). MPLC: Lisui EZ Purify III System including pump manager P03, detector modules P02, and
fraction collector P01 (Shanghai LiSui Chemical Engineering Co., Ltd., Shanghai, P. R. China) and
columns packed with LiChroprep RP-18 silica gel (40 –63 mm, Merck). Prep. HPLC: Shimadzu LC-8A
prep. liquid chromatograph with a Shimadzu PRCODS (K) column (30 mm�25 cm, 5 mm) and a UV
SPD-10AVP (280 nm) detetor. Semiprep. HPLC: Agilent 1100 liquid chromatograph with a Zorbax SB-
C18 (9.4 mm�25 cm, 5 mm) column. Optical rotations: Horiba SEPA-300 polarimeter. UV Spectra:
Shimadzu UV-2401PC spectrophotometer. IR Spectra: Tenor-27 FT-IR spectrophotometer; KBr pellets;
in cm�1. 1H-, 13C-, and 2D-NMR spectra: Bruker AV-400 or DRX-500 spectrometers; d in ppm rel. to
Me4Si, J in Hz. FAB-MS: VG Autospec-3000 spectrometer, with glycerine as the matrix. HR-ESI-MS:
API QSTAR Pulsar i ; in m/z.

Plant Material. The aerial parts of Hypericum androsaemum L. were collected in Kunming Institute
of Botany, Yunnan Province, P. R. China, in February 2009, and were identified by Mr. Yu Chen,
Kunming Institute of Botany, Chinese Academy of Sciences, P. R. China. A voucher specimen
(No. 200907 H01) was deposited with the State Key Laboratory of Phytochemistry and Plant Resources
in West China, Kunming Institute of Botany.

Table 2. Cytotoxicity (IC50 [mm]) of Compounds 3 and 4

Compound HL-60 SMMC-7721 A-549 MCF-7 SW480

3 4.5�0.1 8.0�3.9 11.3�0.4 5.6�0.3 15.3�1.1
4 14.7�2.8 19.5�4.2 18.0�3.5 31.8�1.8 33.3�0.7
Cisplatin 1.1�0.1 14.6�0.2 13.2�0.6 15.1�2.9 14.1�2.1
Paclitaxel <0.008 <0.008 <0.008 <0.008 <0.008
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Extraction and Isolation. The dried and powdered plant material (30 kg) was extracted with MeOH
(3�90 l, each 2 d) at r.t. After evaporation of the solvent in vacuo, the residue was suspended into H2O
and partitioned with petroleum ether (PE). The PE extract (470 g) was subjected to CC (SiO2 (100–
200 mesh); PE/Me2CO 1 : 0 to 0 :1) to give five fractions, Frs. 1–5. Fr. 2 (150 g) was subjected to MPLC
(MeOH/H2O 85 : 15, 90 : 10, 95 : 5, and 100 : 0) to afford four subfractions, Frs. 2.1 –2.4. Fr. 2.1 (8.5 g) was
purified by CC (SiO2; PE/Me2CO 15 : 1) to give 4 (450 mg) and b-amyrin (600 mg). Fr. 2.2 (10 g) was
separated by CC (SiO2; PE/AcOEt, 10 :1) and further purified by prep. HPLC (MeOH/H2O 90 : 10,
containing 0.5% formic acid, 25 ml/min) to yield 1 (36 mg, tR¼24.4 min). Putranjivic acid (10 g)
precipitated from Fr. 2.3 (25 g). Fr. 2.3 was further separated on prep. HPLC (MeOH/H2O 90 : 10, 25 ml/
min) to obtain 2 (4.5 mg, tR¼20.1 min). Fr. 2.4 (7 g) was subjected to SiO2 CC eluting with PE/AcOEt
(20 : 1) to afford friedelin (69 mg). Fr. 3 (55 g) was eluted with PE/AcOEt (20 :1 to 7 : 3) to give two
subfractions (Frs. 3.1 and 3.2). Fr. 3.1 (6.9 g) was further purified repeatedly by SiO2 CC and Sephadex
LH-20 (MeOH) to yield a-tocopherylquinone (108 mg). Fr. 3.2 was chromatographed on SiO2 and
finally purified by prep. HPLC (MeOH/H2O 90 : 10, containing 0.5% formic acid, 25 ml/min) to afford
(�)-a-tocospirone (16 mg, tR¼30.9 min), a-tocospiro A (5 mg, tR¼33.2 min), and a-tocoquinone 2,3-
oxide (6.5 mg, tR¼35.1 min). Fr. 4 (35 g) was subjected to MPLC with MeOH/H2O (90 : 10, 50 ml/min) to
give epicatechin (4.5 g). Then, the Fr. 4 was further separated by SiO2 CC and Sephadex LH-20 (CHCl3/
MeOH 1 :1) to yield quercitrin (50 mg) and hyperoside (20 mg). Subsequently, semiprep. HPLC
(MeOH/H2O 35 : 65, 3 ml/min) was used to purify 3 (7 mg, tR¼11.8 min).

Androforin A (¼ (6R,8S,10S)-8-[(2Z)-3,7-Dimethylocta-2,6-dien-1-yl]-2,6,7,8,9,10-hexahydro-
2,2,7,7-tetramethyl-10-(3-methylbut-2-en-1-yl)-6-(2-methyl-1-oxobutyl)-6,10-methano-5H-cycloocta[b]-
pyran-5,11-dione; 1). Colorless oil. [a]18:7

D ¼ �59.3 (c¼0.23, MeOH). UV (MeOH): 323 (3.66), 258
(3.87), 203 (4.42). IR (KBr): 2969, 2926, 2876, 2857, 1729, 1638, 1583, 1452, 1413, 1367, 1340, 1113, 1080.
1H- and 13C-NMR: see Table 1. FAB-MS (pos.): 549 ([M þ H]þ ). HR-ESI-MS (pos.): 549.3928 ([M þ
H]þ , C36H53Oþ

4 ; calc. 549.3943).
Hyperandrone A (¼ (8R)-5-Benzoyl-6,6-dimethyl-1,3-bis(3-methylbut-2-en-1-yl)-8-[(2R,3R)-3-

methyl-3-(4-methylpen-3-ten-1-yl)oxiranyl]tricyclo[3.3.1.13,7]decane-2,4,9-trione ; 2) . Colorless oil.
[a]18:7

D ¼ þ20.9 (c¼0.25, MeOH). UV (MeOH): 247 (4.23), 203 (4.66). IR (KBr): 2967, 2924, 1745,
1703, 1637, 1448, 1390, 1247, 1163, 1109, 796, 687, 579. 1H- and 13C-NMR: see Table 1. FAB-MS (pos.): 585
([M þ H]þ ). HR-ESI-MS (pos.): 607.3402 ([MþNa]þ , C38H48NaOþ

5 ; calc. 607.3399).
Cytotoxicity Assay. Five human cancer cell lines, human myeloid leukemia HL-60, hepatocellular

carcinoma SMMC-7721, lung cancer A549, breast cancer MCF-7, and colon cancer SW480 cells, were
used in the cytotoxic assay. Cells were cultured in RPMI-1640 or in DMEM medium (Hyclone, USA),
supplemented with 10% fetal bovine serum (Hyclone, USA) in 5% CO2 at 378. The cytotoxicity assay
was performed according to the MTT (¼ 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium
bromide) method in 96-well microplates [39]. Briefly, 100 ml of adherent cells was seeded into each
well of 96-well cell culture plates and allowed to adhere for 12 h before addition of test compounds, while
suspended cells were seeded just before drug addition with initial density of 1�105 cells/ml. Each tumor
cell line was exposed to the test compound at concentrations of 0.0625, 0.32, 1.6, 8, and 40 mm in triplicates
for 48 h, with cisplatin (Sigma, USA) and paclitaxel (Sigma, USA; at concentrations of 0.008, 0.04, 0.2, 1,
and 5 mm) as positive controls. After compound treatment, cell viability was detected, and a cell-growth
curve was plotted. The IC50 values were calculated by the method of Reed and Muench [44]. Results are
presented as the mean�SD of three independent experiments, each performed using triplicate wells.
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