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Two DNA cleavage agents, meso-dihydroguaiaretic
acid (1) and isobavachalcone (2) together with the
known a-ylangene, b-sitosterol, daucosterol, pentaco-
sane, hexacosanic acid and cerotic acid 1-monoglyceri-
de were isolated from the stem barks of Kadsura ana-
nosma Kerr for the first time. Compounds 1 and 2
showed relaxation of supercoiled DNA to nicked DNA.
1 represented a new structural type of DNA cleavage
agent, while 2 was reported to show DNA strand-scis-
sion activity for the first time. 1 also showed significant
cytotoxic effect on Hela and Leukemia cells in vitro.

DNA strand breakage process is involved in various biolo-
gical stages such as inflammation, mutagenesis, carcino-
genesis, or aging (Mibu et al. 2003). As a consequence of
the clinical utility of DNA cleavage agents such as bleo-
mycin, considerable effort has been made to identify and
characterize naturally occurring molecules capable of med-
iating DNA strand scission, as such species may serve as
lead structures for the development of novel anti-tumor
drugs (Ma et al. 2004; Seo et al. 2003). Kadsura ananos-
ma Kerr (Schisandraceae) is a plant indigenous to Yunnan,
China (Yunnan Provincinal Crude Drugs Company, 1993).
Previously, a lignan, four sesquiterpenoids and three triter-
penoid acids showing cytotoxicity against CCRF-CEM
leukemia cells and HeLa cells were isolated from the
plant (Chen et al. 2004, 2001; Zou et al. 1993). In the
course of our search for plant derived DNA cleavage
agents, we isolated two DNA strand-nicking principles
from the plant stem barks of K. ananosma and the results
are reported herein.
By repeated column chromatography of a CH2Cl2 extract of
the stem bark eight compounds were obtained. By spectro-
scopic analysis (NMR and MS) and literature comparison,
their structures were elucidated as meso-dihydroguaiaretic
acid (1), isobavachalcone (2), a-ylangene (3), b-sitosterol
(4), daucosterol (5), pentacosane (6), hexacosanic acid (7)
and cerotic acid 1-monoglyceride (8) (Chen et al. 1998; Yu
et al, 2005; Hunter et al. 1964). All of the compounds were
isolated from the plant for the first time.
In view of the structural similarity of 1 and 2 with the
natural DNA cleavage agents resveratrol (Fukuhara et al.

1998) and hamilcone (Huang et al. 1996), compounds 1
and 2 were tested for their ability to relax PBR 322 plas-
mid DNA, a supercoiled, covalently closed, circular DNA
in the presence of Cu2þ, using a cell free DNA cleavage
assay (Deng et al. 2000). Compound 1 showed 57% re-
laxation of supercoiled DNA (form I) to nicked DNA
(form II) at 5 mg/ml in the presence of 20 mM Cu2þ, while
2 was found to relax 49% of form I DNA to form II DNA
at 10 mg/ml in the presence of 20 mM Cu2þ. Compound 1
represented a new structural type of DNA cleavage agent,
while 2 was reported to show DNA strand-scission activ-
ity for the first time. In the cytotoxicity assays, 1 exhib-
ited cytotoxic activities on Hela and leukemia cells, with
IC50 values of 3.6 and 36 mg/ml, respectively. It proved to
be more cytotoxic to Hela cells than to leukemia cells.

Experimental

MS were determined on an API Qstar Pulsa LC/TOF mass spectrometer.
NMR spectra were measured on a Bruker DRX-500 spectrometer with
TMS as int. standard. Optical rotation was run on a Horiba-SEPA-300
polarimeter. Silica gel (200–300 mesh) was used for column chromatogra-
phy and silica gel GF254 for TLC (Qingdao Marine Chemical Co., China).
Solvents were of the industrial purity and distilled prior to use. The stem
bark of K. ananosma was collected from Men-Na County of Yunnan Pro-
vince, China in February 1998, and identified by Mr. Hong Wang, a bota-
nist of Xi-Shuang-Bang-Na Botanical Garden, Chinese Academy of
Sciences, where a voucher specimen (No.9802015) is deposited.
The dried powered stem bark of K. ananosma (6.0 kg) was extracted with
CH2Cl2 exhaustively. The CH2Cl2 extract was concentrated in vacuo to
give a residue (500 g). From this, 83 g were subjected to silica gel column
chromatography eluting with 400 ml portions of a solvent gradient system
with increasing polarity from petroleum ether to ethyl acetate to offer eight
fractions (A––I). Fractions B, F and G were subjected to repeated column
chromatography to yield 1 (260 mg), 2 (20 mg), 3 (9 mg), 4 (12 mg), 5
(20 mg), 6 (50 mg), 7 (300 mg) and 8 (50 mg).
Meso-dihydroguaiaretic acid (1), white amorphous powder; m.p. 85–86 �C;
[a]25D 0 � (c 0.283, MeOH); 1H NMR (CDCl3) d 6.80 (2H, d, J ¼ 8.0),
6.64 (2H, dd, J ¼ 8.0, 1.3), 6.59 (2H, d, J ¼ 1.3), 3.84 (6H, s, OMe � 2),
2.71 (2H, dd, J ¼ 13.5, 5.0), 2.26 (2H, dd, J ¼ 13.5, 9.2), 1.74 (2H, m,
CH � 2), 0.82 (6H, d, J ¼ 6.7 Hz, Me � 2); 13C NMR (CDCl3) d 16.3,
39.1, 39.4, 56.2, 112.1, 114.6, 122.4, 134.6, 144.4, 147.2; EIMS m/z (rel.
int.): 330 (Mþ, 86), 165(23), 137(100), 122(39).
Isobavachalcone (2), yellow amorphous powder; 1H NMR (CD3COCD3) d
14.00 (1H, s, OH), 9.43 (1H, s, OH), 9.08 (1H, s, OH), 7.98 (1H, d,
J ¼ 8.9), 7.84 (1H, d, J ¼ 15.4), 7.77 (1H, d, J ¼ 15.1), 7.74 (2H, d,
J ¼ 6.6), 6.93 (2H, d, J ¼ 6.7), 6.53 (1H, d, J ¼ 8.9), 5.28 (1H, m), 3.37
(2H, d, J ¼ 7.3), 1.79 (2H, d, J ¼ 7.4), 1.65 (3H, d, J ¼ 8.5); 13C NMR
(CD3COCD3) d 192.2, 164.3, 161.9, 160.1, 144.0, 130.8, 130.8, 130.6,
129.3, 126.7, 122.4, 117.6, 115.9, 115.9, 115.3, 113.5, 107.1, 25.0, 21.4,
17.0; EIMS m/z (rel. int.): 324 (Mþ, 78), 281 (85), 269 (61), 203 (50),
189 (63), 176 (76), 161 (92), 149 (100), 120 (85), 107 (54), 91 (74), 77
(46), 65 (59).
The DNA strand-scission assay was performed based on a modified Hecht
procedure (Deng et al. 2000; Huang et al. 1996). Compounds were dis-
solved in DMSO-MeOH (1 : 1); 1 ml of each sample was added to a 13-ml
reaction mixture (total volume) containing 600 ng of PBR 322 DNA and
20 mM CuCl2 in 10 mM tris-HCl, pH 8.0. The reactions were incubated at
37 �C for 1 h, terminated by addition of 2 ml of 0.125% bromophenol blue
in 30% glycerol, and applied to a 1% agarose gel containing 0.7 mg/mL
ethidium bromide. The gel was run in 89 mM Tris containing 8.9 mM
boric acid and 2.0 mM Na2-EDTA at 110 V for 1 h, then visualized by UV
irradiation. Agarose gels were quantified for percent DNA cleavage utiliz-
ing 1D Image Analysis software, Windows Extra Package, Version 3.5.
Cytotoxicity assays (IC50 mg/mL) were carried out against two types of
cancer cells including murine leukemia (ATCC: CCRF-CEM) and Hela
(ATCC-17). Methodology of the in vitro cytotoxicity screening was con-
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ducted by measuring toxicity against cancer cells using the NIH-NCI pro-
tocol (Grever et al. 1992; Alley et al. 1988). Cytotoxicity was determined
by measuring cell viability.
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