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Abstract

A geranylated chalcone was isolated from leaves of Artocarpus incisus and it showed potent So-reductase inhibitory

activity. © 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Some isoprenylated compounds from Artocarpus
incisus plants show interesting biological activities. For
example, isoprenoid-substituted flavonoids and stil-
benes isolated from A. incisus species possess inhibi-
tory effects on melanin biosynthesis (Shimizu et al.,
1998). They also inhibit So-reductase activity (Shimizu
et al., 2000), in the amino acid transport system in
Lepidoptera (Parenti et al., 1998), arachidonate 5-
lipoxygenase and mouse TNF-o release (Nomura et
al., 1998). Their cytotoxicity against cancer cells, anti-
platelet aggregation activity in rabbit platelet suspen-
sions, and antibacterial activities against cariogenic
bacteria have also been reported (Nomura et al.,
1998).

A*-3-Oxo-steroid S5a-reductase (EC 1.3.99.5; So-re-
ductase) inhibitors would be useful in the selective
treatment of androgen-dependent abnormalities, such
as benign prostate hyperplasia, prostate cancer, hirsut-
ism, male pattern alopecia and acne. In the course of
research on the isolation of biologically active sub-

* Corresponding author. Fax: + 81-92-642-2990.
E-mail address: shimizu@agr.kyushu-u.ac.jp (K. Shimizu).

stances from tropical plants, we discovered that
acetone extracts of the leaves of A. incisus showed
potent Sa-reductase inhibitory activity. The present
communication describes the isolation and structural
elucidation and Sa-reductase activity of a new gerany-
lated chalcone, 3’-geranyl-2',3,4,4'-tetrahydroxychal-
cone, from leaves of A. incisus.

2. Results and discussion

The acetone extract of leaves of A. incisus was parti-
tioned by n-hexane, diethyl ether and ethyl acetate.
The So-reductase inhibitory activity of the n-hexane-
soluble, diethyl ether-soluble, ethyl acetate-soluble and
aqueous portions were 20, 67, 33 and 0%, respectively
at a concentration of 100 pg/ml. Since the diethyl
ether-soluble portion showed the strongest Sa-re-
ductase inhibitory activity, it was submitted to further
separation by silica gel CC and then preparative
HPLC, resulting in an active constituent, compound 1.

Compound 1 was deduced as having an elemental
formula of C,sH,305s by HR—FAB mass spectrometry
(observed [M + H]* m/z 409.2014). The 'H NMR
spectrum showed characteristic signals for protons at
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the C-a and C-f positions of a chalcone skeleton [0
7.67, 7.75 (each 1H, d, J = 15.1 Hz)], and revealed the
presence of ABC-type aromatic protons [0 6.88 (1H, d,
J=28.3 Hz), 7.20 (1H, dd, J = 2.0, 8.3 Hz), 7.32 (1H,
d, J = 2.0 Hz)], AB-type aromatic protons [0 6.51 (1H,
d, J=28.8 Hz), 796 (1H, d, J= 8.8 Hz)], a geranyl
group [0 1.52 (3H, brs), 1.58, 1.77 (each 3H, d, J =
0.98 Hz), 1.94, 2.02 (each 2H, m), 3.36 2H, d, J=7.3
Hz), 5.08, 5.27 (each 1H, m)], and a hydrogen bonded
hydroxyl group [0 13.9 (1H, s)]. In the HMBC spec-
trum, the H-1" proton provided a good starting point
for the assignment of the proton and carbon reson-
ances of the geranyl function. Proton H-1” exhibited
correlations with the C-2’, C-3’, C-4’, C-2” and C-3"
carbons. This permitted assignment of the C-3’ pos-
ition of the geranyl group. Accordingly, 1 was ident-
ified as 3’-geranyl-2’,3,4,4'-tetrahydroxychalcone. The
structure and all assignments were confirmed by
'"H-'"H CoSY, "C-'H COSY and HMBC spectro-
scopic methods (Table 1).

Compound 1 showed more potent inhibitory activity
(ICsp = 104 uM) than oa-linolenic acid (ICso =116
UM), known as a naturally occurring potent inhibitor
(Liang and Liao, 1992). Our previous results demon-
strated that a geranylated stilbene (2,3'.4,5'-tetrahy-
droxy-4’-geranylstilbene; chlorophorin) isolated from
the heartwood of A. incisus also showed potent Sa-re-
ductase inhibitory activity (ICsy = 37 uM), although a

Table 1
"H and "*C NMR spectral data of 1 (CD;COCD;, 400 MHz)

Position 9, ppm (J, Hz) for 'H 8 (ppm) for *C
C=0 192.6
o 7.67 d (15.1) 118.3
B 7.75 d (15.1) 145.0
1 128.0
2 7.32 d (2.0) 115.7
3 146.1
4 148.9
5 6.88 d (8.3) 116.2
6 7.20 dd (2.0, 8.3) 123.1
1 114.2
2’ 164.9
3 115.9
4’ 162.4
5 6.51 d (8.8) 107.8
6 7.96 d (8.8) 129.9
1" 3.36 d (7.3) 222
2" 527 m 123.0
3" 134.9
4" 1.94 m 40.5
5" 2.02 m 27.4
6" 5.07 m 124.9
7" 131.3
8" 1.58 d (0.98) 25.8
9” 1.52 brs 17.7
10" 1.77 d (0.98) 16.3
2’-OH 139 s

non-geranylated stilbene (2,3',4,5'-tetrahydroxystil-
bene; oxyresveratrol) did not (Shimizu et al., 2000).
Compared to the geranylated chalcone (1), the absence
of the geranyl substituent (2',3,4,4'-tetrahydroxychal-
cone; butein) decreased the Sa-reductase inhibitory
effect (ICso =217 uM). These observations led us to
the assumption that, in the case of 1, the geranyl moi-
ety enhances 5a-reductase inhibitory activity. Also,
these results may support our previous assumption
(Shimizu et al., 2000) that isoprenyl-derived substitu-
ents (prenyl and geranyl) may be important structural
moieties as far as the So-reductase inhibitory activity
of flavonoids and stilbenes are concerned.

3. Experimental

NMR: 400 MHz on Jeol INM-AL400 FT NMR
spectrometer using CD;COCD; as the solvent and
TMS as standard reference. 2',3,4,4’-Tetrahydroxy-
chalcone (butein), isolated from the heartwood of
Rhus javanica, was provided by the Laboratory of
Wood Chemistry, Department of Forest Products,
Faculty of Agriculture, Kyushu University in Japan;
its purity and identification had been confirmed by
comparison with Imamura et al. (1967).

3.1. Plant material

Leaves of A. incisus were collected in March 1999,
Okinawa, Japan by Dr. K. Kinjyo of Ryukyu Univer-
sity, who confirmed its identification. The voucher spe-
cimen is preserved at the herbarium of Department of
Forest Products, Kyushu University in Japan.

3.2. Extraction and isolation

Chopped leaf tissue (1.2 kg) was extracted repeat-
edly with acetone at room temperature. The extracts
were concentrated in vacuo to give a residue (47 g).
An almost of the acetone extract (10 g) was suspended
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in water and partitioned with n-hexane, diethyl ether
and ethyl acetate, successively to give n-hexane-soluble
(1.5 g, 15% of the acetone extract), diethyl ether-sol-
uble (7.2 g, 72%) and aqueous (1.3 g, 13%) portions.
The diethyl ether-soluble portion (5 g) was fractio-
nated by column chromatography on silica gel (500 g)
eluting with an EtOAc-n-hexane gradient. The fraction
(0.5 g) obtained with 70-90% EtOAc in n-hexane was
subsequently subjected to preparative HPLC (Inertsil
PREP-ODS: 20 mm i.d. x 250 mm) eluting with H,O/
CH;CN (30/70), 12 ml/min, to give 1 (239 mg).

3.3. 3'-Geranyl-2',3 ,4,4'-tetrahydroxychalcone (1)

Yellow powder; HR-FABMS: [M + H]" m/z
409.2014 (C,sH»00s requires m/z 409.2015); 'H and
13C NMR spectral data : see Table 1.

3.4. S5a-Reductase assay

Sa-Reductase inhibitory activity was assayed by the
method previously reported (Shimizu et al., 2000). The
reaction mixture, in a final volume of 3.0 ml, con-
tained microsomes from female rat liver, 150 uM tes-
tosterone in 100 pl of ethanol, 167 uM NADPH, 20
mM sodium phosphate buffer (pH 6.5), with or with-
out a sample in 100 ul of DMSO. The reaction was
started by the addition of microsomes to the pre-
heated reaction solution in a tube. After 10 min the in-
cubation was terminated by adding 100 pl of 3 M
NaOH, and then 100 pl of 1.0 mM cholesterol acetate
in n-hexane was added as internal standard for GC—
MS. To extract metabolites, 40 ml of diethyl ether was
added, and the tubes were capped and shaken. The
water phase was frozen at —20°C the organic phase
was decanted and evaporated under reduced pressure.

The residue was dissolved in 100 ul EtOAc for GC-
MS. a-Linolenic acid was used as a positive standard.
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