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Abstract—Fatty acid synthase (FAS) is emerging as a potential therapeutic target to treat cancer and obesity. Bioassay-guided frac-
tionation of a MeOH extract of the rhizomes of Dryopteris crassirhizoma (Dryopteridaceae), using an in vitro FAS inhibitory assay,
resulted in the isolation of a series of acylphloroglucinols, as the active principles. The isolates 1–10 inhibited FAS with IC50 values
ranging from 23.1 ± 1.4 to 71.7 ± 3.9 lM. The results of the present study indicate that the acylphloroglucinol derivatives could be
considered to be a promising class of FAS inhibitors.
� 2006 Elsevier Ltd. All rights reserved.
Mammalian fatty acid synthase (FAS) is a multi-enzyme
complex that catalyzes the nicotinamide adenine dinu-
cleotide phosphate (NADPH)-dependent condensation
of acetyl-CoA and malonyl-CoA to produce the saturat-
ed 16-carbon fatty acid, palmitate.1 This enzyme is com-
posed of two identical subunits, each containing seven
catalytic domains and an acyl carrier protein.1 Recently,
a number of studies have suggested that FAS is a poten-
tial target for drug discovery.2–11 In contrast to normal
tissues, high levels of FAS expression have been found
in many human cancers, including carcinoma of the
breast, prostate, colon, and ovary.2–6 This difference in
expression of FAS between normal and cancer cells
has raised the possibility that inhibition of FAS might
offer a therapeutic approach in cancer treatment.2–6

Actually, administration of FAS inhibitors such as ceru-
lenin and C75 to various cancer cell lines resulted in the
induction of apoptosis in vitro and in vivo.2–6 Further-
more, specific blockage of FAS using RNA interference
technology resulted in growth arrest and cell death of
cancer cells.7 FAS is also expressed in hypothalamic
neurons and possibly involved in the regulation of food
intake.8,9 Recent studies have shown that the FAS inhib-
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itors, cerulenin and C75, inhibit food intake, and cause
significant body weight loss in both lean and ob/ob
mice.8,9 These results suggest that compounds that re-
duce FAS activity or expression levels may be useful
for the treatment of cancer and obesity. Although there
have been a number of reports on the designing and
development of FAS inhibitors,5,10–12 new types of
FAS inhibitors with suitable pharmacological properties
remain to be discovered. Because plants could be a
promising source for the development of new FAS
inhibitors,11,12 we have undertaken a screen of hundreds
of plant extracts against FAS.

During this screening effort we found that a MeOH ex-
tract of the rhizomes of Dryopteris crassirhizoma inhib-
ited FAS activity (>70% inhibition at 50 lg/ml).
D. crassirhizoma belongs to Dryopteridaceae and is a
fern growing in wet, shaded forests, open grassy areas,
or on rocks and along streams primarily in mountains.13

The rhizomes of this species have been used as a vermi-
fuge, astringent, vulnerary, antibacterial, and anti-in-
flammatory agent, and used internally in the treatment
of hemorrhage, uterine bleeding, and mumps.13 Charac-
teristic phloroglucinol derivatives, such as albaspidins,
norflavaspidic acids, flavaspidic acids, deaspidins,
para-aspidins, and filixic acids, have been reported as
constituents of the genus Dryopteris,14 and have been
found to possess antioxidant, antibacterial, and
antitumor promoting activities.15–17 Previous study has
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demonstrated that kaempferol glycosides isolated from
D. crassirhizoma inhibited human immunodeficiency
virus reverse transcriptase-associated DNA polymerase
and ribonuclease H activities.18 Despite a number of
studies on the chemical constituents and biological
activities of the genus Dryopteris, there have been no
investigations with regard to its FAS inhibitory activity.
This prompted us to investigate the FAS inhibitory
compounds from the species. Bioassay-guided fraction-
ation of a MeOH extract of the rhizomes of this species
led to the isolation of a series of phloroglucinol deriva-
tives, as the active principles (Fig. 1). In this paper, we
report on the isolation and structure identification of
these compounds, and their FAS inhibitory activity.

The rhizomes of D. crassirhizoma were purchased from
a local market in Daejeon, Korea, and identified by
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Figure 1. Structures of compounds 1–10 isolated from D. crassirhizoma.
Professor Byung Sun Min, College of Pharmacy, Cath-
olic University of Daegu, Korea. A voucher specimen
(KRIBB No. 018–012) has been deposited in authors’
laboratory. The dried rhizomes (4 kg) were extracted
with MeOH at room temperature for 2 months. The
MeOH extract (420 g) was suspended in H2O (4 l)
and partitioned with hexane, EtOAc, and BuOH,
sequentially. The FAS inhibitory activity was concen-
trated in the hexane- and EtOAc-soluble fraction
(90% and 92% inhibition at 50 lg/ml). The hexane-sol-
uble fraction (129 g) was separated by silica gel column
chromatography (10 · 30 cm; 63–200 lm particle size)
using a gradient of hexane–CHCl3 (from 9:1 to 0:1),
to yield eight fractions (Hfr. 1–Hfr. 8) according to
their TLC profile. Although most of the fractions ex-
cept for Hfr. 1 showed strong FAS inhibitory activity
(>90% inhibition at 50 lg/ml), we were interested in
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Table 1. The inhibitory activity of the compounds 1–10 isolated from

D. crassirhizoma against FAS

Compounds FAS inhibitory

activity IC50

(lM)a

Albaspidin-PP (1) 60.2 ± 3.5

Albaspidin-PB (2) 56.1 ± 2.6

Aspidin-BB (3) 32.6 ± 3.0

Albaspidin-AP (4) 71.7 ± 3.9

Filixic acid-ABP (5) 31.0 ± 2.7

Flavaspidic acid-AB (6) 28.7 ± 1.4

Flavaspidic acid-PB (7) 23.1 ± 1.4

Norflavaspidic acid-AB (8) 29.7 ± 1.1

Aspidinol-B (9) 49.1 ± 2.7

Methylene-bis-methylphlorobutyrophenone (10) 25.4 ± 1.4

3-Hydroxyflavoneb >100 (6.5%)c

(�)-Epicatechinb >100 (10.2%)c

Luteolind 62.5 ± 4.0

Cerulenind 13.0 ± 0.9

a IC50 values were determined by regression analyses and expressed as

means ± SD of three replicates.
b Negative controls.11,12

c The number in parentheses represents a percentage of inhibition at a

level of 100 lM.
d Positive controls.
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Hfr. 2 and Hfr. 3 because their 1H NMR spectra indi-
cated the characteristic signals for phloroglucinols dif-
ferent from those in other fractions. Hfr. 2 [eluted
with hexane–CHCl3 (8:2), 16.7 g] was chromatographed
over silica gel (6.5 · 35 cm; 63–200 lm particle size)
using a mixture of hexane–CH2Cl2–MeOH (30:10:0.5),
to yield four subfractions (Hfr. 2-1–Hfr. 2-4). The
activity was found to be highest in Hfr. 2-1 (2.4 g),
which was further separated by reversed phase column
chromatography (3.5 · 30 cm; LiChroprep� RP-18
40–63 lm particle size) using a stepwise gradient of
AcCN–H2O (from 60:40, 70:30, 80:20 to 100:0; 2 l for
each step), to yield four subfractions, Hfr. 2-1-1 to
Hfr. 2-1-4. Further purification of Hfr. 2-1-1 (753 mg)
by preparative reversed phase HPLC (YMC J-sphere
ODS-H80� column; 20 · 150 mm; 4 lm particle size;
5 ml/min; UV detection at 254 nm) with an isocratic
solvent system of AcCN–H2O (94:6) resulted in the iso-
lation of compounds 1 (35 mg; tR = 36.5–39.8 min), 2
(23 mg; tR = 42.0–46.0 min), and 3 (30 mg; tR = 46.5–
52.0 min). Hfr. 2-1-2 (917 mg) was also purified by
additional HPLC using an isocratic solvent system of
AcCN–H2O (90:10) to isolate 23 mg of 4 (tR = 35–
40 min). Another active fraction, Hfr. 3 [eluted with
hexane–CHCl3 (7:3), 7.4 g], was subjected to silica gel
column chromatography using a gradient of hexane–
EtOAc (from 10:0 to 9:1) to yield 230 mg of crude
compound 5, which was recrystallized in EtOAc to give
pure compound 5. The EtOAc-soluble fraction (91 g)
was chromatographed on a silica gel column
(10 · 30 cm; 63–200 lm particle size) using a gradient
of hexane–CHCl3–EtOH (from 10:10:0.1 to 9:9:2), to
yield six fractions (EAfr. 1–EAfr. 6) according to their
TLC pattern. Since the EAfr. 1 [eluted with hexane–
CHCl3–MeOH (from 10:10:0.1 to 10:10:0.5)] exhibited
the strongest inhibitory activity (91% inhibition at
30 lg/ml), this fraction (30 g) was fractionated by silica
gel column chromatography (9.5 · 17 cm; 63–200 lm
particle size) using a gradient of CHCl3–MeOH (from
40:1 to 1:10), to obtain four subfractions (EAfr. 1-1–
EAfr. 1-4). A portion of EAfr. 1-1 was purified using
preparative TLC [Silica gel 60 F254, 0.5 mm; mobile
phase: hexane–acetone–acetic acid (6:4:0.1); UV detec-
tion at 254 nm] to obtain compounds 6 (1.5 mg; Rf val-
ue 0.32) and 7 (1.7 mg; Rf value 0.35). EAfr. 1-2 [eluted
with CHCl3–MeOH (from 10:1 to 9:1), 4.1 g] was iso-
lated by reversed phase column chromatography
(3.5 · 30 cm; LiChroprep� RP-18 40–63 lm particle
size) using a stepwise gradient of AcCN–H2O (from
35:65, 40:60, 50:50, 60:40 to 70:30; 2 l for each step),
to afford compounds 8 (27 mg) and 9 (33 mg). Purifica-
tion of EAfr. 1-3 [eluted with CHCl3–MeOH (from 8:2
to 7:3), 2.2 g] by preparative reversed phase HPLC with
an isocratic solvent of 33% AcCN in H2O resulted in
the isolation of compound 10 (38 mg; tR = 25–
35 min). The structures of the isolated compounds 1–10
were identified as albaspidin-PP (1), albaspidin-PB (2),
aspidin-BB (3), albaspidin-AP (4), filixic acid-ABP (5),
flavaspidic acid-AB (6), flavaspidic acid-PB (7),
norflavaspidic acid-AB (8), aspidinol-B (9), and methy-
lene-bis-methylphlorobutyrophenone (10), respectively,
by analyses of MS and NMR data,19 and comparison
with those in the literature (Fig. 1).19–24
FAS was purified from chicken liver by using stepwise
ammonium sulfate precipitations, gel filtration, and
anion exchange chromatography as previously
described.25 FAS was 95% pure as estimated from
SDS/PAGE with Coomassie blue staining. FAS activity
was measured by analysis of the incorporation of [3H]
acetyl CoA into palmitate.25,26 All the isolates were as-
sayed for their inhibitory activity against FAS, and the
results are presented in Table 1. The known FAS inhib-
itors, cerulenin (IC50 = 13.0 ± 0.9 lM) and luteolin11,12

(IC50 = 62.5 ± 4.0 lM), were used as positive controls
in this assay. Most of the isolates inhibited FAS in
dose-dependent manners and several of these were more
potent than luteolin. Of the compounds tested, com-
pounds 7 and 10 exhibited the strongest inhibitory activ-
ity with IC50 values of 23.0 ± 1.0 and 25.0 ± 1.1 lM,
respectively. In general, compounds 3, 6, 7, and 8 in
which an acylphloroglucinol moiety is linked with an
acylfilicinic acid moiety (3,5-dihydroxy-4,4-dimethyl-
2,5-cyclohexadien-1-one) were more effective than albas-
pidin derivatives 1, 2, and 4 bearing two acylfilicinic acid
analogues. Clearly, flavaspidic acid-PB (7) was twofold
more active than albaspidin-PB (2). Compound 10 con-
taining two acylphloroglucinol units retained the activi-
ty. These results indicate that the acylphloroglucinol
moiety is required for the activity. However, the loss
of FAS inhibition by aspidinol-B (9) suggests that the
presence of the acylphloroglucinol alone does not confer
high activity. Another trend was recognized from our
data in Table 1. As the length of acyl side chain is
increased, the FAS inhibitory activity appeared to be
slightly increased. Compound 2 displayed slightly higher
activity than compounds 1 and 4 both with shorter acyl
side chains. A similar case was observed between com-
pounds 6 and 7, indicating that the acyl side chains
may affect the FAS inhibitory activity. Despite the pres-
ence of butyryl side chains, compound 3 appeared not to
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be as effective as 7 and 10, suggesting that the substitu-
tion pattern of acylphloroglucinol moiety is more
important for the activity and replacement of a phenolic
hydroxyl group with a methyl ether might be responsible
for the loss of activity. Compounds 6 and 8 demonstrat-
ed similar activity against FAS, suggesting that substitu-
tion of the C-5 0 hydrogen on the acylphloroglucinol with
a methyl group may not affect the activity. The trimeric
compound, filixic acid ABP (5), was also an effective
inhibitor of FAS (IC50 = 31.0 ± 2.7 lM). Although the
structure–activity relationships of phloroglucinol deriv-
atives were not thoroughly investigated, our data indi-
cate that the acylphloroglucinol moiety linked with
either acylfilicinic acid or another phloroglucinol, and
appropriate length of acyl side chain are required for
the activity. These results indicate that the acylphloro-
glucinol skeleton is worthy of further investigation as
a lead for novel FAS inhibitors.

Acylphloroglucinol derivatives have been reported to
have a wide range of biological activities that
include antioxidant, antibacterial, and antitumor
activities.15–17,21 However, to our knowledge, the FAS
inhibitory activity of the acylphloroglucinols is now
being reported for the first time in this study. Several
in vitro studies have shown the cytotoxic effect of acy-
lphloroglucinol derivatives on the human cancer cells
such as carcinoma of the lung, prostate, breast, skin,
and epidermoid in the mouth.27–29 Kapadia et al. also
demonstrated that the acylphloroglucinols isolated from
the genus Dryopteris had in vitro antitumor activity and,
in particular, the dimeric phloroglucinols, aspidin, and
deaspidin, inhibited tumorigenesis in animal model.17

Despite these findings, the mechanisms by which these
compounds exert the antitumor effects are poorly under-
stood. Since high levels of FAS expression have been
found in many human cancers including breast, pros-
tate, colon, and ovary, this enzyme has emerged as a
selective route to treat cancer.2–7 Recent studies have
demonstrated that suppression of FAS by RNA inter-
ference results in induction of apoptosis and inhibition
of FAS by small molecules such as cerulenin and C75
leads to selective cytotoxicity against various cancer cell
lines in vitro and in vivo.4–7,10,12 As shown in the present
study, the acylphloroglucinol derivatives could be con-
sidered as a promising class of FAS inhibitors. This
may provide a new insight into the mechanism underly-
ing their antitumor activity. Further investigation and
optimization of acylphloroglucinols might enable the
preparation of new FAS inhibitors potentially useful
in the treatment of cancers and obesity.
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