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A new unusual sterol, named lobophytosterol (1), and five known metabolites (2–6) were isolated from
the methanol extract of the soft coral Lobophytum laevigatum. Their chemical structures were elucidated
by extensive spectroscopic analysis and comparison with those reported in the literature. The absolute
stereochemistry of 1 was determined using a modified Mosher’s method. Compounds 1–3 showed cyto-
toxic activity against HCT-116 cells with IC50 values of 3.2, 6.9 and 18.1 lM, respectively. Compound 1
additionally displayed cytotoxic effects on A549 and HL-60 cells with IC50 values of 4.5 and 5.6 lM,
respectively. Treatment of these cells with compound 1 resulted in an induction of apoptosis evident
by chromatin condensation in treated cells. Besides, compounds 2, 4, and 6 significantly upregulated
PPARs transcriptional activity dose-dependently in Hep-G2 cells. Taken together, these data suggest that
compound 1 might inhibit the growth of the cancer cells by the induction of apoptosis, and compounds 2,
4, and 6 might act as specific agonists for PPARa, PPARd, and PPARc and may therefore regulate cellular
glucose, lipid, and cholesterol metabolism.

� 2011 Elsevier Ltd. All rights reserved.
Marine organisms are a natural source of various classes of sec-
ondary metabolites with diverse structures and biological activi-
ties. The soft corals of the genus Lobophytum have been reported
to produce mainly diterpenoids and steroids, that showed cyto-
toxic,1–4 anti-inflammatory,3,5 and anti-HIV activities.6 However,
little is known about the chemical components and biological
activity of the soft coral Lobophytum laevigatum (Alcyoniidae). As
a part of our search for bioactive compounds from Vietnamese
marine organisms,4,7–9 a chemical investigation of the methanol
extract of L. laevigatum led to the isolation of six sterols,10 includ-
ing a new one (1), lobophytosterol, and five known metabolites:
(22S,24S)-24-methyl-22,25-epoxyfurost-5-ene-3b,20b-diol (2),11

(24S)-24-methylcholest-5-ene-3b,25-diol (3),12 (24S)-ergost-5-
ene-3b,7a-diol (4),13 cholesterol (5),14 and pregnenolone (6).15

The structures of these compounds were established by extensive
spectroscopic analysis and comparison with those reported in the
literature. The absolute configuration of compound 1 was deter-
mined using the modified Mosher’s method.

We initially assessed the cytotoxicity of compounds 1–6 against
lung (A549), colon (HCT-116), and leukemia (HL-60) cancer cell
ll rights reserved.
lines. Apoptosis, a process of cell death stimulated in response to
cellular stress, results in cell shrinkage followed by chromatin con-
densation, which is associated with characteristic internucleoso-
mal DNA cleavage. This cleavage results in the production of
nucleosomes of DNA fragments complexed with core histones,
which exist in discrete multiples of a 180 base pair subunit. One
of the major modes of action of chemotherapeutic anti-cancer
drugs on malignant cells is via the induction of apoptosis.16 As
compound 1 showed cytotoxicity against A549, HCT-116, and
HL-60 cells, we selected this compound to assess its ability to in-
duce apoptosis in these cell lines.

The peroxisome proliferator-activated receptors (PPARs) form a
subfamily of the nuclear receptor superfamily, of which three iso-
forms, PPARa, PPARd, and PPARc have been identified. PPARs reg-
ulate the expression of genes involved in the regulation of glucose,
lipid, and cholesterol metabolism by binding to specific peroxi-
some proliferator response elements (PPREs) in the enhancer sites
of regulated genes.17–20 Accordingly, compounds that modulate the
function of PPARs are attractive for the treatment of type 2 diabe-
tes, obesity, metabolic syndrome, inflammation, and cardiovascu-
lar disease.21 Thus we investigated the effects of compounds 1–6
on PPARs transcriptional activity in human hepatocarcinoma
(Hep-G2) cells.
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Figure 1. Structures of the compounds 1–6.

Figure 2. Selective 1H–1H COSY (—), HMBC correlations (H ? C) and 1H NMR chemical shift differences of MTPA esters of 1.
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The soft coral L. laevigatum was collected by hand diving in
Khanh Hoa province, Viet Nam, in February 2009, and was stored
in a freezer until being extracted. The scientific name was identi-
fied by Dr. Do Cong Thung, Institute of Marine Resources and Envi-
ronment, Vietnam Academy of Science and Technology (VAST) and
a voucher specimen (No. 20090214) was deposited in the Institute
of Marine Biochemistry, VAST. Using a combined chromatographic
separation, six compounds (Fig. 1) were isolated from the metha-
nol extract of L. laevigatum.22 Compound 1 was obtained as an
amorphous powder. The HR-FTICR-MS of 1 showed an intensive
pseudomolecular ion peak [M+H�H2O]+ at m/z 443.38876 (calcd
for C30H51O2, 443.38891), consistent with a molecular formula of
C30H52O3, and implying five degrees of unsaturation. The 13C
NMR (Table 1) and DEPT spectra displayed the presence of eight
methyls, eight methylenes, ten methines, and four quaternary car-
bons. All the carbon–proton assignments of 1 were performed
based on the HSQC, HMBC, and 1H–1H COSY experiments (Fig. 2).
The IR spectrum of 1 showed an absorption band of hydroxyl
groups (mmax 3450 cm�1), which was further confirmed by NMR
signals at dH 3.08 (1H, m, H-3), 3.21 (1H, d, J = 9.5 Hz, H-22), and
dC 76.5 (C-3 and C-22). The HMBC cross peaks from H-4 and H3-
21 to dC 76.5 revealed that two hydroxyl groups were located at
C-3 and C-22. The presence of a tetra-substituted epoxide was
determined by the 13C NMR signals at dC 80.0 and 69.8. The posi-
tion of the epoxy functionality was assigned to C-17/C-20 by the
HMBC correlations between H3-21/C-17, H3-21/C-20, and H3-18/
C-17. The presence of an isopropyl group was evident at dH 1.53
(1H, m, H-25)/dC 32.2 (C-25), dH 0.92 (3H, d, J = 6.5 Hz, H-26)/dC

20.8 (C-26), and dH 0.95 (3H, d, J = 6.5 Hz, H-27)/dC 21.8 (C-27). Fur-
thermore, the NMR signals of three secondary methyls at dH 0.81
(3H, d, J = 6.5 Hz, H3-28)/dC 13.1 (C-28), dH 0.89 (3H, d, J = 6.5 Hz,
H3-29)/dC 10.3 (C-29), and dH 0.96 (3H, d, J = 6.5 Hz, H3-30)/dC

15.1 (C-30), and two tertiary methyls at dH 0.91 (3H, s, H3-18)/dC

15.2 (C-18) and dH 0.83 (3H, s, H3-19)/dC 13.3 (C-19) were ob-
served. On the basis of above analysis and comparison of the
NMR data of 1 (Table 1) with those of a related compound,23 the
planar structure of compound 1 was established unambiguously.

The relative configuration of 1 was determined through the
analysis of NOE correlations as well as a computer-generated lower
energy conformation using MM2 force field calculations (Fig. 3). In



Figure 3. Key NOE correlations and computer-generated perspective model using MM2 force field calculations for 1.

Table 2
Cytotoxicity data for compounds 1–6

Compounds Cell lines IC50 (lM)

A549 HCT-116 HL-60

1 4.5 ± 0.5 3.2 ± 0.9 5.6 ± 0.4
2 >20a 6.9 ± 0.8 >20
3 >20 18.1 ± 1.2 >20
Mitoxantroneb 7.8 ± 0.4 7.2 ± 0.3 8.2 ± 0.9

IC50 values are expressed as mean ± SEM, (n = 6).
Compounds 4–6 were inactive for all cell lines.

a A compound is considered to be inactive with IC50 >20 lM.
b Positive control.

Table 1
NMR Data for compound 1

Position dC
a,b dH

a,c (J in Hz)

1 36.8 1.74 (m)
1.35 (m)

2 31.8 1.82 (m)
0.84 (m)

3 76.5 3.08 (m)
4 39.2 1.31 (m)
5 50.8 0.75 (m)
6 31.0 1.84 (m)

1.50 (m)
7 24.0 1.72 (m)

1.07 (m)
8 35.0 1.44 (m)
9 54.2 0.61 (m)
10 36.0
11 21.2 1.60 (m)

1.29 (m)
12 36.8 1.80 (m)

1.04 (m)
13 43.8
14 54.8 1.17 (m)
15 23.6 1.61 (m)

1.34 (m)
16 31.0 1.97 (m)

1.71 (m)
17 80.0
18 15.2 0.91 (s)
19 13.3 0.83 (s)
20 69.8
21 15.8 1.42 (s)
22 76.5 3.21 (d, 9.5)
23 36.7 1.89 (m)
24 39.0 1.20 (m)
25 32.2 1.53 (m)
26 20.8 0.92 (d, 6.5)
27 21.8 0.95 (d, 6.5)
28 13.1 0.81 (d, 6.5)
29 10.3 0.89 (d, 6.5)
30 15.1 0.96 (d, 6.5)

Assignments were confirmed by HSQC, HMBC, 1H–1H COSY, and
NOESY spectra.

a Recorded in CDCl3.
b 125 MHz.
c 500 MHz.
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the NOESY spectrum of 1, the NOE correlations between H-3/H-5,
H-3/H3-30, and H5/H-9, indicated a-orientations of H-5, H-9, and
H3-30. The NOE cross peaks from H-8 to H3-18, and H3-19 but
not H-5, clearly revealed that H-8, H3-18 and H3-19 are positioned
on the b-side. In addition, H3-18 did not give NOE interaction with
H3-21, indicating that H3-21 and the C-17/C-20 epoxy group are a-
and b-oriented, respectively. H-22 showed a NOE cross peak with
H-24 but not with H3-21, and a NOE correlation between H-23
and H-24, suggesting b-orientations of H-22, H-23, and H-24.
Based on the above analysis and other detailed NOE correlations,
the relative configuration of 1 was established. Finally, the absolute
configuration of 1 was determined using the modified Mosher’s
method.24 The (S)- and (R)-MTPA esters of 1 (1a and 1b, respec-
tively) were prepared using (R)- and (S)-MTPA chloride, respec-
tively.25 The determination of Dd values (dS–dR) for protons
neighboring C-22 led to the assignment of the R configuration at
C-22 in compound 1 (Fig. 1). Finally, the structure of 1 was deter-
mined to be (3S,4S,22R,23S,24S)-17b,20b-epoxy-4,23,24-trimeth-
ylcholest-3b,22a-diol, named lobophytosterol.

The cytotoxicity of compounds 1–6 against A549, HCT-116, and
HL-60 cells was evaluated (Table 2) using the MTT assay.26 Among
the compounds tested, compound 1 showed the strongest cytotox-
icity against A549, HCT-116, and HL-60 cells with IC50 values of 4.5,
3.2, and 5.6 lM, respectively. Indeed, the cytotoxicity of 1 was
more potent than that of the chemotherapy drug mitoxantrone.
Compound 2 and 3 exhibited significant cytotoxic activity against
only HCT-116 cells with IC50 values of 6.9 and 18.1 lM,
respectively.

Since compound 1 showed potent cytotoxicity against the can-
cer cell lines, we next investigated whether the cytotoxicity of
compound 1 might arise from an induction of apoptosis.27 Apopto-
sis is characterized by nuclear morphological changes, including
chromatin condensation, membrane blebbing, and cell shrinkage.
After 24 h treatment of A549, HCT-116, and HL-60 cells with the
IC50 of compound 1, the presence of chromatin condensation in
apoptotic bodies was observed in all tested cell lines by staining
with DNA-specific fluorescent dye Hoechst 33342 (Fig. 5). These
data demonstrate that compound 1 might inhibit the growth of
A549, HCT-116, and HL-60 cancer cells by the induction of
apoptosis.

The effects of compounds 1–6 on the activation of PPARs were
also evaluated using a PPRE luciferase reporter assay.28 The results
(Fig. 4) showed that compounds 2, 4, and 6 activated the PPARs



Figure 4. PPARs transcriptional activities of compounds 2, 4, and 6. Benzafibrate: positive control. (�): negative control. Values are means ± SEM, n = 6 experiments.
Statistical significance is indicated as ⁄(p <0.05) or ⁄⁄(p <0.01) as determined by Dunnett’s multiple comparison test.

Figure 5. Compound 1 induced apoptotic characteristic in A549, HCT-116, and HL-60 cells. (A): The A549 cells (1 � 105 cells/mL) were treated with 4.5 lM of 1 for 24 h. (B):
The HCT-116 cells (1 � 105 cells/mL) were treated with 3.2 lM of 1 for 24 h. (C): The HL-60 cells (4 � 105 cells/mL) were treated with 5.6 lM of 1 for 24 h.
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transcriptional activity in a dose-dependent manner. At concentra-
tion of 1 lM, compounds 2, 4, and 6 enhanced the PPARs transcrip-
tional activity by 1.4, 1.2, and 1.6-fold, respectively. At
concentration of 10 lM, compound 4 showed the most potent
stimulation of PPARs transcriptional activity, with an activation
of 2.5-fold, while compounds 2 and 6 upregulated PPARs activity
by 2.0 and 2.1-fold, respectively, as compared to negative control.
These data suggested that compounds 2, 4, and 6 may act as spe-
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cific agonists for PPARs isoforms (PPARa, PPARd, and PPARc) and
may therefore regulate glucose, lipid, and cholesterol metabolism.
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