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ABSTRACT: The aim of this work was to investigate the anticancer cytotoxic effects of natural compound subamolide E on the
human skin cancer melanoma A375.S2 cells. Subamolide E was isolated from Cinnamomum subavenium and demonstrated
cytotoxicities in the cell-growth assay at concentration ranges from 0 to 100 μM at 24 h. Propidium iodide staining and flow
cytometry analyses were used to evaluate cell-cycle distribution and found that subamolide E caused DNA damage in the sub-G1
phase with a dose-dependent manner after 24 h of treatment. According to the western blot result, subamolide-E-treated cells with
the increase of caspase-dependent apoptotic proteins induced related pathway mechanisms. Subamolide E also showed
antimigratory activities of A375.S2 cells on the wound-healing assay. Finally, subamolide E demonstrated minor cytotoxicities to
normal human skin cells (keratinocytes, melanocytes, and fibroblasts); therefore, it is a potential chemotherapeutic agent against
skin melanoma.
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’ INTRODUCTION

Human skin is normally contacted with damage stress, which
is produced by external and intrinsic sources, such as ultraviolet
(UV) radiation, free radicals, and reactive oxygen species.1�6

There are many studies about the skin exposed to oxidative stress
or UV radiation and are responsible for aging or tumorigenesis.7,8

Melanoma, a malignant tumor of epidermal melanocytes, is
one of the most deadly skin cancers.9,10 Within the past several
decades, the occurrences of cutaneous malignant melanoma have
increased because it has a strong propensity to metastasize and,
therefore, is one of the most aggressive skin cancers.11,12 Unlike
other cancers, malignant melanoma is not easy to treat with
surgery, radiotherapy, or chemotherapy.13 A good chemother-
apeutic agent will be a naturally occurring agent and can induce
cytotoxicity in cancer cells.

Cinnamomum subaveniumMiq. (Lauraceae) is a medium-sized
evergreen tree plant and usually visible in the central to southern
mainland of China, Burma, Cambodia, Indonesia, Malaysia, and
Taiwan.14 Upon the continuation of a study toward the research
programs of a biochemical-active component from Formosan
lauraceous plants, one butanolide, namely, subamolide E [(4R,3E)-
4-hydroxy-5-methylene-3-undecylidenedihydrofuran-2-one], was
isolated (Figure 1).15 Subamolide E has been proven to exert
an inhibitory effect on proliferation in colon carcinoma SW480.16

In the study, we proposed a hypothesis that subamolide E is a
potential component for developing an anticancer drug against
A375.S2 cells. The effects of subamolide E on cell growth, cell-
cycle progression, apoptotic mechanism, and migration effects
were examined. Our data proved that subamolide E could be
beneficial in the chemotherapy of human melanoma and without
significant cytotoxicity to normal skin cells.

’MATERIALS AND METHODS

Plant Material. The leaves of C. subavenium were collected from
Wulai Hsiang, Taipei County, Taiwan, in May, 2005. These voucher
specimens (Cinnamo. 5) were characterized by Dr. Yen-Ray Hsui of the
Chungpu Research Center, Taiwan Forestry Research Institute, Chiayi,
Taiwan, and deposited in the Department of Medical Laboratory
Science and Biotechnology, School of Medical and Health Sciences,
Fooyin University, Kaohsiung County, Taiwan, Republic of China.
Extraction and Isolation. The air-dried leaves of C. subavenium

(11.0 kg) were extracted by methanol (50 L� 6) at room temperature,
and a methanol extract (326.5 g) was obtained upon concentration
under reduced pressure. The methanol extract, suspended in H2O (1 L),
was partitioned with chloroform (2 L � 5) to give fractions soluble in
chloroform (198.5 g) and H2O (101.2 g). The chloroform-soluble
fraction (198.5 g) was chromatographed over silica gel (800 g,
70�230 mesh) using n-hexane/ethyl acetate/methanol mixtures as
eluents to produce five fractions. Fraction 1 (9.33 g) was subjected to
silica gel chromatography by eluting with n-hexane/ethyl acetate (20:1)
and enriched with ethyl acetate to furnish five fractions (1�1�1�5).

Figure 1. Compound structures of subamolide E from C. subavenium.
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Fraction 1�2 (3.02 g) was subjected to silica gel chromatography, eluted
with n-hexane/ethyl acetate (50:1), and enriched gradually with ethyl
acetate, to obtain three fractions (1�2�1�1�2�3). Fraction 1�2�2
(2.26 g), eluted with n-hexane/ethyl acetate (40:1), was further sepa-
rated using silica gel column chromatography and preparative thin-layer
chromatography [TLC, n-hexane/ethyl acetate (30:1)] and gained
submolide E (51 mg).15

General Experimental Procedures.Melting points were deter-
mined using a Yanagimoto micromelting point apparatus and are
uncorrected. Optical rotations were measured with a JASCO DIP-370
digital polarimeter. UV spectra were obtained in methyl cyanide using a
JASCO V-530 spectrophotometer. The infrared (IR) spectra were
measured on a Hitachi 260-30 spectrophotometer. 1H (400 MHz, using
deuterated chloroform as the solvent for measurement), 13C (100
MHz), distortionless enhancement by polarization transfer (DEPT),
heteronuclear correlation (HETCOR), correlation spectroscopy (COSY),
nuclear Overhauser effect spectrometry (NOESY), and heteronuclear
multiple-bond correlation (HMBC) nuclear magnetic resonance (NMR)
spectra were obtained on a Unity Plus Varian NMR spectrometer. Low-
resolution fast atom bombardment mass spectrometry (LRFABMS)
and low-resolution electron impact mass spectrometry (LREIMS) were

obtained with a JEOL JMS-SX/SX 102Amass spectrometer or aQuattro
gas chromatography�mass spectrometry (GC�MS) spectrometer with
a direct inlet system. High-resolution fast atom bombardment mass
spectrometry (HRFABMS) and high-resolution electron impact mass
spectrometry (HREIMS) were measured on a JEOL JMS-HX 110 mass
spectrometer. Silica gel 60 (Merck, 230�400 mesh) was used for
column chromatography. Precoated silica gel plates (Merck, Kieselgel
60 F-254, 0.20 mm) were used for analytical TLC, and precoated silica
gel plates (Merck, Kieselgel 60 F-254, 0.50 mm) were used for
preparative TLC. Spots were detected by spraying with 50% H2SO4

and then heating on a hot plate. The structure of subamolide E was
identified by spectroscopic analysis (purity > 95%). This compound was
identified by spectroscopic data analysis.15

Chemicals and Reagents. Dimethyl sulfoxide (DMSO), 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT), and
propidium iodide (PI) were purchased from Sigma-Aldrich Company
(St. Louis, MO). RPMI-1640, antibiotics, and other supplements for cell
cultures were purchased from Invitrogen (Carlsbad, CA). Fetal bovine
serum (FBS) and Dulbecco’s modified Eagle’s medium (DMEM) were
obtained from Gibco BRL (Gaithersburg, MD). The human skin cancer
cell line, A375.S2, was purchased from Bioresource Collection and
Research Center (BCRC, Hsinchu, Taiwan, Republic of China). The
antibody against caspase-8 was purchased from Anaspec (San Jose, CA),
and antibodies against cleaved caspase-3, caspase-7, caspase-9, poly-
(ADP-ribose) polymerase (PARP), and β-actin were purchased
from Cell Signaling (Beverly, MA). Anti-mouse and anti-rabbit IgG
peroxidase-conjugated secondary antibodies were purchased from
Pierce (Rockford, IL). All other reagents and chemicals used were
obtained in the purest forms possible from commercial sources.
Cell Cultures. A375.S2 cells were maintained in a monolayer

culture at 37 �C and 5% CO2 in DMEM supplemented with 10%
FBS, 100 units/mL of penicillin, 100 mg/mL of streptomycin, and 0.25
μg/mL of amphotericin B.6 Stock solutions of subamolide E (1.0 M)
were dissolved in DMSO, and various concentrations were prepared
with a final DMSO concentration less than 0.5%.

Human keratinocytes were grown from foreskin primary culture,
which was derived from Chung-Ho Memorial Hospital, Kaohsiung
Medical University, Taiwan.2,3 Human keratinocytes were cultured in
keratinocyte-SFM (Gibco, Gaithersburg, MD), supplemented with
bovine pituitary extract (BPE) and human recombinant epidermal
growth factor (EGF). The medium and growth supplement for kerati-
nocytes contain γ-epidermal growth factor, BPE, insulin, fibroblast
growth factor, and calcium (0.09 mM).

Neonatal foreskin primary human epidermal melanocytes (HEMn-
MP) were purchased from Cascade Biologics, cultured in Medium 254
(Cascade Biologics, Portland, OR) and supplemented with human
melanocyte growth supplement (HMGS).2,3 TheMedium 254 is a basal
medium containing essential and non-essential amino acids, vitamins,
organic compounds, trace minerals, and inorganic salts. The human
melanocyte growth supplement contains BPE, FBS, bovine insulin,
bovine transferrin, basic fibroblast growth factor, hydrocortisone, hepa-
rin, and phorbol 12-myristate 13-acetate.

The primary cultures of human skin fibroblasts were cultured in the
DMEMmedium.2,3 All cells were incubated at 37 �C under a humidified
atmosphere of 5% CO2 in air and routine passage by trypsinization.
Cell Proliferation Assay. The effects of compounds on cell

growths were according to the MTT assay procedures.4 The method
is based on the ability of a mitochondrial dehydrogenase enzyme from
viable cells to cleave the tetrazolium rings of the pale yellow MTT and
form impermeable crystals of a dark-blue formazan, thus resulting in
accumulation within healthy cells. Briefly, cells were seeded in 96-well
microplates at a density of 7 � 103 cells/well. The medium was then
changed, and cells weremaintained in either solvent alone (control cells)
or in the presence of the indicated drug concentrations in a final volume

Figure 2. Effects of subamolide E on A375.S2 cell growth measured by
the MTT assay. (A) Photos of A375.S2 cells were taken with a bright
field microscope, and themagnification was 200�. (B) Quantification of
the cell-growth inhibition of subamolide E on A375.S2 cells, and cells
were treated for 24 h with 10, 50, and 100 μM. Control with no testing
sample (slash lines), and Taxol with 0.5 μM (horizontal lines). The data
represented the mean ( SD of triplicate values for three independent
experiments. Bars = SD, with (/) p < 0.05 and (//) p < 0.01 against
subamolide E treatment.



8189 dx.doi.org/10.1021/jf2018929 |J. Agric. Food Chem. 2011, 59, 8187–8192

Journal of Agricultural and Food Chemistry ARTICLE

of 100 μL in 10% FBS culture medium. The testing samples were
dissolved in sterile DMSO to treat a working concentration. Each
concentration was added to a microplate in three replicates and
incubated under the same conditions as above for 24 h. After 24 h of
incubation, the medium was replaced with 100 μL of fresh medium
including 0.5 mg/mL MTT. The microplate was cultured in a 37 �C
incubator filled with 5% CO2 for 2 h. Each precipitate in a specific dish
was dissolved in 100 μL of DMSO to dissolve the purple formazan
crystals. After the dishes were gently shaken for 10 min in the dark to
ensure maximal dissolution of formazan crystals, the absorbance (A)
values of the supernatant were measured at 595 nm (UV�vis, BioTek,
Winooski, VT). Cell growth was calculated as

ðAsample � AblankÞ=ðAcontrol � AblankÞ � 100%

DNA Damage and Cell-Cycle Analysis on the A375.S2 Cell
Line. To determine the phase distribution of DNA content, PI staining
was performed as described.16,17 A375.S2 cells were cultured in 100 mm
tissue-culture dishes. The monolayer was treated with various concen-
trations of subamolide E for 24 h. Adherent and floating cells were
collected after treatment, washed twice with phosphate-buffered saline
(PBS), then fixed with PBS/methanol (1:2, v/v) solution, and stored at
4 �C for at least 18 h. After centrifugation at 700 rpm for 5 min at 4 �C,
the cell pellet was stained with 10 μg/mL PI and 10 μg/mL RNase A in
PBS buffer for 15 min at room temperature in the dark environment.
DNA fluorescence of PI-stained cells was evaluated by excitation at
488 nm and detected through a 630/22 nm band-pass filter. Analyses
were performed with FACScan flow cytometry (Becton-Dickinson,
Mansfield, MA) and Cell-Quest and Modfit software to evaluate the
extent of DNA damage and the percentage of cells in various phases
(sub-G1, G1, S, G2, and M) of the cell cycle.16,17

Western Blot Analysis. A total of 1 � 106 cells were treated
with compound 1-3 or the vehicle control for 24 h, respectively. The
cells were harvested and lysed with lysis buffer18 [50mMTris-HCl at pH
7.5, 137 mM sodium chloride, 1 mM ethylenediaminetetraacetic acid
(EDTA), 1% Nonidet P-40, 10% glycerol, 0.1 mM sodium orthovana-
date, 10 mM sodium pyrophosphate, 20 mM β-glycerophosphate,
50 mM sodium fluoride, 1 mM phenylmethylsulfonyl fluoride, 2 μM
leupeptin, and 2 μg/mL aprotinin]. Lysates were centrifuged at 20000g
for 30 min, and the protein concentration in the supernatant was
determined with the bicinchoninic acid (BCA) protein assay kit
(Pierce, Rockford, IL). Equal amounts of protein were separated by
sodium dodecyl sulfate�polyacrylamide gel electrophoresis (SDS�
PAGE) and then electrotransferred to a nitrocellulose membrane
(PALL Life Science, Ann Arbor, MI). The membrane was blocked
for 1 h with 5% nonfat milk in PBS-T buffer (PBS containing 0.1%
Tween 20). The membranes were incubated with corresponding
primary antibodies, washed twice with PBS, and then incubated with
secondary antibodies against the corresponding primary antibodies. The
signals were visualized using the chemiluminescence detection kit
(Amersham, Piscataway, NJ).
Cell Migration Assay. The potential of cellular migration was

determined by wound-healing migration assays, which was performed
according to the methods reported 19. In brief, 5� 105 cells were seed in
12-well plates and grown to complete confluence. A yellow 200 μL
plastic pipet tip was used to create a clean 1 mm wide wound area on a
confluent monolayer culture, and then cells were treated with testing
samples or PBS buffer. After 24 h, the wound gaps were photographed
using inverted phase-contrast microscopy (TE2000-U, Nikon, Tokyo,
Japan) equipped with NIS-Elements (Nikon) software. The migration
and cell movement throughout the wound area were examined and
calculated by the free software “TScratch” (www.cse-lab.ethz.ch/
software.html).20

Figure 3. Effects of subamolide E on the cell cycle of the A375.S2 cell line. A375.S2 cells were treated with the indicated concentrations of subamolide
E for 24 h. After treatment, cells were collected, fixed with methanol, stained with PI, and analyzed by flow cytometry. Data on each sample represent
the percentages of sub-G1, G1, S, and G2/M. Analyses were performed at least 3 times, and a representative experiment is presented.
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Statistical Analysis. All data were presented as the mean (
standard deviation (SD), and the Student’s t test was used to identify
the mean difference between the two groups.

’RESULTS AND DISCUSSION

Antiproliferative Effects of Subamolide E on A375.S2 Cell.
The main reason of the death on a patient is due to the tumor
proliferation and metastasis. Therefore, it is urgent to find
valuable and significant novel biomedicinal components for
anticancer therapies. To evaluate the effects of subamolide E
on cancer cytotoxicity, the melanoma cells were treated at 0
(control, with PBS buffer), 10, 50, and 100 μM concentrations
(Figure 2). Morphological changes were observed by a bright
field microscope, and the magnification was 200� without
staining (Figure 2A). The MTT assay illustrated the anti-cell
proliferation of subamolide E on A375.S2 cells for 24 h treat-
ments (Figure 2B). The anticancer drug, Taxol, has shown to
cause cells at G2/M in a variety of human cancer cell lines,
including breast cancer,21 lung cancer,22 and melanoma.15,23

Therefore, Taxol was used as a positive control in our study.
The proliferation of the human melanoma cell was inhibited by
subamolide E in a dose-dependent manner from 0 to 100 μM.
We demonstrated the potent cytotoxic abilities on human skin
melanoma cells of subamolide E.

Assessment of Cell-Cycle Arrest and Sub-G1 Accumula-
tion. We examined the influences on DNA of 0�100 μM
subamolide E, after 24 h of treatment, on the cancer A375.S2
cell, by PI staining followed by flow cytometry. The accumulation
of the sub-G1 population is considered as a biomarker for DNA
damage, and the appearance of this peak is related to the presence
of apoptosis. As shown in Figure 3, the sub-G1 accumulation of
the untreated control group was 0.22% and theDNA damage had
a slight increase to 0.32% because of subamolide E at a
concentration of 10 μM. At the concentrations of 50 and 100
μM, subamolide E induced DNA damages significantly and the
sub-G1 accumulation was increased to 14.1 and 20.3%, respec-
tively. It had an obvious difference of about 100-fold at 100 μM
compared to the control group on the sub-G1 phase.

Figure 4. Western blotting of A375.S2 cells treated with subamolide E.
Cells were cultured with subamolide E for 24 h. The apoptotic-related
proteins caspase-3, caspase-6, caspase-7, caspase-8, and caspase-9 and
the cleaved form of PARP were determined by western blot analysis, as
described in the Materials and Methods. β-actin was an internal control.

Figure 5. Migration inhibition of subamolide E treated on A375.S2
cells. The wound-healing assay was used to examine the effects of
subamolide E on migration potential. (A) 5� 105 A375.S2 cells treated
with subamolide E or PBS (as control), seeded in 12-well plates, and
grown to complete confluence. Cells were then scraped with a 200 μL
plastic tip to produce a clean∼1 mm wide wound area. Afterward, cells
were permitted to migrate into the area of clearing for 24 h and
photographed. (B) Quantification of the migration potential of sub-
amolide-E- or PBS-treated cells. The migration and cell movement
throughout the wound area were examined and calculated by the free
software “TScratch” (www.cse-lab.ethz.ch/software.html). Magnifica-
tion = 100�. Bars = SD, with (/) p < 0.05 against subamolide E
treatment.

Figure 6. Normal human skin cell growth of epidermal keratinocytes,
dermal melanocytes, and fibroblasts after treatments with various
concentrations of subamolide E. Human keratinocytes were on the left
side. Melanocytes were in the middle. Fibroblasts were on the right side.
Bars = SD, with (/) p < 0.001 and (//) p < 0.0005 against subamolide E
treatment.
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Effects of Mitochondrial-Mediated Caspase Cascade in
Subamolide-E-Treated A375.S2 Cells. The activations of
caspases are essential for executing cell death by a variety
apoptotic stimuli.24,25 Therefore, to evaluate the role played
by caspase proteins in the apoptotic effect induced by sub-
amolide E in human melanoma cells, the activations of caspase-
9, caspase-3, caspase-7, caspase-6, and caspase-8 were examined
after 24 h of treatment. Figure 4 showed that subamolide E
increased the proteolytically activated forms of caspase-9,
caspase-3, and caspase-7 dramatically following 50 and 100
μM. However, no cleaved form of caspase-8 was observed even
at the highest dose of subamolide E, suggesting that the death-
receptor-mediated apoptotic pathway23 was not involved or
played a minor effect. In particular, the activities of caspase-3
and caspase-7 were enhanced significantly after subamolide E
treatments.
Protein Expression of the Cleavage of PARP in Subamo-

lide-E-Treated A375.S2 Cells. Another apoptotic-related pro-
tein was also evaluated on subamolide-E-treated human
melanoma cells, as shown in Figure 4. The cleavage of PARP
increased slightly at a higher dose of 50 and 100 μM subamolide
E. We inferred that subamolide E can cause the proteolytic
activations of several caspase proteins and the proteolytic
inactivation of PARP to hamper physiological behaviors of
A375.S2 cells, and therefore, it can be useful as a potential herbal
supplement for chemotherapeutics on human skin cancer.
Cell Migration of A375.S2 Cells Inhibited by Subamolide

E. In normal human physiological conditions, cell migration plays
a critical role for maintaining the development and homeo-
stasis.26 However, the disregulated migration of cancer cells is
frequently responsible for the metastasis of malignant tumors.27

The inhibition of A375.S2 cell migration through subamolide E
was examined by a wound-healing assay and shown in Figure 5.
Photographs in Figure 5A presented the migration of A375.S2
cells (5� 105 cells) with various concentrations of subamolide E,
and the quantification analysis was shown in Figure 5B. With the

treatment of subamolide E, cells were not permitted to migrate
into the area of clearing for 24 h at concentrations of 10 μM. A
higher dosage than 10 μM subamolide E led to an inhibitory
effect on the cell survival of A375.S2 cells (migration data not
shown). The quantitative assay demonstrated that the migratory
potential of subamolide-E-treated cells at 24 h was 0.59-fold
compared to the vehicle control, suggesting the efficient inhibi-
tory effect of subamolide E. It might be concluded that the cell
death damaging effect of subamolide E against skin cancer cells
leads to growth inhibition as well as a depression in migration
aptitude.
Cytotoxicities of Subamolide E of Normal Human Skin

Cells.On the basis of the above findings, we targeted subamolide
E from C. subavenium from a large number of plant component
screenings of the anticancer assays. As a potent anticancer agent,
the component should be harmless, without undesirable cyto-
toxic side effects. Considering the medical and therapeutic usage
of subamolide E, the effects on normal cell growth are extensively
important. Thus, we did an assessment on the cytotoxic proper-
ties of subamolide E on normal human skin cells, including
epidermal keratinocytes, melanocytes, and dermal fibroblasts.
Subamolide E was treated with various concentrations from 0 to
100 μM to verify the dose-dependent effects. In Figure 6, three
kinds of normal skin cells were exposed to a high dose (100 μM)
of subamolide E and exhibited viabilities of more than 50% after
24 h of treatment. This result revealed that this compound had
little discernible toxic properties to human epidermal and
dermal cells.
Subamolide E presented inhibitory activities on the prolifera-

tion and migration of the human melanoma cell line to be a
chemotherapeutic agent or potential natural lead compound.
Additionally, subamolide E was not too harmful on the cell
growth of keratinocytes, melanocytes, and fibroblasts. Taken
together, we proposed biofunctions of subamolide E to A375.S2
and normal skin cells and demonstrated this in Figure 7.

Figure 7. Proposed schematic diagram of subamolide E biofunctions on human skin cells, including the melanoma apoptotic pathway, migration
inhibition, and normal cell survival.
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