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We investigated the synergistic apoptotic effects of co-
treatments with Chios gum mastic (CGM) and eugenol on
G361 human melanoma cells. An MTT assay was cond-
ucted to investigate whether this co-treatment efficiently
reduces the viability of G361 cells compared with each
single treatment. The induction and augmentation of apop-
tosis were confirmed by DNA electrophoresis, Hoechst stai-
ning, and analyses of DNA hypoploidy. Westem blot ana-
lysis and immunofluorescent staining were also performed
to evaluate expression and translocation of apoptosis-
related proteins following CGM and eugenol co-treatment.
Proteasome activity and mitochondrial membrane potential
(MMP) changes were also assayed.The results indicated that
the co-treatment of CGM and eugenol induces multiple pa-
thways and processes associated with an apoptotic response
in G361 cells. These include nuclear condensation, DNA
fragmentation, a reduction in MMP and proteasome acti-
vity, an increase of Bax and decrease of Bcl-2, a decreased
DNA content, cytochrome c release into the cytosol, the
translocation of AIF and DFF40 (CAD) into the nucleus,
and the activation of caspase-9, caspase-7, caspase-3, PARP
and DFF45 (ICAD). In contrast, separate treatments of 40 p
g/ml CGM or 300 pM eugenol for 24 hours did not induce
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apoptosis. Our present data thus suggest that a combination
therapy of CGM and eugenol is a potential treatment
strategy for human melanoma.
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Introduction

Cells undergoing apoptosis usually develop characteristic
changes, including nuclear condensation and degradation of
DNA into oligonucleosomal fragments [1]. Apoptotic cell death
is thought to result ultimately from the proteolytic actions of
caspase [2] and alterations in mitochondrial function play a
key role in the regulation of apoptosis [3]. In addition, the
proteasome system has been shown to be implicated as a
negative or positive mediator of apoptosis. The proteasome
pathway is known to work mostly in upstream of mitochon-
drial alterations and caspase activation [4].

Malignant melanoma is such one of the most important
cutaneous malignancy that is responsible for the majority of
mortality from skin disease. Numbers of patients suf-
fering from malignant melanoma have increased in recent years.
Furthermore, malignant melanoma cells have been reported
to be highly resistant to chemotherapeutic agents [5].

The plant Pistiacia lentiscus L var chia grows particularly
and almost exclusively in the southern region of Chios
Island, Greece, and produces a resin, known as Chios gum
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mastic (CGM). It is obtained from the stem and leaves of
Pistacia lentiscus trees and has been extensively used for
centuries in mediterranean and middle eastern countries, both
as a dietary supplement and herbal remedy [6,7].

Eugenol (4-allyl-2-methoxyphenol) is a natural phenolic
substance that is the main component of clove oil and it is
widely used not only in dentistry as a component of zinc
oxide eugenol cement and is applied to the mouth environ-
ment, but also as a fragrant and flavoring agent in various
cosmetics and food products [8]. Eugenol-related compounds
not only act as antioxidant and also as prooxindant, which may
be involved in the cytotoxicity induction. They enhanced the
generation of tissue damaging free radicals [9-11] Recent
studies have demonstrated that the co-treatment of an anti-
tumor agent with an anti-cancer natural product can be one of
the potential therapeutic strategies reducing the extent and
severity of cancer treatment-related toxicity [12-16]. In spite
that usefulness of cancer therapy combining already known
anti-cancer natural products can be expected, there is few
studies on evaluating the significance of a co-treatment CGM
and eugenol on human melanoma cell line. Here, we have
investigated the synergistic apoptotic effect of co-treatment
with a natural herbal medicine, CGM, and one of natural phe-
nolic compound, eugenol, on G361 human melanoma cell line.

Materials and Methods

Reagents

CGM was obtained from Mastic Korea (Seoul, Korea).
The following reagents were obtained commercially: Mouse
monoclonal anti-human caspase-3, caspase-7, caspase-9, poly
(ADP-ribose) polymerase (PARP), cytochrome ¢, apoptosis-
inducing factor (AIF) antibodies, and rabbit polyclonal anti-
human DFF40 (CAD), DFF45 (ICAD), [B-actin antibodies,
and FITC-conjugated goat anti-mouse and anti-rabbit [gGs were
from Santa Cruz Biotechnology (Santa Cruz, CA, USA); HRP-
conjugated sheep anti-mouse and anti-rabbit IgGs were from
Amersham GE Healthcare (Little Chalfront, UK). 5,5',6,6'-
tetrachloro-1,1',3,3'-tetracthylbenzimidazol carbocyanine
iodide (JC-1) was from Molecular Probes (Eugene, OR, USA).
ApoScreen'™ Annexin V-FITC Apoptosis Kit was from
Beckman coulter (Fullerton, CA, USA). Suc-LLVY-AMC
was from Calbiochem (Darmstadt, Germany). Dulbecco's
modified Eagle's medium (DMEM) and FBS were from

Gibco (Gaithersburg, MD, USA). Dimethyl sulfoxide (DMSO),
eugenol, Hoechst 33342, RNase A, proteinase K, aprotinin,
leupeptin, PMSF, thiazolyl blue tetrazolium bromide and
propidium iodide (PT) were from Sigma (St. Louis, MO, USA);
SuperSignal West Pico enhanced chemiluminescence Western
blotting detection reagent was from Pierce (Rockford, IL,
USA).

Cell culture

The G361 human melanoma cell line was purchased from
ATCC (Rockville, USA). Cells were maintained at 37C
with 5% CO; in air atmosphere in RPMI 1640 with 4 mM
L-glutamine, 1.5 g/l sodium bicarbonate, 4.5 g/l glucose and
1.0 mM sodium pyruvate supplemented with 10% FBS.

Treatment of CGM and eugenol for co-treatment

Stock solutions of the CGM (100 mg/ml) and eugenol (10
mM) made by dissolve in DMSO and distilled water were
kept frozen at -20°C until use. Twenty four hours after G361
cells were subcultured, the original medium was removed.
The cells were washed with PBS and then incubated in the
same fresh medium. Since single treatment of 40 pg/ml
CGM and 300 uM eugenol for 24 h showed slight induction
of cell death in MTT assay, this single concentration was
utilized for further assessment of apoptosis for co-treatment.
The concentration of DMSO used in this study had no effect
on G361 cell proliferation in the preliminary studies.

MTT assay

G361 Cells were placed in a 96-well plate and were incu-
bated for 24 h. The cells were treated with 40 pg/ml of CGM,
300 uM of eugenol or co-treated with CGM and eugenol for
24 h. Then cells were treated with 500 pg/ml of thiazolyl blue
tetrazolium bromide (MTT solution), and incubated at 37°C
with 5% CO» for 4 h. After aspirating the medium, formed
formazan crystals were dissolved in DMSO. Cell viability
was measured by an ELISA reader (Tecan, Ménnedorf,
Switzerland) at 570 nm excitatory emission wavelength.
The concentration of DMSO used in this study had no effect
on G361 cell proliferation in a preliminary study.

Hoechst staining

Cells were centrifuged onto a clean, fat-free glass slide
with a cytocentrifuge. The samples were stained in 4 pg/ml
Hoechst 33342 for 30 min at 37°C and fixed for 10 min with
4% paraformaldehyde.
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DNA electrophoresis

2 x 10° cells were resuspended in 1.5 mL of lysis buffer
[10 mM Tris (pH 7.5), 10 mM EDTA (pH 8.0), 10 mM
NaCl and 0.5% SDS] into which proteinase K (200 pg/ml)
was added. After samples were incubated overnight at 48 C,
200 ul of ice cold 5 M NaCl was added and the supernatant
containing fragmented DNA was collected after centrifu-
gation. The DNA was then precipitated overnight at -20C in
50% isopropanol and RNase A-treated for 1 h at 37°C. The
DNA from 10° cells (15 pl) was equally loaded on each lane
of 2% agarose gels in Tris-acetic acid/EDTA buffer contai-
ning 0.5 pg/ml ethidium bromide at 50 mA for 1.5 h.

Proteasome activity

Cells were collected and lysed in proteasome buffer [10
mM Tris-HCIL, pH 7.5, 1 mM EDTA, 2 mM ATP, 20%
glycerol, and 4 mM dithiothreitol (DTT)], sonicated, and
then centrifuged at 13,000 g at 4C for 10 min. The super-
natant (20 pg of protein) was incubated with proteasome
activity buffer [0.05 M Tris-HCI, pH 8.0, 0.5 mM EDTA,
50 uM Suc-LLVY-AMC] for 1 h at 37C. The fluorescence
intensity of each solution was measured by a modular fluo-
rimetric system (Spex Edison, NJ, USA) at 380 nm ex-
citatory and 460 nm emission wavelengths. All readings
were standardized based on the fluorescence intensity of an
equal volume of free AMC solution (50 uM).

Westem blot analysis

Cells (2 x 10°) were washed twice in ice-cold PBS, resus-
pended in 200 pl ice-cold solubilizing buffer [300 mM NaCl,
50 mM Tris-Cl (pH 7.6), 0.5% Triton X-100, 2 mM PMSF, 2
ul/ml aprotinin and 2 ul/ml leupeptin] and incubated at 4C
for 30 min. The lysates were centrifuged at 14,000 revo-
lutions per min for 15 min at 4 C. Protein concentrations of
cell lysates were determined with Bradford protein assay
(Bio-Rad, Richmond, CA, USA) and 50 pg of proteins were
loaded onto 7.5-15% SDS/PAGE. The gels were transferred
to Nitrocellulose membrane (Amersham GE Healthcare, Little
Chalfont, UK) and reacted with each antibody. Immuno-
staining with antibodies was performed using SuperSignal
West Pico enhanced chemiluminescence substrate and detected
with Alpha Imager HP (Alpha Innotech, Santa Clara, USA).

Immunofluorescent staining
Cells were cytocentrifuged and fixed for 10 min in 4%
paraformaldehyde, incubated with each primary antibody

for 1 h, washed 3 times for 5 min, and then incubated with
FITC-conjugated secondary antibody for 1 h at room tem-
perature. Cells were mounted with PBS. Fluorescent images
were observed and analyzed under Zeiss LSM 510 laser-
scanning confocal microscope (Goettingen, Germany).

Assay of mitochondrial membrane potential (MMP)

JC-1 was added directly to the cell culture medium (1 pM
final concentration) and incubated for 15 min. The medium
was then replaced with PBS. Flow cytometry to measure
MMP was performed on a CYTOMICS FC500 flow cyto-
metry (Beckman Coulter, Brea, CA, USA). Data were acquired
and analyzed using CXP software version 2.2.

Quantification of DNA hypoploidy and cell cycle phase by
flow cytometry

After treatment for 24 h, cells were harvested by trypsi-
nization and ice cold 95% ethanol with 0.5% Tween 20 was
added to the cell suspensions to a final concentration of 70%
ethanol. Fixed cells were pelleted, and washed in 1% BSA-
PBS solution. Cells were resuspended in 1 ml PBS contai-
ning 20 pg/ml RNase A, incubated at 4°C for 30 min, was-
hed once with BSA-PBS, and resuspended in PI solution (10
ug/ml). After cells were incubated at 4°C for 5 min in the dark,
DNA content were measured on a CYTOMICS FC500 flow
cytometry system (Beckman Coulter, FL, CA, USA) and
data was analyzed using the Multicycle software which allowed
a simultaneous estimation of cell-cycle parameters and
apoptosis.

Annexin V-FITC/PI assay

After treatment for 24 h, cells were collected and washed
twice in ice-cold PBS and resuspended in 300 pl of binding
buffer at 2x10° cells/ml. The samples were incubated with 5
ul of Annexin V-FITC and 5 pl propidium iodide in the dark
for 15 min at room temperature. Finally, samples were ana-
lyzed by flow cytometry and evaluated based on the percen-
tage of cells for Annexin V positive.

Statistical analysis

Three independent experiments were performed for each
experimental group and each experiment was performed in
triplicate. The results of the experimental and control groups were
compared for statistical significance (p<0.01 and 0.05) using
paired T-test statistical method by SPSS for Win 12.0 for
summary data.
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Results

Co-treatment with CGM and eugenol augmented the reduc-
tion in the viability of G361 cells.

To investigate whether the co-treatment with CGM and
eugenol reduced the viability of G361 cells, MTT assay was
conducted. Single treatment of CGM at 40 pig/ml or eugenol at
300 puM for 24 h reduced the viability of G361 cells slightly
(CGM, 78.5%; eugenol, 86.7%). Co-treatment with CGM
and eugenol significantly reduced the to 39.5% cell viability
compared to the treatment with single treatment (Fig. 1).
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Fig. 1. Co-treatment with CGM and eugenol significantly redu-
ced the cell viability in G361 cells. Cell viability was deter-
mined by MTT assay (CGM+Eu, p<0.01). Three independent
assays were performed. Values are means + SD of triplicates of
each experiment (CGM, cells treated with 40 pg/ml CGM for
24 h; Eu, cells treated with 300 uM eugenol for 24 h; CGM+Eu,
cells treated with 40 pg/ml CGM plus 300 uM eugenol for 24 h).
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Co-treatment with CGM and eugenol augmented the nuclear
condensation in G361 cells.

To explore whether the nuclear condensation and fragmen-
tation a hallmark of apoptosis were induced by the co-
treatment, Hoechst staining was conducted. Hoechst staining
showed slight nuclear condensation in the single treatment
with either CGM or eugenol. However, co-treatment with
CGM and eugenol showed a variety of condensed and
fragmented nuclei (Fig. 2).

Co-treatment with CGM and eugenol showed the DNA
fragmentation in G361 cells.

To assess that DNA fragmentation was induced by the co-
treatment, DNA electrophoresis was conducted. DNA elect-
rophoresis did not show a ladder pattern of DNA fragments
in the single treatment with either CGM or eugenol whereas a
ladder pattern of DNA fragments was observed in cells with
co-treatment. (Fig. 3).

Augmentation of apoptosis by the co-treatment with CGM and
eugenol was demonstrated by proteasome activity in G361 cells.

Although single treatment with either CGM or eugenol
reduced proteasome activity compared to the control group,
the difference was not so significant. The co-treatment with CGM
and eugenol remarkably reduced proteasome activity to the
single treatment (Fig. 4).

Augmentation of apoptosis by the co-treatment with CGM
and eugenol was demonstrated by reduction of mitochon-
drial membrane potential (MMP) in G361 cells.

Single treatment with either CGM or eugenol slightly reduced

Con CGM Eu CGM+Eu

Fig. 2. Co-treatment with CGM and eugenol showed numerous condensed and fragmented nuclei in G361 cells compared to the
single treatment. (A) Immunofluorescent micrographs showing nuclear morphology after Hoechst staining. Scale bar, 10 um. (B) The
values below micrographs are represented as the mean = SD of the means of apoptotic cells as determined by Hoechst staining. The
results presented are representative of three independent experiments (CGM+Eu, p<0.01).
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Fig. 3. Co-treatment with CGM and eugenol efficiently showed
DNA fragmentation in G361 cells. DNA fragmentation analysis
was determined by the agarose gel electrophoresis. Whereas single
reagent treated cells showed no DNA fragmentation, co-treated
cells exhibited DNA degradation characteristic of apoptosis with
a ladder pattern of DNA fragments.
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Fig. 4. Co-treatment with CGM and eugenol remarkably showed
the reduction of proteasome activity in G361 cells compared to the
single treatment (CGM+Eu, p<0.01). Three independent assays
were performed. Values are means + SD of triplicates of each
experiment.
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Fig. 5. Co-treatment with CGM and eugenol showed signi-
ficantly the loss of MMP (A U m) compared to the single treat-
ment (CGM+Eu, p<0.01). MMP was measured by JC-1 with
flow cytometry.

the MMP compared to control group. The co-treatment with
CGM and eugenol significantly showed the abolishment of
MMP compared to the single treatment (Fig. 5).
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Fig. 6. The kinetic analysis of the effect of co-treatment on the
G361 cell cycle progression and the induction of apoptosis. Co-
treatment significantly showed the increase of apoptotic cells
with DNA hypoploidy compared to the single treatment (CGM+
Eu, p<0.05).

Table 1. Summary of the fractions of cells in each stage of
apoptosis

Normal Early apoptosis  Late apoptosis  Others

Con 90.50 3.55 4.94 1.04

CGM  69.76 17.00 12.76 0.48

Eu 89.52 2.94 6.12 1.42

CGM + Eu 46.06 10.32 42.16 1.46
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Fig. 7. Annexin V-FITC/PI assay. Cells were subjected to An-
nexin V-FITC/PI staining and analyzed by flow cytometry. Co-
treatment showed remarkably the increase of apoptosis in late
stage cells compared to the single treatment (Late stage; CGM+
Eu, p<0.01).
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Augmentation of apoptosis by the co-treatment with CGM
and eugenol was demonstrated by the decrease in a DNA content
of G361 cells.

The flow cytometry showed that co-treatment with CGM

and eugenol significantly increased apoptotic cells with DNA
hypoploidy compared to the single treatment (Fig. 6)

Augmentation of the late stage apoptosis by the co-treat-
ment with CGM and eugenol was demonstrated by Annexin
V-FITC/PI assay in G361 cells.

Annexin V-FITC/PI assay was performed to quantitate the apop-
totic cells induced by the reagents. As shown in Fig. 7, the
co-treatment with CGM and eugenol remarkably increased the
percentage of the late stage apopotic cells compared to the
single treatment (Table 1, Fig. 7).

Co-treatment with CGM and eugenol caused the translo-
cation of AIF from mitochondria onto the nucleus.

The confocal microscopy showed that AIF was located at
mitochondria by the single treatment with either CGM or
eugenol whereas AIF was evidently translocated onto nuclei
by the co-treatment (Fig. 8).

Co-treatment with CGM and eugenol caused the release of
cytochrome ¢ from mitochondria into the cytosol.
The confocal microscopy showed that cytochrome ¢ was
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Fig. 9. The confocal microscopy showed that cytochrome c
was evidently released to the cytosol in G361 cells when
co-treated with CGM and eugenol. Scale bar, 10 um.

located at mitochondria by the single treatment with either
CGM or eugenol whereas cytochrome ¢ was evidently released
into the cytosol by the co-treatment (Fig. 9).

Augmentation of apoptosis by co-treatment with CGM and
eugenol was demonstrated by Westem blot assay.

Through the co-treatment, the level of Bcl-2 anti-apop-
totic protein a little decreased and the level of Bax pro-
apoptotic protein significantly increased (Fig. 10a). The co-
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Fig 10. Western blot analysis showing that co-treatment with CGM and eugenol induced up-regulation of the Bax and down-
regulation of the Bcl-2 (a). The levels of (3-actin were used as an internal standard for quantifying Bcl-2 and Bax expression. The co-
treatment with CGM and eugenol in G361 cells remarkably induced caspase-9 and PARP degradations and produced the processed
caspase-3 17 kDa, caspase-7 20 kDa, and PARP 85 kDa cleaved products. 3-actin, a loading control.
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Fig. 11. Western blot analysis and confocal microscopy showing the efficient apoptotic effects in G361 cells co-treated with CGM
and eugenol. (a) The co-treatment remarkably produced the processed DFF45 30 kDa and 11 kDa cleaved products. [B-actin, a
loading control. (b) The confocal microscopy showing that DFF40 (CAD) was evidently translocated onto the nuclei by the

co-treatment of CGM and eugenol. Scale bar, 10 pm.

treatment with CGM and eugenol induced the degradation of
caspase-9 and PARP, and produced the processed caspase-3
17 kDa, caspase-7 20 kDa, PARP 85 kDa, and DFF45 (ICAD)
30 kDa and 11 kDa cleaved products (Fig. 10b).

Co-treatment with CGM and eugenol caused the translo-
cation of DFF40 (CAD) from cytosol onto the nuclei.
The co-treatment with CGM and eugenol induced DFF45

(ICAD) 30 kDa and 11 kDa cleaved products (Fig. 11a), and
confocal microscopy showed that DFF40 (CAD) was
located in cytosol by the single treatment with either CGM
or eugenol whereas DFF40 (CAD) was clearly translocated
into the nuclei by the co-treatment (Fig. 11b).

Discussion

Public attention on natural products as herbal remedies
continues to grow. Moreover, as the pharmacological mecha-
nism of herbal compound become known, herbal medicine
is more and more [17] herbal medicines were extracted from
herbal plants have a number of pharmacological activities, e.g.
anti-allergic, anti-pyretic, analgesic, anti-inflammatory and
anticancer effects [18-22]. Furthermore, recent studies have
focused on inhibition of melanogenesis by herbal medicines
[23-25]. In spite of numerous in vitro and in vivo studies, the
mode of action of most herbal medicines remains elusive.

Eugenol is a naturally occurring phenolic compound used
as a food flavor and fragrance agent and the main component

of oil of clove and the essential oils or extracts of numerous
plants [26,27]. It has been identified that eugenol inhibited
immediate hypersensitivity by inhibiting the release of
histamine and induced apoptosis from mast cells in vivo and
in vitro [28,29]. CGM is a resinous exudate obtained from
the stem and the main leaves of Pistacia lenticulus tree
native to mediterranean areas. Previous studies have demon-
strated that CGM is effective in the treatment of benign
gastric and duodenal ulcers and has definite antibacterial
activity against Helicobacter pylori [30-33]. It has also been
shown that CGM has antimicrobial properties [34]. Recently
it was reported that CGM induces cell cycle arrest and apop-
tosis in human prostate and colon cancer cells [6,7]. We also
demonstrated that CGM induces G1 the cell cycle arrest via
the modulation of cell cycle-related proteins, and also indu-
ces apoptosis via mitochondria and caspase pathway in oral
squamous cell carcinoma cells [35]. Up to date, there were
no reports about apoptotic effect of the co-treatment with
eugenol and CGM on a variety of cancer cells. If the co-
treatment with eugenol and CGM shows a synergistic anti-
tumor effect, it could be a more fundamental therapeutic
strategy for cancer chemotherapy.

Proteasome is a fundamental non-lysosomal tool that cells
use to process or degrade a variety of short-living proteins. It
was reported that proteolysis mediated by ubiquitin-protea-
some system implicated in the regulation of apoptosis [36].
The proteasome pathway is mostly known to work at the
upstream of the mitochondrial alterations and caspase acti-
vation [4]. In this study, the co-treatment with CGM and
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eugenol on G361 melanoma cells causes the remarkable reduc-
tion of proteasome acitivity compared to the single treat-
ment.

Mitochondria plays an important role in the induction of
the mitochondrial permeability transition and also plays a key
part in the regulation of apoptosis [3,37,38]. Outer mitochon-
drial membrane becomes permeable to intermembrane space
proteins such as cytochrome ¢ and AIF (apoptosis inducing
factor) during apoptosis [39]. Release of cytochrome ¢ and
disruption of mitochondrial membrane potential (MMP) are
known as characteristics in apoptosis triggered by protea-
some inhibition [40,41]. When apoptosis was induced, AIF
translocates to the nucleus, resulting in chromatin conden-
sation and large-scale DNA fragmentation [42]. This study
evidently showed that co-treatment with CGM and eugenol
in G361 cells results in significant decrease of MMP, increase
and decrease of Bax and Bcl-2, the release of cytochrome ¢ into
cytosol and translocation of AIF onto nuclei whereas the
each single treatment does not show these patterns.

A common final event of apoptosis is the nuclear conden-
sation, which is controlled by caspases, DFF, and PARP.
Caspases, the cysteinyl aspartate-specific intracellular protei-
nase, play an essential role during apoptotic cell death [43].
Once activated, the effector caspases (caspase-3, caspase-6
or caspase-7) are responsible for the proteolytic cleavage of a
broad spectrum of cellular targets, ultimately leading to cell
death. The known cellular substrates include structural compo-
nents (such as actin and nuclear lamin), inhibitors of deoxyri-
bonuclease (such as DFF45 or ICAD) and DNA repair pro-
teins (such as PARP) [44,45]. In apoptotic cells, activation
of DFF40 (CAD), also a substrate of caspase-3, occurs with
the cleavage of DFF45 (ICAD). Once DFF40 is activated
and released from the complex of DFF45 and DFF40, it can
translocate to the nucleus and then degrade chromosomal
DNA and produce DNA fragmentation [46]. This study demon-
strated that co-treatment with CGM and eugenol in G361
cells results in the degradation and the activation of cas-
pase-3, caspase-7, PARP and DFF45 (ICAD), and also the
translocation of DFF40 (CAD) onto nuclei whereas the each
single treatment does not.

Interestingly, Annexin V-FITC/PI assay showed that the
percentage of late stage apoptotic cells was remarkably
increased in the co-treatment with CGM and eugenol. In the
present study, co-treatment with CGM and eugenol clearly
demonstrated that several lines of apoptotic manifestation

were augmented in G361 cells. This result indicated that the
low concentrations of CGM or eugenol single treatment dose
not cause DNA damage, but the co-treatment with CGM
and eugenol showed the synergistic apoptotic effect.

The results obtained in this study also suggest a combi-
nation therapy of CGM and eugenol is a potential treatment
strategy for human melanoma.
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