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Eugenol is an essential oil found in cloves and cinnamon

that is used widely in perfumes. However, the significant

anesthetic and sedative effects of this compound have led to its

use also in dental procedures. Recently, it was reported that

eugenol induces apoptosis in several cancer cell types but the

mechanism underlying this effect has remained unknown. In

our current study, we examined whether the cytotoxic effects

of eugenol upon human melanoma G361 cells are associated

with cell cycle arrest and apoptosis using a range of methods

including an XTT assay, Hoechst staining, immunocyto-

chemistry, western blotting and flow cytometry. Eugenol

treatment was found to decrease the viability of the G361 cells

in both a time- and dose-dependent manner. The induction of

apoptosis in eugenol-treated G361 cells was confirmed by the

appearance of nuclear condensation, the release of both

cytochrome c and AIF into the cytosol, the cleavage of PARP

and DFF45, and the downregulation of procaspase-3 and -9.

With regard to cell cycle arrest, a time-dependent decrease in

cyclin A, cyclin D3, cyclin E, cdk2, cdk4, and cdc2 expression

was observed in the cells after eugenol treatment. Flow

cytometry using a FACScan further demonstrated that

eugenol induces a cell cycle arrest at S phase. Our results

thus suggest that the inhibition of G361 cell proliferation by

eugenol is the result of an apoptotic response and an S phase

arrest that is linked to the decreased expression of key cell

cycle-related molecules.
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apoptosis.

Introduction

Human melanoma is a malignant tumor of melanocytes

with an increasing incidence in the western population (Jiang

et al., 2009; Xu et al., 2009). The number of cases worldwide

has doubled over the last 20 years and has become one of the

fastest growing cancers worldwide. Melanoma often arises in

the oral mucosa (Hicks MJ and Flaitz., 2000). Melanoma is a

major public health problem with a very poor prognosis

(Weber et al., 2009). Melanoma cells are highly resistant to

chemotherapy and radiotherapy (Eberle et al., 2007; La Porta,

2007). Despite the recent advances in therapeutic methods

including surgery, the severe morbidity from human melanoma

has not been improved (Atkins et al., 1997; Dreiling et al.,

1996). Therefore, considerable effort has been focused on the

development of new chemo-preventive measures.

Eugenol (4-Allyl-2-methoxyphenol) is found in reasonable

quantities in the essential oils of many spices, such as Syzgium

aromaticum (clove), Pimenta racemosa (bay leaves) and

Cinnamomum verum (cinnamon leaf) (Ghosh et al., 2005). It

is commonly used in sauces, perfumes, wine, cosmetics and

food products. Eugenol is also used as an antiseptic, anti-

bacterial, analgesic agent in traditional medical practices in

Asia as well as in dentistry during cavity-filling procedures

(Markowitz et al., 1992; Sakano et al., 2004). In long term

experiments by various groups, eugenol was found to be non-

carcinogenic and non-mutagenic. Furthermore, because of its

safety, it was listed on the FDA (Food and Drug Adminis-
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tration)’s GRAS (generally recognized as safe) food ingredient

list. Many researchers argued that eugenol plays a role in the

metabolism of cellular reactive oxygen species (ROS). Gen-

erally, low concentrations of eugenol can act as an antioxidant

and anti-inflammatory agent, whereas its high concentration

acts as a pro-oxidant resulting from the enhanced generation

of tissue-damaging free radicals (Asha et al., 2001; Chogo

and Crank, 1981). In this aspect, several studies demonstrated

that eugenol triggers DNA damage and induces cell death in

some cancer cells through a range of oxidation mechanisms

(Suzuki et al., 1985; Wright et al., 1995).

Many studies on the molecular analysis of cancers have

found that cell cycle regulators are frequently mutated in most

common malignances. Therefore, the control of cell cycle

progression in tumor cells is a potentially effective strategy for

the control of tumor growth. Many type of stresses, including

DNA damage induced by anti-cancer drugs, UV and gamma-

radiation, induce apoptosis accompanied by specific cell cycle

arrest in various cancer cells. Although there are many reports

dealing with the apoptotic properties of a eugenol treatment in

cancer cells, the effect of eugenol on cell cycle regulation is

not completely understood. This study examined whether

eugenol can induce cell cycle arrest and apoptosis in human

melanoma cells. Cell cycle arrest in the S phase coupled with

apoptosis after a eugenol treatment was observed by FACS

analysis. A significant decrease in the cell cycle regulators

after the eugenol treatment was observed followed by the

induction of the apoptotic signals. Overall, eugenol can induce

S arrest of cell cycle leading to apoptosis in melanoma cells.

Materials and Methods

Materials

Eugenol, RNase A, proteinase K, leupeptin, aprotinin, pro-

pidium iodide, phenyl-methylsulfonyl fluoride (PMSF), Hoechst

33342, Ponceau S were purchased from Sigma (St Louis, MO,

USA). The ECL Western blotting detection reagents were ob-

tained from Amersham international (Buckinghamshire, UK).

Antibodies

Rabbit polyclonal anti-human cyclin D3 antibody was pur-

chased from Cell Signaling Technology, Inc. (Boston, MA).

Rabbit polyclonal anti-human cyclin A, cyclin E, cdc 2, cdk 4,

apoptosis inducing factor (AIF), cytochrome c and DFF45

(ICAD) antibodies were supplied by Santa Cruz Biotechnology

(CA, USA); Monoclonal mouse anti-human cdk 2, β-actin,

GAPDH, caspase-3, caspase-9 and PARP antibodies were ob-

tained from Santa Cruz Biotechnology (CA, USA); Biotinylated

and HRP conjugated goat anti-mouse and anti-Rabbit IgG

were acquired from Santa Cruz Biotechnology (CA, USA).

Cell culture 

G361 cells were cultured in RPMI 1640 media containing

25 mM Hepes, 100 µg/ml penicillin/streptomycin, 4 mM L-

glutamine, 10% fetal bovine serum at 37
o
C in a 5% CO2 hu-

midified air incubator.

Cell viability assay

The viability of the cultured cells was estimated using a XTT

assay. In the XTT assay, the cells were placed in a 96-well

plate and incubated for 24 h. The cells were then treated with

various concentrations of eugenol for 24 h. The XTT solution

was accomplished by heating in a 60
o
C water bath. Menadione

(MEN) was made up into a 100 mM solution in dimetyl

sulfoxide (DMSO) and a MEN solution was added to 10 mM

of a XTT solution. 25 µl of a XTT/MEN mixture was added to

each well. After 4 h of further incubation, the cell viability was

measured using an ELISA reader (Sunrise Remote Control,

Tecan, Austria) at 650 nm. The assay was performed in trip-

licate.

Nuclear staining with hoechst 33258

The cells were harvested after 24 h incubation, and cytocen-

trifuged. The cells were washed twice in cold PBS and

incubated with 4 µg/ml of Hoechst 33258, a DNA-binding

fluorescent dye, for 10 min at 37
o
C. The morphology of the

apoptotic cells were observed by fluorescent microscopy

(Zeiss Axioscope, German). Cells with fragmented and/or

condensed nuclei were classified as apoptotic body cells.

Immunocytochemisty

The cell suspensions were loaded into a cytospin chamber

and centrifuged at 1000 rpm for 3 min. Subsequently, the cells

were fixed in 4% paraformaldehyde for 10 min, the cells were

washed with cold PBS, and incubated with the primary

antibody and biotin-conjugated secondary antibody at a dilu-

tion of 1:100 for 1 h. The cells were stained by dipping the

slides for 10 sec in DAB and hematoxylin color reagent.

Western blot analysis

For protein analysis, the cells were lysed with a lysis buffer

(10 mM Tris/HCl, pH 7.2, 1% Triton X-100, 150 nM NaCl,

5 mM EDTA, 2 mM PMSF, 2 µg/mL aprotinin and 2 µg/

mL leupeptin) on ice for 30 min. The lysate were clarified

by centrifugation at 14,000 revolution per min for 20 min at

4
o
C, and the supernatant was obtained. The protein content of

the lysate was determined using a Bio-Rad Protein Assay

(Bio-Rad laboratories Hercules, CA). 30 µg of protein was

mixed with the sample buffer. After heating to 95ºC for 5 min,

the protein was resolved on polyacrylamide SDS gels and

transferred to a PVDF membrane. After transfer, the mem-

branes were blocked with a blocking reagent [5% non-fat milk

in TBS-T (20 mM Tris, 150 mM NaCl, 0.1% Tween 20)] for 1

h. The membranes were incubated for 1 h with the corres-

ponding antibody. The membranes were treated with ECL

Western blotting reagents and detected.

Flow cytometry analysis

The G361 cells were seeded into a 6-well plate at a density of
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1 × 10
4
/well and incubated for 24 h. The eugenol treated cells

were incubated for the indicated times. The cells were har-

vested and washed with cold PBS. The cells were centrifuged

at 1500 rpm for 5 min. For fixation, the cells were added to

cold 70% ethanol and incubated for 1 h. The fixed cells were

washed with PBS and centrifuged at 1500 rpm for 5 min.

20 µg/ml of RNase A was added to each sample, and incubated

at 37
o
C for 30 min. The samples were finally resuspended in

a PI solution (10 µg/ml). The cells were incubated at 4
o
C for

5 min and analyzed by flow cytometry. The percentage of

arrest cells were calculated using Cell Quest software (Becton

Dickinson). 

Statistical analysis

The results of eugenol treated groups and control group

were determined using paired T-test statistical method by

SPSS for Win 12.0 for summary data. p < 0.01 and p < 0.05

were considered statistically significant.

Results

Eugenol effectively inhibits cell proliferation in G361

melanoma cells

 Initially, the effect of eugenol on G361 melanoma cells

was elucidated. As shown in Fig. 1A, eugenol inhibited cell

viability in a dose-dependent manner. Treatment with 1 mM

eugenol for 24 h inhibited cell viability by approximately

50%. In particular, eugenol in the range of 1.5-2 mM reduced

the cell viability to below 15% of the untreated cells. G361

cells were further subjected to a 1 mM eugenol treatment to

examine its activity at various time points. As a result, eugenol

produced a significant time-dependent decrease in G361 cell

viability (Fig. 1B).

 

Eugenol treatment induces release of cytochrome c and AIF

leading to cellular apoptosis

The changes in morphology after the eugenol treatment were

examined to determine if the eugenol treatment can induce

apoptosis in G361 cells. As shown in Fig. 2A, the G361 cells

were subjected to Hoechst 33258 staining to visualize the

nuclear morphological changes in the presence of eugenol. As

expected, the untreated cells showed homogeneous staining of

their nuclei, whereas the cells treated with eugenol showed

irregular staining of their nuclei due to chromatin condensation

and nuclear fragmentation. To confirm cellular apoptosis on the

molecular level, the subcellular location of mitochondrial

apoptosis related factors after the eugenol treatment was

examined further (Fig. 2B, C). Immunofluorescent microscopy

showed that cytochrome c and AIF in the control cells are

located in a punctuate pattern. On the other hand, a diffused

distribution in eugenol-treated cells suggests that eugenol

Fig. 1. Effect of eugenol on the viability of G361 cells (A) The cells
were treated with various concentrations of eugenol as indicated.
After 24 h incubation, the cell viability was measured using a XTT
assay (1~2 mM, p < 0.01). (B) The cells were treated with 1 mM of
eugenol for the indicated time periods and XTT assay were per-
formed as indicated in Materials and Methods (24 h and 48 h,
p < 0.05; 72 h, p < 0.01).

Fig. 2. Eugenol effectively induces the apoptotic phenotypes (A) 24
h after cell seeding, the cells were treated with 1 mM of eugenol
(right panel) or not treated (left panel). After 24 h further incubation,
the morphology of the nucleus was visualized by Hoechst staining.
(B) After 24 h incubation in the presence (right panel) or absence
(left panel) of 1 mM eugenol, subcellular location of cytochrome c
was visualized by immunocytochemistry using anti-cytochrome c-
antibody. (C) Translocation of AIF in response to a 1 mM eugenol
treatment for 24 h was visualized by immunocytochemistry using
the anti-AIF antibody. The inside panel shows the translocation of
AIF from the cytoplasm to the nucleus, as indicated by the arrows.
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caused the release of those proteins from the mitochondria into

the cytosol. In particular, the AIF protein which had been

distributed mainly out of the nucleus in the control cells was

translocated into the nucleus in eugenol-treated cells (Fig. 2C). 

Eugenol induces cell cycle arrest at S phase. 

FACS analysis was used to determine if eugenol-induced

apoptosis is accompanied by a specific cell cycle alteration.

G361 cells were treated with 1 mM of eugenol for 3 to 48 h

and the cell cycle progress was monitored by flow cytometry

using PI staining. As shown in Fig. 3, the number of cells in the

S phase increased at 3 h after the eugenol treatment with a con-

comitant decrease in those in the G1 and G2/M phase. There

was an increase in the number of cells undergoing apoptosis at

24 h after the treatment indicating that the eugenol treatment

first induces cell cycle arrest at the S phase followed by

apoptotic progression. 

Eugenol can own-regulates cyclins, cdks, cdc2, procaspase-

3, procaspase-9 and cleavage of PARP, DFF45 (ICAD) in

G361 cells.

Previous data showed that a eugenol treatment can inhibit

G361 cell growth by inducing S phase arrest of cell cycle

progression. To determine the precise molecular changes

during eugenol induced cell cycle arrest and apoptosis, the

expression level of the proteins involved in cell cycle pro-

gression, particularly in the G1/S phase transition, were moni-

tored. As shown in Fig. 4A and 4B, treatment with eugenol

resulted in a significant decrease in the expression of cyclin A,

D3 and E in a time-dependent manner. Because cyclin D3 is

the most potently inhibited cyclin by eugenol in G361 cells, a

pronounced decrease in the expression of cdc2, cdk2 and cdk4

was observed after the eugenol treatment. Fig. 5 showed that

eugenol induced activations of caspase-3, -9, and cleavages of

PARP and DFF45. This suggests that the observation in Fig. 3

is well supported by molecular changes within the eugenol-

treated cells.

Fig. 5. Eugenol treated G361 cells showed the degraded levels of
procaspase-3, -9 and increased cleavage of PARP and DFF45. After
incubating the G361 cells with 1 mM of eugenol for the indicated
times, the cells were subjected to SDS-PAGE coupled with Western
Blot using anti-caspase-3, caspase-9, PARP and DFF45 antibodies
as indicated.

Fig. 4. Eugenol effectively decreased thee level of proteins for G1/S transition. The G361 cells were incubated in the presence of 1 mM
eugenol for the indicated times. The total protein lysates were used for SDS-PAGE followed by Western blot using antibodies against cyclins
(A), and cyclin partner Cdk2, Cdk4 and Cdc2 (B) Antibodies against β-actin was used as the loading control.

Fig. 3. Eugenol-treated G361 cells show the S-phase arrest pheno-
type prior to apoptosis. The G361 cells were treated with 1 mM
eugenol for 3 to 48 h. At each time point, the cells were subjected to
FACS analysis using PI solution as indicated.
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Discussion

In many patients with metastatic melanoma, a systemic

treatment can be ineffective due to the high resistance of

melanoma cells to various anticancer treatments (Henmi et al.,

2009). In several studies, the induction of cell cycle arrest and

apoptosis have been highlighted as a means of controlling the

unlimited growth of cells (Eberle and Hossini, 2008).
 
In this

article, the role of eugenol as an inducer of cell cycle arrest and

apoptosis in human melanoma G361 cells was elucidated.

Eugenol had a significant inhibitory effect on the viability of

G361 cells in a time- and dose-dependent manner (Fig. 1). In

particular, a 1 mM eugenol treatment was sufficient to inhibit

G361 cell growth by approximately half that of non-treated

cells at 24 h after treatment. As shown in Fig. 2A, nuclear

staining with Hoechst revealed morphological changes in the

nucleus of the eugenol treated cells at 24 h. This shows that

eugenol-induced cell death had already begun at 24 h. The

mitochondrial protein markers for apoptosis were detected

to determine if this nuclear phonotype induced by a eugenol

treatment is a result of cellular apoptosis progression. It has

been reported widely that during apoptosis, the outer mito-

chondrial membrane becomes permeable to intermembrane

space proteins, such as cytochome c and AIF (Golab et al.,

2000). AIF induces chromatin condensation and large-scale

DNA fragmentation in the caspase-independent features of

apoptosis (Daugas et al., 2000). Cytochrome c release is a well

known feature in apoptosis triggered by proteasome inhibition

(Wagenknecht et al., 2000). As shown in Fig. 2B and 2C, the

release of cytochrome c and AIF were observed 24 h after the

eugenol treatment, indicating that eugenol-induced cell death

follows the apoptotic pathway. 

In the next step, the effect of eugenol on the cell cycle was

studied. As shown in fig. 3, flow cytometry indicated that

before inducing cellular apoptosis, eugenol also increases the

number of cells in the S phase and decreases the portion of

those in the G1 and G2/M phase cells. This suggests that

eugenol affects the cell cycle regulatory machineries. 

The expression level of the cell cycle regulatory proteins

were examined after the eugenol treatment to better understand

the precise regulatory mechanism of eugenol-induced cell

cycle arrest and apoptosis. The cell cycle progression is

regulated by cyclin dependent kinase (cdks) and cyclins.

According to cdk binding, the activating cyclins increase and

decrease (Evans et al., 1983). Each cyclin plays a key role in

the different phases of the cell cycle (Sherr, 1994). The three D

type cyclins (cyclin D1, cyclin D2 and cyclin D3) bind to cdk4

and cdk6. Hence, cdk-cyclin D complexes are essential for the

cell to enter the G1 phase. E type cyclin associates with cdk2

to regulate the progression from the G1 into the S phase, and

cyclin A binds with cdk2, which is needed during the S phase

(Girard et al., 1991; Ohtsubo et al., 1995; Srivastava et al.,

2007). Cyclin E accumulates in the late G1 phase as a result of

E2F-mediated transcriptional regulation (Nakanishi et al.,

2006; Singer et al., 1999). As shown in Fig. 4, the expression

level of the cyclins, cdks and cdc2 were decreased after the

eugenol treatment in a time-dependent manner. Chief of all,

this suggests that a eugenol treatment causes cyclin A-cdk2

and cyclin E-cdk2 inhibition, triggering S arrest. A common

final event of apoptosis is nuclear condensation and fragmen-

tation, which are regulated by caspases, DFF and PARP. Once

activated, the effector caspases are accountable for the prote-

olytic cleavage of a broad spectrum of cellular targets, leading

eventually to cell death and in this study, the caspase-3

substrates DFF45 and PARP were cleaved during eugenol

treatment (Lee et al., 2009; Koo et al., 2011). In this study, we

observed the activation of caspase-3, -9 and cleavage of DFF45

and PARP. Therefore, eugenol modulates cell cycle regulatory

machinery leading to S cell cycle arrest, and it induces the

caspases triggering apoptotic pathway in G361 human

melanoma cells.
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