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Abstract
Background: Eugenol, a natural compound available in Syzigium aromaticum
(cloves), is exploited for various medicinal applications. Eugenol induces apopto-
sis and functions as an anti-cancer drug in several types of tumors. We investi-
gated the tumor suppressive role and potential mechanisms of eugenol in human
lung cancer cells.
Methods: Human embryonic lung fibroblast MRC-5 and lung cancer adenocar-
cinoma A549 cells were incubated with or without various concentrations of
eugenol for 24 hours. Cell counting kit 8 and crystal violet staining assays were
performed to detect cell viability. The cell migration and invasion abilities were
also determined by wound healing and transwell assays. Finally, Western blotting
assay was performed to examine the changes in lung cancer cell viability and
invasion of downstream targets after treatment with eugenol.
Results: Eugenol could inhibit cell viability in lung cancer cells. Furthermore,
eugenol obviously impaired cell migration and invasion. Finally, the expression
levels of phosphate-Akt and MMP-2 in lung cancer cells were reduced after treat-
ment with eugenol.
Conclusion: Our results demonstrated the tumor suppressive roles of eugenol
on lung cancer cell proliferation, migration, and invasion partially through the
PI3K/Akt pathway and MMP activity in vitro. These results suggest eugenol as a
potential chemotherapeutic agent against human lung cancer.

Introduction

Eugenol is a natural compound available in Syzigium aro-
maticum (cloves), and also exists in other types of aromatic
plants, such as basil, cinnamon, and bay leaves.1 In fact,
eugenol is widely used in traditional medicine in Asian
countries, mainly as an antiseptic, analgesic, and anti-bac-
terialagent.2 Because of its anesthetic and analgesic proper-
ties, eugenol is also applied in dentistry as a pain reliever
and cavity filling cement.2 In addition, studies have
reported that eugenol performs several biological roles,
including antiviral, antioxidant and anti-inflammatory
actions, which make it useful in pharmaceutical
production.3–5 By inhibiting lipid peroxidation, COX-2
gene expression, and reactive oxygen species, multiple lines
of evidence suggest that eugenol may be effective for can-
cer prevention and in chemotherapy.6–8 For instance, it is
reported to exert anti-proliferative effects in an array of

cancer cells in a B16 melanoma xenograft model.1,9,10 On
the other hand, it triggers apoptosis in some cancer cells,
such as melanoma and HL-60 leukemia cells.7,10 Thus,
eugenol might function as a tumor suppressor in most can-
cer types according to previous in vitro and in vivo studies.
However, the effect of eugenol in lung cancer cells remains
largely unknown.
Lung cancer is the leading cause of cancer-related mor-

bidity and mortality worldwide, and remains a serious pub-
lic health concern.11 Developing countries observe higher
rates of incidence because of polluted air.12 Although great
advances in surgical, radiotherapy, and chemotherapy
approaches have been made during the last two decades,
the disease is still a major concern. The five-year survival
rate of non-small cell lung cancer (NSCLC), the most prev-
alent type, is about 15%.13 Distant metastasis makes this
condition worse. Therefore, further investigation of the
molecular mechanisms of lung cancer is critical in order to
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identify more effective therapeutic methods for this
disease.

Methods

Cell lines and reagents

Human embryonic lung fibroblast MRC-5 and human lung
adenocarcinoma A549 cells were purchased from Ameri-
can Type Culture Collection (Rockville, MD, USA). Cells
were grown in RPMI-1640 medium supplemented with
10% fetal bovine serum (FBS), L-glutamine, penicillin/
streptomycin (Life Technologies, Gaithersburg, MD, USA),
sodium pyruvate, and non-essential amino acids. Adherent
monolayer cultures were maintained and incubated at
37�C in 5% CO2. Eugenol was obtained from Sigma–
Aldrich (St. Louis,MO, USA).

Cell viability assay

MRC-5 or A549 cells were plated in 96-well plates at a
density of 2 × 103 cells in 200 μL of medium per well and
incubated at 37�C. After 24 hours, cells were treated with
different dosages of eugenol (0, 50, 100, 200, 400, 800 and
1000 μM) for 24 hours or at different time points (0, 12,
24 and 48 hours) at a dosage of 400 μM. Control cells were
treated with dimethyl sulfoxide. Cell viability assay was
performed using a cell counting kit 8 (CCK-8) (Dojindo,
Kumamoto, Japan) as per the manufacturer’s protocol.
Absorbance was detected at 590 nm using a microplate
reader. The experiments were performed in triplicate.

Crystal violet staining

The viability of MRC-5 and A549 cells was also detected
by crystal violet staining. The eugenol-treated cells grown
in six-well plates were fixed in 4% paraformaldehyde for
20 minutes. After washing twice with phosphate buffered
saline (PBS), the cells were stained with 0.5% crystal violet
for 20 minutes. The plates were then aspirated, washed
twice, and allowed to air dry, and were then photographed.

Wound healing assay

A549 cells were seeded in a six-well plate and allowed to
grow until 100% confluence. A wound was generated by
scratching a straight line using a 1 mL pipette tip. The cells
were washed twice with PBS and cultured in cell culture
medium with 5% FBS for a further 24 hours. The migra-
tion of A549 cells into denuded areas was monitored and
visualized using a 40 × magnification phase contrast
microscope. The experiments were performed in triplicate.

Cell invasion assay

Transwell chambers were coated with BD Matrigel matrix
(BD Bioscience, San Jose, CA, USA) according to the man-
ufacturer’s protocol. A549 cells were seeded on top of the
Matrigel in the upper chamber. The lower chamber was
filled with cell culture medium containing 10% FBS. Cells
that invaded through the Matrigel-coated membrane after
24 hours were fixed with 4% paraformaldehyde, followed
by staining with crystal violet solution, and were then
photographed under a microscope. The experiments were
performed in triplicate.

Western blotting

MRC-5 and A549 cells were treated with different dosages
of eugenol or at different time points. Cells were harvested
and lysed in RIPA buffer with 1 mM phenylmethylsulfonyl
fluoride (Beyotime Biotechnology, Shanghai, China). Cell
extracts were separated on a 9% sodium dodecyl sulfate-
polyacrylamide gel electrophoresis and transferred to nitro
cellulose membrane. The membrane was then blocked with
5% fat-free milk in PBS with Tween-20. The blocked mem-
brane was probed with the appropriate antibodies using an
electrochemiluminescence method. Anti-phosphate-Akt,
anti-MMP-2, and anti-β-actin antibodies were obtained
from Cell Signaling Technology (Danvers, MA, USA).
β-actin was used as internal controls.

Statistical analysis

Data were presented as mean � standard deviation. Signif-
icance was determined using a grouped Student’s t-test.
The difference between the experimental groups was con-
sidered significant at P < 0.05.

Results

Inhibition of cell proliferation in lung
cancer cells

MRC-5 and A549 cells were used to reveal drug sensitivity
and specificity in normal lung fibroblast and lung cancer
cells after eugenol treatment. Different dosages of eugenol
(0, 50, 100, 200, 400, 800 and 1000 μM) were added into
the medium and allowed to incubate for 24 hours. CCK-8
assay showed the cytotoxicity of eugenol in tested cells,
with inhibitory concentrations (IC)50 of 800 μM in MRC-
5 cells and 400 μM in A549 cells (Fig 1a). The effect of
eugenol on A549 cell viability was also time dependent. As
shown in Fig 1b, the cell viability of A549 cells treated with
400 μM of eugenol was further decreased with the exten-
sion of incubation time. Crystal violet staining for MRC-5
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and A549 cells treated with 400 μM of eugenol for
24 hours further indicated the anti-survival effect of
eugenol.

Inhibition of migration and invasion in
lung cancer cells

In order to investigate the possible role of eugenol on lung
cancer cell migration and invasion, we treated A549 cells
with low (100 μM) or high dosages (500 μM) of eugenol
for 24 hours. The cells were then seeded for wound healing
and transwell assays. Figure 2a,b shows that eugenol obvi-
ously impaired cell migration and invasion, with the high
dosage exhibiting more significant repression on migra-
tion/invasion. These findings suggested the possibility that
low doses of eugenol may represent a novel anti-metastasis
agent in lung cancer cells.

Alteration of cell viability and invasion
marker expression

From these results, we posited that eugenol exerted anti-
survival and anti-metastasis roles in lung cancer cells, thus
we analyzed the underlying mechanisms. Phosphate-Akt
and MMP-2 expression, the hallmarks of cancer cell

viability and metastasis, were examined by Western blot-
ting assay. We found that expression of both phosphate-
Akt and MMP-2 were decreased in eugenol-treated A549
cells (Fig 3a). Furthermore, the level of phosphate-Akt and
MMP-2 in the eugenol-treated cells decreased with the
extension of treatment (Fig 3b).These results suggested that
eugenol inhibited lung cancer cell viability, migration, and
invasion at least partially by inhibiting the PI3K/Akt path-
way and MMP activity in vitro.

Discussion

Our results showed that eugenol exhibits strong anti-lung
cancer features. Indeed, we present clear evidence that
eugenol may be considered as a potential chemotherapeutic
agent against human lung cancer, for the following
reasons.
First, a low dosage of eugenol significantly inhibited lung

cancer cell viability. However, non-tumoral MRC-5 cells
exhibited some resistance to 100 μM of eugenol, as
assessed by both CCK-8 and crystal violet staining assays.
We found that higher dosages of eugenol (such as
1000 μM) killed both normal and lung cancer cells (anti-
survival and pro-apoptosis). This data suggested the cyto-
toxicity of this agent when used at high dosages.

a b
MRC-5 A549 A549

MRC-5 A549
c

MRC-5 A549

Eugenol
(400μM)

Control

Eugenol
(400μM)

Control

Figure 1 Eugenol inhibited cell viability in normal lung fibroblast and lung cancer cells. Inhibition of cell viability in (a) MRC-5 or A549 cells after
treatment with eugenol at different dosages (0, 50, 100, 200, 400, 800 and 1000 μM) for 24 hours, and (b) A549 cells after treatment with
400 μM eugenol at different time points (0, 12, 24 and 48 hours). (c) After treatment with eugenol at 400 μM for 24 hours, MRC-5 or A549 cells
were stained with crystal violet.*P < 0.05, **P < 0.01, ***P < 0.001.
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Second, eugenol exhibited the capability to prevent
metastasis in lung cancer cells. As is well known, the leading
cause of lung cancer-related death is distant metastasis.14

Tumor metastasis involves several steps, including separa-
tion, migration, invasion, and the formation of a new tumor
nodule.14 Metastatic subclones can emerge both early and
late in the life of the primary tumor, which remains largely
incurable. Our results showed that low concentrations of
eugenol could effectively inhibit lung cancer cell migration
and invasion in vitro. Only one previous study has exam-
ined a correlation between eugenol and cancer metastasis,
in which gelatin zymography and Western-blot confirmed
that eugenol can inhibit MMP-9 expression in human fibro-
sarcoma cells.15However, the previous study did not provide
direct evidence. Herein, we provided valid data that eugenol
exerted anti-metastasis abilities in in lung cancer cells.
Thus, combined with the abovementioned anti-proliferative
role, eugenol may represent an excellent agent for the pre-
vention of lung cancer growth and metastasis.
Third, phosphate-Akt and MMP-2 expression levels in

lung cancer cells were both reduced after treatment with

eugenol. Further understanding of the mechanisms behind
eugenol-induced anti-proliferative and anti-metastasis roles
in lung cancer cells may promote eugenol as a valid anti-
cancer agent. The PI3K/Akt pathway is altered in multiple
cellular processes, such as cell differentiation, proliferation,
survival, invasion and intracellular trafficking, in a variety
of cancers, including lung cancer.16,17 Thus, it is an excel-
lent target for lung cancer therapy.
MMPs are a pivotal family of zinc enzymes responsible

for degradation of extracellular matrix components, which
are closely related to tumor metastasis. Excessive MMP
expression may contribute to the pathogenesis of tissue-
destructive processes in a wide variety of diseases, includ-
ing lung cancer.18 Our data indicated that eugenol may
inhibit lung cancer cell viability, migration and invasion by
negatively regulating the PI3K/Akt pathway and MMP-2
expression. Although we have limited evidence and our
in vivo data was lacking, our results still suggest the poten-
tial of eugenol as an anti-metastasis agent in lung cancer.
Our results illustrated the tumor suppressive roles of

eugenol in lung cancer cell viability, migration, and

a Eugenol (400 μM)Eugenol (100 μM)Control

0h

24h

b Eugenol (400 μM)Eugenol (100 μM)Control

24h

Figure 2 Eugenol inhibited cell migration and invasion in lung cancer cells. (a) Wound healing and (b) cell invasion assays demonstrated that euge-
nol inhibited lung cancer cell migration in a dose-dependent manner (low dosage 100 μM, high dosage 400 μM). The right panel shows the quanti-
tative results. *P < 0.05, **P < 0.01, ***P < 0.001.
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Figure 3 Eugenol altered cell viability
and invasion marker expression in lung
cancer cells. Western blotting showed
the changes of viability and invasion
markers in A549 cells treated with (a)
400 μM eugenol for 24 hours, and (b)
different dosages of eugenol (0, 50,
100, 200, 400, 800, and 1000 μM) for
24 hours.
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invasion, which might largely function through repression
of the PI3K/Akt pathway and reduction of MMP-2 activity.
Our findings support the use of eugenol as a promising
external chemotherapeutic agent against human lung
cancer.
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