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Reactive  oxygen  species  are  well-known  mediators  of  various  biological  responses.  Recently,  new  homo-
logues  of  the  catalytic  subunit  of  NADPH  oxidase  have  been  discovered  in  non  phagocytic  cells.  These
new  homologues  (Nox1–Nox5)  produce  low  levels  of  superoxides  compared  to  the  phagocytic  homo-
logue  Nox2/gp91phox.  In  this  study  we  examined  the  effect  of  �-eudesmol,  a  sesquiterpenoid  alcohol
isolated  from  Teucrium  ramosissimum  leaves,  on  proliferation,  superoxide  anion  production,  adhesion  and
migration  of  human  lung  (A549)  and  colon  (HT29  and  Caco-2)  cancer  cell  lines.  Proliferation  of  tumor  cells
eywords:
eactive oxygen species
ADPH oxidase
-eudesmol
roliferation
dhesion

was  inhibited  by �-eudesmol.  It  also  significantly  inhibited  superoxide  production  in A549  cells.  Further-
more,  �-eudesmol  inhibited  adhesion  and  migration  of A549  and  HT29  cell.  These  results  demonstrate
that  �-eudesmol  may be a  novel  anticancer  agent  for the  treatment  of  lung  and  colon  cancer  by  different
ways:  by  inhibition  of superoxide  production  or by  blocking  proliferation,  adhesion  and  migration.

© 2016  Elsevier  B.V.  All  rights  reserved.
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. Introduction

Oxidative stress is a characteristic feature of many cancers,
nd has been implicated in cancer development and progres-
ion (Rodrigues et al., 2014). However, most anticancer drugs
ill their target cells, at least in part, through the generation
f elevated amounts of intracellular ROS (Benhar et al., 2001).
OS, such as superoxide anions (O2

−) and hydrogen peroxide
H2O2) are produced by mitochondria, peroxisome, cytochrome
-450 and NADPH oxidase (D’Autreaux and Toledano, 2007) gen-
rated through the increased metabolic activity of cancer cells,
nhanced signaling pathways or mitochondrial dysfunction (Liou
nd Storz, 2010). Superoxide anions are converted to H2O2 by the
nzyme superoxide dismutase. Unlike mitochondria, peroxisome
nd cytochrome P-450, which generate ROS as normal metabolic

y-products, specific enzymes such as NADPH oxidases generate
OS as a primary function (Bedard and Krause, 2007). Nox1 is a
atalytic subunit of a NADPH oxidase complex initially identified in

∗ Corresponding author.
E-mail address: medbensghaier.inrgref@gmail.com (M.  Ben Sghaier).

ttp://dx.doi.org/10.1016/j.etap.2016.07.019
382-6689/© 2016 Elsevier B.V. All rights reserved.
colonic adenocarcinoma cell lines (Banfi et al., 1999). Nox1 induces
the production of low amount of superoxide and controls cell prolif-
eration, apoptosis, migration and innate immune response (Sadok
et al., 2008). Overexpression of Nox1 in colon seems to be related
to tumor progression, particularly in K-Ras mutated cells (Laurent
et al., 2008).

Cancer cells move within tissues during invasion and metasta-
sis by their own motility, and control of cancer cell migration is an
important problem in tumor treatment. Directed cell migration is a
critical feature of various physiological and pathological processes,
including development, wound healing, immunity, angiogenesis,
and metastasis (Yamazaki et al., 2005). Cell migration results in
dynamic interactions between the cell and the extracellular matrix
(ECM). These interactions are partly mediated by integrins, a widely
expressed family of cell surface adhesion receptors. Integrins are
the major metazoan receptors for cell adhesion to extracellular
matrix proteins and, in vertebrates, also play important roles in
certain cell–cell adhesions. In addition to their roles in adhesion to
ECM ligands or counterreceptors on adjacent cells, integrins serve

as transmembrane mechanical links from those extracellular con-
tacts to the cytoskeleton inside cells.

dx.doi.org/10.1016/j.etap.2016.07.019
http://www.sciencedirect.com/science/journal/13826689
http://www.elsevier.com/locate/etap
http://crossmark.crossref.org/dialog/?doi=10.1016/j.etap.2016.07.019&domain=pdf
mailto:medbensghaier.inrgref@gmail.com
dx.doi.org/10.1016/j.etap.2016.07.019
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In part related to the integrin-mediated assembly of cytoskeletal
inkages, ligation of integrins also triggers a large variety of signal
ransduction events that serve to modulate many aspects of cell
ehavior including proliferation, survival/apoptosis, shape, polar-

ty, motility, gene expression, and differentiation (Hynes, 2002).
We have previously reported that extracts of Teucrium ramo-

issimum inhibited proliferation of human cancer cells (K562) and
nhanced antioxidant and anti-inflammatory activities in vitro
Ben Sghaier et al., 2011a,b). The leaves of T. ramosissimum con-
ain sesquiterpenoid alcohols, such as �-eudesmol that is known to
ave various unique effects on the nervous system. For example, we
ave shown that �-eudesmol acts as a channel blocker for nicotinic
cetylcholine receptors at the neuromuscular junction (Kimura
t al., 1991a,b). In addition, Obara et al. (2002) have reported that
-eudesmol induces neurite outgrowth in rat pheochromocytoma
C12 cells via an increase in the intracellular Ca2+ concentra-
ion. Tsuneki et al. (2005) and Ma  et al. (2008) also reported the
ntiangiogenic potential of �-eudesmol using in vitro and in vivo
xperimental models. In the present study, we investigated the
otential antiproliferative and antioxidant activities of �-eudesmol

n human lung (A549) and colon (HT29 and Caco-2) cancer cell lines.
e also examined the effect of �-eudesmol on tumor cells adhesion

nd migration using several purified ECM proteins.

. Material and methods

.1. Chemicals and reagents

�-eudesmol was obtained from chloroform extract of the aerial
art of T. ramosissimum (Ben Sghaier et al., 2011b). Dulbecco’s
odified Eagle’s medium (DMEM) and RPMI 1640 medium were

urchased from Lonza (Levallois-Perret, France). Penicillin, strep-
omycin, fetal bovine serum (FBS), trypsin-EDTA, l-glutamine,
nd sodium pyruvate were purchased from GIBCO (Cergy-
ontoise, France). Methylthiazolyldiphenyl-tetrazolium bromide
MTT), lucigenin, poly-l-lysine, human fibrinogen and mouse
aminin-1 were purchased from Sigma (St Quentin Fallavier,
rance). Rat type I collagen was from Upstate (Lake Placid, NY, USA)
nd human fibronectin was from Millipore (St Quentin en Yvelines,
rance). Human vitronectin was purified according to Yatogho et al.
1988).

.2. Tumors cell lines and culture conditions

The cell lines used in this study was purchased from American
ype culture Collection Company. Human lung (A549) cells were
ultured in RPMI 1640 medium, colon (HT29 and Caco-2) cells were
aintained in Dulbecco’s modified Eagle’s medium (DMEM), all the
edia were supplemented with 10% fetal bovine serum (FBS), sup-

lemented with 2 mM l-glutamine and 1% sodium pyruvate and
ere maintained at 37 ◦C in a humidified atmosphere with 5% CO2.

.3. Cell proliferation assay

MTT  assays determine the ability of viable cells to convert a solu-
le yellow tetrazolium salt into insoluble purple formazan crystals
y the mitochondrial dehydrogenase enzymes. For each cell line,
0% confluent cell culture flask was trypsinized and cells were
eeded in 96-well plates at a density of 5000 cells per well in
he appropriate complete media. 24 h after seeding, the cells were
reated with the different compounds or control vehicle solution

DMSO 0.1% in phosphate-buffered saline). 72 h after treatment,
ells were exposed to 0.5 mg/ml  of MTT  for 3 h at 37 ◦C in the appro-
riate complete medium. Medium and MTT  were removed and
fter solubilization in dimethylsulfoxide (DMSO), the amount of
y and Pharmacology 46 (2016) 227–233

insoluble formazan crystals was  evaluated by measuring the opti-
cal density at 550 nm.  Each condition was performed in triplicate
and measurements were corrected from the optical density of MTT
alone and expressed relative to the non-treated conditions. Deter-
mination of the concentration inhibiting 50% of cell viability (IC50)
was performed according to the methods of Chou (2006). Briefly,
the fraction of cell affected (Fa) and the fraction of cell unaffected
(Fu) relative to 1 were determined from the viability assay. The log
of (Fa/Fu) was plotted against the log of concentration for each com-
pound and log of IC50 was  determined at the y-intercept. Standard
error was  evaluated through the 95% confidence interval.

2.4. Measurement of ROS

ROS generation was  measured by lucigenin chemiluminescence
detecting superoxide ions (Irani et al., 1997). After incubation of
cells for the desired time with drugs in 96-well plates (50 × 103

cells/well), luminescence was  detected by a Fluoroscan Ascent FL
fluorimeter (Labsystems, France). The detected signal was assessed
at each minute over the course of 45 min. Results represent the
integration of the signal for 45 min  and is associated with the inter-
mediate time of measurement. All measurements were performed
at 37 ◦C and results are expressed as total reactive oxygen species
measurements which represent the difference of reactive oxygen
species production measured in untreated control.

24 h after passage, cells were serum-starved for 48 h, trypsinized
and seeded in 96-well plates at a density of 50,000 cells/well
in the appropriate complete media. Cells were incubated 30 min
with vehicle (0.1% DMSO) or the following regulators: NADPH
oxidase inhibitor diphenylene iodonium (DPI) (10 �M),  cyclooxy-
genase inhibitor indomethacin (10 �M),  cytochrome P450 inhibitor
aminobenzotriazol (1 mM),  mitochondrial inhibitor rotenone
(2 �M)  and xanthine oxidase inhibitor allopuranol (1 mM). All mea-
surements were performed at 37 ◦C. Results are expressed as total
reactive oxygen species measurements. Results represent the per-
centage variation relative to untreated control.

2.5. Cell adhesion assay

Adhesion assays were performed as previously described (Bazaa
et al., 2009). Briefly, flat bottom 96-well microtiter plates were
coated with one of the following purified ECM proteins: fibronectin
(10 �g/ml), vitronectin (10 �g/ml), laminin 1 (10 �g/ml), fibrino-
gen (50 �g/ml), collagen type I or IV (10 �g/ml) and were blocked
with BSA. Cells were harvested in single cell suspension and resus-
pended in DMEM and RPMI containing 0.2% BSA (adhesion buffer)
in the presence or absence of �-eudesmol for 30 min at room tem-
perature. Cells were then added to coated wells in a volume of 50 �l
(106 cells/ml) and allowed to adhere to the substrate for 1 h (A549
cells) or 2 h (HT29 cells) at 37 ◦C. Unattached cells were removed by
gently washing three times with adhesion buffer. Residual attached
cells were fixed by 1% glutaraldehyde, stained by 0.1% crystal violet
and lysed with 1% SDS. Absorbance was  then measured at 600 nm
by a microplate reader.

2.6. Cell migration assays

In vitro cell migration assays were performed using modified
Boyden chambers (NeuroProbe Inc, Bethesda, MD,  USA) as previ-
ously described (Delamarre et al., 2009). Briefly, membranes were
coated with fibronectin or collagen type IV (10 �g/ml) for 2 h at
37 ◦C and blocked with a solution of 0.1% BSA/PBS. Cells harvested as

a single cell suspension, were added to precoated membranes and
allowed to migrate for 5 h at 37 ◦C. Cells were stained by 0.1% crystal
violet and migration was quantified by measuring the absorbance
at 600 nm.
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Fig. 1. Inhibitory effect of �-eudesmol on the proliferation of human lung and colon
cancer cells.
Human lung (A549) and colon (HT29 and Caco-2) cancer cells, plated at 5 × 103 cells
per well, were cultured for 3 days in the absence and the presence of �-eudesmol at
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Fig. 3. NADPH oxidase mediates O2
− production in Human lung (A549) cell.

O2
− production was  evaluated by lucigenin luminescence. Cells were treated with

different inhibitors for 0.5 h and measurements were taken. Results represent

3.1. Inhibitory effect of ˇ-eudesmol on cell proliferation

The effect on cell proliferation of the tested compound was per-
formed on different cancer cell lines using MTT  assay over a 72 h
he indicated concentrations. Control cells were treated with 0.1% DMSO (vehicle).
ata are means ± S.E., n = 3 per group.

A549 and HT29 cells migration was assayed by wound/healing
ssay as described previously (Tsuneki et al., 2005). Confluent cells
n 35-mm-diameter dishes were damaged by scraping with a ster-
le pipette tip (500 mm in diameter). The cultures were washed
wice with PBS to remove cellular debris. Vehicle control and
arious concentrations of �-eudesmol were added to the respec-
ive wells for the indicated times. The migration of HT29 cells
nto the denuded area was promoted by stimulation with phor-
ol 12-myristate 13-acetate (PMA). After 18 h, the cells that had
igrated into the denuded area were photographed using an Olym-

us inverted microscope. Migration was quantified by measuring
he covered surface.

.7. Statistical analysis

Results are expressed as means ± S.E. from at least three inde-
endent experiments. Statistical analysis was  performed using
npaired Student’s test. The value of P < 0.05 was considered sta-

istically significant.

ig. 2. Effect of �-eudesmol on the production of O2
− by human lung and colon

ancer cells.
ells were plated at 50 × 103 cell/well. Production of O2

− was  determined by luci-
enin luminescence as described in the Methods section. �-eudesmol significantly
ecreased O2

− production in the A549 cell compared with untreated cells (*P < 0.05).
ata are means ± S.E. from at least three independent experiments performed in

riplicate. Results are expressed as total ROS measurements. Results represent the
ercentage variation relative to untreated control.
means ± S.E of triplicate samples; *indicates statistically significant results com-
pared to control (p < 0.05). Results are expressed as total ROS measurements. Results
represent the percentage variation relative to untreated control.

3. Results
Fig. 4. �-eudesmol inhibits cell adhesion.
A549 (A) or HT29 (B) cells were preincubated without or with 25, 100 or 200 �M
�-eudesmol for 30 min at room temperature. Cells were then added to 96-well
microtiter plates coated with fibronectin (10 �g/ml), vitronectin (10 �g/ml), laminin
1  (10 �g/ml), fibrinogen (50 �g/ml), collagen type I and IV (10 �g/ml) and allowed
to  adhere for 1 h (A549) or 2 h (HT29) at 37 ◦C. After washing, adherent cells were
stained with crystal violet, solubilized by SDS and absorbance was  measured at
600  nm.  Data shown are means (±S.E) of at least three independent experiments
and expressed as a percentage of adhesion. *indicates statistically significant results
compared to control (p < 0.05).
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Fig. 5. �-eudesmol inhibits cell migration in Boyden chamber.
A549 cells were treated for 30 min  at room temperature with �-eudesmol (100–200 �M) and then added into the upper reservoir of a modified Boyden chamber with porous
m ation
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embrane precoated with 10 �g/ml of fibronectin and collagen type IV. After incub
.1%  crystal violet. Migration of A549 (B) and HT29 (C) cells to type IV collagen or to
rom  one experiment representative of three performed in triplicate. *indicates sta

eriod. Viability percentage (%) tended to decrease in the pres-
nce of �-eudesmol at concentrations between 31.25 and 1000 �M,
ith A549 lung cells being more sensitive to compound than colon

ancer cells HT29 and Caco-2 (Fig. 1). Indeed, �-eudesmol signif-
cantly inhibited the proliferation of A549, HT29 and Caco-2 cells
n a concentration-dependent manner with IC50s of 38 �M,  97 �M
nd 107 �M respectively.

.2. ˇ-eudesmol inhibits NADPH oxidase-dependent superoxide
roduction

Usually, tumor cells have high ROS levels. Moreover, some
umor cells, such as human colon adenocarcinoma HT29 cells and
uman lung A549 cells can even produce ROS. We  therefore inves-
igated the effect of �-eudesmol in superoxide anion production. As
hown in Fig. 2, a 30 min  pretreatment of A549 cells with 5–100 �M
-eudesmol diminished the level of ROS production, the reduc-

ion of superoxide anion production reached 98% at the highest
oncentration (100 �M).  On the contrary, �-eudesmol had no sig-
ificant effect on ROS production in HT29 or Caco-2 cells (Fig. 2).

Several intracellular sources contribute to the production of
OS, including cyclooxygenases, cytochrome P450, lipoxygenases,
itochondrial respiration, xanthine oxidase (Hordijk, 2006), and

ADPH oxidase (Suh et al., 1999). We  used a variety of inhibitors

o identify the source of O2
− production, and showed that DPI

10 �M,  NADPH oxidase inhibitor) inhibited 96% of the O2
− produc-

ion in A549 cell. In contrast, rotenone (2 �M),  allopurinol (1 mM),
 at 37 ◦C for 5 h, cells that migrated to the underside of the filter were stained with
nectin was  quantified by measure of absorbance at 600 nm.  Data shown (±S.E) are
lly significant results compared to control (p < 0.05).

indomethacin (10 �M)  or aminobenzotriazol (1 mM)  did not affect
O2

− production (Fig. 3).

3.3. ˇ-eudesmol affects adhesion of A549 and HT29 cells

It has long been known that most cell types require attach-
ment to grow. As �-eudesmol inhibited tumor cell proliferation,
we investigated whether it can act through blocking cell attach-
ment. In order to investigate the �-eudesmol effects on A549 and
HT29 cells, we first performed cell adhesion assays using a large
array of purified ECM proteins.

As illustrated in Fig. 4A and B, the effect of �-eudesmol depended
on the cell line. In the case of A549 cells, only attachment of to
type IV collagen was affected by �-eudesmol in a dose-dependent
manner (Fig. 4A). On the contrary, �-eudesmol readily impaired
attachment of HT29 cells to fibronectin and with less potency to
type I and IV collagens no effect was observed on vitronectin or on
laminin (Fig. 4B).

3.4. ˇ-eudesmol inhibits tumor cells migration

Cell migration requires the formation of new attachments to
the heading edge of the cell. We therefore first tested the ability of
�-eudesmol to inhibit integrin-dependent migration of A549 and

HT29 cells using haptotaxis assays in modified Boyden chambers.
As shown in Fig. 5A and B, �-eudesmol dramatically reduced A549
cells migration towards type IV collagen and fibronectin. This effect
was dose-dependent with of 54% and 60% inhibition for type IV
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Fig. 6. �-eudesmol inhibits cell migration in wound-healing assays.
A549 (A and B) and HT29 (C and D) cell monolayers were wounded and then cultured with �-eudesmol (25–200 �M)  for 18 h at 37 ◦C. Control cells were incubated with 0.1%
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MSO  (vehicle). (A) and (C) Photomicrographs showing A549 and HT29 migration
epresentative of three independent experiments. (B) and (D) quantification of the c
25–200  �M).  Data are means ± S.E; n = 3 per group. *indicates statistically significa

ollagen and fibronectin respectively in the presence of 200 �M
-eudesmol.

�-eudesmol also affected migration of HT29 cell line (Fig. 5C).
he inhibition of migration in the presence of 200 �M �-eudesmol
eached 76% and 63% for type IV collagen and fibronectin respec-
ively.

The effect of �-eudesmol was further confirmed by using
ound/healing assay. Scrape damaged A549 and HT29 cell mono-

ayers were incubated in the presence of �-eudesmol (25–200 �M)
or 18 h. �-eudesmol significantly inhibited the migration of
oth A549 (Fig. 6A and B) and HT29 (Fig. 6C and D) cells in a
oncentration-dependent manner.

. Discussion

Several bioactive compounds from natural plants have been
nvestigated for their anticancer activities by inducing cell cycle
rrest, inhibit angiogenesis and activate apoptosis pathways,
esulting in inhibition of cell proliferation, progression and metas-
asis of cancer. Thus, although information derived from clinical
rials is still insufficient, the number of significant in vitro and
n vivo studies has increased providing evidences of the great
romise of natural products and plants extracts for clinical use
Cravotto et al., 2010). �-eudesmol, one of the major represen-
atives of sesquiterpenes, is present in many natural plants (Ben
ghaier et al., 2011a), and has been shown to inhibit angiogenesis,
umor cell proliferation and to enhance antioxidant activity (Ben
ghaier et al., 2011a; Tsuneki et al., 2005; Ma  et al., 2008). In the
resent study, we show for the first time to our knowledge, that
-eudesmol also inhibits proliferation, adhesion and migration of
arious tumor cell lines.
Proliferation of human lung (A549) and colon (HT29 and Caco-2)
ancer cell lines was significantly inhibited by �-eudesmol over a
oncentration range of 31.25–500 �M in a dose-dependent man-
er. Such an inhibitory effect has previously been observed on
the denuded area in the absence or presence of 200 �M �-eudesmol. the data are
 surface of migrated A549 and HT29 cells in the absence or presence of �-eudesmol

ults compared to control (p < 0.05).

endothelial cells (PBMEC, HDMEC and HUVEC) and HeLa, SGC-7901,
BEL-7402 and K562 human cell lines (Ben Sghaier et al., 2011a;
Tsuneki et al., 2005; Ma  et al., 2008). The effect of �-eudesmol
on growth medium-stimulated proliferation is due to inhibition of
DNA synthesis in PBMEC (Tsuneki et al., 2005).

Mitogen-activated protein kinase (MAPK) pathways are evolu-
tionarily conserved kinase modules that link extracellular signals
to the machinery that controls fundamental cellular processes such
as growth, proliferation, differentiation, migration and apoptosis
(Dhillon et al., 2007). Tsuneki et al. (2005) found that activation of
ERK1/2 induced by bFGF and VEGF was blocked by �-eudesmol in
endothelial cells, whereas �-eudesmol had no effect on the activa-
tion of p38 MAP  kinase. The concentrations needed for inhibition of
ERKs were similar to those inhibiting endothelial cell proliferation,
migration, and tube formation. Therefore, the �-eudesmol-induced
inhibition of proliferation may  be, at least in part, due to block-
ade of the ERK signaling pathway (Tsuneki et al., 2005). It is thus
likely that the anti-proliferative effect of �-eudesmol we observed
in the present study may  be due to the inhibition of ERK signaling.
Supplementary investigations are necessary to establish the target
of �-eudesmol and to reveal the specific mechanism by which it
inhibits cell proliferation.

Cancer cells show increased sensitivity to oxidative stress. This
observation was  the basis for developing a new targeted therapy
strategy. In the present study, we confirmed the scavenging effect
of �-eudesmol on ROS in A549 cells. However, �-eudesmol had
no effect on the reactive oxygen species production by HT29 and
Caco-2 cells. In addition, by using a variety of inhibitors we  iden-
tified the source of O2

− production as the NADPH oxidases. For
this reason, increasing attention has been focused on the possibility
that compounds acting specifically on ROS production by the Nox’s

could serve as efficacious therapeutic agents (Drummond et al.,
2011). A549 cells significantly express Nox1, Nox2, Nox4, Duox1
and Duox2 (Kolarova et al., 2010), HT29 cells only express Nox1
and Caco-2 cells express Nox1 and Nox5 (Dahan et al., 2009). Based
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n the obtained results, we can hypothesise that �-eudesmol might
ct directly or indirectly on Nox2 to inhibit superoxide production
n A549 cell.

Cell adhesion is considered a serious problem in many biologi-
al phenomena such as development, tissue structure maintenance,
ngiogenesis, and tumor metastasis. The interactions between can-
er cells and extracellular matrix (ECM) proteins, such as collagens,
bronectin, and laminin are involved in each of the events of the
etastatic cascade (Rosso et al., 2004). The major group of cell

urface adhesion molecules that influence cell-matrix adhesion is
ntegrins. However, more clinical studies are needed for the explo-
ation of new anti-integrin agents and progress of therapies.

In the present study we demonstrated that �-eudesmol affected
dhesion of HT29 cells mainly on fibronectin through the inte-
rin �v�6, the unique fibronectin receptor in this cell line. This
pithelial-specific integrin is usually not detectable on normal adult
pithelia, but is up-regulated during tissue remodeling, including
ound healing and carcinogenesis (Thomas et al., 2001).

In a previous study reported by Tsuneki et al. (2005),
-eudesmol was shown no significant influence on HUVEC attach-
ent to fibronectin. The difference in the response to �-eudesmol

etween HT29 cells and HUVECs may  be explained by their
ttachment to fibronectin through different receptors, respectively
ntegrins �v�6 and �5�1.

The integrin �v�6 of HT29 does not require activation to medi-
te ligand binding (Rigot et al., 1998). However, treatment of cells
y �-eudesmol could lead to the suppression of the constitutive

ntegrin activation.
The increasing level expression of �v integrins stimulates the

dhesion and migration of tumor cells. Inhibition of this expression
epresents an effective approach for the control and the prevention
f cancer. Accordingly, various molecules targeting �v integrins,
uch as RGD peptides or disintegrins, are now in clinical trials
Kenny et al., 2008). In addition, understanding the consequences of
v integrin inhibition is essential since �v integrins may  associate
ith and modify the function of several bioactive molecules.

Cell migration is an important part of the metastatic process
nd �-eudesmol was shown to have a role in adhesion, we there-
ore investigated whether �-eudesmol could be implicated in the

igration of A549 and HT29 cells. The inhibitory effect of �-
udesmol on cell migration is likely due to the reduced attachment
o ECM proteins observed in the presence of the sesquiterpene. The
ame effect was observed with glabridin against A549 cells (Tsai
t al., 2010).

. Conclusion

To summarize, we have provided evidence demonstrating that
-eudesmol inhibits cancer cell proliferation, adhesion and migra-

ion. Therefore, �-eudesmol is a potentially specific Nox inhibitor
gent in the treatment of human lung carcinoma, suggesting that
his compound may  aid the development of therapeutic drugs for
ancer diseases.
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