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Abstract

Menthone, the Chinese old remedy extracted from genus Mentha, has been widely used as a cooling
agent, a counterirritant for pain relief, and for the treatment of pruritus.  However, its detail mechanisms
for interfering inflammatory reaction remain unknown.  In this study, we found that menthone can
suppress the lipopolysaccharide (LPS)-induced proinflammatory cytokines, interleukin-1βββββ (IL-1βββββ) and
tumor necrosis factor-ααααα  (TNF-ααααα), as well as nuclear factor κκκκκB (NF-κκκκκB) activity induced by LPS and other
inflammatory agents, including 12-O-tetradecanoylphorbol-13-acetate, hydrogen peroxide, okadaic
acid, and ceramide. Furthermore, our data also demonstrated that the translocation of NF-κκκκκB activated
by LPS into the nucleus was suppressed by menthone, and I-κκκκκB and βββββ-transducin repeat containing
protein (βββββ-TrCP)were both involved in this suppression.  To sum up, this study has provided molecular
evidence for menthone effect on the LPS-induced cytokine production, NF-κκκκκB activation, and the
involvement of I-κκκκκB and βββββ-TrCP.
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Introduction

The skin is an organ that lies in the interface
between the organism and the environment.  The human

epidermis, the multilayered stratified epithelium of
the skin, provides a frontline defense barrier for the
host. Keratinocytes represent the major cell population
of human epidermis, which are involved in both physical
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and first line immune protection of the host (8).
Cutaneous inflammation induced by exogenous or
endogenous stimuli and release inflammatory mediator
such as cytokines, chemokines and eicosanoids.
Keratinocytes are themselves capable of amplifying
an inflammatory signal by recruiting inflammatory
cells and by producing inflammatory mediators.  Upon
stimulation by exogenous factors such as bacterial
lipopolysaccharide (LPS), keratinocytes actively secrete
large amounts of cytokines, including interleukin-1α
(IL-1α), IL-β, IL-6, interferons, and tumor necrosis
factor-α  (TNF-α).  IL-1 activates nuclear factor-κB
(NF-κB), which may be of considerable relevance in
inflammatory dermatoses (1).  NF-κB is primarily
composed of proteins with molecular mass of 50 (p50)
and 65 kDa (p65), and is retained in the cytoplasm by
IκBα.  From its unstimulated form, NF-κB is activated
by a wide variety of inflammatory stimuli, including
TNF, IL-1 and endotoxin.  Most of these agents induce
the phosphorylation-dependent degradation of I-κB
proteins, allowing active NF-κB to translocate into
the nucleus, where it regulates gene expression including
those encoding proinflammatory cytokines (2).  The
IκBα  is the target substrate of beta-transducin repeat
containing protein (β-TrCP), the F-box protein
component of a Skp1/Cul1/F-box (SCF)-type ubiquitin
ligase complex.  β-TrCP targets the protein IκBα  for
ubiquitination, followed by proteasome degradation
(15).

Menthone and Menthol, two old remedies in
Chinese medicine extracted from plants of the genus
Mentha, have been widely used as a cooling agent, a
counterirritant for relieving pain especially in the viscera
or remote muscles (5, 6, 14), and the pruritus drug
(20).  Long considered as an effective topical antipruritic
agent, the cooling effect of menthol gives logical support
to its possible antipruritic effect (5).  One percent of
menthol solution has been reported to have a significant
antipruritogenic effect,  while a high menthol
concentration (10%) would fail to alleviate histamine-
induced itch (4).  The experimental data above focused
on that menthol may or may not have curing effects on
itchiness. On the other hand, menthol is clinically used
as a common skin-irritant.  Menthone, a naturally
occurring organic compound with a molecular formula
C10H18O (Fig. 1), is the predominant monoterpene
produced in the essential oil of maturing peppermint
leaves.  It is used in perfumery and cosmetics for its
characteristic aromatic and minty odor, and studied
as a penetration enhancer, such as percutaneous
absorption of tamoxifen (21), diclofenac sodium (13),
zidovudine (12) in non-toxic, non-irritating drug
application.  A serious menthone thiosemicarbazone
and semicarbazone derivatives of menthone have been
found to have anti-HIV activity (10).  However, the
extracellular or intracellular molecular mechanism is

still unrevealed.  In this study, we investigated the
molecular mechanism of menthone’s effect on the LPS-
induced NF-κB activation and the involvement of I-
κB and β-TrCP in menthone’s effect.

Materials and Methods

Chemicals

All chemicals were purchased from Sigma
(St. Louis, MO, USA) unless indicated. 3-(4,5-
Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) was dissolved in phosphate-buffered
saline (PBS) (137 mM NaCl, 1.4 mM KH2PO4, 4.3
mM Na2HPO4, 2.7 mM KCl, pH 7.2). Menthone was
dissolved in alcohol.

Cell Culture

The HaCat cell line was kindly provided by Dr.
M.T. Wu (Department of Dermatology, China Medical
University/Hospital, Taichung, Taiwan, ROC).  The
cells were cultured as monolayers in a standard DMEM
culture medium (Life Technologies, Gaithersburg,
MD, USA) supplemented with 5% fetal calf serum
(HyClone, Logan, UT, USA), 2 mM glutamine, 100
IU/ml penicillin, and 100 µg/ml streptomycin) at
37°C in a humidified atmosphere of 5% CO2.

Cytokine Enzyme-Linked Immunosorbent Assay (ELISA)

IL-1β and TNF-α  were quantitated by ELISA
with the OptEIATM human IL-1β and TNF-α  sets
(Pharmingen, San Diego, CA, USA).  Briefly, the HaCat
cells were treated with acetaldehyde LPS for 48 h.
The supernatants of the medium (200 µl) were then
added to wells, which were coated with monoclonal
antibody against IL-1β or TNF-α .  After three washes
with PBST washing buffer (0.05% Tween 20 in PBS),
peroxidase-conjugated avidin, biotinylated antibody
against IL-1β or TNF-α , and chromogenic substrate
were added to each well. After 1 h at 37°C in the dark,
the absorbance was read at 405 nm in an ELISA plate
reader.

Fig. 1.  Chemical structure of menthone.
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MTT Assay

Cell viability was monitored by MTT colorimetric
assay.  Briefly, cells were treated with various amounts
of compounds for 24 h.  One-tenth volume of 5 mg/ml
MTT was then added to the culture medium.  After a
4-h incubation at 37°C, equal cell culture volume of
0.04 N HCl in isopropanol was added to dissolve the
MTT formazan, and the absorbance value was measured
at 570 nm using an ELISA plate reader.

Western Blot Analysis

HaCat cells transiently transfected with NF-κB
were treated with acetaldehyde LPS for 24 h and then
lyzed with 250 µl sample buffer (62.5 mM Tris-HCl,
pH 6.8, 2% sodium dodecyl sulfate, 10% glycerol, 50
mM dithiothreitol, 0.1% bromophenol blue).  The
proteins (15 to 20 µg) were separated by 10% sodium
dodecyl sulfate-polyacrylamide gel electrophoresis and
the protein bands were then transferred to nitrocellulose
membranes.  Then the membranes were blocked in
blocking buffer (20 mM Tris-HCl, pH 7.6, 140 mM
NaCl, 0.1% Tween-20, 5% skim milk powder) and
probed with anti-IKK, anti-IκB-α, or anti-p65 antibody
(Cell Signaling Technology, Beverly, MA, USA).  The
bound antibody was detected with peroxidase-conjugated
anti-rabbit antibody followed by chemiluminescence
(ECL system, Amersham, Buckinghamshire, UK) and
exposed by autoradiography.

Biotinylated Electrophoretic Mobility Shift Assay (EMSA)

HaCat/NF-κB cells were treated with acetaldehyde
inducers for 30 min.  The nuclear extracts were prepared
as previously described (7).  The biotin-labeled comple-
mentary oligonucleotides corresponding to the NF-κB-
binding sites were annealed by heating to 90°C for 3 min
and cooling slowly to 45°C.  EMSAs were performed as
previously described (7).  After electrophoresis, the bands
on the gel were transferred to nylon membranes.
Membranes were blocked in blocking solution and
detected with alkaline phosphatase-conjugated
streptavidin (Chemicon, Boronia Victoria, Australia)
followed by chemiluminescence (Roche, Mannheim
Germany).

Statistical Analysis

Data were presented as mean ± standard error,
and Student’s t test was used.  A value of P < 0.05 was
considered statistically significant.

Results

LPS Induced IL-1β and TNF-α Production in HaCat Cells

HaCat cells (105/ml) were cultured in 96-well
multiplates and treated with various amounts of LPS
for 48 h.  Cytokine production and cytotoxic effect
were measured by cytokine ELISA and MTT assay,
respectively.  The concentration range of LPS was
0.1 to 100 ng/ml.  The maximum productions of IL-1β
and TNF-α  were induced by 100 ng/ml of LPS and
this dosage was used in the following studies (Fig. 2).

Menthone Can Suppress LPS-Induced IL-1β, IL-6 and
TNF-α Production in HaCat Cells

HaCat cells (105/ml) were cultured in 96-well
multiplates, preincubated with various amounts of
menthone for 30 min, followed by 100 ng/ml of LPS
in the presence of menthone for further 3 h.  The IL-
1β, IL-6, and TNF-α  produced by HaCat cells and
then secreted in the culture medium were measured.
The results showed that menthone can suppress LPS-
induced IL-1β (Fig. 3A), IL-6, and TNF-α  (Fig. 3B)
production in HaCat cells.

Suppression of NF-κB Activity Induced by LPS in HaCat
Cells by Menthone

HaCat cells (105/ml) were preincubated with
various amounts of menthone (0.001, 0.01, 0.1, 1 µM)
for 30 min, followed by 100 ng/ml LPS in the presence

20

15

10

5

0

150

100

50

0
0 0.1 1 5 10

LPS (ng/ml)

20 50 100

C
el

l V
ia

bi
lit

y 
(%

)

T
N

F
-α

 a
nd

 IL
-1

β 
C

on
ce

nt
ra

tio
n 

(p
g/

m
l)

Fig. 2. LPS induced IL-1β and TNF-α  production in HaCat
cells.  HaCat cells were cultured in 96-well multiplates
and treated with various amounts of LPS for 48 h.
Cytokine production and cytotoxic effect were measured
by cytokine ELISA and MTT assay, respectively (see
Materials and Methods).  Values are mean ± SE error of
three independent assays.  The symbols , ����� and �����
represent IL-1β, TNF-α , and relative cell viability,
respectively.
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of menthone after 3 h.  Then the NF-κB activity was
determined as described in “Materials and Methods”,
and menthone was found to suppress LPS-induced
NF-κB activity in HaCat cells dose-dependently (Fig.
4).

Suppression of NF-κB Activity Induced by TPA, H2O2,
Okadaic Acid and Ceramide in HaCat Cells by Menthone

HaCat cells (105/ml) were preincubated for 30
min at 37°C with menthone (1 µM),  followed by co-
treatments at 37°C for another 3 h with TPA (20 ng/
ml), H2O2 (250 mM), ceramide (10 µM) or okadaic
acid (500 nM), and then measurements for NF-κB
activation were performed as previous experiments.
These drugs are commonly recognized and used as
NF-κB activators.  The line “Control” showed the
effect of NF-κB oligopeptide treatment as a positive
control, and the line “Mock” showed the effect of
sham-treatment of vehicle only as a negative control.

The data showed that with no exception, menthone
can suppress TPA-, H2O2-, ceramide-, and okadaic
acid-induced NF-κB activity in HaCat cells (Fig. 5).

Inhibition of LPS-induced I-κB Phosphorylation in HaCat
Cells by Menthone

To determine whether menthone affected I-κB
phosphorylation and degradation, the kinetics of
translocation of NF-κB by LPS under the influence
of menthone was studied.  HaCat cells (106/ml)
were preincubated for 30 min at 37°C with different
amounts of menthone and then treated with LPS (100
ng/ml).  Nuclear and cytoplasmic extracts were
separated for Western blot analysis.  We found that
pretreatment with different amounts of menthone
inhibited NF-κB translocation.  Western blot analysis
of the proteins in cytoplasmic extracts revealed that
menthone treatment didn’t cause a decrease of I-κB,
but the I-κB phosphorylation was decreased (Fig. 6).
IKK-α , IKK-β, and Phospho-IKK-α/β revealed they
were not changed after menthone treatment.

Inhibition of Translocation of NF-κB Activated by LPS
into the Nucleus through β-TrCP Pathways by Menthone

HaCat cells (106/ml) were preincubated for 30
min at 37°C with different amounts of menthone and
then co-treated with LPS (100 ng/ml).  The phosphorylated
JNKs, JNKs, and β-TrCP were detected by Western
blot.  Similar results were obtained in three different
experiments.  Menthone can inhibit translocation of
NF-κB activated by LPS into the nucleus through β-
TrCP pathways.

Fig. 3. Suppression of LPS-induced IL-1β, IL-6 and TNF-α
production in HaCat cells by menthone.  (A) HaCat cells
were cultured in 96-well multiplates and treated with
various amounts of menthone for 48 h.  The IL-1β
secreted in the culture medium were quantitated as de-
scribed in Material and Methods.  Values are mean ± SE
of triplicate assays.  B) The IL-6 and TNF-α secreted in
the culture medium were quantitated as described in
Materials and Methods.  Values are mean ± SE of
triplicate assays.
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Fig. 4. Effects of menthone on LPS-induced NF-κB activation
in HaCat cells.  HaCat cells were preincubated with
various amounts (0.001, 0.01, 0.1, 1 µM) of menthone for
30 min, followed by 100 ng/mL LPS in the presence of
menthone after 3 h.  Then the NF-κB activity was
determined (Materials and Methods).
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Discussion

Menthone and menthol, two old remedies in Chinese
medicine extracted from plants of the genus Mentha, are
widely used as both a cooling agent and a counterirritant
for relieving pain especially in the muscles (5), as well as

for the treatment of pruritus (19).  They were commonly
used in essential oil of aromatherapy.  Thirty percent of
menthone and 38-48% of menthol were extracted from
Mentha piperita.  It is added in nonprescription products
(eg. C.B.STRONG, Mentholatum) for muscle aches,
sprains, pruritus and skin inflammation.  It has been
demonstrated that as low as 1% menthol solution would
induce a significant antipruritogenic effect (4).

NF-κB comprises a family of inducible transcription
factors that serve as important regulators of the host
immune and inflammatory response.  Activation of
the NF-κB transcription family, via the nuclear
translocation of cytoplasmic complexes, plays a central
role in inflammation through its ability to induce
transcription of pro-inflammatory genes (2).  Activation
of NF-κB by stresses and proinflammatory cytokines
require that NF-κB be released from its cytoplasmic
retention by IκB.  Ubiguitination and subsequent
proteasome-dependent degradation of IκB requires both
phosphorylation of IκB by IKK and recognition of
phosphorylated IκB by β-TrCP (16, 18, 19).

Keratinocyte is a dynamic barrier that plays an
important role in regulating the inflammatory and
metabolic responses to exogenous or endogenous stimuli
and release inflammatory mediator such as cytokines,
chemokines, and eicosanoids.  Keratinocytes are
themselves capable of amplifying an inflammatory
signal by recruiting inflammatory cells and by producing
inflammatory mediators.  Upon stimulation by exogenous
factors such as bacterial LPS, keratinocytes actively
secrete large amounts of cytokines, including IL-1α ,
IL-β, IL-6, interferons, and TNF-α .  IL-1 activates
NF-κB, which may be of considerable relevance in
inflammatory dermatoses.  Although the inflammatory
signals mediated by LPS are well recognized in other

Inducer

Menthone, 1 µM

Control CeramideOAH2O2Mock TPA

Fig. 5. Effect of menthone on TPA-, H2O2-, okadaic acid- and ceramide-mediated activation of NF-κB.  HaCat cells (105/ml) were
preincubated for 30 min at 37°C with menthone (1 µM) followed by treatments at 37°C for 3 h with LPS (100 ng/ml), TPA (20
ng/ml), H2O2 (250 mM), ceramide (10 µM) or okadaic acid (500 nM), and then tested for NF-κB activation (Materials and
Methods).
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Fig. 6. Effect of menthone and LPS on the NF-κB activation
pathway.  HaCat cells (106/ml) were preincubated for 30
min at 37°C with different amounts of menthone and then
treated with LPS (100 ng/ml).  Nuclear extracts were
prepared and NF-κB was assayed and the cytoplasmic
extracts were prepared from the cells and assayed for I-
κB and phospho I-κB by Western blot analysis as de-
scribed in Material and Method.  Cells were preincubated
for 30 min at 37°C with different amounts of menthone
and then treated with LPS (100 ng/ml).  Cytoplasmic and
nuclear extracts were prepared and assayed for p65 by
Western blot analysis (see Materials and Methods).
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systems and cell models (3, 11, 17), few was done in
keratinocytes.  Thus, our observation of IL-1β and
TNF-α  expression induced by LPS in HaCat cells, a
typical keratinocyte cell line, was a perfect cell model
for studying molecular mechanisms about skin
inflammatory.

First, we have observed a dose-response of LPS-
induced IL-1β and TNF-α  production in HaCat cells
(Fig. 2).  Then, menthone were preincubated with
HaCat cells before the adding of LPS, and it was
found that the menthone pre- and co-treatment can
suppress LPS-induced IL-1β, IL-6, and TNF-α
production in HaCat cells (Fig. 3).  We have also
found that menthone can suppress the activity of LPS-
induced NF-κB, which comprises a family of inducible
transcription factors that serve as important regulators
of the host immune and inflammatory response (Fig.
4).  To provide more solid evidence for the suppressive
effect of menthone on NF-κB, we have also proved
that menthone can suppress NF-κB activity induced
by some well-known NF-κB activators, TPA, H2O2,
okadaic acid and ceramide in HaCat cells (Fig. 5).
Finally, with more details about how menthone
suppressed NF-κB activity, we have proved possible
regulatory mechanisms with which menthone can
inhibit LPS-induced I-κB phosphorylation (Fig. 6),
and it can inhibit the translocation of NF-κB activated
by LPS into the nucleus via β-TrCP pathways (Fig. 7).
The molecular mechanisms of menthone effect on the
LPS-induced NF-κB were diagrammed in Fig. 8.

As far as we know, there is no literature investigating
menthone regulation of NF-κB activity, not to mention

its detailed mechanisms.  Recently, it has been reported
that menthol can inhibit DNA topoisomerases I and
II, and promote NF-κB expression in SNU-5 cells,
which is not in normal condition– a human gastric
cancer cell line (9).  This paper is the first to identify
that the inhibition of I-κB phosphorylation and β-TrCP
recognition was involved in the inhibitory effect
of menthone on LPS-induced IL-1β and TNF-α  in
HaCat cells, which may play an important role in the
regulation of proinflammatory events.  In the future,
the search of possible combinations with other natural
compounds to enhance the efficacy of menthone can
be done by using this assay model, and menthone-
based therapies have been molecularly proved to be
feasible.
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