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Abstract

Objectives The extract and essential oil of clove (Syzygium aromaticum) are widely
used because of their medicinal properties. Eugenol is the most important compo-
nent of clove, showing several biological properties. Herein we have analysed the
immunomodulatory/anti-inflammatory effect of clove and eugenol on cytokine
production (interleukin (IL)-1b, IL-6 and IL-10) in vitro.
Methods Macrophages were incubated with clove or eugenol (5, 10, 25, 50 or
100 mg/well) for 24 h. Concentrations that inhibited the production of cytokines
were used before or after incubation with lipopolysaccharide (LPS), to verify a pre-
ventive or therapeutic effect. Culture supernatants were harvested for measurement
of cytokines by enzyme-linked immunosorbent assay.
Key findings Clove (100 mg/well) inhibited IL-1b, IL-6 and IL-10 production and
exerted an efficient action either before or after LPS challenge for all cytokines.
Eugenol did not affect IL-1b production but inhibited IL-6 and IL-10 production.
The action of eugenol (50 or 100 mg/well) on IL-6 production prevented efficiently
effects of LPS either before or after its addition, whereas on IL-10 production it
counteracted significantly LPS action when added after LPS incubation.
Conclusions Clove exerted immunomodulatory/anti-inflammatory effects by
inhibiting LPS action. A possible mechanism of action probably involved the sup-
pression of the nuclear factor-kB pathway by eugenol, since it was the major com-
pound found in clove extract.

Introduction

Clove (Syzygium aromaticum, syn. Eugenia aromaticum or
Eugenia caryophyllata) is an aromatic dried bud of a tree from
the family Myrtaceae, commonly used as a spice to add flavour
to food preparations.[1]

The extract and the essential oil isolated from clove are
widely used due to their medicinal properties, since clove is
active against a large number of bacteria.[2] Antifungal, anti-
carcinogenic, antiallergic and antimutagenic activities have
been reported for clove also.[1,3–5] Clove essential oil increased
the total white blood cell count in mice and restored cellular
and humoral immune responses in cyclophosphamide-
immunosuppressed mice in a dose-dependent manner.[6]

Natural products containing bioactive phytochemicals are
potentially important sources of anti-inflammatory drugs.[7]

Eugenol (4-allyl-2-methoxyphenol) is a phenolic compound

representing the most important component of clove. In
Asian countries, eugenol has been used traditionally as an
antiseptic, analgesic and antibacterial agent. Its antiviral, anti-
oxidant, anti-inflammatory and antitumoral activities have
been investigated.[8–13]

Macrophages are cells of the innate immunity that respond
to a variety of stimuli.[14] The innate immune response is
typically triggered by pathogen-associated molecular pat-
terns that are recognized by different receptors on the surface
of macrophages, leading to intracellular pathways followed
by stimulation of cytokine production, including pro-
inflammatory (interleukin (IL)-1), regulatory (IL-6) and
anti-inflammatory (IL-10) cytokines.[15]

The pro-inflammatory cytokines of the IL-1 family, most
notably IL-1b and IL-1a, display a very important role for
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antimicrobial host defense, binding the same receptor and
activating the adaptive response. IL-1 is largely responsible for
the acute phase response, which includes fever, acute protein
synthesis, anorexia, and somnolence.[16] IL-6 is a regula-
tory cytokine by regulating the expression of immune/
inflammatorygenesandregulatingcellproliferation,differen-
tiation and survival.[17] IL-10 is a potent anti-inflammatory
cytokine that is crucial for dampening the inflammatory
response after pathogen invasion, protecting the host from
excessive inflammation. One mechanism whereby IL-10
mediates its anti-inflammatory effect is through the down-
regulation of pro-inflammatory genes such as those encoding
IL-1, IL-12 and tumour necrosis factor (TNF)-a.[18]

The effects of eugenol have been investigated on arachi-
donic acid metabolism, inducible nitric oxide synthase
(iNOS) expression, CD86 and CD54 expression, superoxide
production, and cyclooxygenase-2 (COX-2) expression,
providing evidence of the potential of eugenol as a possible
anti-inflammatory agent. Previously, we reported that its
administration to mice inhibited macrophage production of
IL-1b and IL-6, suggesting the anti-inflammatory action of
this spice in vivo.[19] Thus, this study aimed to investigate the
immunomodulatory effect of clove and eugenol on cytokine
production (IL-6, IL-1b and IL-10) by peritoneal macroph-
ages in vitro. The concentrations of clove or eugenol that
inhibited cytokine production were tested before or after
macrophages were challenged with lipopolysaccharide (LPS)
to verify a preventive or therapeutic effect.

Materials and Methods

Clove extract and chemical characterization
by gas chromatography-mass spectrometry

Authentic flower buds of S. aromaticum were purchased from
the local market of Botucatu, São Paulo, Brazil. Clove buds
(350 g) were ground in a knife mill, and extracted in metha-
nol 70% (v/v) at room temperature. After three days, the
extract was filtered and concentrated in rotoevaporator. The
dried extract was lyophilized and specific dilutions were pre-
pared in RPMI media for each assay.

Clove chemical composition had been investigated previ-
ously by gas chromatography-mass spectrometry (GC-MS).
The analyses of clove extract (10 mg/ml) were performed
on a Shimadzu GC/MS – QP2010, equipped with an auto-
matic sampler AOC – 20Si at split mode (1 : 100). Acquired
data were processed by a Shimadzu system and the Wiley
7.0 spectrometric electronic library. The analyses were
performed using a fused-silica capillary column (DB-5,
30 m ¥ 0.25 mm; coating thickness 0.25 mm). Hydrogen was
used as a carrier gas at 1.30 ml/min. Mass spectra were
recorded in the scan mode at 70 eV (40–500 m/z). The injec-
tor temperature was 250°C and the oven temperature was
programmed from 60 to 240°C at 3°C/min.

The eugenol detected in the extract sample was identified
by comparing the retention indices (RI relative to C9-C20
n-alkanes), obtained by GC/MS analyses, with those reported
in the literature.[19,20] A comparative study involving the
extract sample in relation to the authentic standard was per-
formed also. The mass spectra of the peak was evaluated with
those either reported in the literature or available in the Wiley
7.0 data system library.[20]

Eugenol authentic standard was purchased from Sigma
Chemicals (St Louis, MO, USA) and its purity was confirmed
at 99% during the analytic procedures.

Animals and peritoneal macrophages

Male BALB/c mice (25–30 g; 8–12-weeks-old) were kept in
rooms at 21–25°C and 50% relative humidity, with a 12 h
light/dark cycle. Food and water were freely available.

Peritoneal macrophages were obtained by inoculation of
3–5 ml cold phosphate buffered saline (PBS) in the abdomi-
nal cavity. After a soft abdominal massage for 30 s, the perito-
neal liquid was collected and put in sterile plastic tubes
(Falcon). This procedure was repeated three or four times for
each animal and the tubes were centrifuged at 200g for
10 min. Cells were stained with neutral red (0.02%), incu-
bated for 10 min at 37°C and counted in a haemocytometer to
obtain a final concentration of 2 ¥ 106 cells/ml. Cells were
resuspended in cell culture medium (RPMI 1640, supple-
mented with 10% fetal calf serum, 2 mm l-glutamine, 20 mm
HEPES; Sigma, USA) and cultured in a 96-well flat-bottomed
plate (Corning, New York, NY, USA) at a final concentration
of 2 ¥ 105 cells per well. Cells were incubated at 37°C and,
after 2 h, nonadherent cells were removed.[21]

This work agrees with the Ethical Principles in Animal
Research adopted by the Brazilian College of Animal Experi-
mentation, and was approved in August 8, 2008 (Protocol n°
46/08-CEEA).

Cytotoxicity assay

Before in-vitro assays, cells were incubated with clove extract
or eugenol in the concentrations 5, 10, 25, 50 or 100 mg/well,
so as to carry out the assays with noncytotoxic concentrations
only. Cytotoxicity was evaluated by the crystal violet
method.[22]

The macrophage culture received the stimuli as previously
described, and after 24 h, supernatants were removed and
100 ml 0.5% crystal violet solution was added to the cells.
After 10-min incubation at room temperature, the plates
were washed and viable crystal violet-stained cells were lysed
with 1% sodium dodecyl sulphate. Optical densities (OD)
were read at 492 nm in an enzyme-linked immunosorbent
assay (ELISA) reader, and the percentage of cell viability was
calculated using the formula: (OD test / OD control) ¥ 100.
Assays were carried out in triplicate.
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In-vitro assays

Macrophages were incubated with clove or eugenol diluted in
RPMI 1640 at different concentrations (5, 10, 25, 50 or
100 mg/well) for 24 h and the supernatants were harvested
and stored at -70°C for cytokine (IL-1b, IL-6 and IL-10) mea-
surement. Concentrations that were able to inhibit the pro-
duction of IL-1b and IL-6 followed two other protocols,
challenging the cells with LPS.

Clove and eugenol incubation before
lipopolysaccharide challenge

Macrophages were pretreated with clove (100 mg/well) or
eugenol (50 or 100 mg/well) at concentrations that inhibited
IL-1b, IL-6 and IL-10 production for 2 h and then they were
incubated with LPS (5 mg/ml) for 22 h. After this period, the
culture supernatants were harvested and stored at -70°C for
cytokine measurement.[23]

Clove and eugenol incubation after
lipopolysaccharide challenge

Macrophages were stimulated with LPS (5 mg/ml) for 2 h and
then incubated with clove (100 mg/well) or eugenol (50 or
100 mg/well) for 22 h. Afterwards, supernatants were col-
lected and stored at -70°C for cytokine determination.[23]

Dexamethasone (10-4 mol/l) and LPS (5 mg/ml) were used
as a negative and positive control, to inhibit and stimulate
cytokine production, respectively.[24]

Determination of cytokine production

Supernatants were collected and IL-1b, IL-6 and IL-10 pro-
duction were measured by enzyme-linked immunosorbent
assay (ELISA), according to manufacturer’s instructions
(BD Biosciences, San Diego, CA, USA). Briefly, a 96-well flat
bottom Nunc Maxisorp (Nunc/Apogent, Denmark) was
coated with a capture antibody specific to each cytokine. The
plate was washed and blocked before 100 ml of the superna-

tants and serially diluted specific standards were added to the
respective wells. Following a series of washing, the captured
cytokine was detected using the specific conjugated detection
antibody. The substrate reagent was added into each well and,
after colour development, the plate was read at 450 nm, using
an ELISA plate reader.[25]

Statistical analysis

Data were expressed as means � standard deviation (SD) of
five to seven similar assays. Analysis of variance and Dunnet’s
multiple comparison method were used. A probability (P) of
0.05 was chosen as the significance level.

Results

Clove chemical composition and
cytotoxicity assay

GC-MS analysis revealed that eugenol was the major compo-
nent found in clove extract (Figure 1).

Clove and eugenol did not affect cell viability as deter-
mined by the crystal violet test (data not shown).

Cytokine production

Clove exerted both preventive and therapeutic
action on IL-1b production

Clove (5, 10, 25 mg/well) stimulated significantly IL-1b pro-
duction, whereas the concentration of 100 mg/well inhibited
significantly its release (P < 0.001) (Figure 2a). Eugenol
(5 mg/well) stimulated this production of this cytokine
(P < 0.0001), whereas 10, 25, 50 and 100 mg/well did not
affect its production (P > 0.05) (Figure 2b).

Thus, in the next protocol, since clove (100 mg/
well) exerted an inhibitory action on IL-1b production,
macrophages were challenged with LPS before or after incu-
bation with this natural product. As seen in Figure 2c, clove
prevented LPS action as well as reversing its effects, exerting
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Figure 1 Chromatography profiles by gas chromatography-mass spectrometry, showing eugenol as the major component of the extract sample.
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an efficient action either before or after LPS challenge
(P < 0.0001). Eugenol was not evaluated in LPS-challenge
assays since it did not inhibit IL-1b production.

Clove and eugenol exerted both preventive and
therapeutic action on IL-6 production

IL-6 production was significantly (P < 0.0001) increased after
clove incubation for 24 h (5, 10, 25 and 50 mg/well), whereas
100 mg/well inhibited its production (P < 0.001) (Figure 3a).
Eugenol (5, 10 and 25 mg/well) increased (P < 0.0001) mac-
rophage production of IL-6, while 50 and 100 mg/well exerted
an inhibitory effect on its production (Figure 3a).

The inhibitory concentrations of clove (100 mg/well) and
eugenol (50 and 100 mg/well) were analysed in the next proto-
col. Figure 3b shows that clove prevented LPS action both
before and after its challenge, and IL-6 production was lower
than that induced by LPS alone (P < 0.0001). Eugenol pre-
vented efficiently the effects of LPS before (100 mg/well)
and after (50 and 100 mg/well) LPS addition (P < 0.0001)
(Figure 3b).

Clove and eugenol modulated IL-10 production

Incubation with clove 5 or 10 mg/well stimulated significantly
(P < 0.01) production of IL-10, whereas 25, 50 and 100 mg/well
did not affect its production (Figure 4a).Eugenol (5 and 10 mg/
well) stimulated IL-10 production (P < 0.0001), while 50 and
100 mg/well inhibited its release (P < 0.01) (Figure 4a).

Although clove did not inhibit IL-10 production, the con-
centration of 100 mg/well was tested in the LPS-challenge
protocol because it inhibited IL-1b and IL-6 production. In
fact, one may verify in Figure 4b that clove (100 mg/well)
inhibited significantly LPS action (P < 0.0001), either before
or after incubation of macrophages with LPS. Eugenol (50
and 100 mg/well) counteracted significantly LPS action when
added after LPS incubation (P < 0.0001) (Figure 4b).

In all assays, dexamethasone and LPS exerted their inhibi-
tory and stimulatory activities, as negative and positive
controls of cytokine production, respectively.

Discussion

Several studies have pointed out the anti-inflammatory
effects of clove and eugenol, reporting that these products
were able to modulate several inflammatory markers such as
COX-2, nitric oxide, iNOS and prostaglandin E2; leukotriene
C4; mast cell degranulation and the transcription factors
nuclear factor of activated T cells (NF-AT) and nuclear factor
kappa B (NF-kB).[1,11,26–28]

In this study, we have investigated the immunomodula-
tory effects of clove and eugenol on cytokine production.
Clove administration (200 mg/kg) to mice over a short
term (three days) did not influence the Th1/Th2 cytokine
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Figure 2 Interleukin-1b production by mouse peritoneal macrophages
incubated with clove or eugenol. Macrophages were incubated with (a)
clove or (b) eugenol at different concentrations (5, 10, 25, 50 and
100 mg/well) for 24 h at 37°C. (c) Interleukin-1b (IL-1b) production by
peritoneal macrophages stimulated with lipopolysaccharide (LPS) 2 h
before or after incubation with clove (100 mg/well) for 22 h. Dexametha-
sone (DEX; 10-4 mol/l) and LPS (5 mg/ml) were used as negative and posi-
tive controls, respectively. *P < 0.01 significantly different from control
and LPS; **P < 0.001 significantly different from control; ***P < 0.0001
significantly different from control (b) or LPS (c). Data are expressed as
means � SD of 5–7 similar assays.
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balance.[29] However, eugenol and isoeugenol inhibited IL-2
expression and T cell proliferation in vitro, downregulating
the transcription factors NF-AT and NF-kB.[30]

Work from our laboratory revealed that mice treated with
water-extract of clove was found to inhibit macrophages to
produce both IL-1b and IL-6. The essential oil of clove inhib-
ited the production of such cytokines in vitro.[19] Those data
encouraged us to investigate the effects of clove and eugenol
before or after macrophages were challenged with LPS, to
evaluate their efficacy as anti-inflammatory agents.

Firstly, clove and eugenol showed an immunomodulatory
action: whereas lower concentrations stimulated IL-1b, IL-6
and IL-10 production, higher concentrations inhibited their
generation by macrophages, which was not associated to
cytotoxicity since clove and eugenol did not affect cell viabil-
ity. Thus, the inhibitory concentrations of clove and eugenol
were evaluated in LPS-challenge protocols, to explore their

anti-inflammatory action: the incubation of macrophage
with natural products before LPS addition may represent a
possible preventive action, and the addition of natural prod-
ucts after LPS incubation could be associated to a therapeutic
effect. Clove (100 mg/well) inhibited significantly IL-1b, IL-6
and IL-10 production. In LPS-challenged cells, it exerted an
efficient inhibitory action on LPS stimulatory action either
before or after LPS addition, suggesting a possible preventive
and therapeutic action. Eugenol (50 and 100 mg/well) exerted
inhibitory effects on IL-6 and IL-10 production by macro-
phages. The incubation of these cells with eugenol in such
concentrations before and after LPS challenge revealed its
potential to inhibit LPS effects as well.

A variety of intracellular and extracellular stimuli such as
LPS, cytokines, reactive oxygen species, hypoxia, infections,
among others, may induce phosphorylation and proteaso-
mal degradation of inhibitory subunit IkB-alpha (IkB-a),
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with release of the NF-kB heterodimer that translocates
to the nucleus and binds to kB elements, regulating the
expression of more than 200 genes. In the resting state,
NF-kB is found sequestered in the cytoplasm as a het-
erodimer of p65 and p50 subunits complexed with the IkB
alpha (IkBa) protein.[31] Agents that can suppress NF-kB
activation would have the potential to prevent or delay the
onset or treatment of NF-kB-linked diseases.[32] Eugenol and
isoeugenol suppressed NF-kB activation by suppressing
IkBa degradation. Based on those observations, one may
speculate that the mechanism by which clove and eugenol
inhibited the effects of LPS involved NF-kB suppression,
since the secretion of cytokines was induced by LPS alone.

Chemoprevention by eugenol may also occur due to
downregulation of IkBa phosphorylation, a critical step in
NF-kB activation thereby blocking the NF-kB signalling cas-
cade.[31] In lung inflammation, eugenol effectively improved
functional and structural pulmonary changes induced by
LPS, modulating lung injury by inhibition of NF-kB activa-
tion and TNF-a release.[28]

Conclusions

Clove exerted immunomodulatory/anti-inflammatory
effects by inhibiting LPS action. A possible mechanism of
action involved NF-kB suppression by eugenol, since it was
the major compound found in clove extract. Further studies
are required to investigate clove and eugenol efficacy in
inflammatory diseases, to explore their potential as anti-
inflammatory agents.
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