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Abstract (−)-α-Bisabolol is an unsaturated, optically active
sesquiterpene alcohol obtained by the direct distillation of
essential oil from plants such as Vanillosmopsis erythropappa
and Matricaria chamomilla. (−)-α-Bisabolol has generated
considerable economic interest, as it possesses a delicate
floral odour and has been shown to have antiseptic and
gastroprotective activities. In this study, (−)-α-bisabolol was
tested in standardised rodent models by gavage administra-
tion at doses of 100 and 200 mg/kg in the models of
inflammation and 25 and 50 mg/kg in the models of
nociception. In the inflammatory models of paw oedema
induced by carrageenan and dextran, the mice treated with
(−)-α-bisabolol showed smaller oedemas compared to ani-
mals treated only with the vehicle. (−)-α-Bisabolol was
capable of reducing paw oedemas induced by 5-HT but not
oedemas induced by histamine. (−)-α-Bisabolol demonstrated
anti-nociceptive activity in the models of visceral nociception
induced by acetic acid and in the second phase of the
nociception test induced by the intraplantar administration of
formalin. (−)-α-Bisabolol did not have any effect in a thermal
nociception model using a hot plate but was able to diminish
mechanical inflammatory hypernociception evoked by carra-
geenan. These findings suggest that the anti-nociceptive
action of (−)-α-bisabolol is not linked to a central mechanism
but instead is related to the inflammatory process. (−)-α-

Bisabolol was able to decrease leukocyte migration, protein
extravasations and the amount of TNF-α to the peritoneal
cavity in response to carrageenan. Additionally, (−)-α-
bisabolol reduced neutrophil degranulation in response to
phorbol-myristate-acetate. We demonstrate, for the first time,
the peripheral anti-inflammatory and anti-nociceptive activi-
ties of (−)-α-bisabolol.

Keywords Inflammation . Nociception . (−)-α-Bisabolol .
TNF-α . Neutrophil migration . Natural product

Introduction

(−)-α-Bisabolol has generated considerable economic in-
terest because it possesses a delicate floral odour and has
been shown to have several pharmacological activities,
such as antibacterial, antiseptic and antioxidant effects
(Frosch 1987; Torrado et al. 1995; McAndrew 1992;
Salustiano et al. 2006). The chemical and pharmaceutical
industries currently use (−)-α-bisabolol in various formula-
tions, mainly in cosmetics as aftershave lotions, moistur-
isers, emulsions for sensitive skin and creams for children.

(−)-α-Bisabolol (6-methyl-2-(4-methylcyclohex-3-en-1-
yl)hept-5-en-2-ol) is an unsaturated, optically active sesqui-
terpene alcohol obtained by the direct distillation of an
essential oil from plants. The most commonly utilised source
is chamomile (Matricaria chamomilla) (Reynolds 1996).
However, there are other sources from which (−)-α-bisabolol
can be extracted, for example, from species of Vanillosmopsis
and Peperomia (Vichnewski et al. 1989; de Lira et al. 2009).

Some activities have been associated with (−)-α-bisabolol
such as anti-mutagenic capability (Gomes-Careneiro et al.),
pro-apoptotic capability in models of primary human acute
leukaemia cells (Cavaliere et al.) and the capacity to decrease
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nervous excitability supposedly associated with an irrevers-
ible blockade of voltage-dependent sodium channels (Alves et
al. 2010).

Other findings in the literature suggest that (−)-α-bisabolol
has marked anti-inflammatory action; however, these works
used plants containing (−)-α-bisabolol (Moreno-Fernandes et
al. 1992; Braga et al. 2009). There are no studies of the
isolated drug in traditional models of inflammation and pain.

Studies of the anti-nociceptive and/or anti-inflammatory
activity of natural products are ongoing and are attracting
attention from the scientific community and pharmaceutical
industries. This attention shows that even with current
chemical and biological knowledge and the high invest-
ments of the pharmaceutical–chemical industry in develop-
ing new analgesics and anti-inflammatory drugs, products
of natural origin are viewed as promising alternatives to
traditional drugs for pain and inflammation.

Non-steroidal anti-inflammatory drugs (NSAIDs) such as
indomethacin or diclofenac are commonly used to treat pain
and inflammation and are among the best-selling drugs. These
substances, however, have a significant range of side effects,
the most cited of which is the development of gastric lesions
(such as ulcers) and their complications (e.g., haemorrhages
and perforations) (Laine et al. 2008; Schoenfeld et al. 1999).

Some studies have been published demonstrating anti-
inflammatory or anti-nociceptive activities of natural products
that also have gastroprotective effects, and these studies
emphasise that they have a great advantage over traditional
anti-inflammatory drugs (NSAIDs) when side effects are
taken into account (Petrović et al. 2008; Zdunić et al. 2009;
Silva et al. 2009)

In a recent study, the protective properties of (−)-α-
bisabolol on the gastric mucosa were assessed, and a strong
gastroprotective effect was observed using traditional
models of gastric lesions in rodents (Rocha et al. 2009).
Considering these results and the possibility that (−)-α-
bisabolol has anti-inflammatory effects, based on studies
with plant extracts containing (−)-α-bisabolol and the fact
that many compounds extracted from essential oils may
present anti-nociceptive and anti-inflammatory effects, we
evaluated the anti-nociceptive and anti-inflammatory po-
tential of this substance in classic models of pain and
inflammation. This study therefore describes a substance
that exhibits anti-inflammatory potential without gastric
toxicity but rather with gastroprotective characteristics.

Materials and methods

Animals

Male Swiss mice (27–32 g, eight animals per group) and male
rats (200–240 g, five or six animals per group) were used in

this study. Animals were kept in a temperature-controlled room
at 26°C with a 12-h light/dark cycle, with food and water ad
libitum. The study was approved by the Ethics Committee for
Animal Experiments, Department of Physiology and Pharma-
cology, Faculty of Medicine, Federal University of Ceara,
Brazil. Studies were conducted in accordance with the
National Institute of Health, Bethesda, MD, USA.

Drugs

The following substances were used to evaluate the anti-
nociceptive and anti-inflammatory potential of (−)-α-
bisabolol: Indomethacin, carrageenan, ciproheptadine,
dexamethasone, dextran, histamine and serotonin (5-HT)
were purchased from Sigma Chem. Co.© (St. Louis, MO,
USA), and formalin and acetic acid were purchased from
Vetec Quimica Fina© (São Paulo, São Paulo, Brazil). (−)-α-
Bisabolol (98% purity) was purchased from Puritta Óleos
Essenciais© (Torrinha, São Paulo, Brazil).

Preparation and administration of drugs

Three percent Tween 80 in saline solution was utilised to
emulsify the (−)-α-bisabolol, to an initial concentration of
20 mg/ml; this was further diluted with the Tween 80/saline
solution to 20, 10, 5 or 2.5 mg/ml according to the dose to be
administered. The volume applied was 0.1 ml/10 g of the
animal’s weight. Based on pilot studies, we utilised the
following doses: 25, 50, 100 and 200 mg/kg. To assess anti-
nociceptive activity, we administered 25 or 50 mg/kg, and in
the investigation of anti-inflammatory activity, we used 100
and 200 mg/kg because in lower doses the (−)-α-bisabolol was
not effective as an anti-inflammatory drug (data not shown).

The treatments were performed by gavage through
orogastric metal tubes. The other drugs administered were
diluted in saline solution.

Carrageenan-induced mouse paw oedema

Mice were pre-treated with (−)-α-bisabolol (50, 100 or 200mg/
kg, p.o.), indomethacin (10 mg/kg, p.o.) or vehicle 60 min
before receiving an intraplantar injection of 20 μL carrageenan
(1%, w/v) into the right hind paw. The paw volume was
determined at various time points (1, 2, 3 and 4 h) after
carrageenan injection using a plethysmometer (Ugo Basile,
Milan, Italy) in a method similar to one published by Levy
(1969). The oedema was reported as the difference between
the final and the initial volume (in millilitres) of the paw.

Paw oedema induced by dextran, histamine or serotonin in mice

The experiments were performed according to procedures
described in previous studies (Cunha et al. 2001; Leal et al.
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2008). Mice were pre-treated with (−)-α-bisabolol (100 or
200 mg/kg, p.o.), ciproheptadine (10 mg/kg, p.o.) or vehicle
before receiving injections (20 μL) of dextran (0.15%, w/v),
histamine (200 μg/paw) or serotonin (200 μg/paw). Oedema
was measured with a plethysmometer and was reported as
the difference between the final and the initial volume (in
millilitres) of the paw.

Hot-plate test

This test was carried out to measure the reaction time of
mice submitted to a hot-plate test, as previously described
by Eddy and Leimbach (1953) and Padaratz et al. (2009).
In the thermal nociceptive test, the reaction time that
elapsed between contact with the hot plate (Ugo Basile,
model 7280—Milan Italy) at 55±1°C and jumping or paw
licking in response to pain was measured in seconds.
Measurements were taken at baseline (t=0) and 30, 60, 90
and 120 min after drug administration. Mice with baseline
latencies of more than 20 s were excluded from the study.
Animal groups were given vehicle (10 mL/kg, p.o.), (−)-α-
bisabolol (25 and 50 mg/kg, p.o.) or morphine (7.5 mg/kg,
intraperitoneally (i.p.)) 60 or 30 min (in the case of
morphine) before the hot-plate test. The cutoff time was
set at 30 s.

Formalin test

This procedure was similar to that previously described by
Shibata et al. (1989) and Araújo et al. (2009). After an
adaptation period, mice were given (−)-α-bisabolol (25 and
50 mg/kg, p.o.) or vehicle (10 mL/kg, p.o.) 1 h before the
formalin test. Morphine was administered i.p. 30 min
before the test and was used as a reference. The right hind
footpad was injected with 20 μL of 1% formalin in the
intraplantar region. Nociception was evaluated by quanti-
fying paw licking time during the first 5 min (first phase)
and at 15–20 min (second phase) after formalin injection.

Abdominal writhing test

This test was carried out in accordance with (Koster et al.
1959). Abdominal writhes consisted of a contraction of the
abdominal muscle together with a stretching of the hind
limbs induced by an i.p. injection of acetic acid (0.6%
solution, 0.1 mL/10 g), the nociceptive agent. This
behaviour was recorded as a pain response.

The mice were pre-treated with (−)-α-bisabolol (25 and
50 mg/kg, p.o.) or indomethacin (10 mg/kg, p.o.), used as a
reference drug 60 min before initiating the algesic stimu-
lation. The abdominal writhes were observed in individual
chambers for a period of 20 min following the administration
of acetic acid.

Mechanical inflammatory hypernociception

The mice received 20-μL intraplantar injections of carra-
geenan (100 μg/paw) to induce inflammatory hypernoci-
ception 1 h after administration of vehicle, (−)-α-bisabolol
(100 and 200 mg/kg, p.o.) or indomethacin. The inflam-
matory nociception was evaluated 0.5, 1 and 3 h after
carrageenan injection, utilising an electronic pressure-meter
gauge (Digital analgesimeter, InSight©, Brazil). The inten-
sity of the applied force, in grams, was automatically
recorded when the paw was withdrawn (withdrawal
threshold). The results were reported as Δ withdrawal
threshold (grams), which was calculated by subtracting the
values obtained after inflammatory stimulus from the
measurement before stimulus.

Carrageenan-induced leukocyte migration in the rat
peritoneal cavity (peritonitis)

A solution of carrageenan (500 μg/mL) or sterile saline
(0.9%, w/v) was injected in the peritoneal cavities of rats. Four
hours later, the rats were sacrificed, and the peritoneal cavity
was washed with 10 mL of saline containing 5 IU/mL heparin.
The peritoneal fluid was recovered for the analysis of leukocyte
number (with a Neubauer chamber), TNF-α amount, total
protein (Lowry et al. 1951) and for the quantification of
myeloperoxidase (MPO) activity. Rats were treated orally
with (−)-α-bisabolol (100 and 200 mg/kg), dexamethasone
(5 mg/kg) or vehicle 1 h before receiving the i.p. injection of
carrageenan solution (Souza and Ferreira 1985).

MPO activity, a marker for neutrophil infiltration, was
quantified in the peritoneal fluid by an assay adapted from
the method of Bradley et al. (1982). Briefly, samples of
peritoneal fluid (0.1 mL) were vigorously mixed with
0.9 mL of 0.5% hexadecyltrimethylammonium bromide
potassium phosphate buffer solution. Aliquots of 30 μL
were added into 96-well ELISA plates. Hydrogen peroxide
and o-dianisidine were added to the samples. The reaction
between H2O2 and o-dianisidine was catalysed by the MPO
in the samples and generated a coloured compound that was
quantified spectrophotometrically (absorbance at 460 nm),
which represents an index of MPO activity. The results are
shown as MPO unit per millilitre. TNF-α was quantified in
the peritoneal fluid by enzyme-linked immunosorbent assay
(ELISA; Amersham© TNF-α, Rat Biotrak ELISA System),
in accordance with manufacturer’s instructions.

Release of myeloperoxidase from neutrophils stimulated
by phorbol-myristate-acetate

In this assay, we used concentrated human neutrophils, a
residual product derived during platelet purification
obtained from the Haemathology and Hemotherapy Centre
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of Ceará State, Brazil. The suspension of predominantly
polymorphonuclear neutrophils (PMNs) was prepared by
the method described by Lucisano and Mantovani (1984).
Cell viability was determined by the exclusion test using
Trypan blue dye and resulted in cell preparations with a
viability of 90%, consisting of approximately 95% neu-
trophils. The suspension of PMNs (2.5×106 cells/mL) was
incubated for 15 min at 37°C with (−)-α-bisabolol (5, 10,
25, 50 or 100 μg/mL), vehicle (DMSO) or saline (NaCl
0.9%). Next, phorbol-myristate-acetate (PMA) (0.1 μg/
mL), heated to 37°C, was added for 15 min. The
supernatant obtained, which was rich in enzymes released
by leukocyte degranulation, was used to determine the
concentration of MPO, a parameter to analyse neutrophil
degranulation, according to Boyum (1968).

Statistical analyses

The results are shown as the mean ± standard error of the
mean (SEM). One-way analysis of variance (ANOVA) was
used for statistical tests, followed by the Student–Newman–
Keuls multiple comparisons test. For the data from the hot-
plate and mechanical inflammatory hypernociception tests,
two-way ANOVA followed by a Bonferroni post hoc test

were used. Values of p<0.05 were considered to be
significant.

Results

Evaluation of the anti-inflammatory properties
of (−)-α-bisabolol in mouse paw oedemas

Intraplantar injections of 1% carrageenan produced oede-
mas in mice. Prior administration of (−)-α-bisabolol (100 or
200 mg/kg) or indomethacin (10 mg/kg, p.o.) was able to
significantly reduce the paw oedema at all measured times
compared to the vehicle. (−)-α-Bisabolol, administered at
50 mg/kg, p.o., was not effective in reducing the oedema in
mice. The pre-treatment with ciproheptadine (10 mg/kg, p.
o.) or (−)-α-bisabolol (100 or 200 mg/kg, p.o.) had a
significant reduction in oedema formation induced by
dextran compared to vehicle, except for the group treated
with (−)-α-bisabolol (200 mg/kg, p.o.) in the first hour
following dextran application. (−)-α-Bisabolol (200 mg/kg,
p.o.) was able to significantly reduce the formation of
oedemas in response to 5-HT but not histamine. The results
are shown in Fig. 1.

Fig. 1 Time course of the effect of (−)-α-bisabolol (BIS) treatment on
paw oedemas induced by carrageenan (1%) (a), dextran (0.15%) (b),
serotonin (200 μg/paw) (c) or histamine (200 μg/paw) (d) in mice.
Animals were pre-treated with BIS (50, 100 or 200 mg/kg, intra-
gastrically), ciproheptadine (5 mg/kg, i.p.) or vehicle, before receiving

intraplantar injections of the inflammatory agents. The oedema was
measured with a plethysmometer at each time point marked. Each
point represents the mean ± SEM. *p<0.05 vs. vehicle; #p<0.05 vs.
vehicle (ANOVA and Student–Newman–Keuls post hoc test)
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Effects of (−)-α-bisabolol on models of nociception

The thermal nociception test using the hot plate did not
show a difference between the groups pre-treated with
vehicle and with (−)-α-bisabolol (25 and 50 mg/kg, p.o.).
For all time points, morphine (7.5 mg/kg, i.p.) increased the
response time to heat compared to vehicle treatment.

Pre-treatment with (−)-α-bisabolol (25 and 50 mg/kg, p.o.)
did not result in a decrease in paw-licking time, a nociception-
related behaviour, during the first phase of the formalin test
compared with the vehicle pre-treated group. Conversely,
morphine was effective in reducing this parameter in both the
first and second phases (59.83% and 97.80%, respectively) in
comparison to vehicle. In the second phase of the formalin test,
the mice pre-treated with (−)-α-bisabolol (25 or 50mg/kg, p.o.)
showed a significant (p<0.05) reduction in paw-licking time
(92.95% and 92.74%, respectively) compared with the group
treated with vehicle.

The mice pre-treated with (−)-α-bisabolol (25 and
50 mg/kg, p.o.) or indomethacin (10 mg/kg, p.o.) exhibited
a significant (p<0.05) decrease in the number of abdominal
writhings induced by acetic acid (54.68%, 64.29% and
48.52%, respectively) compared to mice treated only with
vehicle. Pre-treatment with (−)-α-bisabolol was able to
decrease the intensity of mechanical inflammatory hyper-

nociception at 1 and 3 h after stimulus application
(carrageenan). The results are summarised in Fig. 2.

Evaluation of the anti-inflammatory properties
of (−)-α-bisabolol in carrageenan-induced peritonitis

The intraperitoneal application of carrageenan (induction of
peritonitis) caused a migration of leukocytes to peritoneal
cavities. The rats treated with (−)-α-bisabolol (100 and
200 mg/kg) or dexamethasone (5 mg/kg, p.o.) had a
significant (p<0.05) decrease in this migration compared
to rats treated only with vehicle (47.01%, 36.97% and
80.87%, respectively). In these groups, the amount of total
protein measured in the peritoneal fluid was also signifi-
cantly (p<0.05) lower than in rats treated with vehicle
(38.46%, 36.26% and 61.54%, respectively. These analyses
were performed 4 h after carrageenan application.

(−)-α-Bisabolol was capable of significantly decreasing
(p<0.05) the MPO activity and TNF-α in the peritoneal
fluid of rats with induced peritonitis in both tested doses,
100 and 200mg/kg, as well as dexamethasone (5mg/kg, p.o.),
compared to the vehicle (58.00%, 53.87% and 86.45%,
respectively). (−)-α-Bisabolol concentrations of 100 and
200 mg/kg, as well as dexamethasone, decreased (p<0.05)
the TNF-α amount compared to the vehicle (70.89%,

Fig. 2 Effect of (−)-α-bisabolol (BIS) treatment on the thermal
nociception test (hot-plate test) (a) and nociception induced by
intraplantar injection of formalin (1%) (b), i.p. injection of acetic acid
(0.6%) (c) and mechanical hypernociception induced by inflammatory
stimulus (d) in mice. Animals were pre-treated with BIS (25, 50, 100

or 200 mg/kg, orally), morphine (7.5 mg/kg, i.p.), indomethacin
(10 mg/kg, orally) or vehicle, prior to the tests. Values represent the
mean ± SEM. *p<0.05 vs. vehicle; #p<0.05 vs. vehicle (ANOVA and
Student–Newman–Keuls post hoc test)
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60.97% and 57.69%, respectively). These analyses were
performed 4 h after carrageenan application. The results are
summarised in Fig. 3.

Neutrophil degranulation and the release
of myeloperoxidase stimulated by PMA

In the in vitro assay of neutrophil degranulation, incubation
of neutrophils with (−)-α-bisabolol (25, 50 or 100 μg/mL)
resulted in a decrease of MPO release due to PMA
stimulation. MPO quantification was utilised as a parameter
to evaluate neutrophil degranulation. See Fig. 4.

Discussion

Treatment with (−)-α-bisabolol at 100 and 200 mg/kg was
able to reduce paw oedemas induced by carrageenan and
dextran, and at 200 mg/kg, this substance also reduced
oedemas produced by the direct application of 5-HT.
Carrageenan and dextran-induced paw oedemas are two

well-established models to screen the anti-inflammatory
activities of new compounds. These tests generate oedemas
with different characteristics and mediators. The oedemas
produced by the intraplantar administration of carrageenan
are related to the release of several mediators such as
histamine, 5-HT, bradykinin, PAF, substance P and prosta-
glandins (Di Rosa et al. 1971; Vinegar et al. 1969). This
oedema has a biphasic profile; the first phase occurs in the
first 6 h, followed by a second phase that starts at 24 h,
decreasing after 96 h as demonstrated by prior studies
(Henriques et al. 1987; Posadas et al. 2004). Many studies
have shown the capacity of NSAIDs to reduce carrageenan-
induced oedemas in both the first and second phase (Levy
1969; Li et al. 2010). The oedemas induced by dextran
application are essentially linked to the capacity of this
polysaccharide to release two inflammatory mediators:
histamine and 5-HT from mast cells (Lo et al. 1982; Gupta
et al. 2003). This suggests that (−)-α-bisabolol has an anti-
inflammatory activity.

The anti-nociceptive activity test of (−)-α-bisabolol
effect on hot-plate response did not suggest a central

Fig. 3 Effect of (−)-α-bisabolol at 100 and 200 mg/kg doses (BIS 100
and 200) and dexamethasone at 5 mg/kg p.o. on total leukocyte count
(a), protein concentration (b), myeloperoxidase activity (c) and the
TNF-α concentration (d) in the peritoneal fluid of animals with

carrageenan-induced peritonitis. Results are presented as mean ±
SEM. *p<0.05 vs. vehicle (ANOVA and Student–Newman–Keuls
post hoc test). Peritoneal fluids of animal without peritonitis are
shown as healthy
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analgesic activity, as this test is sensitive to drugs such as
codeine and other substances that act on the central nervous
system, e.g., antidepressants and sedatives (Araújo et al. 2009;
Almeida and Oliveira 2006). Conversely, in a separate study,
(−)-α-bisabolol exhibited the anti-nociceptive activity in
animal models (Koster et al. 1959) where acetic acid was
introduced by i.p. injection to produce abdominal writhing. It
has also been used and accepted as a visceral pain model,
involving the release of several mediators such as prosta-
glandins E2 and F2 (Elisabetsky et al. 1995; Berkenkopf and
Weichman 1988), histamine, bradykinin, 5-HT (Deraedt et al.
1976; Guo et al. 2008) and interleukins 1 and 8 (Ribeiro et
al. 2000). A large range of substances, such as NSAIDs,
anticholinergics, narcotics and anti-histamines, among
others, are able to inhibit abdominal writhing in response
to acetic acid, by different mechanisms (Collier et al. 1968;
Stepanovic-Petrovic et al. 2008; Zanboori et al. 2008).

Based on these facts, the reduction in abdominal
writhings in (−)-α-bisabolol-treated mice probably was
due to peripheral mechanisms, and the results of the
formalin test support this hypothesis. The formalin test in
mice is a model of persistent pain produced by the
intraplantar injection of a formalin solution. This method
can be divided into two phases: The first is observed during
the 5 min after application of the stimulus. In this phase, the
mice show nociceptive behaviour as evidenced by licking
of the injected paw. The nociception in this phase (0–5 min)
is result of direct chemical stimulation of nociceptive
afferent myelinated and non-myelinated fibres, mainly C-
fibres, which can be suppressed by opioid drugs such as
morphine (Hunskaar et al. 1985). The second phase starts
about 15 min after the injection of formalin and has distinct
characteristics from the first phase. Hunskaar et al. (1985)
observed that drugs such as morphine, codeine and
orphenadrine, i.e. centrally acting drugs, shorten the paw-
licking time of the mice in response to formalin in both the
first and second phases of the test. Otherwise, indomethacin

and naproxen, examples of NSAIDs, only decreased
nociception in the second phase of the test, 15–20 min
after the intraplantar injection of formalin. The first phase
of the test is characterised by direct action on nociceptors
and the activation of C-fibres and is called the neurogenic
phase, while the second phase is called the inflammatory
phase; this phase involves the release of local mediators and
is sensitive to peripherally acting drugs such as NSAIDs
(Hunskaar et al. 1985; Malmberg and Yaksh 1992).

The results of the first phase of the formalin test corroborate
with the findings in the hot-plate test and suggest that (−)-α-
bisabolol has no central anti-nociceptive action. Our results
from the second phase of the formalin test, in which the tested
compound proved highly effective in reducing nociception in
comparison with the control (vehicle), strongly suggest that
(−)-α-bisabolol has anti-nociceptive activity, influencing the
action of inflammatory mediators involved in the second
phase of the formalin test such as histamine, serotonin,
prostaglandins and bradykinin.

Carrageenan induces a mechanical hypernociception
state by stimulation of release of TNF-α, Il-6/Il-1 and
cytokine-induced neutrophil chemoattractant-1 responsible
for stimulating the synthesis of prostaglandins (Cunha et al.
1991; Cunha et al. 1992; Lorenzetti et al. 2002). (−)-α-
Bisabolol was also able to decrease the mechanical
inflammatory hypernociception induced by carrageenan,
which supports the idea that (−)-α-bisabolol-induced anti-
nociception occurs by interaction with an inflammatory
cascade of cytokines or other mediators.

In the acute inflammatory process, there are two main
changes: cellular and vascular events. The infiltration of
leukocytes is one of the histological features of inflammation
and is one cellular event; however, the increase in vascular
permeability with exudation or transudation is a vascular
event (Graeme et al. 1977a, b; Kumar et al. 2007a, b).

In this work, we evaluated the effect of (−)-α-bisabolol at
doses of 100 and 200 mg/kg in the inflammatory model of
carrageenan-induced peritonitis, a procedure that causes
leukocyte migration to the peritoneal cavity of rats. In this
study, pre-treatment with (−)-α-bisabolol at both doses
decreased leukocyte migration, protein concentration and
MPO activity in the peritoneal fluid of the rats with peritonitis.
The lower protein content in these rats demonstrates the ability
of (−)-α-bisabolol to decrease vascular permeability and also
supports the results obtained in the oedema models. The
reduction in MPO activity in the peritoneal cavity followed
the pattern of neutrophil migration, showing that (−)-α-
bisabolol blocks neutrophil migration to the peritoneal cavity,
as MPO is a marker of the presence of neutrophils. Similar
results were obtained in this experiment using a reference
drug, dexamethasone (5 mg/kg, p.o.).

TNF-α is a pro-inflammatory cytokine secreted mainly by
activatedmacrophages and has a key role in several conditions

Fig. 4 Effect of (−)-α-bisabolol (BIS) in neutrophil degranulation,
measured in function of MPO released after stimulation by PMA.
Results are presented as mean ± SEM. BIS 25, BIS 50 and BIS
100 μg/mL showed significant differences *p<0.05 vs. vehicle
(DMSO) (ANOVA and Student–Newman–Keuls post hoc test)
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such as inflammation, immunomodulation, cytotoxicity and
apoptosis (Aggarwal and Natarajan 1996; Taylor et al. 2004).
This cytokine is recognised as a chemoattractant and is
closely associated with the neutrophil migration process
(Crosara et al. 1995). In this study, we showed the ability of
(−)-α-bisabolol to decrease TNF-α in the peritoneal fluid of
rats with carrageenan-induced peritonitis. TNF-α is one of
the agents initially released in response to carrageenan and is
a cytokine marker of acute inflammation. Thus, the observed
results corroborate our oedema measurements and leukocyte
counts, clarifying, at least in part, the mechanism of the anti-
inflammatory activity of (−)-α-bisabolol.

Carrageenan evokes an increase in TNF-α in the paw of
mice that peaks at 1 h after application (Cunha et al. 2005),
and the mechanical inflammatory hypernociception event is
associated with neutrophil migration to the site of inflam-
mation (Cunha et al. 2008). (−)-α-Bisabolol was able to
decrease both TNF-α and leukocyte migration to the
peritoneal cavity as well as the hypernociception induced
by carrageenan, suggesting that the anti-nociceptive and
anti-inflammatory activities of this drugs may be associated
with a decrease of TNF-α and leukocyte migration.

MPO, an enzyme present in the azurophilic granules of
neutrophils, catalyses the formation of hypochlorous acid
from hydrogen peroxide in the presence of chloride ions
(Brown and Ganey 1995; Hampton et al. 1998). MPO is
released from neutrophils in response to agents capable of
activating them, e.g. PMA and formyl peptides such as f-Met-
Leu-Phe (Brown and Ganey 1995). In our work, we detected
the capacity of (−)-α-bisabolol to block the release of MPO in
response to PMA, a phorbol ester that causes stimulation of
neutrophils by direct activation of protein kinase C (Tauber et
al. 1989), which shows that (−)-α-bisabolol is able to decrease
neutrophil stimulation/degranulation induced by PMA.

The main goal of this work was to demonstrate the anti-
inflammatory and anti-nociceptive properties of (−)-α-
bisabolol, a substance largely utilised in the cosmetic industry
that, unlike traditional NSAIDs, was described as a gastric
mucosal protector (Rocha et al. 2009). In conclusion, (−)-α-
bisabolol was shown to be a peripheral anti-nociceptive and
anti-inflammatory drug. These activities may be due to the
ability of (−)-α-bisabolol to decrease TNF-α, although a
wide range of inflammatory mediators may be the target of
(−)-α-bisabolol action. Furthermore, inhibition of activation
and migration of polymorphonuclear neutrophils implicated
in the inflammatory process may also play a role in its
biologic activities.
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