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ABSTRACT The aim of this study was to evaluate the in vitro anti-inflammatory and
utero-relaxant effect of a-bisabolol on the pregnant human myometrium. Samples
from the pregnant human myometrium were used in functional tests to evaluate the
inhibitory effect of a-bisabolol (560, 860, 1,200 and 1,860 uM) on spontaneous myo-
metrial contractions. The intracellular cyclic adenosine monophosphate (cAMP) levels
generated in response to a-bisabolol in human myometrial homogenates were mea-
sured by ELISA. The anti-inflammatory effect of a-bisabolol was determined through
the measurement of two pro-inflammatory cytokines, tumor necrosis factor-o. (TNFa)
and interleukin (IL)-1B, and the anti-inflammatory cytokine IL-10, in pregnant human
myometrial explants stimulated with lipopolysaccharide (LPS). Forskolin was used as
a positive control to evaluate the cAMP and cytokine levels. a-Bisabolol was found to
induce a significant inhibition of spontaneous myometrial contractions at the high-
est concentration level (p<0.05). a-Bisabolol caused a concentration-dependent de-
crease in myometrial CAMP levels (p<0.05) and a concentration-dependent decrease
in LPS-induced TNFa and IL-1B production, while IL-10 production did not increase
significantly (p>0.05). The anti-inflammatory and utero-relaxant effects induced by
a-bisabolol were not associated with an increase in cAMP levels in pregnant human
myometrial samples. These properties place a-bisabolol as a potentially safe and
effective adjuvant agent in cases of preterm birth, an area of pharmacological treat-
ment that requires urgent improvement.

INTRODUCTION

Currently, there is growing interest in the potential for inflam-
mation to play an adverse role in preterm birth and fetal health [1].
Pathological processes that have been linked with preterm birth
infection and intrauterine inflammation are most frequently
found to be associated with the induction of labor [2]. During
the inflammation associated with infection, prostaglandins are
simultaneously released with Nitric oxide, and their overproduc-

tion could be detrimental [2]. The secretion of inflammatory
cytokines by fetal and maternal tissues, such as interleukin 1§
(IL-1B) and tumor necrosis factor o, (TNF-a), are associated with
the release of prostaglandins, which promote uterine contrac-
tions, thus contributing to embryonic and fetal expulsion [3].
Some mechanisms involved in uterine relaxation are associated
with the production of some second messengers, such as cyclic
adenosine monophosphate (cAMP), which actives the cAMP-
dependent protein kinase A (PKA). PKA is responsible for the
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phosphorylation and inhibition of key proteins involved in uter-
ine contractions [3]. Currently, tocolytic drugs, such as nitric ox-
ide donors, calcium channel blockers, oxytocin receptor blockers,
beta-adrenoceptor agonists and cyclo-oxygenase inhibitors [4],
are used for the treatment of preterm birth as a first-line therapy
[2,4]. These drugs have a different mechanism of action, such as
reducing the numbers of some inflammatory mediators, inhibit-
ing calcium channels, and increasing the intracellular concentra-
tions of cCAMP through the activation of adenylyl cyclase (AC) [4].
Moreover, they are widely used for tocolysis, despite the fact that
their use has not been approved by pharmaceutical agencies or
ones from the United States, and that their use has been strongly
associated with several serious adverse effects in both mother and
fetus [5,6]. Due to the growing importance of the discovery and
development of new drugs for the pharmacological treatment of
preterm birth associated with inflammation and infection, it is
necessary to identify new molecular targets involved in uterine
contractions and inflammation [3,7]. (-)-o-Bisabolol (IUPAC
name: (2R)-6-methyl-2-[(1R)-4-methylcyclohex-3-en-1-yl] hept-5-
en-2-ol) is an unsaturated, optically active sesquiterpene alcohol
obtained by the direct distillation of essential oil from plants,
such as Vanillosmopsis erythropappa and Matricaria chamomilla
and has been associated with anti-inflammatory and antibacte-
rial properties, and is thought to be beneficial for skin-care [8,9].
Some researchers have suggested that the anti-inflammatory
effect of a-bisabolol might be linked to the inhibition of some
proteins, such as inducible nitric oxide synthase (iNOS), cyclo-
oxygenase-2 (COX-2) and the transcription factors NF-kB, ERK
and p38 [10]. Recently, new findings have shown that o-bisabolol
is involved in the inhibition of the cAMP response element (CRE)
by reducing intracellular cAMP levels in melanocyte cells [11];
however, it has also been demonstrated that q-bisabolol could act
as an inhibitor of voltage-dependent calcium channels by pro-
moting the inhibition of smooth muscle contractions in isolated
rat arteries, as reported by [12]. To date, no studies have been
conducted on the relaxing, immunomodulatory and anti-inflam-
matory properties of o-bisabolol in the pregnant human uterus.
In order to corroborate such properties, this study first carried
out research on the relaxing effect of o-bisabolol on spontaneous
contractions in the pregnant human myometrium. It then as-
sessed its immunomodulatory and anti-inflammatory effect on
the production of pro- and anti-inflammatory cytokines induced
by lipopolysaccharides (LPS) in the pregnant human myome-
trium, an effect which has not been previously reported. There-
fore, the aim of the present study was to evaluate and corroborate
the relaxant and anti-inflammatory effects of a-bisabolol on the
pregnant human uterus.
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METHODS
Human myometrial samples

Nineteen biopsies of human myometrial tissue were obtained
at caesarian section in the last two weeks of pregnancy (39-40
weeks of gestation; n=19). None of the pregnant woman had been
administered a tocolytic drug prior to the caesarian. Myometrial
biopsies were excised from the longitudinal layer at the antipla-
cental site in the uterine body after the delivery of the child. The
tissues were placed immediately in cold physiological salt solu-
tion and the sample then transported to the laboratory and kept
refrigerated (4-8°C) for 24 h. The myometrial samples were dis-
sected free of serosa at a distance from any macroscopic abnor-
mality. Written informed consent was obtained from all donors.
The present study was approved by the Ethics Committee at the
Hospital General de los Servicios de Salud de Hidalgo (the Health
Services of Hidalgo General Hospital), Pachuca, Hidalgo, Mexico,
and was performed in accordance with the Declaration of Hel-
sinki.

Drugs and solutions

a-Bisabolol (anti-irritant and anti-inflammatory agent), for-
skolin (direct AC activator), Escherichia coli LPS (serotype
055:B5), and dimethyl sulfoxide (DMSO) were purchased from
Sigma-Aldrich (St. Louis, MO, USA). Antibiotics, penicillin-strep-
tomycin (10,000 U/ml), Dulbecco’s modified Eagle’s medium and
Dulbecco phosphate buffered saline (PBS 10x) were purchased in
Mexico from Gibco, ThermoFisher Scientific.

In vitro contractility studies

Isolated myometrial biopsies were placed in a Ringer’s physi-
ological solution (containing, in mM: NaCl 118, KCl 5, CaCl,
2, MgSO, 0.5, K,SO, 1, NaHCO; 25, glucose 10; pH 7.4) bath in
order to clean them of excess blood. Each myometrial sample was
cut into at least six strips (10x3 mm) and vertically mounted in
chambers containing 3 ml of Ringer solution. After mounting,
the Ringer solution was changed repeatedly until the basal ten-
sion record was equilibrated to 1 g. The tissues were maintained
in the Ringer solution bath at 37°C, with constant bubbling of 5%
CO, in O, before the contractility assays, which were undertaken
once the spontaneous contractions presented uniform functional
activity. The changes in the contractile activity of the isometric
tension were recorded using a Grass FT03 tension transducer
coupled to an RPS-312 RM model polygraph (Grass Telefactor,
RI, USA). The data were analyzed using PolyVIEW software,
version 2.5, while the uterine contractions (integral activity) were
measured using the area under the curve (AUC) defined by the
graphic isometric record over a 20 min period after stabilization.
The inhibitory effect of a-bisabolol on spontaneous uterine con-
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tractions was expressed as follows:
% Inhibition=100%—(AUCI/AUCi)x100

AUCr is the AUC which remains after the exposure of uterine
tissue to the drug, while AUCi is the AUC of the integral activity
prior to the addition of any compound. A period of 20 min, before
and after exposition to drugs, was considered sufficient to obtain
stable and representative biological activity. The utero-relaxant
effect was graphed in columns using the following concentrations
of a-bisabolol: 560, 860, 1,200 and 1,860 uM.

cAMP accumulation in the pregnant human
myometrium

The uterine tissue (approx. 20-30 mg) was washed four times
in PBS (1x) to remove excess blood and then incubated for 3 h
on 24 well plates, which contained 1 ml of Dulbecco’s serum-free
modified Eagle’s medium supplemented with 100 U/ml penicil-
lin and 100 pg/ml streptomycin (Sigma-Aldrich, St. Louis, MO,
USA) at 37°C in a humidified atmosphere with 5% CO,. After 3 h
of incubation, the culture medium was changed and the uterine
tissues incubated, first with a-bisabolol at increasing concentra-
tions of 560, 860 and 1,200 uM for 1 h, and then with forskolin
at a concentration of 10 uM for 30 min. The concentrations were
selected from a prior contractility study and the concentration
of forskolin was selected from a prior study [13]. All compounds
were dissolved in 10 pl of DMSO. After the stimulation, the sam-
ples were collected, frozen in liquid nitrogen and stored at -80°C,
until being used as reported [14]. Frozen tissue samples were
homogenized (20-30 mg/ml), with a biospec tissue-tearor labora-
tory homogenizer (BioSpec Products Inc., Bartlesville, OK, USA)
in ice-cold homogenization buffer (2 mM MgSO,, 2 mM EDTA,
1 mM B-mercaptoethanol, 100 mM Tris/HCI, 10% glycerol; pH
74), and then supplemented with a protease inhibitor cocktail [14].
The cAMP assay was performed following the instructions of the
direct cAMP ELISA Assay kit (Enzo Life Sciences, Inc., Exeter,
UK). cAMP concentrations were determined at 405 nm using a
Multiskan EX plate reader (Thermo Scientific, Vantaa, Finland)
and expressed as pg/ml.

Determination of the LPS-induced production of
TNF-q, IL-1B and IL-10 in human myometrial explants
induced by a-bisabolol

For cytokine measurement via enzyme-linked immunoassay
experiments, the pregnant human uterine explants were cut into
small ~20-30 mg pieces and washed 4 times with 1x PBS and
then placed in 24 well plates, which contained 1 ml of culture
medium per well (Dulbecco’s modified Eagle’s medium) supple-
mented with 100 U/ml penicillin and 100 ug/ml streptomycin.
The explants were incubated at 37°C in a 5% CO, humidified
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atmosphere for 3 h, with the samples then transferred to 24 new
well plates containing fresh culture medium. The uterine explants
were incubated with increasing concentrations of 560, 860 and
1,200 uM of a-bisabolol and 10 uM of forskolin, both with and
without 10 ug/ml of LPS for 24 h, as recommended [3]. All com-
pounds were dissolved in DMSO. Each experiment was carried
out in duplicate. After the incubation period, the supernatants
were collected and stored at —20°C, until used as reported [14].
The concentrations of TNF-q, IL-1B and IL-10 in the superna-
tants of undiluted culture medium were determined using human
TNF-q,, IL-1B and IL-10 ELISA kits (Novex Life Technologies,
Waltham, MA, USA), following the manufacturer’s directions,
with the samples read using a Multiskan EX plate reader. Cyto-
kine concentrations were expressed as pg/ml.

Statistical analysis

Data for the effect of the drugs of interest on spontaneous
uterine contractions were subjected to a concentration-response
column analysis performed using Sigma Plot version 10 software
(Systat Software Inc., San Jose, CA, USA) in order to obtain val-
ues for inhibitory concentration 50 (IC) (a drug concentration
that produces 50% of the maximum inhibitory effect), and E
maximum inhibitory response that can be produced by the high-
est concentration of the tested compound. Data are expressed as
the means+SEM taken from determinations for each concentra-
tion (n=5). The IC,, and E,,, differences among the compounds
were determined by a one-way ANOVA test followed by a post-
hoc Student-Newman-Keuls test using Sigma Stat software, ver-
sion 3.1 (Systat Software Inc., San Jose, CA, USA). In all cases,
p<0.05 was considered statistically significant.

‘max> a

RESULTS

a-Bisabolol inhibits spontaneous contractions of the
pregnant human myometrium

One of the aims of this research was to study the relaxation ef-
fects of a-bisabolol on spontaneous contractions of the pregnant
human myometrium. Fig. 1A shows five columns related to the
utero-relaxant effect induced by a-bisabolol in a concentration-
dependent manner, reaching a maximum inhibition of 92% (E,,,)
at the concentration of 1.86 mM, the highest concentration tested.
A statistically significant difference was found between the basal
value obtained from DMSO and the values for the increasing
concentrations of o-bisabolol, p<0.05. Fig. 1B shows a typical re-
cording of the inhibition of the spontaneous uterine contractions
of the pregnant human myometrium as induced by a—bisabolol.
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Fig. 1. Inhibitory effect of a-bisabolol on spontaneous contractions. (A) Graphic representation of the effect of increasing concentrations of
a-bisabolol on strips taken from the pregnant human myometrium. Each column represent the mean of the results of 5 experiments (n=5) conducted
on a-bisabolol and the control (DMSO), while the vertical bars indicate the standard error of the mean (£SEM). (B) Typical recording of spontaneous
uterine contractions inhibited by o-bisabolol in a concentration-dependent manner. Difference vs. basal; Difference vs. a-bisabolol 1,860 puM; *p<0.05.

100 ~

[cAMP] (pg/mL)

Fig. 2. Intracellular cAMP levels induced by a-bisabolol and for-
skolin in the pregnant human myometrium. The different cAMP-
levels induced both by a-bisabolol alone and combined with forskolin
(10 uM) were obtained at concentrations of 560, 860 and 1,200 pM.
Each column represents the mean of the results of 4 experiments (n=4)
conducted on a-bisabolol and forskolin, both alone and combined,
respectively. The vertical bars indicate the standard error of the mean
(+SEM). "Difference vs. Basal; *Difference vs. Forskolin (FSK); *Difference
vs. a-bisabolol 560+FSK, p<0.05.

a-Bisabolol decreases cAMP-levels in the pregnant
human myometrium

Forskolin, a well-known AC activator (10 uM), increased more
than twice the amount of cAMP in the pregnant human myo-
metrium, when compared to the basal amount (p<0.05), which
could not be modified by the vehicle DMSO used to dissolve the
compounds (Fig. 2). a-Bisabolol (560, 860, 1,200 uM) decreased
the basal and forskolin-induced myometrial cAMP levels in a
concentration-dependent manner (Fig. 2) (p<0.05).
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Fig. 3. Effects of a-bisabolol and forskolin on the secretion of TNFq
induced by LPS in the pregnant human myometrium. Explants
were cultured both with and without LPS (10 ug/ml), in the presence
of solely a-bisabolol at 560, 860 and 1,200 M, and combined with FSK
(10 uM) for 24 h. Control experiments, both basal and DMSO, were run
without the addition of LPS or any other compound. Each column rep-
resents the mean of the results of 4 experiments (n=4) conducted on
both compounds tested, while the vertical bars indicate the standard
error of the mean (+SEM). 'Difference vs. Basal; *Difference vs. LPS (10
ug/ml); *Difference vs. LPS+FSK, p<0.05.

Effects of a-bisabolol on the LPS-induced production
of TNF-q, IL-1B and IL-10 in human myometrial
explants

In order to determine the anti-inflammatory properties of
a-bisabolol, the preventive effect on the production and release of
the pro-inflammatory cytokines TNF-q, (Fig. 3) and IL-1f (Fig.
4) were evaluated in LPS-stimulated human myometrial explants.
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Fig. 4. Effects of a-bisabolol and forskolin on the secretion of IL-18
induced by LPS in the pregnant human myometrium. Explants were
cultured both without and with LPS (10 ug/ml) and in the presence of
solely a-bisabolol at 560, 860 and 1,200 uM and combined with FSK
(10 uM) for 24 h. Control experiments, both basal and DMSO, were run
without the addition of LPS, or any other compound. Each column rep-
resents the mean of the results of 4 experiments (n=4) conducted on
both compounds tested, while the vertical bars indicate the standard
error of the mean (+SEM). "Difference vs. Basal; *Difference vs. LPS (10
ug/ml); SDifference vs. LPS+FSK, p<0.05.

LPS significantly increased the levels of both cytokines (Figs. 3
and 4) (p<0.05), while LPS-induced TNF-¢ and IL-1f levels were
significantly decreased by a.~bisabolol (560-1,200 uM). While the
combination of forskolin and LPS significantly increased both
pro-inflammatory cytokines, TNF-¢ and IL-1B (Figs. 3 and 4)
(p<0.05), when a-bisabolol (560-1,200 M) was combined with
LPS and forskolin, the TNF-q and IL-18 levels decreased in a sig-
nificant concentration-dependent manner (p<0.05).

In order to confirm the immunomodulatory properties of o—
bisabolol, the production of the anti-inflammatory cytokine IL-10
was assessed (Fig. 5). While DMSO and LPS did not significantly
elevate IL-10 concentrations (p>0.05), the combination of LPS
with a-bisabolol (860 uM) showed a slight increase in IL-10 levels
(p<0.05). Both forskolin used alone and the LPS-forskolin combi-
nation induced a significant increase in the concentration of IL-
10 compared with the basal control (p<0.05). On the other hand,
the combination of a—-bisabolol (860 uM) with LPS and forskolin
significantly decreased the concentration of IL-10 in contrast with
the combination of LPS and forskolin (p<0.05).

DISCUSSION

Preterm birth, defined as a delivery occurring between 20 and
37 weeks of gestation, is a worldwide epidemic. The incidence of
preterm birth is approximately of 15 million per year [15]. This
condition is an important contributor to perinatal mortality and
morbidity and an economic burden on society [16]. It is now clear
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Fig. 5. Effects of a-bisabolol and forskolin on the secretion of IL-
10 induced by LPS in the pregnant human myometrium. Explants
were cultured both with and without LPS (10 ug/ml) and in presence of
solely a-bisabolol using the concentration of 860 uM both on its own
and combined with FSK (10 uM) for 24 h. Control experiments, both
basal and DMSO, were run without the addition of LPS or any other
compound. Each column represents the mean of the results of 4 experi-
ments (n=4) conducted on both compounds tested, while the vertical
bars indicate the standard error of the mean (+SEM). Difference vs.
Basal; *Difference vs. LPS (10 ug/ml); °Difference vs. LPS+FSK, p<0.05.

that the causes of preterm labor are multifactorial; however, the
most important common pathways leading to premature birth
are systemic maternal genital tract infections, currently consid-
ered the main etiology. The use of tocolytic drugs is the main
option for the treatment of preterm birth. Unfortunately, as their
use has been frequently associated with low efficacy and adverse
reactions [4-6], the development of new drugs for the treatment
of premature birth is an area of growing interest. Therefore, new
drugs or herbal extracts are being used in preterm birth mod-
els both in vitro and in vivo in order to explore their possible
therapeutic benefits. Recently, some herbal extract compounds,
such as the terpene and flavonoid classes, have been linked to
properties with a relaxing effect on uterine smooth muscle [17].
a-Bisabolol is a natural unsaturated monocyclic sesquiterpene
alcohol obtained mainly from Matricaria recutita and Myoporum
crassifolium [8,9]. In this study, a-bisabolol was able to induce a
significant utero-relaxant effect on the spontaneous contractions
of strips isolated from the pregnant human myometrium. To date,
this constitutes the first report on the ability of q.-bisabolol to in-
hibit the spontaneous contractions of the pregnant human uterus.
Such a property might be related to the blockade of calcium chan-
nels. The myometrium consists mainly of uterine smooth muscle
cells, also called uterine myocytes, whose main function is to
induce spontaneous uterine contractions [18]. In fact, the special-
ized smooth muscle cells that regulate the spontaneous electrical
behavior of the uterus during the pregnancy are known as pace-
maker cells [19]. Myometrial smooth muscle cells predominantly

Korean J Physiol Pharmacol 2018;22(4):391-398
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possess L-type calcium channels on the cell surface [20], which
regulate the transport of calcium from the extracellular space into
the intracellular compartment [20,21]. It has been reported that
a-bisabolol is able to inhibit the smooth muscle contractions of
tracheal rings isolated from porcine coronary and splenic arteries,
with such effects linked to the inhibition of voltage-dependent
calcium channels [9,22]. These data are consistent with the results
obtained by this research, which show that q-bisabolol can in-
hibit spontaneous contractions in the pregnant human uterus, an
effect which could also be related to the blockade of the calcium
channels, as reported in the studies mentioned above. Further
studies are required to evaluate, in detail, the o-bisabolol mecha-
nism of action involved in the blockade of voltage-gated calcium
channels in the uterine smooth muscle.

cAMP is the most common endogenous second messenger
that plays a key role in the regulation of several biologic responses
in humans, such as the inflammation of immune cells [3,23].
Many cell-surface receptors are coupled to a signal-transducing G
protein. Usually, ligand binding to these receptors activates their
associated G protein, which then activates an effector enzyme,
which, in turn, generates an intracellular second messenger, such
as CAMP [24]. cAMP acts directly on three main targets: protein
kinase A (PKA); the exchange protein activated by cAMP (Epac);
and, cyclic nucleotide-gated ion channels (CNGC) [23,24]. PKA
modulates, via phosphorylation, a number of cellular substrates,
including transcription factors, ion channels, transporters, ex-
changers, and intracellular calcium-handling proteins, as well as
the contractile machinery [23-25]. In order to confirm whether
the utero-relaxant effect induced by a-bisabolol was caused by
intracellular cAMP levels, this research measured the production
of cAMP in the pregnant human myometrium in the presence of
a-bisabolol, using the specific AC activator forskolin as a positive
control [26]. In this study, o-bisabolol alone decreased the basal
and forskolin-induced cAMP production in a concentration-
dependent manner (p<0.05) (Fig. 2). These data suggest that the
utero-relaxant effect induced by a-bisabolol on spontaneous
contractions in the pregnant human myometrium was not as-
sociated with the cAMP production. However, further studies are
required to determine how q-bisabolol induces the inhibition of
the uterine contraction.

Inflammation is a bodily response to harmful stimuli such
as infection and injury [27]. Some infectious agents from
pathogenic bacteria can stimulate the release of proinflamma-
tory mediators, such as prostaglandins, TNF-q and IL-1p, and
finally promote inflammation and immunological responses
[28]. LPS, a component of the outer membrane of gram-negative
bacteria, can induce an overproduction of various inflamma-
tory molecules, such as TNF-q, IL-1B and IL-6. LPS is a strong
inducer of immune responses in premature human parturition
[3,28,29]. Some plant-derived immunomodulatory agents modify
inflammatory responses by inducing an anti-inflammatory mi-
croenvironment through the release of immunosuppressive and
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anti-inflammatory cytokines, such as IL-10, IL-4 and others.
Moreover, their potential inhibitory effects on the production of
proinflammatory cytokines have been studied in in vitro models,
such as LPS-stimulated rat kupffer cells, murine macrophages,
human monocytes and the pregnant human myometrium [14,30-
35]. Therefore, these cell and tissue culture systems are excellent
models for studying and identifying new immunomodulatory
and anti-inflammatory agents for the treatment of preterm birth
associated with infection [14,36]. The results of this study show
that o-bisabolol promotes an interesting anti-inflammatory ef-
fect on the pregnant human myometrium, an effect which was
associated with the inhibition of the production of TNF-¢ and
IL-1B, and with the increase of the anti-inflammatory cytokine
IL-10 (Figs. 3-5). Furthermore, the combination of forskolin and
a-bisabolol seems to enhance the inhibition of the production of
the proinflammatory cytokine. Interestingly, the combination
of a-bisabolol with forskolin and LPS decreased the levels of IL-
10 compared to forskolin alone, suggesting that o-bisabolol and
forskolin are likely to have different mechanisms of action. cAMP
acts mainly through the serine/threonine-specific protein kinase
A (PKA) in order to modulate, via phosphorylation, different
cellular substrates, including the nuclear transcription factor
known as the cAMP response element binding protein (CREB)
[23], which promotes the production of interleukin 10 (IL-10), a
well-known anti-inflammatory mediator [25]. The proposed sig-
naling pathways involved in proinflammatory cytokine produc-
tion occur via PKA/CREB and NF-«B inhibition, as reported in
melanocyte and mice [37,38]. Researchers have suggested that the
inactivation of the NF-xB transcription factor did not affect IL-10
production [33], instead increasing it, as the IL-10 transcription is
regulated by seven different transcription factors in macrophages
[34]. The proposed inactivation of the CREB transcription fac-
tor by a-bisabolol could lead to a decrease in intracellular cAMP
levels, which is a key process for the activation of CREB [38,39].
In summary, the inhibition of the cAMP/PKA/CREB signaling
pathway contributes to the deregulation of IL-10 production,
which has been shown to be a crucial process for the activation
of the gene transcription of inflammatory cytokines, such as
TNFa, IL-1B and IL-6 [40,41]. On the other hand, a-bisabolol, as
a calcium-channel blocker, could, consequently, affect the secre-
tion of inflammatory cytokines, such as TNF-¢ and IL-1p, as
has been reported in human neutrophils [42]. The results of this
study show that the immunomodulatory and anti-inflammatory
effects induced by a-bisabolol were consistent with other reports,
which demonstrated the ability of a-bisabolol to inhibit the re-
lease of the proinflammatory cytokines induced with LPS in mice
and human dendritic cells [43,44]. As proposed in other studies,
some molecules from herbal extracts, known as flavonoids and
terpenes, could exert their anti-inflammatory effects by deregu-
lating the expression of genes associated with inducible nitric
oxide synthase (iNOS) and cyclooxygenase-2 (COX-2). However,
it has also been suggested that the mechanism of action might
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be related to the inhibition of NF-kB signaling and the negative
regulation of the transcription of the ERK and p38 transcription
factors [10,43,44]. The exact mechanism of action of ¢-bisabolol
responsible for inhibiting the production of TNFq and IL-1B is
yet to be completely clarified [44]. In light of the possible side ef-
fects of o-bisabolol, some reports have shown this compound to
be non-toxic in both animal models and dermatological clinical
trials [45,46].
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