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ARTICLE INFO ABSTRACT

Keywords: Valencene (VLN) is a sesquiterpene found in juices and essential oils of citrus species such as Cyperus rotundus.
Val‘_ﬂ?ceﬂe Considering the evidence that this species has anti-inflammatory effects, the present study aims to evaluate the
Anti-inflammatory anti-inflammatory activity of VLN in vivo and in silico. Swiss mice (n = 6) were orally treated according to their

Acute inflammation

Granuloma treatment groups as follows: VLN (10, 100 or 300 mg/kg), negative control (0.9% saline), and positive controls

Mechanism of action (indomethacin 25 mg/kg or promethazine 6 mg/kg). The anti-inflammatory activity was evaluated in murine

Natural Product models of acute and chronic inflammation. The inhibition of acute inflammation was evaluated in models of paw

Bioactivity edema induced by different inflammatory agents (carrageenan, dextran, histamine, and arachidonic acid (AA))
and carrageenan-induced pleurisy and peritonitis. The modulation of chronic inflammation was evaluated in a
granuloma model induced cotton pellets implantation. The interaction with inflammatory targets was evaluated
in silico using molecular docking analysis. The administration of VLN to challenged mice significantly inhibited
paw edema formation with no significant difference between the administered doses. The compound also
reduced albumin extravasation, leukocyte recruitment, and the production of myeloperoxidase (MPO), IL-1p, and
TNF-a in both pleural and peritoneal lavages. According to the mathematical-statistical model observed in silico
analysis, this compound has favorable energy to interact with the cyclooxygenase enzyme (COX-2) and the
histamine 1 (H1) receptor. Finally, animals treated with the sesquiterpene showed a reduction in both granuloma
weight and concentration of total proteins in a chronic inflammation model. Given these findings, it is concluded
that NLV presents promising pharmacological activity in murine models of acute and chronic inflammation.

1. Introduction from the secondary metabolism of plants. This class of secondary me-
tabolites is composed of compounds classified as hemiterpenes (C5),
Terpenes are among the largest classes of natural compounds derived monoterpenes (C10), sesquiterpenes (C15), diterpenes (C20),
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sesterterpenes (C25), triterpenes (C30), and tetraterpenes (C40), ac-
cording to their number of isoprene units [1,2]. Terpenes are commonly
found in essential oils of aromatic plants, contributing to their biological
properties, pleasant smell, and spicy flavor, which stimulate their use in
the production of cosmetics, as well as food adjuvants.

The pharmacological properties of terpenes have been widely stud-
ied. It has been shown that due to their great structural diversity, ter-
penes present several biological activities, such as antiparasitic,
antimicrobial, antitumor, antioxidant, antinociceptive and anti-
inflammatory, encouraging the development of research with medici-
nal plants and isolated compounds for the development of new medi-
cines [3]. In this context, previous research has shown that
monoterpenes and sesquiterpenes have promising anti-inflammatory
effects that result from the inhibition of mechanisms crucially associ-
ated with the development and perpetuation of the inflammatory
response, including: production of inflammatory mediators (such as ei-
cosanoids, vasoactive amines, cytokines, and chemokines), recruitment
and activation of leukocytes to the inflammatory site, and activation of
signaling pathways associated with pattern recognition receptors
(PRRs), among others [4-7].

Valencene (VNL) is a sesquiterpene identified as major constituent of
Cyperus rotundus, a plant species with anti-inflammatory, anti-allergic,
antiviral, and antioxidant properties [8-12]. This compound has also
been identified in juices and essential oils of citrus fruits such as orange
and tangerine, potentially contributing to their medicinal properties
[13,14]. Previous studies have shown that the topical use of VLN has
antiseptic and anti-allergic properties associated with the reduction of
dermal inflammatory lesions, highlighting the potential of this com-
pound for the development of topical formulations [15,16].

Previous studies have shown that the biological activities (especially
the anti-inflammatory and healing activities) of Cyperus rotundus
essential oil, depend, at least partially, on the presence of aromatic
compounds such as VLN and nootkatone (NTK). NTK is a bicyclic enone
generated from the oxidation of VLN. This enone was found to inhibit
the activity of enzymes such as superoxide dismutase (SOD), glutathione
S-transferase (GST), cyclooxygenase 2 (COX-2), and nitric oxide syn-
thase (iNOS), in addition to inhibiting the production of cytokines and
chemokines, and therefore exerts promising anti-inflammatory effects
[17,18].

Our research group recently demonstrated that NTK had anti-
edematogenic effects and inhibited leukocyte recruitment through
mechanisms involving decreased vascular permeability and inhibition of
the production of MPO, IL-1p and TNF-a. Moreover, in silico analysis
suggested that this compound could interfere with COX-2 activity and
histamine H; receptor activation [19].

Therefore, considering the evidence that VLN may be an active
principle of anti-inflammatory and healing species, the present study
aims to evaluate the anti-inflammatory activity of this sesquiterpene in
murine models of acute and chronic inflammation, as well as simulate its
interaction with inflammatory targets in silico.

2. Materials and methods
2.1. Drugs and reagents

Valencene, all inflammatory agents (carrageenan, dextran, hista-
mine, and arachidonic acid (AA)), ELISA kits and o-opnisidine (myelo-
peroxidase assay) were acquired from Sigma-Aldrich (NewYork, NY,
USA); the kits for the quantification of albumin and total proteins were
provided by Labtest (Lagoa Santa, MG, Brazil); ketamine was acquired
from VETNIL (Sao Paulo, SP, Brazil), while xylazine was purchased from
CEVA (Sao Paulo, SP, Brazil).

2.2. Animals

Swiss mice (Mus musculus) of both sexes weighing between 20 g and
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30 g were randomly assigned into groups and kept in polypropylene
cages in a room at 22 + 3 °C, under a 12 h light/dark cycle, with free
access to water and food (Labina, Purina®’. The research was conducted
according to the guidelines for animal testing (Nih Guide for the Care
and Use of Laboratory Animals, Nih - National Institute of Health -USA,
1996; Federal Law No. 11,794/2008 and the National Council for
Control of Animal Experimentation (CONCEA)). The protocols used in
this study were approved by the review board of the animal experi-
mentation ethics committee (CEUA) of the Regional University of Cariri
(protocol number 100/2019.2).

2.3. Evaluation of anti-inflammatory activity

The effects of VLN on acute inflammation were evaluated using the
following experimental models in mice: carrageenan-induced perito-
nitis, carrageenan-induced pleurisy, and paw edema induced by carra-
geenan, dextran, histamine, or AA. In each protocol, the mice received a
single oral treatment 1 h before the challenge. These paw edema models
were used to evaluate the development of a local inflammatory
response, while the pleurisy and peritonitis models were used for the
analysis of systemic inflammatory parameters. In the chronic inflam-
mation protocol, the animals were treated daily for ten consecutive days,
after receiving surgically a persistent stimulus (cotton pellets). This
protocol induces the formation of granuloma, which has been widely
used as a model for the evaluation of new drug candidates for chronic
inflammation.

2.3.1. Assessment of the antiedematogenic activity

The animals (n = 6 per group) were randomly assigned into groups
and treated orally with VLN (10, 100, or 300 mg/Kg), vehicle (0.9%
saline, negative control) or control drugs (promethazine 10 mg/Kg or
indomethacin 25 mg/Kg) 1 h before the challenge. Each challenge was
performed though the injection of 20 pL of a 1% (w/v) solution con-
taining an inflammatory agent (carrageenan, dextran, histamine, or AA)
into the right hind paw. Equal volume of saline was administered into
the left hind paw. The volume of both paws was measured at different
time-points using a plethysmometer and the difference between the hind
and left paws was determined. The results were expressed as a per-
centage of edema, considering the value of the untreated challenged
group as 100% [20-22].

2.3.2. Carrageenan-induced peritonitis

The animals (n = 6) were treated orally with the vehicle or VLN (10
mg/Kg) 1 h before receiving an intraperitoneal injection (1 mL) of 1%
carrageenan (challenge). Four hours after the challenge, these animals
were euthanized by CO,, the peritoneal cavity was washed with 3 mL of
heparinized PBS (10 IU/mL), and the peritoneal lavage was collected for
the quantification of total leukocytes, MPO, and total proteins [20].
Total leukocyte counts were performed using an automatic counter
(SDH-20).

2.3.3. Carrageenan-induced pleurisy

The mice (n = 6) were pretreated orally as described previously and
1 h later, challenged through an intrathoracic injection of carrageenan
(1%, i.p., 0.25 mL). Four hours following the carrageenan injection, the
animals were anesthetized with ketamine (8 mg/kg) and xylazine (8
mg/kg) and euthanized by cervical displacement. The pleural cavity was
washed with 1 mL of saline (0.9% containing Ethylenediamine tetra
acetic acid - EDTA, Sigma, NY, USA). The pleural samples were centri-
fuged (5000 rpm, 5 min, at room temperature), and the supernatants
were stored at — 80 °C for further analysis. The precipitate was resus-
pended with 1 mL of PBS, and total leukocytes were counted under
optical microscopy after diluting pleural wash samples in Turk fluid (2%
acetic acid) [20].
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2.3.4. Quantification of MPO and total proteins

Samples of the peritoneal lavage were centrifuged at 6000 rpm for 2
min and the concentration of albumin in the supernatants was deter-
mined using a colorimetric test according to the manufacturer’s in-
structions (Labtest, Lagoa Santa, Brazil). In this method, the absorption
of bromocresol green, which specifically binds albumin, is proportional
to the concentration of protein in the sample. An increase in the albumin
levels was used as a parameter of protein extravasation due to increased
vascular permeability. The readings were performed using a spectro-
photometer with absorbance adjusted between 600 and 640 nm.

The concentrations of MPO in the supernatants of peritoneal lavages
were determined as follows: An aliquot of 40 pL of the peritoneal wash
was added to a test tube containing 1960 pL of the o-dianiside regent and
H20; in PBS (PH = 6.0). The readings were performed using a spec-
trophotometer at a 450 nm wavelength.

2.3.5. Cytokine quantification

The concentrations of TNF-a and IL-1p in the supernatants of pleural
lavages were analyzed using ELISA kits in accordance with the manu-
facturer’s instructions (Invitrogen®). The readings were performed at
450 nm using a microplate reader (ASYS®, NY, USA) and data were
obtained by interpolation from a standard curve and expressed in pg/
mL.

2.3.6. Cotton pellet-induced granuloma

After being anesthetized with ketamine (80 mg/kg) and xylazine (20
mg/kg), mice (n = 6) had four cotton pellets (0.01 g each) implanted in
the back through a small incision. Twenty-four hours later, the animals
were treated orally with vehicle or VLN (10 mg/Kg) for ten consecutive
days. On day 11th, the animals were euthanized, and the pellets, as well
as the surrounding tissue, were removed, dried at 37 °C for 24 h, and
weighed. The results were expressed as the difference between the final
weight and the initial weight [23].

For total protein quantification, the pellets were placed in test tubes
and homogenized with 1 mL of 0.9% saline solution. The concentration
of total proteins was determined using a colorimetric kit (Labtest, Lagoa
Santa, Brazil) based on the reaction of copper ions in alkaline medium,
creating a violet-colored complex whose absorbance is proportional to
the concentration of proteins in the sample. The readings were per-
formed at 550 nm using a spectrophotometer.

2.4. Insilico analysis of COX-2 inhibition and H; receptor antagonism

This study performed anchorage simulations for protein-ligands
complexes, obtained at the protein data bank (PDB, ID. 1PXX and
3RZE). The complex structure was adjusted using a protein preparation
tool provided by the Chimera package, the 3D ligand structures were
obtained using the Corina structure generator® 3D, and energy mini-
mization was achieved using the UCSF Chimera structure building
module. The binding region was defined by a 10 x 10 x 10 box adjusted
in the centroid of the co-crystallized ligand in the crystalline complex to
explore a larger region binding structure. The docking analysis was
performed using the UCSF Chimera and AutoDock Vina softwares, based
on the global optimizer of local search iterate. Proteins and ligands were
kept flexible during the coupling process. The selection of protein flex-
ible residues was based on the active site at 4.0 A of the co-crystallized
ligands. The most favorable binding free energy was represented by the
grouping of the RMSD positional results with no more than 1.0 A. The
final coupled complexes were analyzed using the Discovery Studio
viewer 3.1 [24].

2.5. Statistical analysis
Data were analyzed by One-way ANOVA followed by Tukey’s post

hoc test, or T test, using Graphpad prism software version 7.00
(GraphPad, San Diego, CA, USA, 2016). Values are expressed as means
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+ S.E.M. Statistical significance was considered when p < 0.05.
3. Results
3.1. VLN inhibits paw edema induced by different inflammatory agents

Fig. 1 shows the effects of VLN on the development of paw edema
induced by carrageenan (Fig. 1A-B) and dextran (Fig. 1C and D). The
treatment with VLN at 10, 100 or 300 mg/Kg significantly reduced
carrageenan-induced paw edema at all time points in comparison with
vehicle pretreatment (Fig. 1A). An analysis of the area under the curve
(Fig. 1B), showed that the animals treated with VLN at 300, 100 and 10
mg/kg presented reductions of 55.78%, 48.21% and 45.83%,
respectively.

A similar phenomenon was observed in dextran-induced paw edema.
As can be seen in Fig. 1C, the sesquiterpene significantly inhibited
(p < 0.0001) paw edema development during the peak of the response
induced by dextran (60-120 min after the challenge). AUC analysis
shows that VNL reduced edema formation by 37.0.5%, 21.17%, and
29.83% at doses of 300, 100, and 10 mg/Kg, respectively, demon-
strating antiedematogenic activity in this model.

To investigate potential mechanisms associated with VLN anti-
edematogenic activity, this study evaluated the effect of this sesquiter-
pene on the development of histamine or AA-induced paw edema, since
this vasoactive amine and AA metabolites, in particular PGE,, are
crucially involved in vascular and cellular changes associated with this
phenomenon. To continue our study, we chose the dose of 10 mg/Kg,
since it was the lowest dose tested and does not present significant dif-
ferences from the highest doses. The results show that the treatment
with VLN significantly reduced (p < 0.0001) the edema during the peak
of the action of histamine, as observed at 30 and 60 min after the
challenge, with an inhibition percentage of 52.87% and 47%, 37%,
respectively, compared to the untreated control (Fig. 2A). This phe-
nomenon corroborates the events observed in dextran-induced paw
edema.

The administration of arachidonic acid to untreated mice induced
the formation of edema, which reached its maximum effect in 15 and
30 min, decreasing after 45 min. The pretreatment with VLN reduced
significantly (p < 0.0001) in these time intervals and maintained the
inhibitory phenomenon until 60 min (p < 0.01). Considering the AUC, a
reduction of 41.1%, 51.1%, 47.3%, and 50.4% is observed for the times
of 15, 30, 45, and 60 min, respectively, in comparison with the un-
treated challenged mice (Fig. 2B).

3.2. VLN inhibits carrageenan-induced peritonitis

To assess the effects of VLN on acute inflammation at the systemic
level, we used a model of carrageenan-induced peritonitis. As shown in
Fig. 3, pretreatment with IND and VLN significantly reduced leukocyte
recruitment (48.9%; p < 0.01, Fig. 3A), as well as the concentrations of
MPO (66.9%; p < 0.001) and albumin (52%; p < 0.0001) in the peri-
toneal lavage of mice compared to the vehicle pretreatment.

3.3. VLN inhibits leukocyte recruitment and cytokine production in
carrageenan-induced pleurisy

In order to address potential mechanisms associated with the
vascular and cellular effects of VLN, we analyzed the production of TNF
and IL1-f in carrageenan-induced pleurisy (Fig. 4). The administration
of VLN (10 mg/kg) to carrageenan-challenged mice inhibited the
recruitment of leukocytes (p < 0,01, Fig. 4A), and deceased the con-
centrations of IL1-p (p < 0,05, Fig. 4B) and TNF-a (P < 0001, Fig. 4C),
corroborating the effects of VLN on acute inflammation.



L.B.R. Dantas et al.

Biomedicine & Pharmacotherapy 153 (2022) 113478

100+ 300-
80 -~ VEHICLE
= VLN 10mg/Kg 2004 48.1% 55.8%
g 60 -+ VLN 100mg/Kg o 45.9% R .
i - VLN 300mg/Kg 2 *
B 401 100-
R
20
0- 1 T
0 —+ y , : ; & & NG &
0 60 120 180 240 @0\' 6‘0"\ 6@ 6‘&
Time (min) ¥ ,500 @Q O
> > M
4\/ 4\/ B\
(a) (b)
1007 VEHICLE 300
VLN 10mg/Kg 20.3%
80- N 35%
VLN 100mg/Kg 200 32.9% .
g * -
g 60- VLN 300mg/Kg o —1-
: 2
3 a0 100-
B
20
0- 1 T
0 R © «© ©
I
¥ ,500 & o
Time (min) & \\\5\ ™
(o) (d)

Fig. 1. Time-point analysis of treatment with different VLN doses on paw edema formation induced by carrageenan (a) or dextran (c¢) (n = 6 animals per group).
These data are also represented as area under the curve (AUC) (b and d, respectively), showing the percent inhibition in relation to the untreated control.
a4 =p < 0.0001 vs. Vehicle and a2 = p < 0.01 vs. vehicle. Statistical significance was determined with two-way ANOVA followed by Tukey’s test.

3.4. Effects of VLN on cotton pellet-induced granuloma

Following the evaluation of the effects of VLN on acute inflamma-
tion, we investigated its effectiveness on granuloma formation, which is
widely used as a chronic inflammation model in pharmacology. The
administration of NTK (10 mg/Kg) significantly reduced both the
granuloma weight (p < 0.001, Fig. 7A) and the concentration of total
proteins (p < 0.01, Fig. 5B) in a magnitude of 21.1% and 32.15%,
respectively, compared to the untreated mice (Fig. 7B).

3.5. Insilico predictive interaction of VLN with COX-2 and H; receptor

The coupling protocols used in this study were validated by the
mean-square deviation (RMSD) resulting from the comparison of the X-
ray crystallography structures and the lower energy of the anchored
structure. The differences between the structures of natural and
anchored ligands were established at 0.80 Aand0.72 A (for COX-2 and
H1, respectively) demonstrating the accuracy of the coupling protocol.
The binding score energies indicate a favorable interaction with a value
range of — 8.6 kcal/mol for diclofenac and — 8.1 kcal/mol for VLN at
the COX-2 binding site (Fig. 5A). Regarding the binding site in H1, the
interaction energy with value of — 11 and — 8.0 kcal/mol for doxepin
and VLN, respectively (Fig. 6A). Figs. 5B and 6D show the conformation
of VLN and the control drugs (diclofenac and doxepin) with the best
binding energy at the COX-2 and H; receptor binding sites, respectively.

The interaction maps between the ligands and the amino acids at the
COX-2 binding site show two pockets of interaction. One of them has a

hydrophobic characteristic formed by similar residues between the two
interaction maps such as Tyr317, Gly495, Ser499, Leu321, Ala496,
Val318 and Leu500 (Figs. 5B and 5D). On the other hand, only diclo-
fenac formed hydrogen interactions with residues Ser-499 and Tyr-354
(Fig. 5C). There are 14 similar anchor residues responsible for stabilizing
the COX-2/VLN complex through van der Waals, Alkyl and Alkyl-r in-
teractions (Fig. 5E).

The present experimental findings demonstrate the involvement of
eicosanoids and histamine in VLN-mediated anti-inflammatory effects.
These findings suggest a potential interaction between VLN and the H1
receptor, due the existence of 10 similar anchor residues responsible for
stabilizing the H1/VLN receptor complex. According to the interaction
maps, such interaction occurs through Tyr108, Trp428, Phe432, Phe435
and Ala195 residues in both complexes (Figs. 6B and 6D) and is medi-
ated by van der Waals, Alkyl, and Alkyl-r interactions (Fig. 6E). On the
other hand, only doxepin showed Aspl07-mediated hydrogen in-
teractions (Fig. 6B). These findings suggest that alterations in the
pharmacophoric structure of VLN could improve its interaction with
others amino acids in the binding site.

The results demonstrated in the present research suggest that like
NTK, investigated in our recently published work, VLN could interfere
with inflammatory pathways stimulated by histamine and AA adminis-
tration. In addition, since NTK is formed from the oxidative metabolism
of VLN, it is hypothesized that the pharmacological properties of the
precursor are conserved during the plant metabolism.
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Fig. 2. The antiedematogenic action of VLN-mediated paw edema inhibition (n = 6 animals per group) induced by histamine (a) or arachidonic acid (b). The result is
expressed as a percentage of edema induced in relation to the untreated control. Statistical significance was determined with two-way ANOVA followed by Tukey’s

test. a4 = p < 0.0001 vs. vehicle and a2 = p < 0.01 vs. vehicle.

4. Discussion

The present study evaluated the pharmacological properties of VLN
in murine models of acute and chronic inflammation, demonstrating
that this sesquiterpene has promising anti-inflammatory effects through
the inhibition of edema formation, leukocyte recruitment and activa-
tion, and the production of inflammatory mediators. The results show
that VLN is an orally active substance at a dose of 10 mg/Kg, which
presented effects comparable to those observed with the administration
of a dose up to 30-fold higher.

The antiedematogenic activity observed in a model of paw edema
induced by carrageenan and dextran suggest a possible action of VLN in
inflammatory pathways mediated by vasoactive amines and AA me-
tabolites, since these mediators play crucial roles in the development of
acute inflammation events [25,26]. To confirm our hypothesis, we
induced paw edema through the administration of histamine and AA.
Histamine is a major mediator in immediate reactions, stimulating the
development of inflammatory edema via its Hjreceptor [27]. On the
other hand, AA-derived mediators such as PGE; and LTB4 contribute
significantly to a series of events that result in edema formation,
hyperalgesia, and leukocyte recruitment [28,29]. The inhibitory effects
demonstrated by VLN in these two models support the evidence of a
possible interference of this sesquiterpene in the above-described in-
flammatory pathways. These results are corroborated by the in-silico
data demonstrating a favorable interaction of VLN with both the hista-
mine H; receptor and the COX-2 enzyme, indicating that the sesquiter-
pene could inhibit both the activation of H; receptors (acting as an
antagonist) and the synthesis of prostaglandins (via COX-2 inhibition).

Previous research has identified similar mechanism of action for
other sesquiterpenes [30,31]. An in vitro assay indicated that the

anti-inflammatory effects of carvacrol result from COX-2 inhibition
[32]; Tintino et al., 2018, demonstrated that f-caryophyllene presents
antiedematogenic effects that are associated with the modulation of
signaling pathways activated by histamine and AA [33]; NTK, which is
metabolically related to VLN, was found to modulate neuro-
inflammation via inhibition of COX-2 activity [18]. The active site of
COX-2 has a lipophilic interaction pocket that is important for the action
of inhibitors, which favors the interaction of compounds with hydro-
phobic or aromatic groups, such as terpenes [34,35]. Similar in-
teractions are also observed in VLN and doxepin interaction maps
presented in this study, allowing us to raise the hypothesis that the VLN
interferes simultaneously with the two pharmacological targets (H; and
COX-2).

Earlier reports demonstrated that essential oils of species such as
Hyptis martiusii [36] and Croton rhamnifolioides [37] have
anti-inflammatory activities that, at least partially, dependent on H;
receptor inhibition. Studies with terpenoid compounds isolated as
safranal have shown that this compound possibly acts as a competitive
antagonist of histamine H1 receptors [38]. The terpenoid pulegone
showed an anti-histaminic effect that were comparable to those of
mepyramine and dexchlorpheniramine [39]. Studies with isopulegone
[40] and,8-cineole [41] indicated that these compounds can interfere
with the biosynthesis of eicosanoid and the action of histamine.

Lin and colleagues [16] The sesquiterpenes VLN, NTK, and car-
yophyllene oxide-oxide inhibited the production of leukotrienes by
RBL-2H3 cells, indicating inhibition of AA metabolism, possibly through
a direct action on 5-lipoxygenase. The inhibitory effect of VLN on edema
formation, leukocyte recruitment, and MPO production in the peritonitis
model reinforces its action on eicosanoid production and histamine
signaling since these mediators have a key role in increasing vascular
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Fig. 3. The effects of VLN on carrageenan-induced peritonitis (n = 6 animals per group). a) The number of total leukocytes; b) concentrations of myeloperoxidase
(MPO), and c¢) concentrations of albumin in the peritoneal fluid of mice. a4 = p < 0.0001 vs. vehicle; a3 = p < 0.001 vs. vehicle and a2 = p < 0,01 vs. vehicle.

Statistical significance was determined with T test.

permeability and migration of leukocytes from the activation of adhe-
sion molecules in both leukocytes and the endothelium [42]. This hy-
pothesis is strengthened by evidence demonstrating that pretreatment
with VLN inhibited the expression/production of I-CAM induced by
TNF-a and interferon-gamma (IFN-y) [43].

The inhibition of IL-1p and TNF-a production in a pleurisy model
indicates an important mechanism by which VLN inhibits acute in-
flammatory responses. These cytokines are produced especially by
activated macrophages and resident cells and activate signaling path-
ways in a wide variety of cells, with repercussions for increased vascular
permeability, leukocyte migration, and many other inflammatory events
[44].In addition, evidence demonstrates that these cytokines can induce
the expression of COX-2 [45], providing a link between the results

obtained in the pleurisy assay and the other events observed in the acute
inflammatory response.

Yang and collaborators (2016) used a dermatitis model to investigate
the anti-allergic effects of VNL. The topical administration of this com-
pound significantly was found to decrease the secretion of IgE in the
serum, as well as inhibited the production of a variety of proin-
flammatory cytokines, including IL-1f, IL-6, and IL-13 in local skin le-
sions and spleen tissue. The authors also confirmed that VNL
significantly decreased synthesis and expression of chemokines associ-
ated with dermatitis in keratinocyte lineage cells (HaCaT) stimulated
with TNF-a and IFN-y [43].

Following the characterization of VLN in acute inflammation, we
attempted to evaluate its effects using a chronic model. Our results
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Fig. 4. The effects of VLN on carrageenan-induced pleurisy (n = 6 animals per group). a) The number of total leukocytes; b) concentrations of Interleukin (IL)— 1,
and c) concentrations of Tumor Necrosis Factor (TNF)-a in the pleural lavages of mice. A3 = p < 0.001 vs. vehicle; a2 = p < 0.01 vs. vehicle and al = p < 0.05 vs.

vehicle. Statistical significance was determined with T test.

demonstrated that VLN treatment was effective in inhibiting granuloma
formation. Marques and collaborators (2019) demonstrated that this
compound inhibited the production of IL-1p, TNF-a and nitric oxide
(NO) by RAW 264.7 macrophages, without affecting cell viability [6].
The same study showed that the compound inhibited the activation and
migration of macrophages associated with the proliferative response in a
granuloma model, corroborating the data of the present study. Accord-
ingly, Yang and collaborators demonstrated that VLN inhibited the
expression of the mRNA of IL-1p and IL-6 RAW 264.7 cells [43]. Addi-
tionally, Tsoyi et al. (2011) reported that the species Cyperus rotundus
and its constituents VLN and NTK increased the expression of heme
oxygenase-1 (HO-1) in addition to inhibiting iNOS expression and NO
production, increasing the survival of septic mice [15], highlighting the
therapeutic potential of VNL in chronic diseases in which the activation
of macrophages plays an important pathophysiological role.

5. Conclusions

The results of the present study demonstrated that VLN has anti-
inflammatory activity in a murine model of acute inflammation that is
characterized by the inhibition of both edema formation and leukocyte
migration and activation. These effects result, at least partially, from the
inhibition of the production of MPO, IL-1f, and TNF-a. In addition, in
silico analysis indicates the inhibition of COX-2 activity and histamine
H1 receptor antagonism as potential mechanisms by which VLN mod-
ulates acute inflammation. The anti-inflammatory properties of VLN
were preserved in a granuloma model, indicating a possible anti-
proliferative effect. Nevertheless, the effects of this compound on

chronic inflammation remain to be better understood and new assays
using binding titration experiments and determination of the Kd value
are necessary to establish the involvement of H; receptor and COX-2 as
part of the anti-inflammatory mechanism by valencene. In conclusion,
VLN inhibited acute and chronic inflammatory responses in mice,
indicating that this sesquiterpene has therapeutic potential for the
treatment of inflammatory diseases.

Funding

This research was supported by Basic Science Research Program
through the National Research Foundation of Korea (NRF) funded by the
Ministry of Education (NRF2020R111A2066868), the National Research
Foundation of Korea (NRF) grant funded by the Korean government
(MSIT) (No. 2020R1A5A2019413).

CRediT authorship contribution statement

L.B.R.D. and I.R.A.d.M.: Conceptualization. I.S.A., T.M.D.: Meth-
odology. J.R.F.: Software. A.O.B.P.B.M. and F.R.S.P.: Validation. M.R.
C.d.O.: Formal analysis. C.P.S.Jr.: Investigation. B.K.: Resources. N.C.
M. and J.R.G.S.d.A.: Writing — original draft. L.R.A.d.M. and L.J.Q.Jr.:
Supervision. I.R.A.d.M., H.D.M.C. and B.K.: Project administration. B.
K.: Funding acquisition. All authors have read and agreed to the pub-
lished version of the manuscript.



L.B.R. Dantas et al.

Biomedicine & Pharmacotherapy 153 (2022) 113478

SER
TYR. A322 el
A:324
LEU
VAL A:321 GLY
ARG A:492 A:495 LEU
A:89 A:353
ALA
A:496 TRP
ass A:356
VAL
A:318 h
TYR . - A:350
@msa 7
LEU :
3 VAL
A:500 @ navs
Interactions
[ Alkyl PHE
[IPi-Alkyl A:174
[ van der Waals
B Conventional Hydrogen Bond
[]carbon Hydrogen Bond
(b) (©)
TYR
A:317
LEU
ALA 321 CLY
LEU A:496 &Y =
S SER A:356
A:499
TYR
A:354
PHE
A:487
SER PHE
A:322 VAL A:350
A:318 VAL
LEU A:492
Interactions A:353 AM_4EJ:|
[ van der Waals h
I Akyl
[IPi-Alkyl

@)

(d)
Fig. 5. Superimposition of poses of best energy of VLN (blue color) and diclofenac into the COX-2 enzyme binding site (a), Interactions of docked ligand diclofenac
into binding site (b), Interaction map of amino acids in the binding pocket of COX-2 enzyme with diclofenac (c), Interactions of valencene into binding site (d) and

Interaction map of the binding pocket of COX-2 enzyme with valencene (e).



L.B.R. Dantas et al.

(d)

R PRO202

PHES24

Biomedicine & Pharmacotherapy 153 (2022) 113478

THR ASN THR
LS A:198  A:112 ILE
TRP A:115
A:158 PHE TRP
ALA A3z A428
A:195 . PHE
A=199
PHE
A:424
TYR
, A:108
PHE TYR "~ ASP
A:435 A:431 A:107 ILE
Interactions A:454
[lvan der Waals
[ Salt Bridge TYR
[__Icarbon Hydrogen Bond A:458
WPi-sigma LYS
WNIPI-PI T Shaped A:179
[ IPi-Alkyl
(©
SER
A:111
ILE
A:asa (AsP. TYR
A:107 A:108
TYR TRP
i3 A:428
LYS ALA
A79  po PHE  pHE  (A:195
A:435  p.432
teractions  A:1031 - fLYS
[ van der Waals A:191

0 Alkyt
CPi-Alkyl

(e)

Fig. 6. Superimposition of poses of best energy of VLN (blue color) and doxepin into the binding pocket of the H1 receptor (a) 3D structure of the doxepin binding
site,), Interaction map of amino acids in the binding pocket of the H; receptor and doxepin (c), (d) 3D structure of valencene binding site, Interaction map of binding

pocket of the H; receptor and valencene (e).



L.B.R. Dantas et al.

*
0.40- I
@ 0.354
< e
5] e
= 0.30- Catataagatataty
0.25 T T
VEHICLE VLN 10mg/Kg

(a)

Biomedicine & Pharmacotherapy 153 (2022) 113478

*

61 |
)
K
o
o 47
£
S %
(]
S
Q. 24
[
(]
-

0 T T

VEHICLE VLN 10mg/Kg

(b)

Fig. 7. The effects of VLN treatment on cotton pellet-induced granuloma in mice (n = 6 animals per group). a) Final weight of the granuloma. b) Protein con-
centration in the homogenates. a3 = p < 0.001 vs. vehicle and a2 = p < 0.01 vs. vehicle. Statistical significance was determined with T test.

Conflict of interest statement

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Data availability
Data will be made available on request.
Acknowledgments

The authors would like to thank the financial support provided by
Coordination for the Improvement of Higher Education Personnel -
Brazil (CAPES), Cearense Foundation to Support Scientific and Tech-
nological Development (FUNCAP) - finance code BPI, National Council
for Scientific and Technological Development (CNPq) - finance code
304291/2017-0, and Financier of Studies and Projects - Brasil (FINEP).
This article is a contribution of the National Institute of Science and
Technology - Ethnobiology, Bioprospecting and Nature Conservation/
CNPq/FACEPE.

Institutional Review Board Statement

The animal study protocol was conducted according to the guidelines
for animal testing (Nih Guide for the Care and Use of Laboratory Ani-
mals, Nih - National Institute of Health -USA, 1996; Federal Law No.
11,794/2008 and the National Council for Control of Animal Experi-
mentation (CONCEA)). The protocols used in this study were approved
by the review board for animal experimentation (CEUA) of the Regional
University of Cariri, (protocol number 100/2019.2).

Informed Consent Statement

Not applicable.

Data availability
Not applicable.

References

[1] E. Breitmaier, Terpenes: Flavors, Fragrances, Pharmaca, Pheromones, Jonh Wiley
& Sons, 2006.

[2] M.T. de Santana Souza, J.R.G. Almeida, S. da, A.A. de Souza Araujo, M.C. Duarte,
D.P. Gelain, J.C.F. Moreira, M.R.V. dos Santos, L.J. Quintans-Junior, Structure-

10

[4]

[5]

(6]

71

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

activity relationship of terpenes with anti-inflammatory profile - a systematic
review, Basic Clin. Pharmacol. Toxicol. 115 (2014) 244-256, https://doi.org/
10.1111/bept.12221.

C.M.O. Simoes, E.P. Schenkel, J.C.P. de Mello, L.A. Mentz, P.R. Petrovick,
Farmacognosia: Do Produto Natural Ao Medicamento; Artmed Editora, 2016; ISBN
8582713657.

S.C. Lee, S.Y. Wang, C.C. Li, C.T. Liu, Anti-inflammatory effect of cinnamaldehyde
and linalool from the leaf essential oil of cinnamomum Osmophloeum Kanehira in
endotoxin-induced mice, J. Food Drug Anal. 26 (2018) 211-220, https://doi.org/
10.1016/j.jfda.2017.03.006.

A.G.B. Ramos, I.R.A. De Menezes, M.S.A. Da Silva, R.T. Pessoa, L.J. De Lacerda
Neto, F.R.S. Passos, H.D.M. Coutinho, M. Iriti, L.J. Quintans, Antiedematogenic and
anti-inflammatory activity of the monoterpene isopulegol and its p-cyclodextrin
(B-CD) inclusion complex in animal inflammation models, Foods (2020), https://
doi.org/10.3390/foods9050630.

F.M. Marques, M.M. Figueira, E.F.P. Schmitt, T.P. Kondratyuk, D.C. Endringer,

R. Scherer, M. Fronza, In vitro anti-inflammatory activity of terpenes via
suppression of superoxide and nitric oxide generation and the NF-KB signalling
pathway, Inflammopharmacology 27 (2019) 281-289.

M.M. de Christo Scherer, F.M. Marques, M.M. Figueira, M.C.O. Peisino, E.F.

P. Schmitt, T.P. Kondratyuk, D.C. Endringer, R. Scherer, M. Fronza, Wound healing
activity of terpinolene and a-phellandrene by attenuating inflammation and
oxidative stress in vitro, J. Tissue Viability 28 (2019) 94-99, https://doi.org/
10.1016/j.jtv.2019.02.003.

D. Thomas, S. Govindhan, E.C. Baiju, G. Padmavathi, A.B. Kunnumakkara,

J. Padikkala, L. Cyperus rotundus, Prevents non-steroidal anti-inflammatory drug-
induced gastric mucosal damage by inhibiting oxidative stress, J. Basic Clin.
Physiol. Pharmacol. 26 (2015) 485-490, https://doi.org/10.1515/jbcpp-2014-
0093.

L. Kakarla, S.B. Katragadda, A.K. Tiwari, K.S. Kotamraju, K. Madhusudana, A.

D. Kumar, M. Botlagunta, Free radical scavenging, a-glucosidase inhibitory and
anti-inflammatory constituents from Indian Sedges, Cyperus Scariosus R.Br and
Cyperus rotundus L, Pharmacogn. Mag. 12 (2016) S488-5496, https://doi.org/
10.4103/0973-1296.191467.

J.H. Jin, D.U. Lee, Y.S. Kim, H.P. Kim, Anti-allergic activity of sesquiterpenes from
the rhizomes of Cyperus rotundus, Arch. Pharmacol. Res. 34 (2011) 223-228,
https://doi.org/10.1007/512272-011-0207-z.

M.M. Soltan, A.K. Zaki, Antiviral screening of forty-two Egyptian medicinal plants,
J. Ethnopharmacol. 126 (2009) 102-107, https://doi.org/10.1016/j.
jep.2009.08.001.

A. Kamala, S.K. Middha, C. Gopinath, H.S. Sindhura, C. Karigar, In vitro
antioxidant potentials of Cyperus rotundus L. rhizome extracts and their
phytochemical analysis, Pharmacogn. Mag. 14 (2018) 261-267, https://doi.org/
10.4103/pm.pm_228_17.

Q. Yu, M. Huang, H. Jia, Y. Yu, A. Plotto, E.A. Baldwin, J. Bai, N. Wang, F.

G. Gmitter, Deficiency of valencene in Mandarin hybrids is associated with a
deletion in the promoter region of the valencene synthase gene, BMC Plant Biol. 19
(2019) 101, https://doi.org/10.1186/s12870-019-1701-6.

H. Chen, C. Zhu, M. Zhu, J. Xiong, H. Ma, M. Zhuo, S. Li, High production of
valencene in Saccharomyces cerevisiae through metabolic engineering, Microb.
Cell Factor. 18 (2019) 195, https://doi.org/10.1186/512934-019-1246-2.

K. Tsoyi, H.J. Jang, Y.S. Lee, Y.M. Kim, H.J. Kim, H.G. Seo, J.H. Lee, J.H. Kwak, D.-
U. Lee, K.C. Chang, -Nootkatone and (+)-valencene from rhizomes of Cyperus
rotundus increase survival rates in septic mice due to heme oxygenase-1 induction,
J. Ethnopharmacol. 137 (2011) 1311-1317.

J.H. Jin, D.U. Lee, Y.S. Kim, H.P. Kim, Anti-allergic activity of sesquiterpenes from
the rhizomes of Cyperus rotundus, Arch. Pharmacol. Res. 34 (2011) 223-228,
https://doi.org/10.1007/s12272-011-0207-z.


http://refhub.elsevier.com/S0753-3322(22)00867-8/sbref1
http://refhub.elsevier.com/S0753-3322(22)00867-8/sbref1
https://doi.org/10.1111/bcpt.12221
https://doi.org/10.1111/bcpt.12221
https://doi.org/10.1016/j.jfda.2017.03.006
https://doi.org/10.1016/j.jfda.2017.03.006
https://doi.org/10.3390/foods9050630
https://doi.org/10.3390/foods9050630
http://refhub.elsevier.com/S0753-3322(22)00867-8/sbref5
http://refhub.elsevier.com/S0753-3322(22)00867-8/sbref5
http://refhub.elsevier.com/S0753-3322(22)00867-8/sbref5
http://refhub.elsevier.com/S0753-3322(22)00867-8/sbref5
https://doi.org/10.1016/j.jtv.2019.02.003
https://doi.org/10.1016/j.jtv.2019.02.003
https://doi.org/10.1515/jbcpp-2014-0093
https://doi.org/10.1515/jbcpp-2014-0093
https://doi.org/10.4103/0973-1296.191467
https://doi.org/10.4103/0973-1296.191467
https://doi.org/10.1007/s12272-011-0207-z
https://doi.org/10.1016/j.jep.2009.08.001
https://doi.org/10.1016/j.jep.2009.08.001
https://doi.org/10.4103/pm.pm_228_17
https://doi.org/10.4103/pm.pm_228_17
https://doi.org/10.1186/s12870-019-1701-6
https://doi.org/10.1186/s12934-019-1246-2
http://refhub.elsevier.com/S0753-3322(22)00867-8/sbref14
http://refhub.elsevier.com/S0753-3322(22)00867-8/sbref14
http://refhub.elsevier.com/S0753-3322(22)00867-8/sbref14
http://refhub.elsevier.com/S0753-3322(22)00867-8/sbref14
https://doi.org/10.1007/s12272-011-0207-z

L.B.R. Dantas et al.

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]
[31]

[32]

H.-J. Choi, J.-H. Lee, Y.-S. Jung, (+)-Nootkatone inhibits tumor necrosis factor
a/interferon y-induced production of chemokines in HaCaT cells, Biochem.
Biophys. Res. Commun. 447 (2014) 278-284.

Y. Qi, X. Cheng, H. Jing, T. Yan, F. Xiao, B. Wu, K. Bi, Y. Jia, Combination of
schisandrin and nootkatone exerts neuroprotective effect in Alzheimer’s disease
mice model, Metab. Brain Dis. 34 (2019) 1689-1703, https://doi.org/10.1007/
$11011-019-00475-4.

L.B.R. Dantas, A.L.M. Silva, C.P. da Silva, 1.S. Alcantara, M.R.C. de Oliveira, A.O.B.
P.B. Martins, J. Ribeiro-Filho, H.D.M. Coutinho, F.R.S. Passos, L.J. Quintans, et al.,
Nootkatone inhibits acute and chronic inflammatory responses in mice, Molecules
(2020), https://doi.org/10.3390/molecules25092181.

A.J. Lapa, C. Souccar, M.T.R. Lima-Landman, M.A.S.C.-E. de P, U. Métodos de
Avaliagao Da Atividade Farmacoldgica de Plantas Medicinais. 5a. Setor de
Produtos Naturais, Departamento de Farmacologia, UNIFESP/EPM 2008.

M. Fereidoni, A. Ahmadiani, S. Semnanian, M. Javan, An accurate and simple
method for measurement of paw edema, J. Pharmacol. Toxicol. Methods 43 (2000)
11-14, https://doi.org/10.1016/51056-8719(00)00089-7.

F.L Eze, P.F. Uzor, P. Ikechukwu, B.C. Obi, P.O. Osadebe, In vitro and in vivo
models for anti-inflammation: an evaluative review, INNOSC Thera Pharmacol.
Sci. 2 (2019) 3-15, https://doi.org/10.36922/itps.v2i2.775.

K.G. Lalitha, M.G. Sethuraman, Anti-Inflammatory activity of roots of Ecbolium
Viride (Forsk) Merrill, J. Ethnopharmacol. 128 (2010) 248-250.

D.S. Biovia, H.M. Berman, J. Westbrook, Z.F.-T.J. of C. 2000, U. Dassault Systemes
BIOVIA, Discovery Studio Visualizer, v. 17.2, San Diego: Dassault Systemes, 2016.
2016.

V.D. Prajapati, P.M. Maheriya, G.K. Jani, H.K. Solanki, Carrageenan: a natural
seaweed polysaccharide and its applications, Carbohydr. Polym. 105 (2014)
97-112, https://doi.org/10.1016/j.carbpol.2014.01.067.

1. Posadas, M. Bucci, F. Roviezzo, A. Rossi, L. Parente, L. Sautebin, G. Cirino,
Carrageenan-induced mouse paw oedema is biphasic, age-weight dependent and
displays differential nitric oxide cyclooxygenase-2 expression, Br. J. Pharmacol.
142 (2004) 331-338, https://doi.org/10.1038/sj.bjp.0705650.

J. Ribeiro-Filho, F.C. Leite, H.F. Costa, A.S. Calheiros, R.C. Torres, C.T. De Azevedo,
M.A. Martins, C. Da Silva Dias, P.T. Bozza, M.R. Piuvezam, Curine inhibits mast
cell-dependent responses in mice, J. Ethnopharmacol. 155 (2014) 1118-1124,
https://doi.org/10.1016/j.jep.2014.06.041.

J. Ribeiro-Filho, F. Carvalho Leite, A. Surrage Calheiros, A. de Brito Carneiro,

J. Alves Azeredo, E. Fernandes de Assis, C. da Silva Dias, M. Regina Piuvezam, P. T.
Bozza, Curine inhibits macrophage activation and neutrophil recruitment in a
mouse model of lipopolysaccharide-induced inflammation, Toxins 11 (2019) 705,
https://doi.org/10.3390/toxins11120705.

F.C. Leite, J. Ribeiro-Filho, H.F. Costa, P.R.R. Salgado, A.S. Calheiros, A.

B. Carneiro, R.N. De Almeida, C.D.S. Dias, P.T. Bozza, M.R. Piuvezam, Curine, an
alkaloid isolated from chondrodendron platyphyllum inhibits prostaglandin E2 in
experimental models of inflammation and pain, Planta Med. 80 (2014) 1072-1078,
https://doi.org/10.1055/5-0034-1382997.

S. Jachak, Cyclooxygenase inhibitory natural products: current status, Curr. Med.
Chem. (2006), https://doi.org/10.2174/092986706776055698.

E. De Cassia Da Silveira, R. Sa, L.N. Andrade, D.P. De Sousa, A review on anti-
inflammatory activity of monoterpenes, Molecules 18 (2013) 1227-1254.

P. Landa, L. Kokoska, M. Pribylova, T. Vanek, P. Marsik, In vitro anti-inflammatory
activity of carvacrol: inhibitory effect on COX-2 catalyzed prostaglandin E2

11

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]
[42]

[43]

[44]

[45]

Biomedicine & Pharmacotherapy 153 (2022) 113478

biosynthesisb, Arch. Pharmacol. Res. (2009), https://doi.org/10.1007/s12272-
009-1120-6.

C.D. Oliveira-Tintino, M. de, R.T. Pessoa, M.N.M. Fernandes, 1.S. Alcantara, B.A.
F. da Silva, M.R.C. de Oliveira, A.O.B.P.B. Martins, M. da Silva, S. do, S.R. Tintino,
F.F.G. Rodrigues, et al., Anti-inflammatory and anti-edematogenic action of the
croton Campestris A. St.-Hil (Euphorbiaceae) essential oil and the compound
B-caryophyllene in in vivo models, Phytomedicine 41 (2018) 82-95, https://doi.
org/10.1016/j.phymed.2018.02.004.

G. Dannhardt, S. Laufer, Structural approaches to explain the selectivity of COX-2
inhibitors: is there a common pharmacophore, Curr. Med. Chem. (2012), https://
doi.org/10.2174/0929867003374237.

C. Michaux, X. de Leval, F. Julémont, J.M. Dogné, B. Pirotte, F. Durant, Structure-
based pharmacophore of COX-2 selective inhibitors and identification of original
lead compounds from 3D database searching method, Eur. J. Med. Chem. (2006),
https://doi.org/10.1016/j.ejmech.2006.07.017.

G.F.R. Caldas, A.R. Da Silva Oliveira, A.V. Aratjo, D.C.A. Quixabeira, J. Da Costa
Silva-Neto, J.H. Costa-Silva, LR.A. De Menezes, F. Ferreira, A.C.L. Leite, J.G.M. Da
Costa, et al., Gastroprotective and ulcer healing effects of essential oil of Hyptis
Martiusiibenth. (Lamiaceae), PLoS One (2014), https://doi.org/10.1371/journal.
pone.0084400.

A.0.B.P.B.A.O.B.P.B. Martins, L.B.L.B. Rodrigues, F.R.A.S.F.R.A.S. Cesério, M.R.C.
M.R.C. de Oliveira, C.D.M.C.D.M. Tintino, F.F. e F.F.E. Castro, 1.S.1.S. Alcantara, M.
N.M.M.N.M. Fernandes, T.R.T.R. de Albuquerque, M.S.A.M.S.A. da Silva, et al.,
Anti-edematogenic and anti-inflammatory activity of the essential oil from Croton
Rhamnifolioides leaves and its major constituent 1,8-cineole (Eucalyptol), Biomed.
Pharmacother. 96 (2017) 384-395, https://doi.org/10.1016/j.
biopha.2017.10.005.

R. Rezaee, H. Hosseinzadeh, Safranal: from an aromatic natural product to a
rewarding pharmacological agent, Iran. J. Basic Med. Sci. (2013).

A.V.O. de Urbina, M.L. Martin, M.J. Montero, R. Carron, M.A. Sevilla, L. San
Roman, Antihistaminic activity of pulegone on the guinea-pig ileum, J. Pharm.
Pharmacol. (1990), https://doi.org/10.1111/j.2042-7158.1990.tb05414.x.

A.G.B. Ramos, I.R.A. De Menezes, M.S.A. Da Silva, R.T. Pessoa, L.J. De Lacerda
Neto, F.R.S. Passos, H.D.M. Coutinho, M. Iriti, L.J. Quintans, Antiedematogenic
and anti-inflammatory activity of the monoterpene isopulegol and its
p-cyclodextrin (B-CD) inclusion complex in animal inflammation models, Foods
(2020), https://doi.org/10.3390/foods9050630.

A.M. Beer, P. Sagorchev, J. Uzunova, J. Lukanov, Effects of 1.8-Cineol (Eucalyptol)
on the activity of histamine hl receptors, SciFed J. Plant Physiol. (2017).

W.A. Muller, Mechanisms of transendothelial migration of leukocytes, Circ. Res.
105 (2009) 223-230.

1.J. Yang, D.-U. Lee, H.M. Shin, Inhibitory effect of valencene on the development
of atopic dermatitis-like skin lesions in NC/Nga mice, Evid. Based Complement.
Altern. Med. 2016 (2016).

K. FM, W. J, G.-T. J, N. KC, R. J, How adhesion molecule patterns change while
neutrophils traffic through the lung during inflammation, Mediat. Inflamm. 2009
(2019), https://doi.org/10.1155/2019/1208086.

J. Alcides Almeida de Arruda, L. Pereira Silva, amella Recco Alvares, J. Alcides
Almeida de Arruda, L. Ver, onica Oliveira Silva, L. Pereira da Silva, G. Jo,

ao Ferreira do Nascimento, M. Maria Fonseca da Silveira, et al.,
Immunohistochemical Analysis of Cyclooxygenase-2 and Tumor Necrosis Factor
Alpha in Periapical Lesions, Elsevier, 2018, https://doi.org/10.1016/j.
joen.2018.09.002.


http://refhub.elsevier.com/S0753-3322(22)00867-8/sbref16
http://refhub.elsevier.com/S0753-3322(22)00867-8/sbref16
http://refhub.elsevier.com/S0753-3322(22)00867-8/sbref16
https://doi.org/10.1007/s11011-019-00475-4
https://doi.org/10.1007/s11011-019-00475-4
https://doi.org/10.3390/molecules25092181
https://doi.org/10.1016/S1056-8719(00)00089-7
https://doi.org/10.36922/itps.v2i2.775
http://refhub.elsevier.com/S0753-3322(22)00867-8/sbref21
http://refhub.elsevier.com/S0753-3322(22)00867-8/sbref21
https://doi.org/10.1016/j.carbpol.2014.01.067
https://doi.org/10.1038/sj.bjp.0705650
https://doi.org/10.1016/j.jep.2014.06.041
https://doi.org/10.3390/toxins11120705
https://doi.org/10.1055/s-0034-1382997
https://doi.org/10.2174/092986706776055698
http://refhub.elsevier.com/S0753-3322(22)00867-8/sbref28
http://refhub.elsevier.com/S0753-3322(22)00867-8/sbref28
https://doi.org/10.1007/s12272-009-1120-6
https://doi.org/10.1007/s12272-009-1120-6
https://doi.org/10.1016/j.phymed.2018.02.004
https://doi.org/10.1016/j.phymed.2018.02.004
https://doi.org/10.2174/0929867003374237
https://doi.org/10.2174/0929867003374237
https://doi.org/10.1016/j.ejmech.2006.07.017
https://doi.org/10.1371/journal.pone.0084400
https://doi.org/10.1371/journal.pone.0084400
https://doi.org/10.1016/j.biopha.2017.10.005
https://doi.org/10.1016/j.biopha.2017.10.005
http://refhub.elsevier.com/S0753-3322(22)00867-8/sbref35
http://refhub.elsevier.com/S0753-3322(22)00867-8/sbref35
https://doi.org/10.1111/j.2042-7158.1990.tb05414.x
https://doi.org/10.3390/foods9050630
http://refhub.elsevier.com/S0753-3322(22)00867-8/sbref38
http://refhub.elsevier.com/S0753-3322(22)00867-8/sbref38
http://refhub.elsevier.com/S0753-3322(22)00867-8/sbref39
http://refhub.elsevier.com/S0753-3322(22)00867-8/sbref39
http://refhub.elsevier.com/S0753-3322(22)00867-8/sbref40
http://refhub.elsevier.com/S0753-3322(22)00867-8/sbref40
http://refhub.elsevier.com/S0753-3322(22)00867-8/sbref40
https://doi.org/10.1155/2019/1208086
https://doi.org/10.1016/j.joen.2018.09.002
https://doi.org/10.1016/j.joen.2018.09.002

	In vivo and in silico anti-inflammatory properties of the sesquiterpene valencene
	1 Introduction
	2 Materials and methods
	2.1 Drugs and reagents
	2.2 Animals
	2.3 Evaluation of anti-inflammatory activity
	2.3.1 Assessment of the antiedematogenic activity
	2.3.2 Carrageenan-induced peritonitis
	2.3.3 Carrageenan-induced pleurisy
	2.3.4 Quantification of MPO and total proteins
	2.3.5 Cytokine quantification
	2.3.6 Cotton pellet-induced granuloma

	2.4 In silico analysis of COX-2 inhibition and H1 receptor antagonism
	2.5 Statistical analysis

	3 Results
	3.1 VLN inhibits paw edema induced by different inflammatory agents
	3.2 VLN inhibits carrageenan-induced peritonitis
	3.3 VLN inhibits leukocyte recruitment and cytokine production in carrageenan-induced pleurisy
	3.4 Effects of VLN on cotton pellet-induced granuloma
	3.5 In silico predictive interaction of VLN with COX-2 and H1 receptor

	4 Discussion
	5 Conclusions
	Funding
	CRediT authorship contribution statement
	Conflict of interest statement
	Data availability
	Acknowledgments
	Institutional Review Board Statement
	Informed Consent Statement
	Data availability
	References


