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Abstract

This work aimed to analyze the chemical composition and evaluate the anti-inflammatory
and antinociceptive properties of the essential oil obtained from the leaves of Lantana
montevidensis (OEFLM) in mice. The chemical composition of the OEFLM was analyzed
by GC-MS, and its effects on the central nervous system were determined by the open field
and rotarod tests. The antinociceptive and anti-inflammatory screenings were conducted
using the formalin test, as well as the acetic acid-induced abdominal contortion assay. The
antinociceptive activity was assessed by the tail-flick and hot plate tests. The systemic
anti-inflammatory activity was determined using models of paw edema induced by carra-
geenan, dextran, histamine, or arachidonic acid. The effects of the essential oil on vascular
permeability and granuloma formation were also investigated. The chemical composition
of the OEFLM revealed the presence of valencene (17.93%), bicyclogermacrene (16.35%),
trans-caryophyllene (12.84%) and germacrene D (12.18%). The administration of OEFLM
at the dose of 2000 mg/Kg caused no evident toxicity. While OEFLM (25, 50, 100, and
200 mg/kg) did not present significant anxiolytic-loke or sedative effects, it showed prom-
ising antinociceptive and anti-inflammatory activities. The results of this study indicate
that the OEFLM has analgesic and anti-inflammatory activities in animal models by inhib-
iting acute and chronic inflammation.

Keywords Essential oil - Lantana montevidensis - Anti-inflammatory activity -
Antinociceptive activity

P4 Henrique Douglas Melo Coutinho
hdmcoutinho@gmail.com

P4 Raffaele Capasso
rafcapas @unina.it

D4 Irwin Rose Alencar de Menezes
irwin.alencar @urca.br

Extended author information available on the last page of the article

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s10668-021-01281-8&domain=pdf

Biological activities of the essential oil from the leaves of... 14959

Abbreviations

AA Arachidonic acid

ANOVA  Analysis of variance

CEUA Commission of Ethics in Research in Animals
COX Cyclooxygenase

CNS Central nervous system

DZP Diazepam

GC-MS  Gas chromatography-mass spectrometry
HCDAL Herbarium Caririense Dardano de Andrade Lima
IL-1B Interleukin-1

IL-8 Interleukin-8

LOX Lipoxygenase LTB, leukotriene B4

MPO Myeloperoxidase

OECD Organization for Economic Cooperation and Development
OEFLM Essential oil of leaves of Lantana montevidensis

PAF Platelet activating factor

PBS Phosphate buffered saline

PGE, Prostaglandin E,

p-i. Per os (intraperitoneal administration)
p-o. Per os (oral administration)

TNF-a Tumor necrosis factors alpha

SEM Standard error of the mean

URCA Regional University of Cariri

1 Introduction

Inflammation is a protective response of the body against tissue injury, which aims to
remove the aggressor agent, initiating the tissue repair process (Netea et al. 2018; Pahwa
et al. 2020). Although the inflammatory response is an essential physiological mecha-
nism, the intense and continuous release of inflammatory mediators can significantly dam-
age tissues, causing pain and frequently evolving into a chronic process (Adedayo et al.
2019; Drexler et al. 2008). In this context, inflammatory pain is caused by the produc-
tion and secretion of mediators such as prostaglandins, pro-inflammatory cytokines, and
chemokines that activate nociceptors in the inflammatory site (Matsuda et al. 2019).

Nonsteroidal anti-inflammatory drugs (NSAIDs) are among the most commonly used
medications to treat inflammation and pain worldwide. However, especially in the long
term, these drugs can cause significant side effects, inducing damage to organs such as the
stomach, kidneys, bronchi, as well as to the cardiovascular system (Wongrakpanich et al.
2018; Zapata-Morales et al. 2016). Therefore, the search for new drugs with greater effi-
cacy and safety has been increasing, placing medicinal plants as important sources of bio-
active molecules (Olorukooba and Odoma, 2019).

Essential oils are plant-derived substances rich in secondary metabolites whose biologi-
cal activities have been consistently demonstrated (Bakkali et al. 2008; Ribeiro-Santos et al.
2017). The Verbenaceae is a family composed of 35 genera and about 1.200 species (Xu and
Chang, 2017), in which the production of biologically active essential oils is associated with
the presence of secret trichomes (Favorito 2009). The species Lantana montevidensis (Spreng)
Briq., popularly known as "chumbinho", is used in Brazilian folk medicine for the treatment
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of rheumatism, bronchitis, and gastric disorders (Nagao et al. 2002). Accordingly, previous
research has demonstrated that this species has biological activities such as antibacterial (Bar-
reto et al. 2010; Costa et al. 2011; De Sousa et al. 2013; Sousa e Costa, 2012), antiproliferative
(against adenocarcinoma, carcinoma, and melanoma) (Nagao et al. 2002), anti-inflammatory,
antinociceptive, antipyretic (Makboul et al. 2013), antioxidant (Barros et al. 2017; Makboul
et al. 2013; De Oliveira et al. 2019), insecticide (Weverton et al. 2019) and acaricide (De
Sousa et al. 2020). Nevertheless, the anti-inflammatory and antinociceptive effects of this spe-
cies remain to be better investigated.

Therefore, based on the traditional use of Lantana montevidensis, as well as the biological
activities already proven in the literature, the present study characterized for the first time, the
antinociceptive and anti-inflammatory effects of the essential oil obtained from the leaves of
Lantana montevidensis. Also, study highlights the importance of biological conservation, for
the use of natural products with pharmacological activity.

2 Materials and methods

2.1 Collection and extraction of the essential oil from leaves of Lantana
montevidensis (OEFLM)

The leaves of Lantana montevidensis were collected in the botanical garden of the Regional
University of Cariri-URCA (Brazil) with the coordinates 7°22" S; 39°28' W at 492 m above
the level of the sea. A voucher specimen was identified by prof. Dr*. Maria Arlene Pessoa da
Silva and registered in the Herbarium Caririense Dardano de Andrade Lima (HCDAL/(Bra-
zil), under number 12.790. The extraction of the essential oil was carried out using a Clev-
enger apparatus, obtaining a yield of 0.0582%.

2.2 Analysis of the chemical profile of the essential oil

The chemical analysis of the OEFLM was performed using a Shimadzu QP-2010 gas chro-
matograph connected to a mass spectrometer (GC—MS). The analyses were carried out in an
Agilent DB-5MS column (30 mx0.25 mmx0.25 pm) using helium (99.99%) as a carrier gas
at a constant flow of 1.1 ml.min~"; injection volume: 1.0 pL; 1:10 injector split ratio; injec-
tor temperature of 250 °C; electron impact mode at 70 eV; ion source temperature of 280 °C
and transfer line temperature 260 °C. The quantitative analysis was performed using the inter-
nal standard addition method (alkanes CgH,s—C,,Hjy,) injected under the same experimental
conditions as the samples. The identification of the constituents was performed by comparing
their retention indices (RI) values and their mass spectral fragmentation pattern with those
reported in the literature (Adams 2007) and equipment database (Wiley 7 lib and NIST 08
lib) using the Kovats index. The data were processed using the Shimadzu GC-MS Solution
software.
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2.3 Invivo tests
2.3.1 Chemical reagents and drugs

Arachidonic acid, histamine, carrageenan, dextran, Evans blue, indomethacin, morphine,
dexamethasone, acetic acid, and formalin were purchased from Sigma-Aldrich (St. Louis,
MO, USA); xylazine and ketamine were purchased from Ceva Santé Animale (Paulinia,
SP, Brazil). All solutions were prepared immediately before use and administered orally
(p.o.) or intraperitoneally (i.p.) according to the animal weight (0.01 mL/g body weight)
and specific experimental protocol. The negative control group received injectable water
(0.01 mL/g, p.o.), while the OEFLM was diluted in 5% Tween-80 aqueous solution.

2.3.2 Animals and ethical aspects of the study

For in vivo analysis, male and female Swiss mice (Mus musculus) weighing between 20
and 30 g were kept in polypropylene boxes at room temperature (23 +2 °C) with food
(Labina, Purina ®) and water ad libitum, under a light /dark cycle of 12 h. The Commis-
sion of Ethics in Research in Animals (CEUA/Brazil) of the Regional University of Cariri
approved all protocols described in this study (reference number 00029/2017.1).

2.3.3 Determination of non-clinical acute toxicity of the OEFLM.

The assessment of the acute toxicity was performed according to the guidelines of the
Organization for Economic Cooperation and Development (OECD) (Guideline 2001),
with adaptations, as well as according to the table of Malone e Robichaud (Malone and
Robichaud 1962). The animals were divided into two groups (n=3). The control group
received injectable water (Control; 0.01 mL/g, p.o.), and the OEFLM-treated group
received a single dose of 2000 mg/kg (p.o.). Following the treatments, the animals were
observed at 30, 60, 120, 180 and 360 min and every 24 h for 14 days.

2.3.4 Evaluation of the effects of the OEFLM on the central nervous system (CNS)

2.3.4.1 The open field test The animals (n=3/group) were treated with injectable water
(Control: 0.01 mL/g, p.o.) or OEFLM (2000 mg/Kg) or diazepam (DZP, 5 mg/Kg, i.p.).
The motor capacity of the animals was analyzed in a 30 cm side open field, with 9 squares
of 10 cm side, for 5 min, and the number of rearing (vertical holding), grooming (self-
cleaning), and crosses was determined (Lapa et al. 2003).

2.3.4.2 The rotarod test Mice were selected through sessions with 3 min of duration,
before treatment. Thus, those mice who remained during that period in the rotating bar were
chosen. Animals (n=3/group) were treated with injectable water (control: 0.01 mL/g; p.o.)
or OEFLM (2000 mg/kg; p.o) or diazepam (DZP; 5 mg/kg; i.p.) and then evaluated for both
number of falls and time of permanence in the rotating bar (Dunham and Miya 1957).

2.3.5 Evaluation of antinociceptive screening of OEFLM

2.3.5.1 Acetic acid-induced abdominal contortions Mice (n=6/group) were treated orally
with water (control: 0.01 mL/g) or OEFLM (25, 50, 100 or 200 mg/Kg) or indometha-
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cin (10 mg/Kg) 1 h before receiving an intraperitoneal injection of 0.6% acetic acid. After
administration of acetic acid, the number of abdominal contortions was recorded for each
animal over 30 min (Lapa et al. 2003).

2.3.5.2 The formalin test Mice (n=6/group) were treated orally with injectable water
(Control; 0.01 mL/g) or OEFLM (25,50, 100, 200 mg/Kg) or indomethacin (10 mg/Kg).
Following 1 h of the treatments, a 2.5% formalin solution (20 pl) was administered into the
intraplantar region via the right paw’s ventral surface. The nociceptive response (licking and/
or paw bite) was observed from 0 to 5 min (first Phase/Neurogenic Phase) and 15-30 min
(second Phase/Inflammatory Phase) after formalin injection (Tjglsen et al. 1992).

2.3.5.3 The tail-flick test Mice (n=6/group) were orally treated with water (0.01 mL/g,
control), morphine (5 mg/Kg) or OEFLM (25, 50, 100 or 200 mg/Kg). Each animal was
placed in a suitable container (acrylic tube, with ventilation), with the tail’s dorsal surface to
the thermal stimulus. The heating was applied to the distal third of the tail, which consisted
of focusing a light beam at 50 °C on these animals’ tails. The time (in seconds) to remove the
tail is considered the latency time, measured automatically by a recorder connected to the
apparatus. The latency time was measured before the treatments (baseline) and at the times
of 30, 60, 90, and 120 min after treatment (Lapa et al. 2003).

2.3.5.4 The hot plate test Mice (n=6/group) were pretreated with water (0.01 mL/g, p.o.),
morphine (5 mg/Kg, s.c.) or OEFLM (25, 50, 100 and 200 mg/Kg; p.o.). The nociceptive
response was evaluated by the latency time (s) until the animals licked the paw or jumped
from the hot plate. The readings were performed at the times of 30, 60, 90, 120, 180 min
after the corresponding treatment (Lapa et al. 2003).

2.3.6 Evaluation of acute anti-inflammatory activity of the OEFLM

The anti-inflammatory activity was analyzed using murine models of acute and chronic
inflammation. The essential oil activity in acute responses was evaluated through paw
edema models induced by different stimuli, including carrageenan, dextran, histamine, and
arachidonic acid. The vascular permeability of the animals was assessed by Evans blue
extravasation. The animals (n=6/group) were treated orally with water (0.01 mL/g), indo-
methacin (10 mg/Kg), promethazine (6 mg/Kg), dexamethasone (5 mg/Kg) or OEFLM
(25, 50, 100 or 200 mg/Kg). In the paw edema protocol, the animals had the initial volume
(Vi) of both paws measured by plethysmometry. Following the treatments and challenges,
the volumes were measured according to the time established in each protocol. The results
were expressed as a percentage of edema at each time using the following formula: (Vpd-
Vpe / Vpe) X 100, in which: Vpd = volume of the right paw; Vpe =volume of the left paw.

2.3.6.1 Carrageenan-induced paw edema Mice (n=6/group) had the initial volume of the
right and left hind paws evaluated by plethysmometry. Subsequently, the animals were pre-
treated orally with water (0.01 mL/g), indomethacin (10 mg/Kg) or OEFLM (25, 50,100 or
200 mg/Kg). After 1 h, the animals received an intraplantar injection of carrageenan (20 pl,
1% (w/v)) in the right paw and saline (20 pl) in the left paw. The volume of the hind paws
of each animal was recorded at times 1, 2, 3, 4 h after the application of carrageenan (Lapa
et al. 2003).
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2.3.6.2 Dextran-induced paw edema Mice (n=6/group) had the initial volume of the right
and left hind paws evaluated by plethysmometry. Subsequently, the animals were pretreated
orally with water (0.01 mL/g), promethazine (6 mg/kg) or OEFLM (25, 50, 100 or 200 mg/
kg). After 1 h, the animals received an intraplantar injection of dextran 1% (w/v) and saline
(20 pl) in the left paw. The volume of each animal’s hind paws was recorded at times 1, 2, 3,
4 h, after the administration of dextran (Lapa et al. 2003).

2.3.6.3 Histamine-induced paw edema Mice (n=6/group) had the initial volume of the
right and left hind paws evaluated by plethysmometry. Subsequently, the animals were pre-
treated orally with water (0.01 mL/g), promethazine (6 mg/Kg) or OEFLM (50 mg/Kg).
After 1 h, the animals received an intraplantar injection of 1% (w/v) histamine (20 pl/paw)
in the right hind paw and saline (20 pl) in the left paw. The hind paw volume of each animal
was recorded 30, 60, 90, and 120 min after the histamine challenge (Maling et al. 1974).

2.3.6.4 Arachidonic acid-induced paw edema Mice (n=6/group) had the initial volume of
the right and left hind paws evaluated by plethysmometry. Subsequently, the animals were
pretreated orally with water (0.01 mL/g), indomethacin (10 mg/Kg) or OEFLM (50 mg/
Kg). After 1 h, the animals received an intraplantar injection of 1% (w/v) arachidonic acid
(20 pl/ paw) in the right hind paw and saline (20 pl) in the left paw. Each animal’s hind paw
volume was recorded 15, 30, 45, and 60 min after the administration of arachidonic acid
(DiMartino et al. 1987).

2.3.6.5 Evaluation of vascular permeability by the Evans blue extravasation method Mice
(n==6/group) were orally treated with water (0.01 mL/g), indomethacin (10 mg/Kg) or
OEFLM (25, 50, 100 or 200 mg/Kg). A group of animals was neither treated nor challenged
(negative control). Immediately after treatments, the animals received an injection of Evans
blue (0.2 mL/ animal) in the retro-orbital plexus. After 1 h of the treatments, the animals
were intraperitoneally administered with 1% carrageenan. After 4 h, the animals were eutha-
nized, and the peritoneal cavities were washed with 3 mL of PBS buffer. The peritoneal fluid
was collected, the samples were centrifuged for 2 min at 6000 rpm, and the supernatants
were read using a spectrophotometer at 520 nm (Lapa et al. 2003).

2.3.6.6 Evaluation of the myeloperoxidase activity The myeloperoxidase activity (MPO)
was assessed using samples of the peritoneal fluid according to the technique described by
Bradley and Colleagues (Bradley et al. 1982), using a 0.0005% hydrogen peroxide solution
as the substrate for MPO. A MPO unit was defined as the amount capable of converting
1 pmol of hydrogen peroxide to water in 1 min at 22° C. The variation of the optical density
of the sample mixture with the o-dianisidine solution as a function of the reaction time was
read in a spectrophotometer at 600 nm. The results were expressed as UMPO/pl.

2.3.7 Evaluation of the OEFLM activity in a chronic inflammatory model

To investigate the effectiveness of the OEFLM in chronic inflammation, we used a murine
model of cotton pellet-induced granuloma. To this end, mice were anesthetized with xyla-
zine (20 mg/Kg) and ketamine (80 mg/Kg). Four cotton pellets weighing 10 mg (0.01 g)
were then introduced in the back of each animal. The animals were treated by an oral
administration of water (0.01 mL/g), dexamethasone (5 mg/Kg) or OEFLM (50 mg/Kg),
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daily until the 10th day. On the 11th day, the animals were euthanized, and the pellets were
removed from the dorsal region and placed in a drying oven for 24 h at 37° C and weighed.
Then, a homogenate was prepared, and total proteins were quantified by the biuret method.
In this method, the biuret reagent reacts with the proteins present in the sample generating
a purple coloration proportional to the protein concentration. After 10 min, the samples
were read using a spectrophotometer at 520 nm (Swingle and Shideman 1972).

2.4 Statistical analysis

All data were analyzed using the GraphPad Prism program (v. 6.0). The differences were
compared by ANOVA (one-way or two-way), followed by Tukey’s post hoc test. Differ-
ences with a value of p <0.05 were considered as significant (Fig. 1).

3 Results
3.1 Analysis of the chemical profile of the essential oil

The analysis of the chemical composition of the OEFLM revealed the presence of
valencene (17.93%), bicyclogermacrene (16.35%), trans-caryophyllene (12.84%), and
germacrene D (12.18%) as major constituents, in addition to several minor compounds,
as shown in Table 1. Figure 2 represents the chromatogram (CG-MS) of the essential oil
obtained from the leaves of Lantana montevidensis.

3.2 Non-clinical acute toxicity of the OEFLM

According to the parameters established by Malone; Robichaud, 1962, the animals treated
with OEFLM at the dose of 2000 mg/Kg showed no signs of toxicity. In addition, this
dose caused no mortality, indicating that the oil presented no evident toxicity at these con-
ditions. Then, we consider the down limit of 10% of the LDy, as recommended by the
OECD (2008), to select the doses used in this study (25, 50, 100, and 200 mg/Kg) (Fig. 3).

3.3 Characterization of the effects of the OEFLM on the CNS

An oral administration of the OEFLM (2000 mg/Kg) did not alter (p> 0.05 vs. Control) the
behavioral reactions (rearing, grooming and crossing) of the mice (Fig. 4a—c), indicating
that in this test, the oil showed no evident anxiolytic or sedative activity. In addition, the
oral treatment of the animals with OEFLM (2000 mg/Kg) did not affect the motor coordi-
nation compared to the control (Fig. 4d).

3.4 Screening of analgesic activity

In the first phase of the formalin test (neurogenic phase), the administration of OEFLM at
25, 50 or 100 mg/Kg (p.o) significantly reduced the formalin-induced nociceptive behavior
by 71.5% (p<0.001), 84.58% (p<0.0001), and 62.15% (p<0.01), respectively. On the other
hand, the administration OEFLM at 200 mg/kg (p.o.), as well as indomethacin (10 mg/Kg.
p-0.), did not inhibit (p>0.05) the formalin-induced nociceptive behavior compared to the
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Table 1 Chemical analysis of

the essential oil of the leaves of

Lantana montevidensis

RT (min) Compound (%)

6.055 o-thujene 0.29
6.245 a-pinene 2.63
6.698 Camphene 0.18
7.508 Sabinene 7.38
7.604 f-pirene 0.37
8.139 B-myrcene 0.43
8.595 1-phellanfrene 0.12
8.786 B-ocimene 0.99
9.260 Benzene 0.11
9.344 p-cymene 0.64
9.494 B-phellandrene 5.00
9.567 1,8-cineole 0.64
10.299 B-ocimene 0.51
10.691 y-terpinene 0.42
12.443 L-linalool 0.46
24.249 Copaene 0.60
24.964 Cyclohexane 1.15
26.085 Trans-caryophyllene 12.84
26.472 B-copaene 0.17
26.779 Trans-a-bergamotene 0.18
27.357 Naphtalene 2.47
27.455 o-humulene 1.25
27.755 Alloaromadendrene 0.92
28.636 Germacrene D 12.18
29.288 Bicyclogermacrene 16.35
29.573 Valencene 17.93
30.024 Cubebol 0.61
30.329 A-cadinene 0.96
31.591 Germacrene B 0.21
31.964 Nerolidol B 0.46
32.472 (-)-spathulenol 7.21
32.625 Caryophyllene oxide 2.83
34.768 Isospathulenol 0.34
35.369 a-cadinol 0.62
36.659 Cyclodecene 0.27
60.297 1,2-benzenedicarboxylic acid 0.10
61.708 Docasane 0.04
62.509 Eicosane 0.02
62.769 Squalene 0.01
63.221 2-methyloctacosane 0.06
64.678 Hexacosane 0.03
Total 99.98

The bold pattern indictes the major compounds of the essential oil
RT =Retention time
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Fig. 1 Photograph of Lantana
montevidensi leaves
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Fig.2 Chromatogram of the essential oil obtained from the leaves of Lantana montevidensis (CG-MS)

negative control. Nevertheless, the second (inflammatory) phase of the test, all doses of the
oil, as well as indomethacin significantly (p>0.05) reduced the nociceptive response, suggest-
ing that the oil presented an analgesic effect that is associated to anti-inflammatory mecha-
nisms (Fig. 5a).

A single oral administration of the OEFLM at 25, 50, 100, and 200 mg/Kg significantly
reduced the number of abdominal writhes induced by acetic acid by 79.53% (p<0.0001),
63% (p<0.001), 79.53% (p<0.0001), and 88.19% (p <0.0001), respectively (Fig. 5b). These
results were significantly (p<0.05) comparable to the effect of indomethacin (10 mg/Kg),
which significantly reduced (p<0.001 vs. control) by 66.54% the number of abdominal con-
tortions (Fig. 5b).
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Fig.3 Chemical structures of the major constituents of the OEFLM

3.5 Evaluation CNS antinociceptive activity of the OEFLM by tail-flick and hot plate
tests

To evaluate central nervous system participation in the analgesic effect of the essential oil,
a group of animals was orally treated with the doses of 25, 50, 100, or 200 mg/Kg. None
of these doses increased the latency time compared with the negative control group both in
the hot plate (Fig. 6a) and tail-flick (Fig. 6b) tests. On the other hand, the animals treated
with morphine showed a greater latency time in comparison with the untreated animals.

3.6 Effects of the OEFLM on paw edema models induced by carrageenan
and dextran

At the dose of 25 mg/kg (p.o.), the OEFLM decreased (p<0.01 vs. negative control) by
60.51% the paw edema from 1 h after the carrageenan challenge (Fig. 7a). The other doses
of the oil also presented different degrees of inhibition between the 2nd and 4th hours after
the carrageenan challenge. Indomethacin (10 mg/kg; p.o.), used as a control drug, inhibited
the edema at all time points of analysis. Together, these results indicate that the essential
oil could inhibit edema formation in response to the inflammatory reaction triggered by
carrageenan.

The analysis of dextran-induced paw edema (Fig. 7b) shows that all doses of OEFLM
exerted an antidematogenic activity. Compared with the group of challenged and untreated
animals, the doses of 25, 50, 100, and 200 mg/Kg (p.o.) reduced the edema by 30.29%
(p<0.01), 55.19% (p<0.0001), 50.56% (p<0.0001), and 32, 87% (p <0.01), respectively,
in the first hour after the challenge. At the second hour after the challenge, these doses
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Fig.4 Central nervous system effects of OEFLM on mice behavior in the open field test and rotarod tests.
a Number of rearing (NR), b number of Grooming (NG), ¢ number of crossings (NC), and d effect of the
OEFLM on the motor coordination on the mice in the rotarod performance test. The data were expressed
as mean+S. E. M (standard error of the mean). Analysis by one-way ANOVA followed by the Tukey’s test
(*'p<0.05; ¥p<0.001 vs control)

caused inhibitions of 30.44% (p<0.01), 57.32% (p<0.0001), 45.91% (p<0.0001), and
43.62% (p<0.0001), respectively. At the third hour, these treatments caused inhibitions
of 45.35% (p<0.001), 79.72% (p <0.0001), 52.97% (p<0.0001), and 45.35% (p <0.001),
respectively. However, at the 4th hour, only the doses of 25 or 50 or 200 mg/Kg caused sig-
nificant inhibition of the edema induced by dextran. Promethazine, a histamine H, receptor
antagonist, significantly inhibited the edema at all time intervals evaluated in this study.

3.7 Mechanism involved in the anti-inflammatory action of the OEFLM

To investigate the effect of the OEFLM on specific inflammatory pathways, the animals
were challenged with histamine and treated with the oil (50 mg/Kg, p.o) or promethazine
(6 mg/Kg; p.o.). An intraplantar administration of histamine to untreated animals induced
significant edema formation within 2 h after the challenge, with a peak at 30 min. Both
treatments significantly inhibited the edema at all time points analyzed. While the OEFLM
showed maximal inhibition of 92.08% (p <0.0001) in the last interval (120 min), promet-
hazine showed maximum inhibition in the first range of 80.13% (p<0.0001) compared to
the histamine-stimulated and vehicle-treated group. (Fig. 8a).
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Fig.5 Characterization of the analgesic activity of the OEFLM in mice. a) formalin test to phase I
and II and b) abdominal writhes response induced by acetic acid. The data were expressed as mean=+S.
E. M (standard error of the mean). Analysis by one-way ANOVA followed by the Tukey’s test
('p<0,05;2p <0,01; ¥*p<0,001; *p <0,0001 vs negative control)

To evaluate the participation of specific inflammatory pathways, the animals were chal-
lenged with arachidonic acid and treated orally with OEFLM (50 mg/ kg, p.o) or indo-
methacin (10 mg/ kg; p.o.). An intraplantar administration of arachidonic acid to untreated
animals induced significant edema within 2 h after challenge, with a peak at 30 min. Both
OEFLM and indomethacin significantly inhibited the edema with maximal inhibition of
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Fig.6 Antinociceptive effect of the OEFLM in the nociceptive response triggered by a) tail-flick and b) hot
plate test. The data were expressed as mean+S. E. M (standard error of the mean). Analysis by one-way
ANOVA followed by the Tukey’s test (*p <0.0001 vs negative control)

76,32% (p<0.0001) and 80,51% (p<0.0001), respectively, in the last interval (120 min),
compared to the arachidonic acid-stimulated and vehicle-treated group (Fig. 8b).

The effects of the essential oil treatment on vascular changes were assesses through the
Evans blue method. An intraperitoneal administration of 1% carrageenan in the animals
caused a significant increase in Evans blue extravasation compared with non-stimulated
animals, indicating increased vascular permeability. A single oral treatment with OEFLM
at doses of 50, 100, 200 mg/kg or indomethacin (10 mg/kg) significantly reduced vascu-
lar permeability compared to vehicle-treated animals. However, the dose of 25 mg/kg of
OEFLM did not significantly affect the permeability compared to the control group, indi-
cating that, under these conditions, the highest doses were more effective in reducing carra-
geenan-induced vascular permeability (Fig. 8c).

To investigate a potential inhibition of leukocyte activation by the essential oil, we ana-
lyzed the myeloperoxidase activity. Although no significant difference (p>0.05) between
the untreated animals and those treated with the essential oil, the treated animals presented
lower levels of myeloperoxidase activity compared with the group of animals challenged
with carrageenan and treated with saline (Fig. 8d). In contrast, the treatment with indo-
methacin was found to significantly inhibit myeloperoxidase activity compared to the nega-
tive control group. These findings suggest that antiedematogenic effects of the essential
oil occur due to interference with vascular mechanisms, although its effects on leukocyte
recruitment and activation remain to be further investigated.
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3.7.1 Effects of the OEFLM on granuloma formation

The oral treatment with the OEFLM (50 mg/kg) or dexamethasone (5 mg/kg) significantly
reduced the granuloma induced by the implantation of cotton pellets. Compared with the
group of untreated animals, the weight of the dried pellets obtained from treated animals
with OEFLM or dexamethasone were significantly reduced 65.42% (p <0.001) and 88.55%
(p<0.0001), respectively (Fig. 9a). In addition, the homogenates of these pellets presented
reduction in the protein content of 76.36% (p<0.0001) and 82.56% (p <0.0001), respec-
tively, in comparison with the negative control group, indicating inhibition of granuloma
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formation (Fig. 9b). However, the effects of the treatment with the OEFLM on other
aspects of the granuloma, including the cellular content, and tissue changes remain to be
characterized.

4 Discussion

The analysis of the chemical composition of OEFLM revealed the presence of major
compounds such as valencene (17.93%), bicyclogermacrene (16.35%), trans-caryophyl-
lene (12.84%), and germacrene D (12.18%). These compounds are chemical markers of
the genus Lantana and are found in other species such as L. caatingensis (de Aguiar et al.
2015), L. camara (Chowdhury et al. 2007; Costa et al. 2009). L. montevidensis, as well
as other species of the genus Lantana, present variations in the chemical composition of
their essential oils. Such differences, can be attributed to biotic and abiotic intrinsic factors,
such as genetic specificity or extrinsic, such as environmental conditions, which can cause
chemical variation depending on the time and site of collection (Facanali et al. 2009).

The biological properties of the components of this oil have been previously described
in the literature. Previous research demonstrated that valencene presented antioxidant (Liu
et al. 2012) and anti-inflammatory activities in models of sepsis induced by cecal liga-
tion and puncture (CLP) (Tsoyi et al. 2011) and reduced the levels of pro-inflammatory
cytokines and chemokines in atopic dermatitis model (Yang et al. 2016). In addition, this
compound inhibited TRPV1 and ORAI 1 ion channels, as well as a UV-induced melano-
genesis in melanoma cells (Nam et al. 2016). A study by Marques et al. (2019), showed
that valencene was able to suppress: pro-inflammatory enzymes, such as iNOS and NADH
and NADPH oxidase; mediators (TNF-o« and IL-1a), as well as NF-kB signaling.

Trans-caryophyllene, also known as B-caryophyllene or (E)-caryophyllene or caryo-
phyllene, has an anti-inflammatory activity reported in the literature with results similar
to those used in the present study (de Morais Oliveira-Tintino et al. 2018). In addition, this
compound was able to inhibit the concentration of cytokines: TNF-a, IL-f, IL-6, NO, and
PGE?2, expressions of mRNA and proteins of iNOS and COX-2, as well as inhibition of the
activation of the tlr4/NF-kB signaling in neuroinflammation in bv-2 microglia cells (Hu
et al. 2017). A study conducted by Zhang et al. (2017) demonstrated that trans-caryophyl-
lene inhibited the expression of the VCAM-1 protein and macrophage infiltration levels on
the aortic surface in vivo and in vitro assay.

With regard to the chemical composition, the findings of the present research are in
accordance with previous studies, which found a similar chemical composition for the
essential oil of L. montevidensis, including concerning the presence of (E)-caryophyllene,
germacrene D, and bicyclogermacrene (De Sousa et al. 2013; Montanari et al. 2011).

The administration of OEFLM to mice did not promote significant behavioral changes
in the open field and rotarod tests. The open field model is used to identify both the anxio-
lytic and sedative effects of a given substance. While anxiolytic effects are identified by
an increase in the parameters of the test, substances with sedative effects cause a decrease
in these parameters (Prut and Belzung, 2003). On the other hand, the rotarod test is used
to assess the effect of substances on neuromotor functions as well as to identify a CNS
depression action (de Moraes Pultrini et al. 2006). Thus, since the OEFLM treatment did
not cause behavioral or motor changes in these models, there is no evidence that the essen-
tial oil exhibits significant toxicity to the central nervous system.
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An intraperitoneal injection of acetic acid inducing abdominal contortions has been
widely employed to investigate the action of compounds with anti-inflammatory and antin-
ociceptive activity. This method is sensitive to substances both with central or peripheral
actions, and therefore, it is a nonspecific test (Brito da Matta et al. 2011). The pathophysi-
ological mechanisms involved in the acetic acid action include the release of inflammatory
mediators, such as histamine, serotonin, bradykinin, cytokines (TNF-a, IL-1p, and IL-8),
which orchestrate inflammatory and pain responses (Coura et al. 2012; Mohamad et al.
2010; Xie et al. 2014). The results of the present study demonstrated that OEFLM signifi-
cantly inhibited the development of abdominal contortions suggesting that the components
of this essential oil may reduce the production or interfere with the biological actions of
inflammatory mediators released in response to acetic acid.

Other species of the genus Lantana, including Lantana camara (Silva et al. 2015) and
Lantana trifolia (Silva et al. 2005), have already been shown to be effective in inhibiting
acetic acid-induced responses in this model. Accordingly, -caryophyllene, a major con-
stituent of L. trifolia, was found to inhibit abdominal contortions in this model, indicat-
ing that it is, at least in part, one of the constituents responsible for the pharmacological
activity of this species (de Morais Oliveira-Tintino et al. 2018). In addition, previous stud-
ies demonstrated that valencene and trans-caryophyllene van inhibit the release of inflam-
matory mediators (Yang et al. 2016; Hu et al. 2017; Marques et al. 2019), indicating that
they can contribute to the analgesic/anti-inflammatory properties of the essential oil of L.
montevidensis.

Following the analysis by the acetic acid test, we investigated the analgesic properties
of the essential oil in the formalin test, which more specifically evaluates the participation
of central and anti-inflammatory mechanisms in the antinociceptive activity of drugs (Bon-
jardim et al. 2012). The formalin test comprises two distinct phases. The first, also known
as the nociceptive phase, occurs within the first 5 min after the formalin injection. This
phase is characterized by the stimulation of nociceptors present in the C type and part of
the AJ type fibers in response to glutamate and substance P. The second, also known as the
inflammatory phase, occurs between 15 and 30 min after the formalin injection. This phase
is characterized by a nociceptive response triggered by the action of pro-inflammatory
mediators such as adenosine, bradykinin, histamine, prostaglandins, and serotonin (Denny
et al. 2013; dos Santos et al. 2010). A single oral administration of OEFLM significantly
inhibited the formalin-induced nociception in both phases, suggesting that the constituents
of the essential oil may interfere with neurogenic and inflammatory mechanisms associated
with the nociceptive responses. However, de Morais Oliveira-Tintino et al. 2018 demon-
strated that B-caryophyllene was shown to be more effective in inhibiting the second phase
of the formalin test.

The tail-flick and hot plate tests are well-established models to evaluate the antinocic-
eptive activity of substances that interfere with neurogenic mechanisms at a central level.
In this test, substances with analgesic activity cause an increase in the latency time. Nev-
ertheless, these tests evaluate distinct mechanisms, since the stimulus in the tail-flick
test induces a spinal response, whereas in the hot plate test the response is supraspinatus
(Bannon and Malmberg, 2007; Rezaee-Asl et al. 2014). Because OEFLM did not show
an antinociceptive effect in these models, it is suggested that this substance does not have
analgesic effects at a central nervous system level.

An intraplantar injection of carrageenan is usually known to cause an inflammatory
response associated with the production of ROS and inflammatory mediators that orches-
trate the tissue changes observed in acute inflammation (Li et al. 2018). In the paw edema
test, the administration of carrageenan triggers a two-step response. In the first phase,
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the activation of resident cells results in the release of mediators that increase vascular
permeability, such as histamine, bradykinin, serotonin, and prostaglandins. On the other
hand, in the second phase, the migration and activation of leukocytes amplify the inflam-
matory response, causing additional edema peaks (de Brito et al. 2013; Vendramini-Costa
et al. 2015). In the present study, the oral treatment with the essential oil obtained from
the leaves of Lantana montevidensis significantly inhibited the paw edema induced by car-
rageenan. Earlier reports demonstrated that Lantana trifélia (Silva et al. 2005; Uzcategui
et al. 2004) and Lantana camara (Gidwani et al. 2009) inhibited the edema formation in
this model, corroborating the data of the present research.

The dextran-induced paw edema is orchestrated by the sudden release of preformed
mediators. In this context, histamine induces vascular changes through the activation of
H, receptors. In addition, in combination with serotonin, this mediator contributes to the
activation of various cell types, leading to neutrophil recruitment and production of pro-
tein mediators (Ribeiro et al. 2014; Silva et al. 2014). As observed in carrageenan-induced
paw edema, the administration of OEFLM caused a significant inhibition of dextran-
induced edema. Because no difference was observed between the doses, we chose the dose
of 50 mg/Kg to continue the experiments. Since histamine is one of the first mediators
released in the inflammatory site (Benly, 2015), it is assumed that the constituents of the
oil could act in the initial phase of the inflammatory reaction, possibly by directly impair-
ing the vascular changes orchestrated by this mediator. On the other hand, histamine stimu-
lates the production of platelet activating factor (PAF), interleukin 8 (IL-8), and leukotriene
B4 (LTB4), which in turn cause neutrophil recruitment and contribute to increased vascu-
lar permeability (Mostafa et al. 2010; Tamaddonfard et al. 2012). Nevertheless, because
of the variety of constituents present in the oil, multiple steps of the inflammatory cascade
could potentially be affected by the treatment with the OEFLM.

The biosynthesis of eicosanoids (Yui et al. 2015) from the arachidonic acid (AA) (Den-
nis and Norris, 2015) is an important step in edema formation. The metabolism of this fatty
acid is catalyzed by three main enzymatic pathways: cyclooxygenase (COX), lipoxygenase
(LO), and cytochrome P450 (Dennis and Norris, 2015; Wang et al. 2005). The activation
of the COX pathway, resulting in the production of prostaglandins and thromboxanes, and
the activation of 5- LO, generating leukotrienes, contributes significantly to the develop-
ment of acute inflammation (Huang et al. 2016; Kawahara et al. 2015). Given the impor-
tance of these pathways for developing inflammatory reactions, the model of arachidonic
acid administration has been used in the search for new anti-inflammatory substances
(Bulani et al. 2011; Kumar and Jain, 2014). In fact, one of the most important products of
the AA metabolism is the eicosanoid PGE,. This mediator is involved in several cellular
and molecular inflammatory events, including those associated with vascular changes and
edema formation (Ray et al. 2015). As observed in the present study, the dose of 50 mg /
Kg of OEFLM inhibited AA-induced edema, suggesting that the treatment inhibited the
synthesis or the action of eicosanoids in the acute inflammatory phase. Since compound
trans-caryophyllene has demonstrated the ability to inhibit the production of inflammatory
mediators, including PGE, (Hu et al. 2017), it is hypothesized that this compound contrib-
utes to the antiedematogenic effects of the OEFLM.

Increased vascular permeability resulting in protein extravasation is one of the first
events of acute inflammation (Gehlen et al. 2004). This event is caused by the combined
action of several mediators such as histamine, cytokines, and arachidonic acid products
(Martins et al. 2017). A simple way to analyze this event in vivo is through the Evans
blue method. As the dye binds to plasma proteins, its concentration can be quantified
by spectrophotometry (Cruz et al. 2016). In the present study, the OEFLM reduced the
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transudate infiltration, as evidenced by a decrease in Evans blue concentrations, sug-
gesting that this oil decreased vascular permeability in vivo. This result corroborates
the data obtained in the paw edema models since a decrease in permeability justifies
an inhibition of the edema induced by different stimuli. Additionally, this phenomenon
may be related to the performance of compounds such as valencene, which inhibited
the production of cytokines and chemokines in vitro (Yang et al. 2016; Marques et al.
2019), and trans-caryophyllene, which was found to reduce the production of mediators
such as TNF-a, IL-f, IL-6, NO, and PGE,, in addition to inhibiting the expression of
iNOS and COX-2 (Hu et al. 2017).

Myeloperoxidase (MPO) is an enzyme expressed by leukocytes such as neutrophils
and other phagocytic cells. An increase in MPO activity is associated with leukocyte
activation and contributes to a series of events triggered by inflammatory agents (Cruz
et al. 2016; Khan et al. 2017). Although the treatment with the OEFLM did not signifi-
cantly inhibit MPO activity in vivo, the group of animals treated with the essential oil
presented reduced levels of MPO activity. These findings suggest that antiedematogenic
effects of the essential oil occur due to interference with vascular mechanisms, although
its effects on leukocyte recruitment and activation remain to be further investigated.

Animal models of granuloma formation have been effectively used to study the influ-
ence of substances on chronic inflammation (Ray et al. 2015). These models allow
the investigation of key parameters of chronic inflammation, such as transudates, exu-
dates, and cell proliferation (Ramirez et al. 2013). In cotton pellet-induced granuloma,
the inflammatory events are divided into three phases: the first one begins 3 h after
introduction of the cotton pellets, characterized by increased vascular permeability and
fluid extravasation; the second (exudative) phase occurs between 3 and 72 h with pro-
tein release for the granuloma; the third and last (proliferative) phase occurs from 3 to
6 days, with the formation of granulomatous tissue (Patil and Patil, 2017). The OEFLM
treatment reduced the mass of the dried pellets and the total proteins that were evalu-
ated in the homogenate of the pellets, which possibly contributed to an inhibition of the
formation of the granuloma, suggesting that the oil may have a modulating effect in the
development of chronic inflammatory reactions.

5 Conclusion

The findings of the present study indicate the oral treatment with the essential oil of the
leaves of Lantana montevidensis presented analgesic effects at the peripheral level and
demonstrated antiedematogenic and anti-inflammatory activity in acute inflammation
and chronic inflammation models. Importantly, the oral treatment with this essential oil
induced no evident toxicity and did not present central antinociceptive activity. How-
ever, further research is required to characterize the effects of individual constituents,
as well as to determine the molecular mechanisms underlying the anti-inflammatory,
analgesic, and antidematogenic action of the OEFLM.
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