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Physio-pharmacological Investigations
About the Anti-inflammatory and Antinociceptive Efficacy
of (+)-Limonene Epoxide
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ABSTRACT—D-limonene epoxidation generates (+)-limonene epoxide, an understudied compound in
the pharmacologically point of view. Herein, we investigated the anti-inflammatory and antinociceptive
potentialities of (+)-limonene epoxide and suggested a mechanism of action. The anti-inflammatory
potential was analyzed using agents to induce paw edema, permeability, and myeloperoxidase (MPO)
activity. Pro-inflammatory cytokines and cell migration of peritoneal cells were also assessed.
Antinociceptive effects were evaluated by writhing test induced by acetic acid, formalin, and hot plate
assays and contribution of opioid pathways. Pretreated animals with (+)-limonene epoxide showed
reduced carrageenan-induced paw edema in all doses (25, 50, and 75 mg/kg) (P < 0.05). At 75 mg/kg, it
suppressed edema provoked by compound 48/80, histamine, prostaglandin E2, and serotonin and
reduced permeability determined by Evans blue and MPO activity. It also reduced leukocytes, neutro-
phils, and IL-1β levels in the peritoneal cavity in comparison with carrageenan group (P < 0.05). (+)-
Limonene epoxide diminished abdominal contortions induced by acetic acid (78.9%) and paw licking
times in both 1 (41.8%) and 2 (51.5%) phases and a pretreatment with naloxone (3 mg/kg) reverted the
antinociceptive action in morphine- and (+)-limonene epoxide-treated groups (P < 0.05). Additionally, it
enlarged response times to the thermal stimulus after 60 and 90 min. In conclusion, (+)-limonene
epoxide inhibited release/activity of inflammatory mediators, vascular permeability, migration of neu-
trophils and displayed systemic and peripheral analgesic-dependent effects of the opioid system.
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INTRODUCTION

Between 1981 and 2010, 1073 new chemical entities
(New Chemical Entities—NCEs) were approved as drug
by the Food and Drug Administration (FDA) of the USA
and 64% of them are natural, derived, or synthesized
molecules based on natural compounds. The interest in
molecular modeling, combinatorial chemistry, and other
chemical synthesis techniques associated with products
from nature and medicinal chemistry are responsible for
the most new therapeutic agents against infections (fungal,
bacterial, or parasitic), disease vectors, cancer, dyslipid-
emia, immunomodulation, and inflammatory disorders
[1–7].

Inflammation can be defined as a fundamental de-
fense reaction of the body against invasion of pathogens or
injury. It is characterized as a matrix for enzyme activation,
mediator release, extravasation, cell migration, tissue
breakdown, and repair [8]. Pain, redness, swelling, and
loss of function are classic signs of inflammation that are
produced by inflammatory agents, such as nitric oxide,
prostaglandins, bradykinin, serotonin, histamine, and leu-
kotrienes [9]. Some of them act as neuromodulators, gen-
erating sustained activation of nociceptors and sensitiza-
tion of primary and higher order neurons involved in pain
transmission [10].

In general, the medication therapy used to treat in-
flammation and their signals is base on non-steroidal anti-
inflammatory drugs (NSAIDs). These drugs are effective
in a wide range of process conditions that involves pain
and inflammation. However, they can induce gastrointes-
tinal effects, water retention, liver and kidney toxicity, and
skin allergic phenomena when chronically used. There is
also the risk of NSAIDs to trigger asthma attacks due to
non-selective inhibition of constitutive isoform (COX-1)
and inducible (COX-2) of the enzyme cyclooxygenase
(COX) [11]. In this context, natural, derived, or synthe-
sized molecules based on natural compounds emerge as
new therapeutic options that allow the development and
introduction of effective and safer pharmaceutical alterna-
tives to treat pain and inflammatory correlated conditions.

Among derivatives of medicinal plants, it is important
to highlight biological activities of mixtures of essential
oils, which are constituted, among other compounds, by
terpenes [12, 13]. Limonene (4-isoprenyl-1-methyl-cyclo-
hexene), for example, is a monocyclic monoterpene found

in essential oils of several species of aromatic plants, such
as Lippia alba and Artemisia dracunculus, and is present in
the essential oils of citric fruits as lemon, orange, and
tangerine [14]. Due to its citrus odor, limonene is widely
used as fragrance in perfumes, soaps, food, and beverages
and is listed in the Code of Federal Regulations as gener-
ally recognized as safe (GRAS) for a flavoring agent and
can be found in common food items [15].

Studies demonstrated biological effects of limonene,
including anti-inflammatory, gastroprotective [16], chemo-
preventive against breast, lung, skin and liver [17],
antinociceptive, and hypoglycemic [14, 18]. In view of
its low water solubility and tendency to autoxidation and
polymerization, limonene became a suitable industrial by-
product for bioconversions with high-value commercial
purposes [18]. From this perspective, the epoxidation re-
action of (+)-limonene was performed with m-
chloroperbenzoic acid, which is used in the epoxidation
of unfunctionalized olefins. Limonene double bond (C=C)
of is nucleophilic and react with this peracid, which acts as
an electrophile [19] resulting in the generation of (+)-
limonene epoxide (Fig. 1). Thus, the present study inves-
tigated the antinociceptive and anti-inflammatory potential
of (+)-limonene epoxide in mice and suggested a possible
mechanism of action for its therapeutic action.

MATERIAL AND METHODS

Drugs and Reagents

Some drugs and reagents used (λ-carrageenan, hista-
mine, serotonin, compound 48/80, prostaglandin E2, Evans
blue, acetic acid, and formaldehyde) were purchased from

Fig. 1. Structure of (+)-limonene epoxide.
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Sigma Chemical (St. Louis, MO, EUA). Heparin, indo-
methacin, and morphine were obtained from Merck (São
Paulo, SP, Brazil). All drugs were dissolved in sterile 0.9%
NaCl (vehicle). A mixture of cis and trans (+)-limonene
epoxide was prepared as described by [20], and emulsified
with 0.05% Tween 80 (Sigma Chem. Co. St. Louis, MO,
EUA) dissolved in 0.9% saline (vehicle).

Animals

Adult male Swiss mice (Mus musculus Linnaeus,
1758) were obtained from the animal facilities of the
Universidade Federal do Piauí (UFPI), Teresina, Brazil.
They were kept in well-ventilated cages under standard
conditions of light (12:12-h light/dark cycle) and tempera-
ture (23 ± 2 °C) and were housed with free access to
commercial rodent stock diet (Purina, Campinas, Brazil).
Animals were randomly divided into groups (n = 5/group)
before the studies.

Evaluation of Anti-inflammatory Effects

Mice were pretreated intraperitoneally with 0.05%
Tween 80 dissolved in 0.9% saline (vehicle) or (+)-limo-
nene epoxide (25, 50, and/or 75 mg/kg). Indomethacin
(10 mg/kg) was used as reference drug.

Paw Edema Induced by Carrageenan

The animals were randomly divided into six groups
(n = 5), and edema was induced by injection of 50 μL of a
suspension of carrageenan (500 μg/paw) in vehicle solu-
tion into the right hind paw (group II). Mice were
pretreated with vehicle (group I, untreated control), indo-
methacin 10 mg/kg (group III, reference drug), or (+)-
limonene epoxide (25, 50, and 75 mg/kg for groups IV,
V, and VI, respectively). Paw volume was measured before
(V0) and at 1, 2, 3, and 4 h after carrageenan treatment (Vt)
using a plethysmometer (Panlab, Barcelona, Spain). The
effect of pretreatment was calculated as percent inhibition
of edema relative to the paw volume of the vehicle group
using the following formula [21, 22].

Paw Edema Induced by Other Phlogistic Agents

Paw edema was also induced by the compound 48/80
(12 μg/paw), serotonin (1% w/v), histamine (100 ng/paw),
or PGE2 (3 nmol/paw). Animals were pretreated 1 h before
of each phlogistic agent with vehicle or (+)-limonene ep-
oxide (75 mg/kg). Paw volume was measured before (V0)
and 0.5, 1, 1.5, and 2 h after the stimulus as described
below.

Permeability Induced by the Compound 48/80 and
Myeloperoxidase Activity

Animals were pretreated 1 h before of each phlogistic
agent with vehicle or (+)-limonene epoxide (75 mg/kg).
Vascular permeability was evaluated 30 min after the ad-
ministration of the compound 48/80 by the Evan’s blue test
[23]. It was injected 2.5% Evans blue (25 mg/kg) intrave-
nously through retro orbital plexus 30 min before the com-
pound 48/80. Paw was collected, weighed, and placed in
glass tubes containing a solution of formamide (1 mL/paw)
at 37 °C for 72 h to extract the dye. The amount of dye was
measured at 630 nm using a standard curve of Evans blue.

Afterwards, paw tissue was homogenized in potassi-
um phosphate buffer containing 0.5% hexadecyltrimethyl
ammonium bromide and centrifuged at 4500 rpm for
15 min at 4 °C. The pellet was resuspended, and activity
of MPO was determined at 450 nm using o-dianisidine
dihydrochloride and 1% hydrogen peroxide [24]. One unit
of MPO was defined as the amount of MPO capable of
breaking 1 mmol of peroxide/min and data were reported
in units per milligram of tissue (U/mg tissue).

Cell Migration and Measurement of Cytokines

Mice received vehicle or (+)-limonene epoxide
(75 mg/kg) 60 min before the administration of carrageen-
an (250 μL in 500 μg/cavity). Animals were euthanized
(sodium pentobarbital 150 mg/kg, i.p.) 4 h after carrageen-
an administration. Peritoneal cavity was washed with
1.5 mL of phosphate-buffered saline (PBS). Total cell
counting was performed in a Neubauer chamber. Differen-
tial cell counting (total 100 cells) was performed on slides
prepared in cytocentrifuge and stained with hematoxylin.
Results were presented as number of cells per milliliter of
peritoneal exudate.

Concentrations of tumor necrosis factor-α (TNF-α)
and interleukin-1β (IL-1β) were determined by enzyme-
linked immunosorbent assay (ELISA) using commercially
available kits following the manufacturer’s instructions
(DuoSet ELISA development kit R&D Systems, Minneap-
olis, MN, EUA). Results were expressed as cytokine pico-
grams per milligram of tissue inducer (pg/mg protein) [25].

Evaluation of Antinociceptive Effects

Negative control group received 0.05% Tween 80
dissolved in 0.9% saline (vehicle). Experimental group
mice received (+)-limonene epoxide 75 mg/kg intraperito-
neally. Positive control group was subcutaneously injected
with morphine (5 mg/kg, s.c.).
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Writhing Test Induced by Acetic Acid

Mice received 0.05% Tween 80, dissolved in 0.9%
saline (vehicle) or (+)-limonene epoxide (75 mg/kg) or
morphine 60 min before administration of 0.6% acetic acid
(10 mL/kg, i.p.). After 10min, number of constrictions was
recorded during 20 min, including abdominal muscle con-
traction and extension of hind paw [26].

Formalin Test

Mice received 0.05% Tween 80, dissolved in 0.9%
saline (vehicle) or (+)-limonene epoxide (75 mg/kg) or
morphine 60 min before administration of 2.5% formalin
(20 μL/paw). Animals were observed for 5 min after
formalin injection, which corresponds to a direct chemical
stimulation of nociceptors (phase 1 of the inflammatory
process). Phase 2 involves inflammatory mediator release
and was observed from 20 to 25 min after formalin injec-
tion [27].

Evaluation of Opioid Pathways Participation in the
Antinociceptive Effect of (+)-Limonene Epoxide

The mice received 0.05% Tween 80, dissolved in
0.9% saline (vehicle) or naloxone (3 mg/kg, s.c.; opioid
antagonist). After 30 min, it was administered (+)-limo-
nene epoxide (75 mg/kg) or morphine (opioid agonist).
One hour later, it was administered 2.5% formalin
(20 μL/paw). Licking times from 0 to 5 min were recorded.

Hot Plate Assay

Mice received 0.05% Tween 80, dissolved in 0.9%
saline (vehicle) or (+)-limonene epoxide (75 mg/kg) or
morphine (5 mg/kg, s.c., positive control). Measurements
were performed before in time zero and 30, 60, 90, and
120 min after the treatment with a cutting time of 45 s to
prevent the development of paw lesions [28]. Each animal
was placed on a hot plate (55 ± 1 °C) (Model FEP-361,
Insight, São Paulo, Brazil) and reaction time was noted as
paw licking or jumping and response latency.

Statistical Analysis

In order to determine differences between groups,
data (mean ± S.E.M.) were compared by one-way analysis
of variance (ANOVA) followed by Student Newman-
Keuls test (P < 0.05) using GraphPad Prism® software.

RESULTS

Anti-inflammatory Effects of (+)-Limonene Epoxide

Paw Edema Induced by Carrageenan in Mice

With exception for doses of 25 mg/kg after 1 and 2 h
of treatment (P < 0.05), all doses (25, 50, and 75 mg/kg)
and times (1, 2, 3, and 4 h) analyzed reduced carrageenan-
induced paw edema significantly [25 mg/kg at 3 and 4 h:
53.1 and 80.9%; 50 mg/kg: 74.1, 41.6, 71.6, and 92.8%;
75 mg/kg: 82.7, 84.4, 86.4, and 64.3%, respectively]
(P < 0.05) (Table 1). Interestingly, doses of 50 and
75 mg/kg were similar or more active than indomethacin
(P < 0.05). For next steps, the dose of 75mg/kgwas chosen
to detail additional aspects related to the anti-inflammatory
and analgesic mechanisms of (+)-limonene epoxide.

Paw Edema Induced by Compound 48/80, Histamine,
Prostaglandin E2, and Serotonin

The compound (+)-limonene epoxide at 75 mg/kg
reduced significantly the paw edema induced in all proto-
cols and times (30, 60, 90, and 120 min) when compared
with paw edema inducer groups, respectively: (a) com-
pound 48/80: 38.4, 50.0, 54.0, and 70% (Fig. 2a); (b)
histamine: 36.8, 72.4, and 58.7% (Fig. 2b), but it was not
observed early reduction of edema in the first 30 min; (c)
PGE2: 31.0, 33.5, 40.0, and 25.0% (Fig. 2c); (d) serotonin:
34.8, 92.0, 34.0, and 19.6% (P < 0.05). Indomethacin
(10 mg/kg) was used as reference drug and showed signif-
icant reduction of paw edema of mice in all analysis
performed (Fig. 2a–d) (P < 0.05).

Permeability Induced by Compound 48/80, Peritonitis
Induced by Carrageenan and Levels of Myeloperoxidase
Activity, TNF-α, and IL-1β

Animals treated with (+)-limonene epoxide (75 mg/
kg) revealed reduction in extravasation of Evans blue
(0.176 ± 0.02 μg/mg) when compared with compound
48/80-treated mice (0.215 ± 0.01 μg/mg) and vehicle
(0.04 ± 0.004 μg/mg) (P < 0.05).

Figure 3a shows the influence of (+)-limonene epox-
ide on MPO activity followed by paw edema induced by
carrageenan. Mice paw homogenates from (+)-limonene
epoxide-treated animals at 75 mg/kg showed reduction
(64%) in MPO activity (36.0 ± 4.8 Units of MPO/mg tis-
sue) in comparison with carrageenan group (99.7 ± 9.3
Units of MPO/mg tissue) and in similar extents to those
found with indomethacin (25.1 ± 9.3 Units of MPO/mg
tissue) (P < 0.05).
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Pretreatment with (+)-limonene epoxide also reduced
total number of leukocytes (5.03 ± 0.38 × 103/mL) and
neutrophils (3.76 ± 0.27 × 103/mL) in the peritoneal
cavity of mice in comparison with animals from
carrageenan group, whose counting showed intense
cellular infiltration 4 h after such stimulus (15.22 ± 1.84
and 6.06 ± 0.61 × 103/mL) and significant increasing when
compared to the vehicle (0.69 ± 0.10 and 0.16 ± 0.02 ×
103/mL, respectively) (P < 0.05). Indomethacin (10 mg/
kg) also reduced cell migration of inflammatory cells
(leukocytes, 5.02 ± 0.33 × 103/mL; neutrophils, 2.39 ±
0.23 × 103/mL) (P < 0.05) (Fig. 3b).

Intraperitoneal administration of carrageenan in-
duced an evident increase in IL-1β (1046.0 ±
34.5 pg/mL) and TNF-α (155.6 ± 22.9 pg/ml) levels
in the peritoneal exudate (Fig. 3c). Pretreatment with
(+)-limonene epoxide reduced IL-1β (750.0 ±
79.9 pg/mL) levels (P < 0.05), but it did not alter
TNF-α (155.3 ± 14.4 pg/mL) concentration when
compared to the carrageenan group.

Antinociceptive Effects of (+)-Limonene Epoxide

Abdominal Contortions Test Induced by Acetic Acid

The compound (+)-limonene epoxide (75 mg/kg) re-
duced (78.9%) the number of contortions (12.0 ± 5.3,
Fig. 4a) in comparison with vehicle group (56.4 ± 8.9).
Morphine was also greatly efficient to block pain induced
by acetic acid (0.2 ± 0.4) (P < 0.05).

Involvement of Opioid System

In the formalin test, the (+)-limonene epoxide reduced
paw licking time in both phases 1 and 2 evaluated, showing

reduction of 41.8% (41.8 ± 5.7 s) and 51.5% (34.1 ± 12.1 s)
when compared to the vehicle group (71.9 ± 9.1 and 70.4
± 11.1 s), respectively (Fig. 4b, c). As expected, morphine
(5 mg/kg) also decreased significantly the licking time in
both phases (phase 1, 5.5 ± 1.6 s; phase 2, not detected).
Naloxone (3 mg/kg), an antagonist of opioid system,
reverted the antinociceptive action in morphine- and (+)-
limonene epoxide-treated groups (P < 0.05).

Animals pretreated with (+)-limonene epoxide in-
creased response times to the thermal stimulus after
60 min (25.2 ± 1.1 s) and 90 min (18.4 ± 1.2 s) following
administration when compared to the time zero (8.6 ± 3.2
and 7.4 ± 3.4 s, respectively) (P < 0.05). Statistically sig-
nificant outcomes were seen with morphine in all intervals
analyzed (Fig. 4d).

DISCUSSION

Inflammation and pain are cause or consequence of
most diseases and have associated in virtually all human
disorders, such as autoimmune, gastrointestinal, neurode-
generative, and respiratory diseases, cancers, and infec-
tions [9, 28, 29]. In this context, the process of pain can
be a pathophysiological consequence of various morbid-
ities and their consequences. These can lead to disabilities,
impairing quality of life and psychosocial and economic
effects [30]. To relieve pain to turn the treatment of a
disease a less traumatic process is a critical approach and
the search for new pharmacological tools has a long history
in the pharmaceutical sciences. In last years, D-limonene
epoxidation generated (+)-limonene epoxide, an
understudied compound in the pharmacologically point
of view. Recent results showed its antioxidant [31],

Table 1. (+)-Limonene Epoxide Effect on Paw Edema Volume Induced by Carrageenan in Swiss Mice After a Single Dose. Indomethacin, a Non-Steroidal
Anti-Inflammatory Drug, Was Used as Positive Control (10 mg/kg)

Group Dose (mg/kg) Paw edema (mL) (%)

1 h 2 h 3 h 4 h

Vehicle – 0.028 ± 0.004 0.013 ± 0.002 0.005 ± 0.002 0.022 ± 0.003
Carrageenan – 0.058 ± 0.004* 0.077 ± 0.009* 0.081 ± 0.006* 0.042 ± 0.010*
Indomethacin 10 0.026 ± 0.002** (57.2) 0.038 ± 0.007** (50.6) 0.020 ± 0.007** (75.3) 0.015 ± 0.004** (68.9)
(+)-Limonene epoxide 25 0.122 ± 0.008** (−110) 0.066 ± 0.004 (14.3) 0.038 ± 0.007** (53.1) 0.008 ± 0.004** (80.9)

50 0.015 ± 0.008** (74.1) 0.045 ± 0.007** (41.6) 0.023 ± 0.009** (71.6) 0.003 ± 0.003** (92.8)
75 0.010 ± 0.004** (82.7) 0.012 ± 0.004** (84.4) 0.011 ± 0.004** (86.4) 0.015 ± 0.004** (64.3)

Results are expressed as mean ± standard error of measurement (S.E.M.) (n = 5 animals/group). Inhibition percentage of paw swelling is shown into
parentheses. *P < 0.05 compared to vehicle (0.05% Tween 80 dissolved in 0.9% saline) by ANOVA followed by Student Newman-Keuls test; **P < 0.05
compared to the carrageenan group by ANOVA followed by Student Newman-Keuls test
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Fig. 2. Effects of (+)-limonene epoxide (75 mg/kg) on paw edema induced by compound 48/80 (a), histamine (b), prostaglandin E2 (c), and serotonin (d).
Results are expressed as mean ± standard error of measurement (S.E.M.) (n = 5 animals/group). Indomethacin was used as drug reference (10 mg/kg).
*P < 0.05 compared to vehicle (0.05% Tween 80 dissolved in 0.9% saline) by ANOVA followed by Student Newman-Keuls test; **P < 0.05 compared to the
paw edema inducer group (48/80, histamine, PGE2, or serotonine) by ANOVA followed by Student Newman-Keuls test.
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anxiolytic [32], and anthelmintic [33] properties. Herein,
we are described the first in vivo evidences for its anti-
inflammatory and antinociceptive activities.

Carrageenan-induced paw edema in rodents is a well-
established model for screening molecules with anti-
inflammatory activity. Carrageenan is a linear sulfated
polysaccharide derived from red algae with robust inflam-
matory properties. After the injection of carrageenan, the
edema is established for 4 h, and it can last up to 96 h [34–
36]. Intermediary (50 mg/kg) and high acute doses (75 mg/
kg) of (+)-limonene epoxide were capable to reduce paw

edema, with inhibition percentage values of paw swelling
superior than positive control indomethacin in some inter-
vals of the study. Based on these findings, the dose of
75 mg/kg was selected to detail additional aspects related
to the anti-inflammatory and analgesic mechanisms of (+)-
limonene epoxide.

Following the carrageenan injection on the rat’s paw,
some mediators are sequentially released in the early phase
(0–1 h), including histamine, serotonin, and bradykinin,
whose releasing raises vascular permeability in later phases
(1–6 h), there are intensification in the production of
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Fig. 3. Effects of (+)-limonene epoxide (75 mg/kg) on myeloperoxidase activity from paw tissue (a), cellular migration of inflammatory peritoneal cells (b),
and levels of interleukin-1β and tumor necrosis factor-α from peritonitis (c) induced by carrageenan. Results are expressed as mean ± standard error of
measurement (S.E.M.) (n = 5 animals/group). Indomethacin was used as drug reference (10 mg/kg). *P < 0.05 compared to vehicle (0.05% Tween 80
dissolved in 0.9% saline) by ANOVA followed by Student Newman-Keuls test; **P < 0.05 compared to the paw edema inducer group by ANOVA followed
by Student Newman-Keuls test.
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prostaglandins by activation of cyclooxygenase-2, release
of nitric oxide, and strong infiltration of neutrophils [37–
40]. So, to elucidate the mechanism of action for (+)-
limonene epoxide, we induced paw edema by compound
48/80, serotonin, histamine, and prostaglandin E2.

The compound 48/80 acts on mast cell degran-
ulation of inflammatory mediators accumulated into
cytoplasmic vesicles, causing the release of hista-
mine, serotonin, leukotrienes, and a variety of cyto-
kines that are associated with inflammatory events
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Fig. 4. Effects of (+)-limonene epoxide (75 mg/kg) on writhing’s number induced by acetic acid (a), paw licking time induced by formalin [(b) phase 1, (c)
phase 2], and on latency of hind paw licking elicited following a thermal stimulus (d). Results are expressed as mean ± standard error of measurement
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[41]. Histamine and serotonin are the principal medi-
ators involved in the dextran-induced paw edema,
and their release is a result of mast cell degranulation
[37]. Prostaglandins, on the other hand, are immedi-
ately synthesized and released in substantial quanti-
ties in sites of inflammation. They act in vasodila-
tion, induce production of pro-inflammatory cyto-
kines, including IL-1β and TNF-α, and chemoatract
various inflammatory molecules for leukocytes [39].
In all protocols performed, (+)-limonene epoxide at
75 mg/kg was able to minimize the inflammatory
process, suggesting it might suppress edema forma-
tion by the inhibition of inflammatory mediator sub-
stances. Subsequently, the (+)-limonene epoxide ac-
tion was assessed on vascular permeability induced
by compound 48/80, measurement of MPO, and
levels of IL-1β and TNF-α (Fig. 5).

Myeloperoxidase is an abundant enzyme found in
azurophilic granules of neutrophils, whose contents are
released after their activation within the phagosome or in
the extracellular space. The MPO activity is directly pro-
portional to neutrophil chemotaxis and infiltration in in-
flamed tissues [42, 43]. (+)-Limonene epoxide reduced
appreciably the permeability assessed by Evans blue and
myeloperoxidase activity. Since MPO is an indirect marker

of tissue neutrophil infiltration, its decline indicates less
neutrophil infiltration [44] and such findings were con-
firmed by failure or impairment of leukocyte and neutro-
phil migration to the peritoneal cavity.

From the histological point of view, the inflammatory
process involves a complex series of events, in which it is
included vasodilation post-capillaries that leads to in-
creased permeability and blood proteins flow, exudation
of fluid and plasma, and migration of polymorphonuclear
leukocytes [45]. This latter phenomenon is essential factor
in the acute inflammatory process and considered as the
first line of cellular defense [37, 46].

Carrageenan-induced peritonitis technique allows
the quantification of leukocytes that migrate into the
peritoneal cavity by action of chemotactic agents.
This migration is sensitive to non-steroidal anti-
inflammatory, such as indomethacin [47]. Such peri-
tonitis involves exudation and production of media-
tors such as nitric oxide and cytokines (IL-1β and
TNF-α) (LIMA et al., 2012). Then, the effect of (+)-
limonene epoxide was evaluated on levels of IL-1β
and TNF-α in the peritoneal exudate of mice with
carrageenan-induced peritonitis.

Compound (+)-limonene epoxide diminished concen-
trations of IL-1β but TNF-α levels were not altered. IL-1β is
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Fig. 5. (+)-Limonene epoxide suppressed inflammation inmice due to its inhibition of release/activity of inflammatorymediators, vascular permeability, and
migration of neutrophils.
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released primarily by monocytes, macrophages, and mast
cells as well as by nonimmune cells, from keratinocytes,
fibroblasts, synoviocytes, endothelial, neuronal, and glial cells
(Schwann cells, microglia, and astrocytes), during cell injury,
infection, invasion, and inflammation. So, overproduction of
IL-1β is implicated in the pathophysiological changes that
occur during different disease states, such as rheumatoid
arthritis, neuropathic pain, inflammatory bowel disease, oste-
oarthritis, vascular disease, multiple sclerosis, and
Alzheimer’s and Parkinson’s diseases [48, 49].

The antinociceptive action of (+)-limonene epox-
ide was also investigated since mediators produced in
inflammation sites can produce pain by activation or
sensitization of nociceptors adjacent to the injured
t i s su e . IL -1β , I L - 6 , and TNF-α a r e p ro -
inflammatory cytokines found to increase the produc-
tion of substance P and PGE2 in a number of neu-
ronal and glial cells, contribute to the development of
neuropathic pain behavior following a peripheral
nerve injury, and induce tactile allodynia and thermal
hyperalgesia [48, 50].

The abdominal contortions technique induced by
acetic acid is a visceral pain model with its high sensitivity
and low specificity very used to evaluate the
antinociceptive activity of new drugs [34, 51, 52]. The
local irritation caused by intraperitoneal administration of
such agent triggers the release of mediators, such as bra-
dykinin, substance P and PGs, as well as cytokines such as
IL-1β, TNF-α, and IL-8. These mediators activate
chemosensitive nociceptors, which contribute to the devel-
opment of inflammatory pain and vascular permeability.
Certainly, (+)-limonene epoxide inhibitedmice nociceptive
response to acetic acid in a significant manner by suppres-
sion of inflammatory pain through the inhibition of release/
activity of inflammatory mediators [34] which declined
vascular permeability during the initial exudative inflam-
mation [37]. Its inhibition may contribute to the reduction
of edema formation and to decrease the migration of
neutrophils.

Next, additional hot plate studies were carried
out to verify central effects of (+)-limonene epoxide.
Jumping or licking paws are indicative of response to
thermic nociceptive stimulation. Diminution of such
parameters is interpreted as antinociceptive effect
[10], implying that (+)-limonene may act as an anal-
gesic substance after 60 and 90 min.

The formalin test is used as a more specific pain
inducer and triggers two distinct periods with different
nociceptive mechanisms. Response in the first stage is a
consequence from immediate release of the excitatory

amino acids glutamate and aspartate and intense increase
in activity of primary afferent fibers. On the other hand,
reactions in the second stage result from the extensive
activation of primary afferent neurons in a low and contin-
uous way by sensory neuropeptides like substance P at the
spinal cord [53]. Opioid analgesics, such as morphine,
suppress both early and late phases of the formalin
test, while NSAIDs mainly act on the late and pe-
ripheral inflammatory [54]. So, it was shown that
(+)-limonene epoxide as well as morphine alleviated
both phases, suggesting possible peripheral and cen-
tral antinociceptive mechanisms of the semisynthetic
terpene. This hypothesis was supported by the rever-
sion of the analgesic action of (+)-limonene epoxide
in animals pretreated with naloxone, an antagonist of
receptor 2 opioid. So, findings with formalin test
corroborated those results obtained with the hot plate
method and amplified the time for lickings.

CONCLUSIONS

In conclusion, (+)-limonene epoxide inhibited inflam-
mation in mice due to its inhibition of release/activity of
inflammatory mediators, declined vascular permeability,
decreases migration of neutrophils, and displayed systemic
and peripheral analgesic-dependent effects on the opioid
system. Since it presents great advantages due to its biode-
gradable characteristics, readiness of production, and eco-
nomic viability to obtain them on an industrial scale, it
arises as a promising molecule to treat inflammation and
pain-related disorders.
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