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ARTICLE INFO ABSTRACT

Aims: The present study aimed to investigate the potential anti-inflammatory and anti-nociceptive effects of
carvacryl acetate, a derivative of carvacrol, in mice.
Main methods: The anti-inflammatory activity was evaluated using various phlogistic agents that induce paw
edema, peritonitis model, myeloperoxidase (MPO) activity, pro and anti-inflammatory cytokine levels. Evalua-
tion of antinociceptive activity was conducted through acetic acid-induced writhing, hot plate test, formalin
test, capsaicin and glutamate tests, as well as evaluation of motor performance on rotarod test.
Key findings: Pretreatment of mice with carvacryl acetate (75 mg/kg) significantly reduced carrageenan-induced
paw edema (P < 0.05) when compared to vehicle-treated group. Likewise, carvacryl acetate (75 mg/kg) strongly
inhibited edema induced by histamine, serotonin, prostaglandin E; and compound 48/80. In the peritonitis
model, carvacryl acetate significantly decreased total and differential leukocyte counts, and reduced levels of
myeloperoxidase and interleukin-1 beta (IL-13) in the peritoneal exudate. The levels of IL-10, an anti-
inflammatory cytokine, were enhanced by carvacryl acetate. Pretreatment with carvacryl acetate also decreased
the number of acetic acid-induced writhing, increased the latency time of the animals on the hot plate and decreased
paw licking time in the formalin, capsaicin and glutamate tests. The pretreatment with naloxone did not reverse the
carvacryl acetate-mediated nociceptive effect.
Significance: In conclusion, the current study demonstrated that carvacryl acetate exhibited anti-inflammatory activ-
ity in mice by reducing inflammatory mediators, neutrophil migration and cytokine concentration, and anti-
nociceptive activity due to the involvement of capsaicin and glutamate pathways.
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Introduction low efficacy and specificity. For this reason, studies are conducted to

identify novel therapeutic options to develop and introduce new

Inflammation is a dynamic and complex process that arises in re-
sponse towards cellular injury. It has an important role in tissue repair,
yet in some cases it can cause undesirable effects such as tissue damage
and loss of function. Inflammation process is characterized by the pro-
duction of a cascade of mediators that regulate important factors of
the inflammatory response, as the increase in vascular permeability
and recruitment of leukocytes in the blood (Rodriguez-Vita and Law-
rence, 2010). Once released, these inflammatory mediators may acti-
vate or sensitize nociceptors adjacent to the injured tissue resulting in
pain sensation (Andrade et al., 2012). Currently several analgesics and
anti-inflammatory drugs are associated with important side effects,
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drugs with greater safety and efficacy.

Medicinal plants are natural products known to be a significant
source of new chemical substances with potential therapeutic effects
(Calixto, 2005). Among natural products, use of essential oils is a prom-
ising option because of proven therapeutic action and for being also
commonly added in food to obtain a specific taste (Ipek et al., 2005).
In this context, we can include the carvacrol (5-isopropyl-2-
methylphenol), a monoterpenic phenol present in essential oils of nu-
merous aromatic plants of the family Laminaceae (Vincenzi et al.,
2004). Previous studies have demonstrated antimicrobial (Klein et al.,
2013), antioxidant (Yanishlieva et al., 1999; Beena et al., 2013), anti-
nociceptive (Melo et al.,, 2012) and anti-inflammatory (Landa et al.,
2009) properties of this compound.

In this study, we decided to investigate a semisynthetic derivative of
carvacrol, carvacryl acetate, a compound unexplored as their pharmaco-
logical properties. Since carvacrol, as well as other phenols, such as
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thymol, is more toxic than many esters, the synthesis of carvacryl ace-
tate was performed to obtain a derivative of carvacrol with improved
pharmacological profile and less toxicity. Thus we suggest that the pres-
ence of an ester group, instead of the hydroxyl group of carvacrol, may
confer different safety and efficacy features to this compound compared
to monortepene carvacryl.

Considering the potential use of natural products in the develop-
ment of new drugs, the aim of the present study was to investigate
the anti-inflammatory and antinociceptive effects of carvacryl acetate,
a derivative of carvacrol, in experimental models.

Materials and methods
Drugs and reagents

N-Carrageenan, indomethacin, serotonin, histamine, compound
48/80, prostaglandin E, (PGE,), acetic acid, formaldehyde and dimethyl
sulfoxide (DMSO) were purchased from Sigma Chemical (Saint Louis,
MO, USA). Heparin and morphine were provided by Merck, Sao Paulo,
Brazil. All drugs were dissolved in sterile 0.9% (w/v) NaCl (saline). The
carvacryl acetate was dissolved in 2% DMSO. All other chemicals were
of analytical grade and obtained from standard commercial suppliers.

Compounds

Carvacryl acetate (98% purity; Fig. 1) was obtained by acetylation of
carvacrol, using acetic anhydride as acylating agent and pyridine as cat-
alyst. As described below, first in a 50 ml flask, equipped with magnetic
stirrer, coupled to a Friedrich condenser and an inert atmosphere was
added carvacrol (5 g, 0.033 mol), pyridine (7.5 ml) and acetic anhy-
dride (12.5 ml). Then subjected to magnetic stirring and under constant
reflux for 24 h. Continuing the procedure for preparing the reaction
mixture was poured into ice water (60 ml) and extracted from reaction
product in a separator funnel using chloroform as the solvent (three
times 60 ml). The chloroform phases were combined and washed
with saturated copper sulphate (three times 60 ml). The chloroform
phase was washed with water (three times 60 ml) and dried with
anhydrous Na,SO4. Subsequently, the solvent was evaporated on a
rotary evaporator. The reaction product was subjected to column
chromatography using silica gel as stationary phase and a mixture
of hexane/ethyl acetate (95:5) as mobile phase. There was obtained
4.779 g (0.025 mol) of carvacryl acetate and 76% yield (Vogel et al.,
1996; Moraes et al., 2013). The structural identification of carvacryl
acetate was performed by analysis of 'H and '>C NMR, IR and com-
pared with literature data.

Animals

Male Swiss mice (25-30 g) were housed at a temperature of
25 + 2 °Cunder a 12/12-h light/dark cycle with food and water ad
libitum. All experiments were performed in accordance with the Guide
for Care and Use of Laboratory Animals (National Institute of Health, Be-
thesda, MD, USA) and were approved by the Ethics Committee in Re-
search of the Federal University of Piaui (protocol no. 0066/10).
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Fig. 1. Chemical structure of carvacryl acetate.

Experimental protocol

Carrageenan-induced paw edema in mice

The animals were randomly divided into six groups (n = 5), and
edema was induced by injection of 50 pl of a suspension of carrageenan
(500 pg/paw) in 0.9% sterile saline into the right hind paw (group I) ac-
cording Silva et al. (2013). Mice were pretreated intraperitoneally (i.p.)
with either 2% DMSO (group II untreated control); indomethacin
10 mg/kg (group III reference control); or carvacryl acetate, 25, 50 or
75 mg/kg (groups IV, V, and VI, respectively). Paw volume was measured
immediately before (Vy), and at 1, 2, 3, and 4 h after carrageenan treat-
ment (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 DMSO-treated controls by using the following for-
mula (Winter et al., 1962).

(V,—V,)Control—(V,—V,)Treated "

(V;—V,)Control 100

% inhibition of edema =

Paw edema induced by different phlogistic agents

To induce edema, the animals were administered 50 pl injections
of serotonin (1% w/v), histamine (100 pg/paw), prostaglandin E;
(3 nmol/paw), or compound 48/80 (12 pg/paw) into the right hind
paw (Silva et al., 2013; Chaves et al., 2013; Claudino et al., 2006). The
contralateral paw received 50 pl of 2% DMSO and served as an untreated
control. In the experiment, the animals were pretreated with carvacryl
acetate (75 mg/kg, i.p.) or indomethacin (10 mg/kg, i.p.; reference con-
trol) 30 min before these intraplantar injections of phlogistic agents.

Carrageenan-induced peritonitis

For the determination of neutrophil migration into the peritoneal
cavity, mice were injected intraperitoneally with 2.0% DMSO, indo-
methacin 10 mg/kg or carvacryl acetate (75 mg/kg, i.p.). Thirty minutes
later, the animals were injected with carrageenan (250 pl; 500 pg/cavi-
ty), as adapted from de reports of Chaves et al. (2013). Mice were eutha-
nized 4 h later and the peritoneal cavity was washed with 1.5 ml of
heparinized phosphate buffered saline (PBS) to harvest peritoneal
cells. The volumes recovered were similar in all experimental groups
and were equivalent to ~95% of the injected volume. Total cell counts
were performed in a Neubauer chamber, and differential cell counts
(100 cells total) were carried out on cytocentrifuge slides stained with
hematoxylin and eosin. The results are presented as the number of neu-
trophils per milliliter of peritoneal exudate. Aliquots of the peritoneal
exudates were stored at —70 °C for later analysis of cytokine and
myeloperoxidase (MPO) content.

Myeloperoxidase activity assay

MPO assay was based on the method of Bradley et al. (1982) and
partly modified. Briefly, 400 pl of the peritoneal exudates was centri-
fuged at 40,000 xg for 7 min at 4 °C. After, 10 pl of the supernatants
were collected and MPO activity was assayed by measuring the change
in absorbance at 450 nm using o-dianisidin edihydrochloride and 1%
hydrogen peroxide. The results were expressed in units/ml. A unit of
MPO activity was defined as that converting 1 pmol of hydrogen perox-
ide to water in 1 min at 22 °C.

Evaluation of TNF-«, IL-13 and IL-10 levels in carrageenan-
induced peritonitis

Levels of tumor necrosis factor-alpha (TNF-a), interleukin-1 beta
(IL-1B) and interleukin-10 (IL-10) were evaluated using sandwich
ELISA. Briefly, microliter plates were coated overnight at 4 °C with anti-
body against mice TNF-«, IL-1(3 or IL-10 (2 pg/ml, DuoSet ELISA Devel-
opment kit R&D Systems). Blocking of nonspecific binding sites was
accomplished by incubating plates with PBS containing 2% bovine
serum albumin (BSA) for 90 min at 37 °C. After blocking the plates,
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the test samples and each standard at various dilutions were added in
duplicate and incubated at 4 °C for 24 h. The plates were washed
three times with buffer. After washing the plates, 50 pl of biotinylated
sheep polyclonal anti-TNF-a, anti-IL-1(3 or IL-10 (diluted 1:1000 with
assay buffer 1% BSA) were added to the wells. After further incubation
at room temperature for 1 h, the plates were washed and 50 pl of
streptavidin-HRP diluted 1:5000 were added to all wells. The reagent
o-phenylenediamine dihydrocloride (50 pl) was added 15 min later,
and the plates were incubated in the dark at 37 °C for 15-20 min.
After color development, the reaction was stopped with the addition
of sulfuric acid (1 M) and absorbance was measured at 490 nm. The re-
sults are expressed as pg/mg protein and reported as mean + SEM.

Acetic acid-induced abdominal writhing

Acetic acid administration causes irritation, resulting in painful con-
tortions, followed by hind limb extension. Each experimental group was
pretreated with DMSO, carvacryl acetate (75 mg/kg, i.p.) or morphine
(5 mg/kg, s.c., reference control). After 30 min, 0.6% acetic acid
(10 ml/kg body weight, i.p.) was administered. After waiting for
10 min, the number of constrictions, including abdominal muscle con-
tractions and hind paw extension, were recorded over 20 min, as de-
scribed by Koster et al. (1959).

Hot plate test

Mice were treated according to the method described by Eddy and
Leimbach (1953). Each mouse was dropped twice on a heated plate
(55 £ 1 °C), separated by a 30 min interval. The first trial familiarized
the animal with the test procedure and the second served as the control
reaction time (licking of a paw or jumping), recorded as the response la-
tency on a hot plate (Insight, Ribeirao Preto, Sdo Paulo, Brazil; model
EFF-361). Animals with baseline latencies of more than 20 s were ex-
cluded from the study. Mice were treated with carvacryl acetate
(75 mg/kg, i.p.) or morphine (5 mg/kg, s.c.; reference drug) 30 min be-
fore the test, and the control group received the same volume of 2%
DMSO. Measurements were performed before (zero time) and 30, 60
and 90 min after treatment, with a cutoff time of 45 s to prevent devel-
opment of paw lesion.

Formalin-induced licking

Mice were pretreated with either 2% DMSO, carvacryl acetate,
(75 mg/kg, i.p.), or morphine (5 mg/kg, s.c.; reference control). Thirty
minutes after administration, 2.8% formalin (20 pl) was administered
subcutaneously (s.c.) into the right hind paw. Licking time was recorded
from 0 to 5 min (phase 1, corresponding to a direct chemical stimula-
tion of nociceptors) and 20-25 min after formalin injection (phase 2, in-
volving release of inflammatory mediators) (Fasmer et al., 1986).

Evaluation of the opioid pathway

To examine the involvement of opioid receptors in the
antinociceptive activity of carvacryl acetate for formalin-induced pain,
mice (n = 6) were pretreated with 2% DMSO or naloxone (3 mg/kg,
sc; opioid antagonist). After 15 min, the animals were treated with
carvacryl acetate (75 mg/kg, i.p.) or morphine (5 mg/kg, s.c.; opioid ag-
onist). Thirty minutes after administration, 2.8% formalin (20 pl) was
administered subcutaneously (s.c.) into the right hind paw. Licking
time was recorded from 0 to 5 min (phase 1, corresponding to a direct
chemical stimulation of nociceptors) (Hunskaar et al., 1985).

Capsaicin-induced nociception

The animals were treated with vehicle (2% DMSO, i.p.), carvacryl ace-
tate (75 mg/kg, i.p.) or morphine (5 mg/kg, s.c.; reference control), thirty
minutes later mice received 20 pl of capsaicin solution (3 pg/paw) in the
right hind paw. The nociceptive response (time that the animal remained
licking or biting the injected paw) was timed over a period of 5 min after
capsaicin administration (Sakurada et al., 2003).

Glutamate-induced nociception

The animals were treated with carvacryl acetate (75 mg/kg, i.p.) or
MK-801 (0.03 mg/kg, i.p.; an NMDA receptor antagonist), thirty mi-
nutes later mice received 20 pl of glutamate solution (30 umol/paw)
in the right hind paw. The nociceptive response (time that the animal
remained licking or biting the injected paw) was timed over a period
of 15 min after glutamate administration (Beirith et al., 2002).

Evaluation of the motor performance

The rota-rod test permits the detection of muscle relaxing agents or
drugs that produce motor incoordination. Earlier, the animals were
evaluated to select those that shown ability in walking on the revolving
bar under the same conditions used in the test and these were divided
into groups (n = 5). On the day of the test, animals were treated
with 0.5 ml/25 g vehicle (2% DMSO—control, i.p.), carvacryl acetate
(75 mg/kg, i.p.) or diazepam (5 mg/kg, v.o., positive control for motor
impairment). After 60 min, the animals were placed on the horizontal
rotating bar (12 rpm), which was a non-slip plastic rod located 28 cm
over the base, for 1 min. The number of falls was counted, with a max-
imum of three replacements on the bar (Dunham and Miya, 1957).

Statistical analysis

Results are expressed as means 4+ SEM of at least five animals per
group, and statistical analysis was performed using one-way analysis
of variance (ANOVA) followed by the Newman-Keuls post hoc test,
when appropriate. Statistical significance was set at P < 0.05.

Results
Carrageenan-induced paw edema

Subplantar injection of carrageenan promoted an increase in paw
volume dependent on the time; this increase was maintained until the
fourth hour, getting the maximum value at the third hour (Table 1).
Paw edema was significantly decreased by indomethacin (P < 0.05)
throughout the experimental period, with a maximal inhibition of
81.3%, at the third hour. The carvacryl acetate were evaluated at the
doses of 25,50 and 75 mg/kg, where was observed significant inhibition
of edema at a dose of 75 mg/kg at all times evaluated, granting the max-
imum of inhibition at the third and fourth hour, 88.8% (P < 0.001) and
97% (P < 0.001) respectively, when compared to the carrageenan
group. Because the dose of 75 mg/kg afforded most of the protection
against the inflammatory effects caused by carrageenan, this dose was
selected for the study of the carvacryl acetate-mediated anti-
inflammatory and anti-nociceptive effects.

Paw edema induced by different phlogistic agents

Carvacryl acetate (75 mg/kg, i.p.) significantly decreased the paw
edema elicited by histamine, prostaglandin E,, compound 48/80 and se-
rotonin (Fig. 2). The paw edema was most pronounced in the first thirty
minutes after the subplantar injection of phlogistic agents. The peak in-
hibitory effects observed at the time of half hour with the dose of
75 mg/kg of carvacryl acetate in the edemas of histamine (Fig. 2a),
prostaglandin E, (PGE,, (Fig. 2b), compound 48/80 (Fig. 2c) and seroto-
nin (Fig. 2d) were 34.14% (P < 0.001), 96.48% (P < 0.001), 83.33%
(P <0.001) and 37.50% (P < 0.01), respectively. The reference drug, in-
domethacin (10 mg/kg, i.p.), inhibited paw edema induced by all these
inflammatory mediators significantly.

Carrageenan-induced peritonitis

Peritoneal inflammation was induced and the number of cells re-
cruited into the peritoneal cavity was measured as an indication of the
inflammation degree. After the induction of inflammation by carrageen-
an, the total leukocyte count in the peritoneal cavity in carrageenan
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Table 1
Effect of carvacryl acetate on carrageenan-induced paw edema in mice. Values of paw edema are expressed in mean 4+ SEM (n = 5). Inhibition percentage of paw edema is indicated in
parenthesis.
Treatment Dose (mg/kg) Paw edema (ml)
1h 2h 3h 4h
DMSO 0.002 + 0.002 0.002 + 0.002 0.002 + 0.002 0.002 + 0.002
Control (Cg) 0.058 + 0.019 0.060 + 0.014 0.107 &+ 0.016 0.066 + 0.006
Indomethacin 10 0.012 £ 0.007* (79.3) 0.014 4 0.011* (76.7) 0.020 4 0.015** (81.3) 0.014 4 0.011*** (78.8)
Carvacryl Acetate 25 0.054 + 0.006 (06.9) 0.040 + 0.012 (33.3) 0.054 4+ 0.012* (49.5) 0.060 + 0.012 (09.09)

50 0.040 + 0.013 (31.0)
75 0.016 + 0.005* (72.4)

0.048 + 0.012 (20.0)
0.014 + 0.006* (76.7)

0.046 + 0.006* (57.0)
0.012 £ 0.005* (88.8)

0.050 + 0.011 (24.24)
0.002 -+ 0.002** (97.0)

* p < 0.05 compared with control.
** p < 0.01 compared with control.

*#% p < 0.001 compared with control (one way ANOVA followed by Newman-Keuls' test).

group was 13220 x 10° + 2610 x 10? cells/ml. The pre-treatment
with the carvacryl acetate (75 mg/kg) decreased the number of leuko-
cytes total count to 2720 x 10° £ 681.3 x 10> cells/ml (79.42% inhibi-
tion, P < 0.001) (Fig. 3a). The carvacryl acetate (1805 x 10° & 400.7 x
10 cells/ml; 84.18% inhibition, P < 0.001) also significantly decreased
the neutrophil migration into the peritoneal cavity, as compared to car-
rageenan group (11410 x 10® & 2392 x 103 cells/ml) (Fig. 3b). Simi-
larly, when compared to carrageenan treatment, pretreatment with
indomethacin produced an 82.2% reduction (P < 0.001) in total leuko-
cyte count and a 94.3% reduction (P < 0.001) in neutrophil migration
to the peritoneal cavity.

Myeloperoxidase activity assay

Table 2 shows that carvacryl acetate (75 mg/kg) inhibited neutro-
phil infiltration, which was evident from the myeloperoxidase (MPO)
activity measured in the peritoneal exudate. Pretreatment of mice
with carvacryl acetate reduced MPO activity to 4.1 + 0.6 U/ml versus

7.6 4+ 0.8 U/ml of the carrageenan group, which was equivalent to a
reduction of 46.05% (P < 0.05).

Evaluation of TNF-c, IL-13 and IL-10 levels in carrageenan-
induced peritonitis

The intraperitoneal administration of carrageenan caused a large in-
crease in levels of TNF-a and IL1-B (202.20 + 19.97 pg/ml and
1995 + 13.19 pg/ml, respectively) in peritoneal exudate, when com-
pared to untreated animals (36.67 + 12.57 pg/ml in levels of TNF-a
and 53.78 4 32.93 pg/ml in levels of IL1-B). Pretreatment of animals
with carvacryl acetate (75 mg/kg; i.p.) significantly reduced the con-
centrations of IL1-B to 951.1 4 143.3 pg/ml (52.32% inhibition,
P < 0.001), when compared to carrageenan group, but did not decrease
TNF-a levels (Table 2). On the other hand, pretreatment with carvacryl
acetate (75 mg/kg; i.p.) induced a significant increase of IL-10 levels
(71.46 £+ 11.69 pg/ml) in peritoneal exudate when compared to con-
trol group (Cg: 28.03 4 08.18 pg/ml).

a -+ DMSO b -« DMSO
~ 0.10- -5~ Histamine ~ 0.08- & PGE;
E @ Carvacryl + Histamine £ - Carvacryl = PGE;
g 0.08- -5 Indomethacin + Histamine 2 0.06- -5 Indomethacin + PGE;
3 5
T 0.06- 7 s
= * =
£ - I E o 0.04-
& 0.04 =4
s N =
£ 002 = 3 0021
S b5t 5
5 * " 5 *
£ 0.00 ‘ ; g : £ o0.00 ! ]
1} 30 60 920 120 0 30 60 920 120
Time after injection (min) Time after injection (min)
c d
0.12 1 -#- DMSO -+ DMSO
E -6~ Compound 48/80 CE‘ 0.104 -€- Serotonin
: 0.09- & Carvacryl + Compound 48/80 =~ 008 - Carvacryl + Serotonin
! = - A . .
E -8 Indomethacin + Compound 48/80 g & Indomethacin + Serotonin
£ S 0.06- .
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Fig. 2. Effects of carvacryl acetate on paw inflammation induced by different phlogistic agents. Edema was induced by (a) histamine; (b) prostaglandin E, (PGE,); (c) compound 48/80; and
(d) serotonin. Animals were pretreated with carvacryl acetate (carvacryl; 75 mg/kg i.p.), 2% dimethyl sulfoxide (DMSO; control, i.p.), or indomethacin (10 mg/kg, i.p.). Each point repre-

sents the mean + SEM of five animals. “P < 0.05 significantly different from the control group.
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Fig. 3. Anti-inflammatory effect of carvacryl acetate on carrageenan-induced peritonitis in
mice. Mice were injected i.p. with dimethyl sulfoxide (DMSO), carvacryl acetate
(carvacryl; 75 mg/kg), or indomethacin (10 mg/kg, reference control) and were injected
with 250 pl of carrageenan (500 pg/cavity, i.p.) 30 min later. Neutrophil migration was
evaluated after 4 h. The white bars represent the peritoneal neutrophils in animals
injected with DMSO (untreated group). (a) Total counts and (b) differential counts. The
values are means + SEM of five animals for each group (*P < 0.05 compared to the
DMSO group; *p < 0.05 compared to the carrageenan group).

Acetic acid-induced abdominal writhing

Fig. 4 shows that the number of abdominal writhing in mice, induced
by acetic acid, in the period of 20 min was 26.75 + 8.18. The pre-
treatment with the carvacryl acetate (75 mg/kg, i.p.) decreased the
number of writhing to 10.33 + 4.24, granting an inhibition of 61.39%
(P < 0.05). The morphine (5 mg/kg, s.c.), an opioid receptor agonist, re-
duced in 94.77% (P < 0.05) the number of writhing, when compared
with the acetic acid group, as expected.

Hot plate test

Pretreatment with the carvacryl acetate (75 mg/kg, i.p.) significantly
increased latency time on the plate in all the evaluated times (30, 60 and
90 min), as compared to time zero. Likely, treatment with morphine
(5 mg/kg, s.c.) induced a significant increase in latency time in the hot
plate test, throughout the experimental period (Fig. 5).

Formalin-induced licking

As shown in Fig. 6a, the 2.8% formalin administration caused an ele-
vated licking time in the paw in the first and in the second phase

404
2 —
£ 301
=
E 204
< L
)
@
=
£ 104
=
z

DMSO Carvacryl  Morphine
Acetic acid (0.6%)

Fig. 4. Effect of carvacryl acetate on the writhing response induced by acetic acid in mice.
Mice received dimethyl sulfoxide (DMSO), carvacryl acetate (carvacryl; 75 mg/kg, i.p.), or
morphine (5 mg/kg, s.c.; reference control), 30 min prior to 0.6% acetic acid (250 pl/cavity;
i.p.). Data are expressed as the means + SEM of five animals for each group (*P <0.05
indicates a significant difference from the acetic acid group).

(60.36 4 12.91 and 37.28 £ 11.19 s, respectively; Fig. 6a). The pre-
treatment with carvacryl acetate (75 mg/kg, i.p.) reverted significantly
the licking time in both the neurogenic (63.99%, P < 0.05) and inflam-
matory (93.30%, P < 0.01) phases. Similarly, the morphine administra-
tion also reverted the pain induced by formalin, decreasing the licking
times in 57.38% (P < 0.05) in the phase 1 and 98.23% (p < 0.05) in the
phase 2. The Fig. 6b shows that the pretreatment of animals with nalox-
one (3 mg/kg, s.c.), a nonselective opioid antagonist, did not change the
carvacryl acetate-mediated antinociceptive effect, however largely re-
versed the anti-nociceptive effect caused by morphine when analyzed
in the early phase of the formalin test (3.88 4+ 1.49 s in morphine
group versus 26.57 4+ 4.75 s in naloxone group).

Capsaicin-induced nociception

Fig. 7 illustrates that the capsaicin (3 pg/paw) administration caused
accentuated hypernociception in mice, with a licking time of the paw of
33.08 4+ 1.27 s. In addition, the carvacryl acetate (75 mg/kg, i.p.) admin-
istration 30 min before of capsaicin promoted accentuated decrease in
licking response, with an inhibition percentage of 53.27% (P < 0.001). As
expected, the morphine also reverted significantly the hypernociception
(87.34%, P < 0.001).

Glutamate-induced nociception

In the glutamate-induced hyperalgesia (Fig. 8), the carvacryl acetate
(75 mg/kg, i.p.) caused pronounced anti-nociception, with 55.92% inhi-
bition (P < 0.05) in licking response (56.05 + 11.21 s in glutamate
group versus 24.71 + 9.45 s in carvacryl acetate-treated group). The
MK-801, a non-competitive antagonist of glutamate receptor, also
inhibited in a significant way the hyperalgesia caused by glutamate
(65.96% reduction, P < 0.05).

Evaluation of the motor performance
The carvacryl acetate (75 mg/kg) did not affect the number of falls or

time of stay on the rotating bar, when compared with the vehicle in
rotarod test. As opposed, diazepam administration, positive control for

Table 2

Effect of carvacryl acetate on the myeloperoxidase (MPO), interleukin (IL)-1 3, tumor necrosis factor (TNF)-a and interleukin (IL)-10 levels in the peritoneal exudate after carrageenan

injection.
Treatment Dose (mg/kg) MPO (U/ml) IL-1 (pg/ml) TNF-o (pg/ml) IL-10 (pg/ml)
DMSO 214 4+ 024 53.78 £+ 32.93 36.67 &+ 12.57 16.32 4+ 04.28
Control (Cg) 7.69 + 0.80 1995.0 &+ 13.19 202.20 £ 19.97 28.03 £ 08.18
Indomethacin 10 437 + 145" (43.1) 1192.0 + 175.20"** (40.2) 80.77 £ 27.32* (60.0) 65.21 + 09.26*
Carvacryl Acetate 75 4.10 + 0.66* (46.6) 951.10 + 143.30"* (52.3) 119.10 + 51.86 (41.0) 71.46 + 11.69*

Results are expressed as the mean + SEM of five animals per group (*p < 0.05 compared to the carrageenan group. ***p < 0.001 compared to the carrageenan group).


image of Fig.�3
image of Fig.�4

S.R.B. Damasceno et al. / Life Sciences 94 (2014) 58-66 63

[J DMSO
30- El Carvacryl
Morphine

ANl = ﬁ[% ﬁ'% ﬁ[%

Time (min)

=
=]
!

Latency (s)

[
=]
I

Fig. 5. Effect of carvacryl acetate on reaction times to thermal stimuli (hot plate). Mice re-
ceived dimethyl sulfoxide (DMSO), carvacryl acetate (carvacryl; 75 mg/kg, i.p.), or mor-
phine (5 mg/kg, s.c.). Data are expressed as the means + SEM of five animals for each
group (*P < 0.05 when compared with the time zero).

motor impairment, changed significantly the motor performance of the
tested animals, increasing the number of falls and decreasing time of
stay on the rotating bar.

Discussion

In the present study, we evaluated the potential anti-inflammatory
and anti-nociceptive effects of carvacryl acetate, a derivative of carvacrol,
through the use of several pharmacological tools. Our results showed
that the carvacryl acetate presents significant anti-inflammatory and
anti-nociceptive effects.

Inflammation is a biological reaction to an injured tissue homeosta-
sis (Medzhitov, 2008), which involves redness, edema, rise in tempera-
ture, pain and loss of function (Bano et al, 2013). Among these
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Fig. 7. Evaluation of the opioid pathway on the analgesic effect of carvacryl acetate. Mice
were pretreated with 2% DMSO or naloxone (3 mg/kg, s.c., opioid antagonist). After
30 min, the animals were treated with carvacryl acetate (carvacryl; 75 mg/kg, i.p.) or
morphine (5 mg/kg, s.c.). After 60 min, the time spent licking was determined during the
first 0-5 min (phase 1) after injection with 2.8% formalin. Data are expressed as the
means 4 SEM of six animals for each group (*P < 0.05 indicates significant difference from
the formalin group; #P < 0.05 indicates significant difference from the respective group).

parameters triggered by inflammation, edema and pain formation are
targets for studies in the search for new compounds with anti-
inflammatory and analgesic activities.

Carrageenan-induced paw edema is widely used for determining the
biphasic event of inflammation that involves the participation of diverse
set of inflammatory mediators and intense neutrophil infiltration
(Morris et al., 2003). The first phase of this experimental model has
been attributed to the action of mediators such histamine, serotonin
and bradykinin on vascular permeability (Niazi et al., 2009). The second
phase is characterized by an excess production of prostaglandins and an
intense neutrophil infiltrate (Perez-Gurrero et al., 2001; Déciga-Campos
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Fig. 6. Effect of carvacryl acetate on the formalin test in mice. The time spent licking was determined during the first 0-5 min (phase 1; panel a) and during 20-25 min (phase 2; panel b)
after injection with 2.8% formalin. Dimethyl sulfoxide (2% DMSO), carvacryl acetate (carvacryl; 75 mg/kg, i.p.), or morphine (5 mg/kg, s.c.; positive control) were administered 30 min
before subcutaneously administration of formalin. Data are expressed as the mean + SEM of five animals for each group (*P < 0.05 indicates significant difference from the formalin

group).
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Fig. 8. Effect of carvacryl acetate on the capsaicin-induced nociception in mice. The time
spent licking was determined during the first 0-5 min after injection with capsaicin solution
(3 pg/paw). Dimethyl sulfoxide (DMSO, control), carvacryl acetate (carvacryl; 75 mg/kg,
i.p.), or morphine (5 mg/kg, s.c.; positive control) were administered 30 min before intrader-
mal administration of capsaicin. Data are expressed as the mean 4= SEM of five animals for
each group (*P < 0.05 indicates significant difference from the capsaicin group).

et al,, 2007). In the present work, we evaluated the inhibitory potential
of the carvacryl acetate on the carrageenan edema, where we observed
that the carvacryl acetate caused significant reduction of edema at all
times evaluated, suggesting that its anti-edematogenic effect is proba-
bly due to the inhibition of different aspects and chemical mediators
of inflammation.

To confirm the involvement of these mediators in the anti-
inflammatory effect provided by carvacryl acetate we realize the paw
edema induced by compound 48/80, histamine, serotonin and prosta-
glandin E,. Compound 48/80 causes massive mast cell degranulation
that promotes the release of inflammatory mediators such as histamine,
serotonin, platelet-activating factor, leukotrienes and a variety of cyto-
kines that can elicit many events associated with inflammation (Datti
et al.,, 2002; Coussens and Werb, 2002). Among these agents, histamine
and serotonin are important inflammation mediators; they are potent
vasodilator substances and also increase the vascular permeability
(Linardi et al., 2000). The carvacryl acetate significantly reversed the
edema induced by compound 48/80, histamine and serotonin. Thus, it
is possible to confirm the involvement of vasoactive mediators derived
from mast cell granules, such as histamine and serotonin, in the
carvacryl acetate anti-inflammatory effect.

PGE, is synthesized in substantial amounts at the sites of inflamma-
tion, and it acts as a potent vasodilator, inducing the production of vari-
ous chemo-attractants, such as leucocytes and pro-inflammatory
cytokines including IL-1p and TNF-a (Kaur et al., 2004). This mediator
also participates in acute pain, sensitising the nerve endings of nocicep-
tive fibres AS and C through its receptor EP1 (Rady et al., 2001). Thus,
high levels of PGE, have been found in inflammatory exudates, and the
injection of PGE; directly into tissue has been shown to induce a number
of classical sign of inflammation (Claudino et al., 2006). The carvacryl ac-
etate also significantly reduced the edema induced by PGE,, demonstrat-
ing that the carvacryl acetate-mediated anti-inflammatory effect also
involves the decrease of this important inflammatory mediator.

Leukocyte migration to injured tissue is another important aspect of
the inflammatory process (Gonzalez et al., 2013). To evaluate the partic-
ipation of leukocyte migration in the anti-inflammatory activity mediat-
ed by carvacryl acetate, we performed the carrageenan-induced
peritonitis model. Intraperitoneal administration of carrageenan pro-
duces a sustained increase in postcapillary venule permeability, thereby
leading to increased cellular infiltration, particularly of neutrophils
(Malech and Gallin, 1987). Thus, this model of acute inflammation al-
lows the quantification of leukocytes that migrate into the peritoneal
cavity under the action of chemotactic agents, mainly leukotrienes
and cytokines, and is sensitive to the action of non-steroidal anti-
inflammatory drugs (Brooks and Day, 1991). The results of present
study showed that pre-treatment with carvacryl acetate significantly
decrease the leukocytes count, as well as neutrophils that migrated

into the peritoneal cavity. These data suggest that the carvacryl
acetate-mediated anti-inflammatory effect involves, in part, inhibition
of neutrophil migration into the injury site.

To confirm these results, we evaluated the levels of myeloperoxidase
in inflammatory exudate. Myeloperoxidase (MPO) is an enzyme secret-
ed by neutrophils at inflammatory sites that induce damage to adjacent
tissue, contributing to the pathogenesis of inflammation; it is also widely
used as a marker of neutrophil infiltration (Vlasova et al., 2012). Our re-
sults showed that pretreatment with carvacryl acetate significantly re-
duced levels of MPO in the peritoneal exudate when compared with
the carrageenan group. The results of this evaluation confirm the perito-
nitis test, indicating that the anti-inflammatory activity of carvacryl ace-
tate involves, among other parameters, decreased neutrophil migration.

In addition to cell migration, carrageenan-induced peritonitis also
involves plasma exudation and production of mediators such as nitric
oxide, IL-1B3, TNF-o and IL-6 (Salvemini et al., 1996; Loram et al.,
2007). Considering this information, we evaluated the effect of carvacryl
acetate on IL-1p> and TNF-« levels in the peritoneal exudate. The results
found showed that the carvacryl acetate significantly decreased the
concentrations of IL-1p3, when compared with carrageenan group; how-
ever, it did not reduced TNF-a level. These data suggest that the anti-
inflammatory effect of the carvacryl acetate may be due to the inhibition
of the production of IL-1( at inflammatory sites. IL-1f is a pleiotropic
cytokine that plays a key role in the innate immune response and is as-
sociated with the reduction of cell migration and exudation (Vigil et al.,
2008). This pro-inflammatory cytokine promotes the expression of ad-
hesion molecules, leukocyte migration, increased vascular permeability
and transendothelial migration (Hallegua and Weisman, 2002).

To limit the deleterious consequences of prolonged inflammatory
reaction, the release of pro-inflammatory cytokines is followed by the
release of anti-inflammatory cytokines, such as IL-4, IL-10, and IL-13.
Studies have shown that IL-10 has been found as a potent leukocyte de-
activator, which blocked TNF-q, IL-1, IL-6, IL-8 (Cyktor and Turner,
2011). Other authors demonstrated that the anti-inflammatory effect
of carvacrol is, at least in part, dependent of increase of IL-10 levels
(Lima et al., 2013). Thus, we investigated the possibility that IL-10 pro-
duction also contributes to the anti-inflammatory effect of carvacryl ac-
etate. Our present findings are consistent with the results of Lima et al.
(2013). In our study, we also demonstrated that carvacryl acetate en-
hanced the IL-10 levels in carrageenan-induced peritonitis in mice.
Thus, carvacryl acetate, like carvacrol, can be able to modify the number
of neutrophills and actively interfere with anti-inflammatory and pro-
inflammatory signalling pathways by inducing production of IL-10 and
reducing IL-1p release.

Mediators produced at the sites of inflammation have been known
to produce pain through the activation or sensitization of nociceptors
adjacent to the injured tissue (Carvalho et al., 2013). Experimental
models of inflammatory pain in rodents have been successfully
employed to reproduce this kind of pain and are used to search new
anti-inflammatory and analgesic drugs (Andrade et al., 2012).

Acetic acid-induced writhing is a visceral pain model which has been
largely used for the evaluation of peripheral anti-nociceptive activity
because of its high sensitivity (Santos et al., 2011). Acetic acid induces
local production of inflammatory mediators, including prostaglandins,
serotonin, histamine, bradykinin and substance P, which will sensitize
the nociceptors leading to hyperalgesia (Chu et al., 2008; Serhan and
Haeggstrom, 2010). Pretreatment with the carvacryl acetate significant-
ly decreased the amount of writhing induced by acetic acid in mice. The
anti-nociceptive effect demonstrated by carvacryl acetate in this exper-
imental model suggests that it acts through the inhibition of the synthe-
sis or action of inflammatory mediators that contribute to the
development of inflammatory pain. Interestingly, this finding confirms
our results obtained in experimental models of inflammation, where it
was observed that the carvacryl acetate significantly reversed the
edema of all inflammatory mediators tested, namely histamine, seroto-
nin and prostaglandin E,.
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The hot plate test is a specific central nociceptive test in which
agents exert their analgesic effects via supraspinal and spinal receptors
(Mbiantcha et al., 2011). The results obtained showed that carvacryl ac-
etate presented significant anti-nociceptive effect in the hot-plate test.
These data suggest the participation of central mechanisms in the
anti-nociceptive effects of the carvacryl acetate since both behavioral
components that were evaluated in this experimental model, namely
paw licking and jumping, are considered to be supraspinally integrated
responses (Le Bars et al., 2001).

Another model of nociception that has been extensively used to verify
the anti-nociceptive effect noted in new compounds is the formalin-
induced paw licking test (Sani et al., 2012). This model evaluates two dis-
tinct phase of nociception. The first phase, classified as a neurogenic pain,
is an acute response observed immediately after the administration of for-
malin, persisting for 5 min and that occurs through direct chemical stim-
ulation promoted by formalin on nociceptors, in type C and part of the A6
afferent fibers; it is also associated with the release of excitatory amino
acids, as glutamate, aspartate, taurine and glycine that are known to be in-
volved in the transmission of peripheral nociception (Verma et al., 2005;
Malmberg and Yaksh, 1995). The second phase appears between 15 and
60 min after the formalin administration, classified as an inflammatory
pain, and is a tonic response associated with the release of chemical
mediators such as histamine, serotonin, bradykinin, prostaglandins and
excitatory amino acids (Sani et al.,, 2012).

The achieved results in current study evidenced that the carvacryl
acetate inhibited both phases of the formalin-induced nociception.
These findings strongly confirms its ability to act at central nociceptive
level, by inhibiting the neurogenic phase, corroborating with the results
found in the hot plate test, besides acting also at the peripheral level, by
inhibiting the inflammatory phase, confirming the results found in the
acetic acid-induced writhing test.

Notably opioids and non-steroidal anti-inflammatory drugs
(NSAIDs) are the classic anesthetics currently used. However, there
are several other mechanisms by which the nociception can be re-
versed; thus, emerging therapies are designed to reduce the nociceptive
process by targeting inflammatory mediators (kinins, prostanoids,
prostaglandins, cytokines, chemokines) as well as ligand-gated ion
channels (Transient Receptor Potential Vanilloid—TRPV, Neuronal Nico-
tinic Receptors—NNRs, N-methyl-p-aspartate—NMDA, metabotropic
glutamate receptor—mGIuR) and voltage-regulated sodium and calci-
um channels (Dray, 2008).

Based on these considerations, we assess the possible mechanisms
of anti-nociception of the carvacryl acetate. For this purpose, we evalu-
ated the participation of the opioid pathway in this effect. However, the
administration of naloxone, a nonselective opioid antagonist, did not
reverse the anti-nociceptive effect of carvacryl acetate, showing that
there is no participation of the opioid pathway.

Because of this, there was the necessity to evaluate other possible
mechanisms by which the carvacryl acetate exerts its analgesic effect.
Thus, were performed tests of nociception capsaicin and glutamate for
observing the participation of these pathways.

The capsaicin-induced nociception is brought about by the activa-
tion of the capsaicin receptor, also known as the transient receptor po-
tential vanilloid, denominated TRPV, a ligand-gated non-selective
cation channel in primary sensory neurons (Capasso and Calignano,
1988). Some analgesia strategies aim at developing either TRPV agonists
or antagonist drugs to attenuate excitability in sensory fibers. TRPV ag-
onists, at high doses, promote receptor desensitization or a reversible
sensory nerve terminal degeneration because of the prolonged cation
influx into the nerve, osmotic damage and metabolic collapse (Szallasi
and Blumberg, 1999), while antagonists aim at attenuating peripheral
nerve fiber sensitivity by blocking TRPV signal transduction (Gavva
et al., 2005; Wang et al., 2007). The data obtained in this work show
that the carvacryl acetate produced a neurogenic inhibition against
capsaicin-induced nociception indicating its ability to inhibit nocicep-
tive transmission initiated by TRPV activation.

Another attempt in the modulation of carvacryl acetate-mediated
antinociception was to evaluate the involvement of the glutamatergic
system. Glutamate is a major excitatory neurotransmitter in the central
nervous system (Beirith et al.,, 2002). The glutamatergic receptors, both
ionotropic and metabotropic glutamate receptors (iGluR and mGluRs),
significantly contribute to nociceptive neurotransmission under the de-
velopment and maintenance of pain responsiveness (Mao et al., 1992).
The nociception induced by glutamate involves peripheral, spinal and
supraspinal sites of action (Santos et al., 2005). Thus, activation of gluta-
mate receptors, especially NMDA receptors, is involved in the develop-
ment of spinal hyperexicitability and persistent pain transmission
(Petrenko et al., 2003). Our results provide evidence that carvacryl ace-
tate exerts a pronounced anti-nociception in glutamate-induced pain,
indicating that there is the involvement of the glutamatergic pathway.

A relevant observation about the behavioral effects of carvacryl ace-
tate evaluated in this work is the fact that it did not impair motor perfor-
mance of mice evaluated in the rotarod test, which was used to exclude
the possibility that carvacryl acetate caused motor relaxation and seda-
tion (Sulaiman et al., 2010). Thus, the results of the nociception tests of
carvacryl acetate would be not influenced by induced motor impairment.

Conclusion

In summary, our results show that the carvacryl acetate presents
anti-inflammatory and anti-nociceptive effects. The present data
provide evidence that in the carvacryl acetate-mediated anti-
inflammatory effect, the mechanisms involved are inhibition of inflam-
matory the mediators histamine, serotonin and prostaglandins, as well
as a decrease of mast cell degranulation, pro-inflammatory cytokines
and neutrophil migration. Our results also show that the carvacryl
acetate-mediated anti-nociceptive effect occurs centrally and peripher-
ally, through the involvement of capsaicin and glutamate pathways and
decreased inflammatory mediators.
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