Silva et al. BMC Complementary and Alternative Medicine (2015) 15:197

DOI 10.1186/512906-015-0716-2

BMC
Complementary & Alternative Medicine

RESEARCH ARTICLE Open Access

Antinociceptive and anti-inflammatory

@ CrossMark

activities of the ethanolic extract of Annona
vepretorum Mart. (Annonaceae) in rodents

Juliane C Silva'", Camila de S Aratjo', Sarah Raquel G de Lima-Saraiva', Raimundo G de Oliveira-Junior’,
Tamara C Diniz', Carlos Wagner de S Wanderley', Raimundo C Palheta-Junior', Rosemairy L Mendes',
Adriana G Guimaraes?, Lucindo J Quintans-Junior? and Jackson Roberto G da S Almeida'”

Abstract

This specie is a potential target for drug discovery.
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Background: Annona vepretorum Mart. (Annonaceae) is a native tree from Caatinga (Brazilian Northeastern savanna
biome), popularly known as “araticum” and “pinha da Caatinga”. In this study, we investigated the effects of the
crude ethanolic extract (Av-EtOH) in models of pain and inflammation in rodents.

Methods: The evaluation of antinociceptive activity was carried out by the acetic acid-induced writhing, formalin,
hot plate and tail flick tests, while paw edema induced by carrageenan or histamine, and leukocyte migration to
the peritoneal cavity were used for anti-inflammatory profile. Histological analyses also were carried out.

Results: Av-EtOH (25, 50 and 100 mg/kg, p.o) significantly reduced the number of writhing (P <0.01) and
decreased (P < 0.01) the paw licking time in both phases of the formalin test. In the hot plate and tail flick tests, this
extract increased the reaction time, consequently reduced painful behavior. The effects in the formalin and hot
plate tests were antagonized by naloxone. Av-EtOH inhibited significantly (P < 0.01) the increase in the edema
volume after administration of carrageenan and histamine. In the peritonitis test, acute pre-treatment with Av-EtOH
inhibited leukocyte migration. Histological analysis showed less inflammation in the groups treated with the extract
when the inflammation was induced by carrageenan or histamine.

Conclusion: Thus, Av-EtOH has significant antinociceptive and anti-inflammatory properties, which are related
probably with the activation of opioid receptors and inhibition of release of mediators of the inflammatory process.

Background

The Caatinga biome (semi-arid vegetation) is a highly
threatened biome covering a vast area in Northeastern
Brazil and is the source of few studied natural resources
[1]. Many medicinal plants species from Caatinga are
widely known and used in folk medicine and for com-
mercial manufacturing of phytotherapeutic products.
Few ethnobotanical and pharmacological studies have
been undertaken in this region, in spite of the great
cultural and biological diversity to be found there [2]. In
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the Brazilian Northeastern, the Caatinga has fundamen-
tal importance in the lives of people that inhabit this
region because it offers a wide variety of animals and
plants that are used for food, fuel, building materials and
medicinal purposes [3].

Plants of the Annonaceae family can be found in trop-
ical and subtropical regions [4]. It is the largest family of
the Magnoliales order, having about 2300-2500 species
and over 130 genera [5]. Many species of Annonaceae
are usually consumed as fresh fruits, they are also widely
used in folk medicine as antiparasitic, antitumoral and
for treatment of intestinal diseases [6, 7]. Several reports
have characterized the pharmacological activity of these
plants because of their bioactive compounds (mainly
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alkaloids and flavonoids) found in roots, leaves, bark,
seeds and fruits [5].

Annona L. belongs to the Annonaceae family and
comprises approximately 175 species, including trees
and shrubs. Economically, this genus is the most import-
ant of the Annonaceae family due to its edible fruits and
medicinal properties [8]. Some studies have demon-
strated that species of the genus Annona have pharma-
cological properties mainly antinociceptive [5, 9] and
anti-inflammatory activities [10].

Annona vepretorum is endemic of Brazil (Caatinga
biome), popularly known as “araticum” and “pinha da
Caatinga” and is widely used in the human nutrition.
The fruits are usually consumed “in natura” or used in
juices, and the leaves (decoction) are used in bath to al-
lergies, skin diseases, yeast and bacteria infection, while
its roots are indicated to bite of bees and snakes, inflam-
matory and pains conditions. Previous study of this spe-
cies described the chemical composition and bioactivity
of the essential oil from the leaves collected in Pogo
Redondo, state of Sergipe, Northeastern Brazil. The major
compounds identified were: bicyclogermacrene, spathule-
nol, a-phellandrene, (E)-pB-ocimene, a-pinene, o-cymene
and germacrene D and the essential oil of A. vepretorum
showed potent cytotoxic activity against eight tumor cell
lines out of ten evaluated indicating its promising source
of biologically active compounds with cytotoxic properties
and stimulate your research in vivo assays [11, 12]. Re-
cently, our research group evaluated the central nervous
system effects of the ethanolic extract in mice and demon-
strated that this plant has sedative activity but does not
affect the motor coordination of animals on the rota rod
test. The preliminary analysis demonstrated that the etha-
nolic extract was positive for the presence of phenols,
steroids, terpenoids and flavonoids [13].

Considering the large consumption of this species in
our region, this study evaluated the antinociceptive and
anti-inflammatory properties of the ethanolic extract
from Amnnona vepretorum in experimental models of
pain and inflammation.

Methods

Plant material

The leaves of A. vepretorum were collected in Jaguarari,
Bahia, Brazil, in October of 2010. The plant was identified
by R. Mello Silva, a botanist from Centro de Referéncia
para Recuperacio de Areas Degradadas (CRAD). The
voucher specimen (#946) was deposited at the Herbario
Vale do Sao Francisco (HVASF) from Universidade
Federal do Vale do Sao Francisco.

Preparation of the plant extract
The leaves of A. vepretorum were dried in an oven at
40 °C for three days. The material dried and pulverized
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(400 g) was macerated with ethanol (EtOH) 95 % at
room temperature for 72 h. The EtOH solution was con-
centrated under vacuum yielding 42 g (10.50 % w/w
from dried plant material) of crude ethanol extract of
Annona vepretorum (Av-EtOH).

Animals

Adult male Swiss mice (30-40 g) and rats (200-250 g),
were randomly housed in appropriate cages at 22 +2 °C
on a 12 h light/dark cycle (lights on at 6:00 a.m.) with
access to food and water ad [libitum. Animals were
allowed to have a period of acclimation before any ex-
perimentation. They were used in groups of six animals
each. All nociception tests were carried out by the same
visual observer. Experimental protocols and procedures
were approved by the Federal University of San
Francisco Valley Animal Care and Use Committee by
number 0004/261011.

Pharmacological tests

Acetic acid-induced writhing in mice

This test was performed using the method described by
Collier et al. [14] with modifications. Mice were divided
into six groups of six animals each. Nociception was
induced by intraperitoneal (i.p.) injection of acetic acid
(0.9 % v/v) in a volume of 0.1 ml/10 g. Animals were
treated with the Av-EtOH (25, 50 and 100 mg/kg, p.o.)
[13], or with saline (p.o., negative control) 1 h before the
nociceptive agent. Indomethacin (20 mg/kg, ip.) and
morphine (10 mg/kg, ip.) in saline were used as refer-
ence drugs and given by ip. 30 min before algogen
agent. Following the injection of acetic acid, the number
of abdominal constrictions (a response consisting of
contraction of the abdominal wall, pelvic rotation
followed by hind limb extension) occurring between 5
and 15 min after injection was counted [15].

Formalin test

The method used was similar to that described by Hunskaar
and Hole [16]. A formalin solution (2.5 % in 0.9 % sterile
saline; 20 pl/paw subplantar) was injected into the right hind
paw of the mice [17]. Mice were observed in the chambers
with a mirror and the amount of time (in seconds) spent
licking and biting the injected paw was measured as an indi-
cator of pain. Responses were measured for 5 min after for-
malin injection (first phase, neurogenic) and 15-30 min
after formalin injection (second phase, inflammatory) [18].
Treatments with saline (p.o.), Av-EtOH (25, 50 and
100 mg/kg, p.o.), indomethacin (20 mg/kg, ip.) and
morphine (10 mg/kg, i.p.) were given 1 h prior to formalin
injection (1 =6 per group). For evaluation of the involve-
ment of opioid receptors in the effect of the extract,
naloxone (1.5 mg/kg, i.p.), an opioid receptor antagonist,
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was administered 30 min before administration of the
extract (100 mg/kg) or morphine.

Hot plate test

Mice were divided into six groups of six mice each. Mice
were pre-selected on the hot plate apparatus (Insight,
Brazil) at 55+ 0.5 °C. Animals showing a reaction time
(defined as the latency for licking the hind feet or jump-
ing) greater than 20 s were discarded. Selected mice
were pre-treated with saline (p.o.), Av-EtOH (25, 50 and
100 mg/kg, p.o.), or morphine (10 mg/kg, i.p.). Each ani-
mal was placed on the heated surface of the plate main-
tained at 55 °C and the latency to a discomfort reaction
(licking of the paws or jumping) was recorded at 30, 60,
90 and 120 min after the administration of the saline,
extract and morphine [19]. A cut-off time of 20 s was
chosen to indicate complete analgesia and to avoid tissue
injury. The latencies for paw licking or jumping were re-
corded for each animal. For evaluation of the involvement
of opioid receptors in the effect of the extract, naloxone
(1.5 mg/kg, i.p.) was administered 30 min before adminis-
tration of the extract (100 mg/kg) and morphine.

Tail flick test

The antinociceptive response against thermal stimuli
was assessed with the tail-flick test (Analgesiometer,
Insight, Brazil) [20]. Rats were divided into five groups
of six rats each and each rat was placed in a ventilated
tube with the tail positioned in radiant thermal stimula-
tion of the dorsal surface of the tail. The heating was ap-
plied to distal third of the tail and consist focus a beam
of light at 50 °C in the tail of rats. The time, in seconds,
taken to remove the tail the beam is regarded as the
reaction time, which is measured automatically by a
recorder coupled to the apparatus. Each trial was termi-
nated after 7 s to minimize the probability of skin dam-
age. The tail-flick latency was measured before and 30,
60, 90 and 120 min after administration of saline (p.o.),
Av-EtOH (25, 50 and 100 mg/kg, p.o.), or morphine
(10 mg/kg, i.p.) [21].

Carrageenan-induced hind paw edema in mice

The anti-inflammatory activity was studied using the
paw edema model induced by 2 % carrageenan, injected
at volume of 20 pl/animal into the subplantar region of
the right hind paw of the mice [22]. Mice were divided
into six groups of six animals each. Mice were pre-
treated with Av-EtOH (25, 50 and 100 mg/kg, p.o.), sa-
line (p.o.) or indomethacin (20 mg/kg, i.p.) 1 h before
carrageenan injection or saline injection. The mice pedal
volume up to the ankle joint was measured using
plethysmometer (PanLab LE 7500, Spain) before (VA,
baseline) the intraplantar administration of carrageenan
and 1, 2, 3, 4 and 5 h after (VB), as described previously
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[23]. The inhibition of the edema paw was calculated by
(VB-VA)/VA, where VA is the volume of the right hind
paw before carrageenan injection, and VB is the volume
of the right hind paw after carrageenan injection. Finally,
the animals were euthanized and all of right hind paw
were dissected. Each sample was embedded in paraffin
wax, sectioned at 5 um and stained with hematoxylin-
eosin for histological analysis.

Histamine-induced hind paw edema in mice

The edema in mice was induced by injecting 100 ug/paw
of histamine [24]. Mice were divided into three groups of
six animals each. Animals were pre-treated with Av-EtOH
(100 mg/kg, p.o.), saline (p.o.) 1 h before histamine injec-
tion or saline. The volume was measured before the intra-
plantar injection of histamine or saline (VA, baseline) and
30, 60, 90 and 120 min after (VB) [25]. The inhibition of
paw edema was calculated as described in carrageenan in-
duced paw test. The animals were also sacrificed and all of
right hind paw were dissected for histological analysis.

Leukocyte migration to the peritoneal cavity

Mice were divided into five groups of six animals each.
The leukocyte migration was induced by injection of
carrageenan (1 %, i.p., 0.25 ml) [26] into the peritoneal
cavity of mice 1 h after administration of Av-EtOH (25,
50 and 100 mg/kg, p.o.), or with saline (p.o.) 0.5 h after
injection of dexamethasone (2 mg/kg, ip.) [27]. The
leukocyte migration was evaluated 4 h after stimulus,
when the animals were euthanized and the peritoneal
cavity cells were harvested with 3 ml saline containing
1 mM EDTA. Immediately, a brief massage was done for
further fluid collection, which was centrifuged (3000 rpm
for 6 min) at room temperature. The supernatant was dis-
posed and saline was added to the precipitate. An aliquot
of 10 pl from this suspension was dissolved in 200 pl of
Turk solution and the total cells were counted in a
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Fig. 1 Effect of ethanol extract of A. vepretorum (Av-EtOH),
indomethacin and morphine on acetic acid induced writhing test in
mice. Values are mean + SEM. **P < 0.01, significantly different from
control; ANOVA followed Dunnett’s test (n =6, per group)
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Fig. 2 Effect of ethanolic extract of A. vepretorum (Av-EtOH), indomethacin, morphine, morphine + naloxone (Morph + NLX; 10 mg + 1.5 mg/kg)
and Av-EtOH + NLX (100 mg + 1.5 mg/kg) on formalin test in mice. Values are mean + SEM, **P < 0.01, significantly different from control; ANOVA
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Neubauer chamber, under optic microscopy. The results
were expressed as the number of leukocytes/ml [28].

Statistical analysis

The results were presented as the mean + standard error
of the mean (SEM) and the statistical significance was
determined using an analysis of variance (ANOVA)
followed by Dunnett’s test. Groups of data of histamine-
induced hind paw edema in mice were analyzed using

unpaired Student’s ¢-test. Values were considered signifi-
cantly different at P<0.05. All analysis was performed
using by GraphPad Prism 5.0 program (Graph Pad Prism
Software Inc., San Diego, CA, USA).

Results

Acetic acid-induced writhing in mice

The results shown in Fig. 1. demonstrated that the pre-
treatment with Av-EtOH (25, 50 and 100 mg/kg, p.o.)
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Fig. 3 Effect of ethanolic extract of A. vepretorum (Av-EtOH), morphine, morphine + naloxone (Morph + NLX; 10 mg + 1.5 mg/kg) and Av-EtOH +
NLX (100 mg + 1.5 mg/kg) on hot plate test in mice. Values are mean + SEM, *P < 0.05, **P < 0.01, significantly different from control; ANOVA
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Fig. 4 Effect of ethanolic extract of A. vepretorum (Av-EtOH) and morphine on tail flick test in rats. Values are mean + SEM; *P < 0.05, significantly
different from control; ANOVA followed Dunnett's test (n =6, per group)

1 h before, was capable of inhibiting the abdominal
writhing induced by the intraperitoneal administration
of the acetic acid when compared with control group
(P<0.01). The inhibitions of writhes in percentage
were 62, 81 and 92, respectively. Indomethacin and
morphine produced 93 and 100 %, respectively, of
reduction in acetic acid-induced writhing when com-
pared to the control.

Formalin test

The treatment with Av-EtOH at doses of 25 and
100 mg/kg (p.o.) produced a significant antinociceptive
activity compared to the control group in both the early
and late phases (P <0.05) (Fig. 2). Av-EtOH (25, 50 and
100 mg/kg, p.o.) decreased by 55, 64 and 65 %, respect-
ively, the paw licking time in the first phase, as well as
66, 4 and 82 %, respectively, in the second phase of the
formalin test. The reference drug indomethacin sup-
pressed only the second phase of the formalin test,
while morphine inhibited both phases of the pain
stimulus (P < 0.05). The pre-treatment with naloxone
(1.5 mg/kg, i.p.) reversed the antinociceptive activity of

the extract at dose of 100 mg/kg in the first phase of
this test. The effect of morphine (10 mg/kg) was also
reversed by naloxone.

Hot plate test

In the hot plate test (Fig. 3), the animals treated with
morphine (10 mg/kg, i.p.) demonstrated a marked in-
crease in latency at 30, 60, 90 and 120 min. The ones
treated with the Av-EtOH (25 and 100 mg/kg, p.o.)
showed a marked increase in latency at 60 and
90 min. The one treated with Av-EtOH (50 mg/kg,
p.o.) did not shown significantly behavioral changes.
The effect of morphine and Av-EtOH was reverted by
naloxone.

Tail flick test

The Av-EtOH administrated at dose of 50 mg/kg (p.o)
induced a significant increase in the reaction time to
thermal stimuli when compared to the control group at
30 and 60 min. The group treated with morphine
(10 mg/kg, i.p.) caused a significant increase in the re-
sponse latency time at 30, 60 and 90 min (Fig. 4).

o o
N @
1 J

Volume of edema (ml)
© 9o 9290 909
TheHrP

/%\* g

e
=}

—=— Saline
—— Saline + Carr
—a— Av-EtOH 25 mg/kg
+— Av-EtOH 50 mg/kg
o Av-EtOH 100 mg/kg
a— Indomethacin 20 mg/kg

0 1 2 3
Hours

Fig. 5 Effect of ethanolic extract of A. vepretorum (Av-EtOH) and indomethacin on carrageenan-induced hind paw edema in mice. Values are
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Table 1 Effect of Av-EtOH on carrageenan-induced hind paw edema in mice

Drug treatments Dose (mg/kg) Paw volume (ml)
Th 2h 3h 4h 5h

Saline 0.09+0.01 0.00+0.00 0.00+0.00 0.00+0.00 0.00+ 0.00
Saline + Carr 047 £0.09 0.60+0.12 0.37+0.05 0.24 £0.04 0.19£0.06
Av-EtOH 25 0.09 £ 0.05%** 0.25+0.05%* 036+0.05 0.29+0.07 020+ 0.05
Av-EtOH 50 0.16 £ 0.06** 0.33+0.06% 022+0.06 031+0.06 028+0.07
Av-EtOH 100 0.12 £ 0.07*** 0.17 £ 0.09%** 0.22£0.09 0.25+0.09 0.17 £0.08
Indomethacin 20 0.06 £ 0.03%** 0.05 £ 0.02%** 0.03 £0.02%** 0.07+0.03 0.03+0.03

*P < 0.05; **P < 0.01; ***P < 0.001. Carr: carrageenan

Carrageenan-induced hind paw edema in mice

When carrageenan was used as inductor of edema
(Fig. 5), Av-EtOH (25, 50 and 100 mg/kg, p.o) adminis-
tered 1 h before carrageenan injection, inhibited signifi-
cantly (P <0.01) the increase in the edema volume only
at 1 and 2 h. Moreover, control drug, indomethacin
(20 mg/kg, i.p.), showed the inhibition of edema volume
(P<0.01) during 5 h (Table 1).

Histamine-induced hind paw edema in mice

The inflammatory edema induced by histamine was sig-
nificantly attenuated by Av-EtOH 100 mg/kg, p.o. in
30 min and 60 min (P < 0.05), as shown in Fig. 6.

Histological examination

Histological analysis showed the presence of intense
inflammatory infiltrate with subcutaneous edema in
the groups where inflammation was induced by carra-
geenan and treated with 50 and 100 mg/kg of Av-
EtOH. However, the group treated with 25 mg/kg of
Av-EtOH the infiltrate was less intense. In the group
where inflaimmation was induced by histamine and
treated with 100 mg/kg of Av-EtOH the inflammatory
process was less intense than in the control group
(Fig. 7).

Leukocyte migration to the peritoneal cavity

Av-EtOH (25, 50 and 100 mg/kg, p.o) administered 1 h
before injection of carrageenan (1 %, i.p., 0.25 ml) inhib-
ited leukocyte migration (P <0.001) when compared to
control group (Fig. 8). The reference drug dexametha-
sone (2 mg/kg, ip.) promoted significant reduction in
leukocyte migration (P <0.001). Thus, the inhibitory ef-
fect of Av-EtOH on leukocyte migration to the periton-
eal cavity was 62, 76 and 98 % at dose of 25, 50 and
100 mg/kg of Av-EtOH, while 89 % at dose of
dexamethasone.

Discussion
Preliminary analysis of the crude ethanol extract demon-
strated that Av-EtOH was positive for the presence of
phenols, steroids, terpenoids and flavonoids. However,
the ethanolic extract was negative for the presence of al-
kaloids [13]. For the first time in the literature, our data
indicate that crude ethanolic extract (Av-EtOH) obtained
from the leaves of Annona vepretorum possess antinoci-
ceptive and anti-inflammatory profiles in different noci-
ceptive responses generated by a chemical or thermal
noxious stimulus.

The acetic acid-induced writhing test in mice has long
been used as a classic model for the assessment of
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Fig. 6 Effect of ethanolic extract of A. vepretorum (Av-EtOH) on histamine-induced hind paw edema in mice. Values are mean + SEM, *P < 0.05,
significantly different from control; unpaired Student's t-test (n =6, per group)
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Fig. 7 (See legend on next page.)
.
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(See figure on previous page.)

Fig. 7 Histology of mice paw after edema induced by carrageenan after treatments. a control group (saline + carrageenan), b Av-EtOH 25 mg/kg +
carrageenan, ¢ Av-EtOH 50 mg/kg + carrageenan, d Av-EtOH 100 mg/kg + carrageenan, e Indomethacin + carrageenan, f Histamine + saline,
g Histamine + Av-EtOH 100 mg/kg.) The arrows head shows neutrophil infiltration of paw tissues (Scale bars: 200 um (a, ¢ and e) and 50 pm

(b, d, fand g)

analgesic or anti-inflammatory properties of new agents
[29]. In fact, it is a non-selective model for antinocicep-
tive studies, since an intraperitoneal injection of acetic
acid triggers the release of a variety of mediators such as
substance P, bradykinins, prostaglandins especially PGI,
as well as pro-inflammatory cytokines such as IL-1, IL-6,
IL-8 and TNF-q, stimulating the peripheral nociceptor
and sensitive neurons that were responsive to the in-
flammatory mediators [30].

The ethanolic extract (Av-EtOH) significantly reduced
the acetic acid-induced writhing in mice. The acetic acid
produced 14.80 + 2.08 writhes in the control group for
10 min after the injection. The groups previously treated
with 25, 50 and 100 mg/kg of Av-EtOH exhibited a
significant reduction in the number of writhings of 62,
81 and 92 %, respectively. Our results have shown that
Av-EtOH possess a potent antinociceptive activity in this
method.

The formalin test is an evaluation method used to
measure the behavioral effectiveness of antinociceptive
agents [16, 31]. The advantage of this assay over other
methods of nociception is the possibility to evaluate
two different types of pain over a prolonged period of
time and thus allows the testing of analgesics with dif-
ferent mechanisms of action [30, 31]. The behavioral
response to formalin followed a biphasic pattern com-
posed of an initial acute phase (first phase), and for a
longer period (second phase) and the period between
phases is called the quiescent interval [32]. Drugs
which act mainly centrally, such as narcotic analgesics,
inhibit both phases, while peripherally acting drugs,
such as indomethacin, only inhibit the late phase. Av-
EtOH inhibited both phases of the formalin-induced

nociception, but its effect was more prominent in the
second phase.

Seeking a possible central involvement in the antinoci-
ceptive effect of Av-EtOH, hot plate and tail flick assays
were conducted. The increase in latency of Av-EtOH on
hot plate show provide evidences of its central effect
since this is predominantly a spinal reflex and consid-
ered as central model for centrally-acting analgesic drugs
[33]. This test, on thermal stimulation is associated with
central neurotransmission in what the heat activates
nociceptors (A8 and C fibers) by driving the momentum
of the dorsal horn of the spinal cord and subsequently
to cortical centers [34].

In tail flick test, the Av-EtOH administrated at dose of
50 mg/kg (p.o) caused a significant increase in the reac-
tion time to thermal stimuli as compared to the control
group at 30 and 60 min. This test consists of a thermal
stimulus, an increase in the reaction time is considered
to be a parameter for evaluating central antinociceptive
activity [35]. Therefore, tail flick is characterized by an
acute nociception and non-inflammatory. Substances
which act at central level, such as morphine, are able to
suppress responses of spinal neurons to noxious thermal
stimulus in the tail, increasing the latency time [36].

To confirm of the involvement of opioid receptors in
the effect of the extract, naloxone (1.5 mg/kg, i.p.) was
administered 30 min before administration of the ex-
tract (100 mg/kg) and morphine, being the effect of
morphine and Av-EtOH reverted in the formalin and
hot plate tests. As naloxone is a non-selective opioid
receptor antagonist, it is suggested that this antinoci-
ceptive effect of the extract is mediated by activation of
opioid receptors [37].

35-
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Fig. 8 Effect of ethanolic extract of A. vepretorum (Av-EtOH) and dexamethasone on leukocytes migration into the peritoneal cavity induced by
carrageenan in mice. Values are mean + SEM, **P < 0.01, significantly different from control; ANOVA followed Dunnett's test (n =6, per group)
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The inhibition on the second-phase (inflammatory
nociception) of the formalin test in mice, suggested that
Av-EtOH can produce antinociceptive action through
the inhibition of COX and consequently prostaglandin
synthesis, or other inflammatory pathway. To confirm
the possible anti-inflammatory activity of Av-EtOH, the
carrageenan-induced paw edema model in mice was
performed.

The carrageenan-induced paw edema is an animal
model widely employed for the screening of anti-
inflammatory compounds or extracts and has frequently
been used to assess the anti-edematogenic effect of nat-
ural products, as medicinal plants, and exhibits a high
degree of reproducibility [38].

Edema formation produced by carrageenan adminis-
tration in paw is a biphasic event, during 1-5 h. The
initial phase (1 or 1.5 h) is predominantly a non-
phagocytic edema followed by a second phase (2-5 h)
with increased edema formation that remained up to
5 h [39]. Av-EtOH (25, 50 and 100 mg/kg, p.o) admin-
istered 1 h before carrageenan injection, inhibited sig-
nificantly (P <0.01) the increase in the edema volume
at 1 and 2 h, initial phase. This phase has been induced
due to the action of mediators such as histamine, sero-
tonin and bradykinin on vascular permeability [40],
which is subsequently sustained by the release of pros-
taglandins and nitric oxide (second-phase) with peak
at 3 h. The histamine induced paw edema model was
used to confirm the involvement of histamine in the
anti-inflammatory effect of Av-EtOH, since the extract
showed anti-inflammatory effect in the early hours of
the carrageenan induced paw edema induced test. For
this reason, we use the highest therapeutic dose tested
in this model to evaluate if the extract would have an
anti-inflammatory effect through blocking of histamine
receptors [41]. Our results showed that the edema in-
duced by histamine was significantly inhibited by Av-
EtOH 100 mg/kg, p.o. in 30 min and 60 min (P < 0.05).
Histological analysis showed less inflammation in the
groups treated with the extract when the inflammation
was induced by carrageenan or histamine, which dem-
onstrates an anti-inflammatory effect and confirms the
results obtained in carrageenan or histamine-induced
hind paw edema in mice.

Then, the method of leukocyte migration to the periton-
eal cavity was performed seeking a best characterization of
the anti-inflammatory effect of Av-EtOH. The inflamma-
tion produced by this model is slow and prolonged, mak-
ing it possible to evaluate the leakage of liquid, as well as
cell migration, besides the participation of cytokines, en-
zymes, and chemical mediators, such as nitric oxide, pros-
taglandin E,, IL-1pB, IL-6 and TNF-a, by utilizing different
phlogistic agents [42]. These mediators are able to recruit
leukocytes, such as neutrophils, in several experimental
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models. Av-EtOH (25, 50 and 100 mg/kg, p.o) adminis-
tered 1 h before injection of carrageenan (1 %, i.p.,
0.25 ml) inhibited the leukocyte migration (P<0.01). A
possible mechanism is an inhibition of the synthesis of
many inflammatory mediators whose involvement in the
cell migration is well-established.

Conclusions

In summary, the present study has demonstrated that
crude ethanolic extract of A. vepretorum has significant
antinociceptive and anti-inflammatory properties, which
are related probably with the activation of opioid recep-
tors and inhibition of release of mediators of the inflam-
matory process, such as prostaglandins, histamine and
neutrophils. Further research will be completed to reach
the exact mechanism of action of this extract.
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